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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
axxd Ocean Sciences No. 39, amd document and present CID measurements
acquired during the three years of the project. A further three reports
appear as volumes of Report No. 51 in the same series, and document and
present current and tide measurements. Two contractor reports document
and discuss wide-ranging CID surveys within the Archipelago and adjacent
waters in the winters of 1982 and 1983 (Canadian Technical Report of
Hydrography and Ocean Sciences Nos. 15 anxd 18). The present report deals
with non-tidal residual flows and volume transports, and is one of three
attempting to synthesize present and past measurements within this vast and
complex system of chammels into an up-to-date description of its physical
oceanography. The two coampanion reports discuss tides and tidal currents,
and water masses and baroclinic structure (Canadian Technical Report of
Hydrography and Ocean Sciences Nos. 97 and 79).
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Frontispiece: The Canadian Arctic Archipelago, showing the main possages between the Arctic Ocean and

Baffin Bay. Bathymetric contours are in metres, based on GEBCO chart 5-17 (1979).
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ABSTRACT

Fissel, D.B., J.R. Birch, H. Melling and R.A. Lake. 1988. Non-Tidal
Flows in the Northwest Passage. Can. Tech. Rep. Hydrogr. Ocean Sci. No.
08: 143 pp.

The residual flow field in the Northwest Passege and adjoining
waterways is discussed on the basis of data from 63 current-meter
deployments beneath sea ice between 1982 and 1985. Most of these
deployments ylelded 1-3 months of data, but eight operated for a full
year. This basis has been supplemented, where relevant, by other
avallable current records from the Canadian Arctic Archipelago. Data
analyses are presented in a convenient "handbook" format, with derived
parameters superimposed graphically on maps of appropriate sub-regions of
the area. Generally, data are presented separately for each season of the
year. Paranmeters mapped include mean vectors, speed and direction
probability densities, band-filtered root-mean-square amplitudes along
ma jor and minor principal axes, and cross-spectral coherence and phase.
Total volume fluxes in selected chamnels have been estimated by combining
the residuasl-flow analysis of this study with estimates of baroclinic
transport computed from density sections. A regional map of all measured
mean currents lllustrates the present knowledge of overall circulation in
the Canadian Arctic Archipelago. Mean flows vary from 0.2 to 19 cm/s over
the area, and the maximum non-tidal 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
Stralt, Pemmy Stralt and Wellington Channel. The smallest currents are
found in the broad, deep, lce-bound western channels: western Parry
Channel, M'Clintock Chamnel and the waterways of the Queen Elizabeth
Islands; marrow, stronger, coastal currents up to 10 km in width do,
however, exist in these areas. Flow fluctuations of significant amplitude
occur over periods up to several tems of days in duration, with the
largest variance at periods between 10 and 25 days. As with mean values,
the fluotuations are gemerally larger in the ocentral 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.




RESUME

Fissel, D.B., J.R. Birch, H. Melling axi R.A. ILake. 1988. Non-Tidal
Flows in the Northwest Passage. Can. Tech. Rep. Hydrogr. Ocean Sci. No.
08: 143 pp.

I1 est question icl du champ de courants résiduels dans le passage du
Nord-Ouest et les voles navigables adjacentes, plus précisément des
données recueillies grice au mouillage de 63 courantométres sous la
glace-de mer entre 1982 et 1985. Hult batteries ont &été mouilées durant
un an, mais la majorité ont permid d'obtenir des données sur un a trois
mols. Ia base de données aobtemue a été complétée, le cas échéant, par
d'autres données sur les courants dans 1'archipel Arctique canadien.
L’analyse des domnées est présentée sous forme d'un “mammuel" pratique; les
paranétres obtemus sont superposés graphiquement aux données sur les
cartes des sous-régions correspondantes. En régle générale, les données
sont presenteees par saison. Parmi les paramétres cartographiés, notons
les suivants: wvecteurs moyens, fonctions de demsité de la vitesse et de
la direction, amplitudes efficaces filtrées le long des axes principaux
primaires et secondalres et cohérence et phase interspectrale. On a
estimeé les flux de volume dans certains détroits en combinant 1‘analyse
des données sur les courants résiduels de la présente étude et des
estimations du transport barocline caloulé dans des coupes de densite.

Une carte régionale de tous les courants moyens mesurés permet de
visualiser la circulation globale dans 1'archipel Arctique canadien, telle
qu’‘on la commalit aujourd'hiu. Ia vitesse moyenne des courants varie de
0, 2 & 19 an/s dans la région et la vitesse maximale observée d'un courant
non df & la marée étalt de 37 aw/s. Les plus grandes valeurs se
retrouvent dans les voies navigables centrales moins profondes: détroit
de Byam Martin, detroit de Barrow, détroit de Penny et détroit de
Vellington. Les courants les plus lents sont ceux des détroits
occidentaux, larges, profounds et recouverts de glace: portion ouest du
detroit de Parry, détroit de M'Clintock et détroits des fles
Reine-Eligabeth; des courants cftiers, puissants et étroits atteignant 10
km de largdeur existent cependant & 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 & des périodes d'entre 10 et 25 jours. Comme pour les valeurs
moyennes, les fluctuations sont genéalement plus importantes dans les
voles navigables centrales et les variances les plus importantes
s'observent en automne et au début de 1'hiver. Durant 1'éteé, les
variations de courants augmentent de maniére sensible dans' la zone
superficielle (mais pas en profondeur), probablement parce que 1l'effet du
vent est plus efficace durant la salson des eaux libres.

Mots-Clées: passage du Nord-Ouest, archipel Arctique canadien,
courants, flux de volume, circulation.



Xiv
ACKNOWLEDGEMENTS

The effort expended on the Northwest Passage Oceanography Programme
since 1ts inception five years ago is considerable, and the mumber of

people and organizations who hawve contributed to its success is
correspondingly large. Without detailing their specific contributions,
our eppreciation is extended to the following: Syd Moorhouse, Denny
Richards, John MacNeill, Gary Moonie, Bob Sudar, Ron Cocke, Paul Johnson,
Al Koppel, Arndrew Wharton, Bill Green, Jeff Richards, Lyn ILewls and Ron
Perkin, all of the Arctic Group within the Physics Division at the
Institute of Ocean Sclences; David Lemon, and Doug Knight of Arctic
Sciences Litd.; Simon Prinsemberg and Bert Bemmett, formerly of the
Bayfield Laboratory for Marine Sciemce and Surveys, Burlington, Ontario;
George Hobson and the staff of the Polar Continental Shelf Project, Energy
Mines and Resources, Canada; Dick MacDougall of the Canadian Hydrographic
Service; PanArctic Oils Ltd.; Bradley Air Services Ltd.; Kenn Borek Air
Ltd.; Quasar Helicopters Ltd.

In respect of particular contributions to this report the authors
thank Bill Buckingham of the Institute of Ocean Sclences for his
painstaking and careful work in processing and documenting the current and
tide data anxd to acknowledge the efforts of the following Arctic Sciences
personnel: O. Byrne ard R. Chave, computer programming; N. Andrew and D.
Stover, drafting; and S. Norton and D. Gilbert, word processing. We thank
L.S5.C. Thomson and L. Glovando for reviewing the marmmusoript and technical
editing.

Funding was provided by the Marine Transportetion Research and
Development Programme (Transport Canada), and support in kind by the
Department of Fisheries and Oceans and by the Polar Continental Shelf
Project, Energy, Mines and Resources, Canada.




1. INTRODUCTION

1.1 Study Background 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 such proposals requires a thorough
understanding of the regional oceanography and other environmental
corditions, both to assess and to minimize the effect of developments on
the natural enviromment, and to optimize the safety and efficiemcy of the

proposed operations.

In order to improve knowledge of the area’s oceanography the Ocean
Physics Division, Institute of Ocean Sciences (I0S), conducted an extensive
observational program in the years 1882 to 1885. 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 distributions obtained using a CID 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;
Stronach 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
1082 to 1985, inclusive. Data collected by other investigators have also
been exanmined amd presented where appropriate.




1.2 Definition of Residual Currents

The term residual current is generally applied to the non-tidal
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 Arctlc Ocean higher
than those in Baffin and Hudson bays. Tidal flows are often significant,
ard 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 1llustrated in
Figure 2.2-2.)

1.3 Previous Studies of Resddual Currents within the Archipelago

Early Studles to the 1060's

The earliest information on residual currents within the Arctic
Archipelago was obtained in the 18th century, from the drift of several
ilce-beset ships deplcted in Figure 1.3-1. These drift tracks imdicated a
flow from the Archipelago into northwestern Baffin Bay, through Lancaster
ard Smith sounds. A strong southeasterly-flowing current, since named the
Baffin Current, occupled the western periphery of Baffin Bay.

From 1860 to 1840, a serles of scientlfic crulses to Baffin Bay was
urndertaken by Awmerican, Swedish and Danish investigators. By the end of
this period, the large-scale cyclonic (anti-clockwise) pattern of currents
had been described. The West Greemland Current carries warm water, of
Atlantic Ocean origin, northward into Melville Bay. Here, it is joined by
outflows of cold water originating in the Arctic Ocean and flowing into
Baffin Bay from Smith, Jones and Lancaster sourds. 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.



Following World War II, oceanographic studies resumed, with increased
effort directed at collecting data in the chamnels of the Canadian Arctic
Archipelago. Until the 1870's, most measurements were collected in the
short summer season, August to September. During this period, the seasonal
deterioration of ice-cover was sufficient, in most years, to permit
lcebreaking vessels to collect data in the eastern passages of the
Archipelago. Only in rare summers could ships penetrate to the western and
northern portions of the Archipelago.

Using these early pre-1970 data, volume transports through the
channels of the Archipelago were computed, using the dynamic or
geostrophic method. This method assumes a simple balance exists between
the Coriolis force ard the intermal pressure gradients determined from
differences between nearby profiles of water demsity. The so-called
baroclinic currents, computed from the data of two hydrographic stations
involved, are those relative to an assumed “depth of no motion" normally
taken to be just above the bottom. By integrating the computed curremts
over the full channel width, baroclinic volume transports were computed.

Collin (1983) summarized baroclinic volume transport computations for
Lancaster, Jones and Smith sounds, obtained from summer transects in the
years 1928, 1954 ard 1957. Considerable variation ocourred in the results;
combined transport from all three chammels ranged from 0.7 to 1.7 x 108
m3/s. In all years, Lancaster Sound had the largest computed volume
transport, ranging from 0.3 to 1.5 x 108 m3/s. An extensive review of
avallable 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 108
m3/s, varying from 1.5 to 2.7 x 108 mS/s. Coachman armd Aagaard
(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 combined transport of approximately 2 x 108
m3/s is required from Smith, Jones and Lancaster Sounds. 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 108.



Muench attributed the discrepancy to inheremt uncertainties in the
dynamic method. Sources of uncertainty include: (1) the use of assumed
levels of no motion (particularly problematic in the relatively shallow
waters of Jones and Smith sounds); (2) neglected terms in the dynamical
equation, including local accelerations, curvature effects (centrifugal
force) and inertial effects; (3) the absence of complete coverage on the
sides of the chammel transects, where strong currents have since been
directly measured; (4) interpretation of time-deperdent change in the
water-mass distributions as spatial difference, due to the considerable
time (several hours) required for a single ship to occupy the channel
transect; (5) the lack of information for the 10 months of the year when
sea—ice kept ships from entering the Archipelago.

Table 1-1:

Summary of baroclinic volume transport computations for Lancaster, Jones
and Smith Sounds ard for northern Baffin Bay (from Muench, 197la).
Positive signs represent transport into Baffin Bay or southward tga.ngport

within Baffin Bay. All volume transport rates are in units of 10° m™/s.
Year Data Reference Lancaster Jones Smith N. Baffin Bay
Souirce Level Sound Sourd Sound Baffin W.Green-
Current land
Current
1928 (1) 1000 0.65 0.3 0.4 - -
1954 (2) 5100) 1.5 -0.4 -0.4 - -
1957 (3) 500 1.0 0.25 - - -
1981 (5) Var. - - - 1.7 0.2
1982 (5) Var. - - - 2.3 0.0
1063 (5) var. - - - 3.1 -0.4
19668 (4) 700 0.3 0.4 0 - -
1966 (4) 700 0.6 0.2 - - -
1966 (5) Var. - - - 2.0 -0.4

(1) Kiilerich, 1839; (2) Balley, 195%; (3) Collin, 1983; (4) Palfrey and Day,
1968; (5) Muench, 1971la.




The preferred way to estimate transport is to make an assumption
regarding the level of no motion and to adjust the baroclinic flows
computed by the geostrophic method, using actual current measurements.

Direct current measurements, using rotor- and vane-type sensors, were
first obtained in the Archipelago in the summer of 1963. Ten Richardson
current meters were sugpended from three surface-flotation moorings 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). In September 1968, two moorings, with
two current meters each, provided 11 days of data in northern Baffin Bay
approximately 200 km southeast of Smith Sound (Avis and Coachmwan, 1971).

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 Archipelago. The first was the availabllity of dependable,
internally-recording current meters, which could be moored from the sea
bottom or from sea lce for periods of months or longer. The Aanderas
current meter, first manufactured in 1968, has 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 (Lewls, 1880). With tracked 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 (Muench, 1971b). A Braincon current meter, suspended at
50 m depth, provided 16 days of useful data, and indicated a weak net
southerly flow.

From 1969 to 1882 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 Appraisal Reports, published in the Canadian
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Data Report of Hydrography and Ocean Sciences (No. 5) series (Birch et al.,
1083,1987 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 which daylight and a steble ice platform make collection eonditions
most favourable. About 60 of the remaining records were collected by
Panarctic Oil using Aanderas 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 Archipelago. These records are summarized in
Apperdices 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 am/s relative to the assumed level of no motion
(generally near bottom). However, the current near-bottom may be 10 cm/s
ard therefore the total surface current is actually 30 cn/s. Using the
geostrophic method, the current through Smith Sound had previously been
estimated at 0.4 x 108 md/s (Kiilerich, 1939) and -0.4 x 108 m3/s
(Bailey, 1957). Sadler (1978a,b), using direct current measurements,
determined a southerly transport of 0.67 x 106 md/s.

The results of Prinsemberg and Bemnett (1987) indicate that transport
may vary by + 80% on a time scale of 4 to 6 days, similar to the variation
assoclated with that of atmospheric disturbances. Also, a strong seasonal
variation was evident in the Barrow Strait data. Walker (1977) noted that
nonthly and longer—term variability in water levels should be instrumental
in altering the flow of water through the Archipelago. Such 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 Argh'pelago,

1978's to 1982.

Positive transports are southerly or towards Baffin Bay. Units are 18 m /s.

Year Reference

Area

Transport/Comments

1972 Sadler
(1976a,b)

1976 Sadier,
Serson and
Chow (1979)

1876~ Greisman and
1977 Lake (1978)

1981- Prinsenberg
1982 and Bennett
(1987)

Smith Sound

Fury and
Hecla Strait

Byam and Austin
channels,
Pullen and
Crozier straits

Barrow Strait

©.67 + 16% for May (0.67 + 28% annual)

©.04 + 25% for May. Campbell (1958) computed a flux of .05 to
©.10 for late summer, using the dynamic method. Barber (1965)
estimated a flux of .85 to ©.10, based on 13 hours of Ekman
meter readings.

0.16 Byam and Austin; ©8.04 Crozier and Pullen straits. These
transports are for the spring period; there were indications of
stronger flows in the winter.

0.5 with variations about the mean of + ©0.25 (April). Seasonal
transport peaks In Sept. at 1.2 and falls to a minimum of ©.1 in
November.




Measurements of Surface Drift

Ioe-beset vessels provided the earliest measurements of surface drift
(Figure 1.3-1). In recent years, radar mapping of lce motion and satellite
tracking of both lce and drifters have provided most of the data. These
lagrangian dats 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 Fissel 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 Wellington Chamnnel, Prince Regent Inlet,
Admiralty Inlet, McDougal Sound and Peel Sourd.

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 chammels, often being weak and directionslly variable in
mid-chammel. The currents on opposite sides of the channels are often
opposite in direction, a combination which is possible in terms of
geostrophic dynamics if the width of the channel is large compared to the
local internal Rossby radius of deformation (LeBlond, 1980).




Table 1-3: Lagrangian drift results, using raddar and satellite tracking methods.
Year Reference Area Comments
1970 Verrall, Viscount Melville Ice buoys were tracked by aircraft. During spring end summer, the
Ganton and Sound and M’Clure ice in central M'Clure Strait drifted rapidly to the west, whereas
Milne (1974) Strait in Viscount Melville Sound the drift was only weak westerly. The
wind appeared to be the primary forcing mechanism.
1976 MacNei |, Barrow Strait Radar was used to track ice motion during late summer and early
de Lange Boom fall. The ice was forced by both westerly and easteriy winds
and Ramsden greater than 8 knots. Average ice motion near Griffiths Island
(1978) was to the east, with an anti-cyclonic flow close to the shore
of Griffiths Island.
1973- Marko (1978) Eastern Parry Satellite images were used to map ice motion. The strongest
1977 Channel 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 McDougal!l Sound, Prince Regent and Admircity inlets.
Mid-channel ice motions were irregular.
1977 Fissel and Eastern Parry Nine drogued drifters were tracked by satellite. Results were
Marko (1978) Channel similar to those of Marko (1978) above: northerly flow in eastern
Wellington Channel and ecyclonic intrusions of Prince Regent Inlet
and Peel Sound.
1979 Fissel, Lemon Eastern Parry Fourteen satellite—tracked drogued drifters indicated a net

and Birch
(1982)

Channel

easterly drift with apparent cyclonic intrusion of Prince
Prince Regent and Admiralty inlets.
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2. DATA QOLLECTION AND PROCESSING METHODS, 1982-1985 DATA

This report presents an analysis of the near-surface residual flow in
the Northwest Passege, based on the current-meter dats collected as part of
a three-year study by the Institute of Ocean Sclences. Data reports are
available (Buckingham, Iake and Melling, 1987 ¢, d, e) which detail the ‘
methods used in data collection and processing. Only a brief overview is ‘
presented here. |
|

2.1 Data Collection

The large geographic size of the study area (Figure 2.1-1) prohibited
detalled synoptic coverage. Therefore a three-year measurement program was
planned. The western portion was sampled in 1882, the cemtral portion in
1983 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 measursble flow near the shorelines. The current-meter
locations, measurement period, and summary statistics are detailed in Table
2-1. Full detalils concerning the measurement technicques and initial data,
processing are provided in the three-volume data report (Buckingham, Lake
and Melling, 1987 c, d, e) noted above.

Asnderaa (rotor and vane) current meters were used in all cases. Each
instrunent was equipped to measure speed, direction, temperature, ard
coxductivity. The Aanderaa current speed measurement is based on the
curulative mumber of revolutions of the Savonius rotor over the sampling
interval. The current direction is determined by the oriemtation, 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 oriemted via a torsionally rigid connection
to the ice surface (Figure 2.1-2a). For the deployments where the ice was



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.

CM Site Area Latitude Longitude Depth Period Vector-Averaged
Serial Deg. Min. Deg. Min. (m) Start Stop Res. Vel. Res. Speed Stability
# Speed Toward Mean  Max. (%)

(cm/s) (°True) (cm/s) (cm/s)

1982 CM
3395 01 Pr. Wales Strait 73 15.7 116 16.6 20.5 Mar. 25 June 24 08.3 260 8.5 22.9 97
5475 02 Pr. Wales Strait 73 14.6 116 16.6 20.5 Mar. 25 June 24 04.4 269 4.8 14.7 91
3228 03 Pr. Wales Strait 73 13.5 116 15.8 20.5 Mar. 24 Apr. 19 00.2 191 1.1 3.3 22
8972 04 Pr. Wales Strait 73 12.4 116 13.8 20.5 Mar. 25 Apr. 7= 01.7 242 2.1 4.5 79
5474 85 Pr. Wales Strait 73 11.6 116 15.0 20.5 Mar. 24 June 24 21.4 212 1.8 6.5 75
2470 06 Pr. Wales Strait 73 10.6 116 12.7 20.5 Mar. 24 June 24 09.8 191 1.5 5.8 50 s
1929 87 Pr. Wales Strait 73 ©9.2 116 09.7 20.5 Mar. 25 May 23 01.8 273 1.9 5.7 92 [
2468 28 Pr. Wales Strait 73 8.7 116 8.0 20.5 Mar. 25 May 3 00.6 358 1.1 3.7 55
3388 09 Pr. Wales Strait 73 5.0 116 34.7 20.5 Mar. 25 June 13 01.1 208 1.5 5.3 76
1935 10 Pr. Wales Strait 73 12.1 115 58.1 20.5 Mar. 25 June 24 80.5 311 1.6 5.2 30
2693 PW1 Pr. Wales Strait 72 47.1 117 49.7 10.8  Mar. 30 Apr. 29 02.9 205 3.4 7.3 85
5390 17 M’Clure Strait 74 26.9 113 51.0 18.5 Apr. 7 June 21 00.9 119 3.5 9.5 27
5473 16 M’Clure Strait 74 24,9 114 00.0 18.5 Apr. 6 June 21 21.5 318 2.7 10.4 54
2466 15 M’'Clure Strait 74 17.7 114 3.0 18.5 Apr. 7 June 21 00.6 72 1.7 4.2 36
5472 14 M’'Clure Strait 74 1.6 115 ©02.0 18.5 Apr. 7 June 21 00.7 296 1.9 5.8 37
5471 13 M’Clure Strait 73 68.9 115 27.7 18.5 Apr. 6 June 21 00.7 71 1.6 3.8 46
5456 12 M’Clure Strait 73 56.2 115 51.6 18.5 Apr. 6 June 21 00.9 81 2.1 4.2 45
1936 11 M’Clure Strait 73 55.7 116 08.9 18.5 Mar. 30 May 5 00.6 115 1.7 4.8 36
1939 19 Peel Point 73 29.7 113 19.3 18.5 Apr. 9 June 23 02.8 266 3.5 7.6 79
5391 18 Peel Point 73 19.8 113 b58.0 18.5 Apr. 9 June 23 00.8 128 1.9 4.6 42
5389 26 Viscount Melville Sd 74 51.2 187 14.0 18.5 Apr. 18 June 20 00.8 150 2.3 7.1 33
5361 25 Viscount Melville Sd 74 48.0 107 11.0 18.5 Apr. 18 June 20 00.4 14 2.7 6.1 14
1932 24 Viscount Melville Sd 74 41,1 107 ©06.3 18.5 . Apr. 18 June 19 01.4 270 2.4 6.4 59
1930 22 Viscount Melville Sd 74 00.8 106 35.8 18.5 Apr. 18 June 19 00.6 259 1.7 5.4 33
3387 21 Viscount Melville Sd 73 53.6 106 30.0 18.5 Apr. 18 May 30 01.6 167 2.8 6.3 59
1831 20 Viscount Melville Sd 73 48.7 106 25.9 18.5 Apr. 18 June 20 81.1 357 1.8 4.3 62




Table 2-1 (Cont’d):

CM Site Area Latitude lLongitude Depth Period Vector—-Averaged
Serial Deg. Min. Deg. Min. (m) Start Stop Res. Vel. Res. Speed Stability

# Speed Toward Mean  Max. (%)

(em/s) (°True) (em/s) (cm/s)
1983 CM

3223 62 Byam Martin Channel 75 55.6 185 22.6 18.5 Apr. 2 May 23 06.5 158 6.5 10.9 99
3278 63 Byam Martin Channel 75 58.1 185 1@.6 18.5 Apr. 2 May 18 85.2 175 5.4 10.1 96
3387 65 Byam Martin Channel 76 82.9 104 38.8 18.5 Apr. 2 Apr. 19% 85.9 149 6.1 9.1 97
3388 66 Byam Martin Channel 76 04.6 104 27.9 18.5 Apr. 2 May 23 85.1 124 5.5 11.1 93
3395 71 Austin Channel 75 23.2 162 29.3 18.5 Apr. 1 May 23 3 83.0 87 4.8 8.3 76
2466 71 Austin Channel 75 23.3 102 38.6 73.8 Apr.1°83 Mar.31'84 82.6 48 3.9 1.5 68
2470 71 Austin Channel 75 23.3 182 38.6 123.8 Apr.1°83 Mar.31’'84 83.0 42 3.5 11.4 85
1939 57 Byam Martin Island 74 51.6 184 12.8 18.5 Apr. 3 May 4% 01.7 113 1.9 3.2 86
1936 58 Byam Martin Island 74 59.1 184 13.4 18.5 Apr. 3 May 6? 82.0 230 2.7 7.4 75 -
2467 72 Bathurst Island 74 57.1 1e8 26.9 18.5 Apr. 6 May 22 83.9 284 4.3 8.6 91 V]
1932 74 Bathurst Island 74 51.0 10© 49.7 18.5 Apr. 6 May 22 02.4 175 2.7 6.7 90
5361 81 Pr. of Wales Island 73 52.9 188 59.7 18.5 Apr. 6 June 11 83.1 62 3.2 6.1 97
1931 79 Pr. of Wales Island 74 8.2 181 39.8 18.5 Apr. © May 2% 88.4 283 1.8 4.0 25
1930 82 M’Clintock Channel 72 56.3 184 52.@ 18.5 Apr. 7 June 10 01.2 165 2.3 5.9 53
5456 83 M’Cl intock Channe! 72 54.8 184 29.0 18.5 Apr. 7 June 18 81.2 351 1.7 7.8 70
5474 86 M’Clintock Channel 72 51.9 183 ©8.6 18.5 Apr. 7 June 18 21.8 181 2.1 5.0 87
8972 87 M’Clintock Channel 72 50.5 182 54.1 18.5 Apr. 7 May 8% 81.2 26 1.5 2.9 83




Table 2-1 (Cont’d):

CM Site Area Latitude Longitude Depth Period Vector—-Averaged
Serial Deg. Min. Deg. Min. (m) Start Stop Res. Vel. Res. Speed Stability

Speed Toward Mean  Max. (%)

(cm/s) (°True) (cm/s) (cm/s)
1984 CM

1936 46 Barrow Strait 74 12.5 83 46.8 18.5 Apr. 25 June 8 18.9 73 19.86 26.7 89
1386 42 Barrow Strait 74 34.2 S4 01.2 18.5 Apr. 27 June 8 04.7 54 4.8 9.0 87
3388 42 Barrow Strait 74 34.2 94 01.2 51.0 Apr.27°84 Apr. 12’85 02.6 146 5.6 20.5 46
1935 42 Barrow Strait 74 34.2 94 ©1.2 100.0 Apr.27°84 Mar. 24°'85 02.8 115 4.5 20.5 64
8217 WC13 Welilington Ch. (S) 74 47.7 83 17.8 18.5 May 1 June S 02.4 207 3.1 7.9 78
8218 WC12 Wellington Ch. (S) 74 47.7 S92 48.1 18.5 May 1 June S 3.7 324 4.3 8.7 86
1939 WC11 Wellington Ch. (S) 74 47.8 82 27.8 18.5 Apr. 18 June 1 886.8 331 2.4 7.3 35
1932 WC10 Wellington Ch. (S) 74 47.5 92 21.6 18.5 Apr. 18 May 19 et1.1 223 2.1 5.6 52
3223 WC 8 Wellington Ch. (S) 74 47.7 92 08.2 18.5 Apr. 19 June S 81.8 193 2.6 5.8 68 —
3228 WC 7 Wellington Ch. (N) 75 15.2 83 22.8 18.5 Apr. 18 June 9 07.8 159 8.1 16.2 87 (v}
2686 WC 6 Wellington Ch. (N) 75 14.4 92 59.6 18.5 Apr. 26 June S 02.7 145 3.3 6.8 82
2687 WC 5 Welliington Ch. (N) 75 14.4 82 44.4 18.5 Apr. 8 June 7 95.2 148 5.6 11.5 83
1831 WC 4 Wellington Ch. (N) 75 14.1 82 40.0 18.5 Apr. 8 June 7 2.7 334 3.7 s.e 75
1930 WC 3 Wellington Ch. (N) 75 14.1 82 35.4 18.5 Apr. 8 June 7 12.3 338 12.4 23.2 1)
0972 WC 2 Wellington Ch. (N) 75 14.1 82 33.8 18.5 Apr. 7 Apr. 23% 12.5 338 12.5 21.6 S9
0801 WC 1 Wellington Ch. (N) 75 13.3 92 31.7 18.5 Apr. 7 June 7 5.2 318 5.8 15.0 8¢
5391 PS¥ Penny Strait (W) 76 36.2 87 25.2 48.0  Apr.23’84 Apr.12°85 11.2 184 12.2 26.7 92
5471 PSW  Penny Strait (W) 76 36.2 87 25.2 138.86 Apr.23°84 Apr.18’85 93.0 274 5.4 23.0 55
5361 PSE Penny Strait (E) 76 38.7 96 54.6 43.0 Apr.16'84 Apr.16’g5 13.8 220 14.7 36.6 94
5456 PSE  Penny Strait (E) 76 38.7 96 54.6 131.@6 Apr. 23 Sep. 10 8.1 219 8.7 16.8 93
*Relatively short record

Bad data, April 13-16
:Record ends Sep. 10, 1984

Records actualiy 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-anchored taut-line mooring, and directional reference was based on
the ingtrument’'s internal magnetic compass (Figure 2.1-2b). In the second
method, used in the central and eastern regions where the geomagnetic field
iz too weak for the current-meter compass to be relisble, the instruments
were anchored to bottom using a torsionally-rigid pipe (Figure 2.1-2c).

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, 68, 65 and 83 for 1983 data amd at sites WC12, WC13 and
PSW (138 m depth) in 1984. All current directions were in error by
constant amounts throughout the full record; corrections were applied to
all results herein.

2.2 Data Filtering

Currents in the Archipelago vary over wide ranges of amplitude and
period. Higher frequency motion, greater than 2 cycles per day (cpd),
largely reflects turbulence and forcing by local winds. At frequencies
near 1 and 2 cpd, the motion is mainly 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 cpd, or equivalently at
periods greater than 1 day.

In order to remove the variability at frequencies greater than 1 cpd,
a low-pass digital filter was applied to the hourly data. The filter is
symmetric anxd 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 1s 1llustrated 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 Uncertainties 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
manmufacturer’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, lLake and
Melling (1987 c, 4, e) for further information.

Table 2-2

Estimated accuracy and precision of the
Aarxderas, RCM—4 Current Meter Data
(from Buckingham, Lake and Melling [1987 c, 4, el)

RCM4 Speed (cn/s) +2% +7% .05 cn/s

RCM4 (hose) Direction (°T) +11° +7° 0.4°

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

RCM4 (freely Direction (°T) +11° +7° 0.4°
suspended)

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

RCM4 Conxductivity Ratio +.0025 +.0008 0.000186

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 comparatively large tidal curremts occur in
combination with weak residual flows, uncertainties in the compass
calibrations of a meter can cause significant errors in the computed
residual flows. Under 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 flow.

To estimate the magnitude of this effect, a mathematical model was
applied. In this model, the currents at a particular point in space
congist of a mean flow Um axd a tidal flow Ur at single frequency o,
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.

Ur = elOT [A cos(2mot) + iBsin(2mot)].
The measured currents are subject to a direction error modelled as:
A=C . cos(®6-6g)+D

vhere 6¢c is the direction at which the error is a maximum (i.e. A = C +
D). The currents as measured, U’, then are:

U’ = elA(Up + UT)

The error in the mean flow 1ls then computed as the difference between the
mean measured flow U’ averaged over two tidal cycles, ard the true mean
flow. '

The model described above was applied at the M2 tidal frequency (0 =

0.080511 h-1), for a mean speed in alignment with the maximum tidal flow

(ér = 0). The model was run for four cases ranging from maximum (Case
II) to typical (Case III) directional errors (Figure 2.3-1). The
uncertainty in the computed mean flows can be substantial for weak mean
flows combined with strong tidal flows. For example, a 1.0 cn/s mean flow
in the presence of a 10 cn/s tidal flow would be subject to uncertainties
of 7 to 4™, for the typical ard maximum direction errors.
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2.3.2 Subthreshold Currents

The Aanxderas current meter semses current speed using a rotor; the
current speed is proportional to the rate of rotor revolution. Direction
1s determined by the oriemtation of a large vane. Subthreshold currents
occur when the current speed is less than that required to make the rotor
complete the necessary mumber of revolutions (usually 4) to produce a speed
count. This ocours at speeds less than about 2.2 cn/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 anywhere between 0.0 and 2.2 cn/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 am/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 Aanderaa vane has a much 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 an/s. Thus, the
overestimated speeds generally occur over varying directions, with the
result that the overall effect on the vector average velocity is much
reduced.

The 1982-1985 data were examined for frequent occurrences of stall
speeds. In most regions the rotor was stalled less than 10% of the time
(Figure 2.3-2). The highest percentage of stall speeds occurred in 1982 in
M'Clure Strait and Viscount Melville Sound. The raw, 15-mimute 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 Stralt and Viscount Melville Sound region, the mean
vector-averaged currents were very small, generally less than 1.0 am/s.
The currents are dominated by the tidal flow which is mainly semi-diurnal,
flooding towards the west and ebbing 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 tidal 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 slack high-water and slack low-water periods the rotor was stalled for
1 to 2 hours, but the direction vane contimued to respond to the
osclllatory flow. As a result of the rotor being stalled, the current
during slack-water periods was assigned a probably higher-than-actual speed
of 2.2 cn/s. However, any error thus introduced would temd to be minimized
by the averaging process resulting fram the correctly-recorded direction
reversals.

In other instances, again in M’'Clure Stralt the rotor responded to
only the flood or the ebb flow, but not both (Figure 2.3-3b,c). In such
cases the assigned stall speed of 2.2 an/s results in an overestimate of
either the flood or ebb flow. However, the errors would again tend to be
balanced out since one can find cases where both the flood and ebb 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 M’Clure
Strait-Viscount Melville Sound data; here the vector averaged flows were
generally less than 1 cm/g. The dominant flow there was tidal and during
periods of neap tides the rotors often stalled, indicating a very weak
residual flow. The adverse effect of the assigmment of a speed of 2.2 an/s
to stalled counts is believed to be minimal due to the oscillatory nature
of the flow, resulting in a gemeral 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. RESULTS
3.1 Speed axd Direction Distribution, 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 dats are grouped into
springtime (Section 3.1.1) and seasonal (Section 3.1.2). Only the
1982-1985 data collected by IOS are presemted here. Unless specified
otherwise, discussion always refers to the residual portion of the current.

3.1.1 Springtime, 1982-1985

The low-pass-filtered residual currents were amalyzed to determine the
distribution of speed and of direction, and the vector-average mean. The
results are sumarized in Figures 3.1-1 through 3.1-9. Results are also
included for the springtime (April 1-July 1) portion of the year-long
records. There are three figures per year, with each figure covering a
specific area. Map scales vary from 1:0.5 million to 1:2.0 million.
Current-meter sites are identified by station mumber/depth. Included with
each 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 each figure depicts the directional
distribution of the residual currents at each site. The lengths of the
radial sticks represent the percentage of directions within each 30° class;
the mean speed for each directional class is represented by the distance
from the centre to the intersection of the perimeter line amd the radial
stick. The left-hand side (1.h.s.) of each figure illustrates the
distribution of residual speeds, as well as the vector-averaged mean flow
vectors. Mean flow vectors of magnitude less than 2 am/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.



Prince of Wales Stralt

During the spring of 1982, the net residual flow through Prince of
Vales Stralt was toward the southwest (Figure 3.1-1). The flow was
concentrated on the northwest side, where the speed reached a maximum value
of 23 an/s, arxd averaged 8.5 cam/s (Site 01). At Site Ol the flow was very
steady and the vector-averaged magnitude was 8.3 cmn/s. The main flow
appeared to be centred near Site 0l and spanned a 4-6 km width.

Towards the centre of the Strait, the residual flow was weaker and
more directionally variable than near the northwest shore. Mean speeds
were typically 2 cm/s, and peak speeds 5 am/s. The net circulation
remained southwesterly. On the southeastern shore, a weak counter—current
was evident at Site 08, with a mean speed of only 1 aw/s. The direction
distribution confirms the tendency for southwesterly flow through this
section. A weak southwesterly residual flow also occurred downstream at
Site PWl1.

M'Clure Stralt

During the spring of 1982, the residual circulation in M’Clure Stralt
ard near Peel Point was weak and variable in direction. Vector-averaged
velocities were generally less than 1 aw/s (Figure 3.1-2) and maximum
residual speeds were less than 10 an/s. The records from the meters
nearest shore (Sites 11, 12, 16, 17, 18 and 19) indicated at least some
bathymetric 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 Stralit, 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 largest vector-averaged
veloclty was 2.8 an/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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Data, were collected at six sites across Viscount Melville Sourd during ‘
the spring of 1982. The vector-averaged residual flows were weak, |
typically 0.5 to 1.5 cm/s (Figure 3.1-3). Mean speeds were 2 t0 3 am/s. At |
Sites 22, 2¢ 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.

Eastern Viscount Melville Sound

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 am/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
Chamnel. The next strongest flow was at Site 81, where the currents were
easterly towards Barrow Stralt. Away from the coastline, at Sites 57 and
79, the residual flows were weaker and more directionally variable.

M'Clintock Channel

The residual flow along the shores of M'Clintock Channel in the spring
of 1983 was weak, with vector-averaged speeds of 1.2 to 1.8 aw/s (Figure
3.1-8). The flow was generally north-south, aligned with the bathymetry.
However, between each station the net flow vector reversed direction,
suggesting a camplicated, although weak, flow structure.



The residual flow through Byam Martin Channel during the spring of
1083 was southerly (Figure 3.1-6) with mean speeds of 5.5 to 6.5 cm/s, and
maxinum values of 10 to 11 am/s. The currents varied little in direction,
as 1s evident from the high stability values (Teble 2-1). Reversals
towards the north were observed only at Site 68, near the eastern shore,
and these were relatively short-lived events which occurred at intervals of
about 12 days.

At Site 71, on the eastern side of Austin Chamnel, the residual flow
was weaker, aversaging 3.0 cn/s, and variable in direction. However, the
results suggest a contimued south-southeasterly flow in this area.

Pemnry Stralt

The uppermost instruments in Pemmy 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 Pemny Strait during the spring of 1984 was southerly with
nean speeds of 12 to 16 am/s, and maximum values of 30 to 40 am/s (Figure
3.1-7). Directional variability was low, resulting in vector-averaged
veloclties only slightly less in magnitude than the mean speeds. The
southwesterly flow at Station PSE reflects the local bathymetry.

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

¥ellington Chammel

Midway up Wellington Chamnel at its narrowest section (WC1-WC7), the
residual flow was southerly in the western and central portions, and
northerly along the eastern shore (Figure 3.1-8), during the spring of
1984. The northerly flow was confined within about 6 km of shore. In the
core of this current (Station WC3), large mean and maxdimum residual speeds
of 12.4 and 23.2 am/8 occurred (Table 2-1) with a vector-averaged velocity
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of 12.3 cm/s. The southerly flow appears to have been centred near Station
WC?, although the station spacing is too large to assess whether the core
of the maln southerly current was sampled. At WC?7, the mean and maximum
residual speeds were 8.1 amd 16.2 am/g, with a vector-averaged velocity of
7.8 cn/s.

Further to the south, near the junction of Wellington Chamnel and
Barrow Strait (Stations WC8-WC13), the measured residual flows were much
weaker, and there was no evidence of the two counter-flowing currents
observed at the more northern section. The strongest flows occurred at
WC12 and were northerly. One can speculate that the station spacing,
particularly between 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 468 on the southern side (Figure 3.1-9). At Station 46 the mean and
maxdimum residual flows were 19.0 and 26.7 cam/s, with a vector-averaged
velocity of 18.9 cm/g. At the northern site, the vector-averaged velocity
was only 4.7 am/s.

Summary

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/g) to 18.9 am/s, while the maximum residual
current varied from near 3 cm/s to 36.6 cm/s. Geographic variations on the
veloclty statistics for residual currents in springtime are summarized
below.
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The residual currents were larger in the easterly and northerly
chamnels: Barrow Stralt, Pemny Stralt, Wellington Channel and Byam Martin
Chamnel. The smallest magnitudes were measured in M’'Clintock Channel and
the western portions of Parry Channel.

Vithin 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 each of these chammels, 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 each
chamnel in which they were clearly observed:

Prince of Wales Stralt: 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 nearly unidirectional, with measured vector-mean magnitudes
of 8.3 and 4.4 cn/s (maximum values of 22.9 and 14.7 cm/s).

Eastern Viscount Melville Sound: A northeasterly flowing
coastal current (3.1 can/s) was measured at Site 81,
approximately © km offshore of Prince of Wales Island on the
southern side of the sound. This current was confined to a
wldth of less than 30 km; the currents at adjoining Site 70 were
much wesker (0.4 cm/g) and more directionally variable. On the
opposite side of the sound, a westerly flowing coastal current
(3.9 an/s) was observed © km from the shore of Bathurst Island
at Site 72.

Wellington Chamnel: 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 a width 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 all areas. For example, in Byam
Martin Channel, strong southerly flow was present across the full width of
this comparatively narrow waterway. The very small mean flows in the
southern and western regions did not provide evidence of coastal current
régimes.
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In other areas, the array of curremt meter moorings was not adequate
to delineate coastal curremts (eg. Barrow Stralt axd Penmy Strait). A
different situation oocurred across southern Wellington Channel, where an
array of seven current-meter moorings was insufficient to detect opposing
currents, such as were measured simultaneously 60 km to the north. This
may be an indication of more complex curremt patterns on the more southerly
section due to the proximity of the junction of Wellington Channel and
Lancaster Sound.

3.1.2 Seasonal Variahility

In Section 3.1-1, the residual-current measurements for the
springtimes (April through June) of 1982 through 1984 were surmarized.
Same current meters were moored throughout the winter, and nearly year-long
records were thereby obtained (Takle 2-1). These include two records at
Site 71 in Austin Chammel, two at Station 42 in northern Barrow Strait, and
three at two sltes in Pemmy Stralt. In all cases, the year-long records
were obtained from greater depths than were the springtime records.
Springtime instruments were moored near 20 m depth, whereas the year-long
meters were at least 26 m deeper. The choioce of seasons applied here is:
April 1-June 30, spring; July l-September 30, summer; October l-December
81, fall; Jammary 1-March 31, winter. The rationale for this particular
cholce 1s the desire to relate the currents to the extent of ice cover.
July, August and September are gemerally the months of lightest ice
concentration. Freeze-up is most rapld after September and breakup first
occurs during June in lancaster Sound and Amundsen Gulf.

Austin Channel

The year-long data records from Site 71 in Austin Chamnel 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 125 m depth was greater than that at 73 m depth.
There was also a tendency 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 varlation in speed at both 73 and 123 m depths. The strongest
residual currents occurred during fall (123 m) and winter (v3 m). The
weakest flows were recorded during the summer months.

Pennry Stralt

A strong vertical shear was evident in the measured current structure
in Penny Stralt (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 November currents were noticeably reduced in
magnitude and stability.

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

Barrow Stralt

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 surmer/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 Bermett, 1987). The reversal to westward flow at Site 42
during summer in 1984 may perhaps be related to a postulated simultaneous
increase in easterly flow along the southern side of the Strait, such as
occurred in 1981.

3.2 Auto-Spectra

Spectral (or Fourier) analysis techniques were applied to the low—pass
filtered current data to elucidate the frequency composition of residual
current fluctuations. Each record was initially divided into N segments or
blocks of equal duration. The raw spectral estimates, camputed
individually from each 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 each
band is summarized in Table 3.2-1. For each frequency band, we compute the
following parameters:

— root-mean square amplitude of curremt fluctuations along the major and
minor axes of variation;

- root-mean square amplitude of curremt fluctuations resolved into
clockwise (cw) and counterclockwise (ccw) rotating current vectors. This
representation is independent of the coordinate system used.

The analytical methods are described in Appendix 3.

3.2.1 Springtime, 1882-1885: Regional Camparisons

Current 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 residwal currents (vector mean >5
an/s), the amplitudes of the flow fluctuations are the largest recorded in



Table 3.2-1

The range of periods over the frequency barnds used in the spectral
analysis of this study for (a) Wellington Chamnel (springtime), (b) all
other areas (springtime) and (c) year-long data sets.

Band

Centre Frequency

Periods in Each Band No. of Statistical

Label Frequenocy Bandwidth Lowest Middle Highest Degrees of Freedom

IT
III

IT
III

<4

<EESB§w>

(a) Vellington Channel -~ N Blocks of 11.25 days duration

0.089
0.178
0.311
0.489
0.711

0.089
0.089
0.178
0.178
0.26%7

() all other areas -

(e) year-long data sets — N blocks of 62.

0.018
0.032
0.088

00000
25888

0.080
0.080
0.160
0.160
0.240

22.80 11.25
7.80 5.63
4.50 3.22
Q.50 .05
1.73 1.41

7.80 XN
4.50 XN
R.80 4xN
1.73 4xXN
1.18 6xN

N Blocks of 12.5 days duration

25.00 12.80
8.33 6.25
5.00 3.57
.78 2.27
1.92 1.56

41.70 31.30
25.00 17.20
13.90 10.40
8.33 6.25
5.00 3.57
.78 .27
1.92 1.56

&)

8.33 N
5.00 N
2.78 43N
1.02 4xN
1.82 6xN
days duration
41.70 xN
25.00 N
13.90 4xN
8.33 6xN
5.00 10xN
2.78 20xN
1.92 20xN
1.32 30xN

the study area. However, the fluctuation amplitude amounts to only 30 to
80% of the magnitude of the mean flow. The low relative amplitude of the
fluctuations reflects the directional steadiness of current at these

locations.

¥here the residual-flow magnitude is low, the relative amplitude of
the fluctuations shows considerable variation.
low levels of fluctuation accompany the very low mean flow. However in
M'Clure Strait and western Viscount Melville Sourd, the amplitude of
fluctuations is large relative to the residual flow. The fluctuations in
the residual flow are particularly enhanced at Sites 16 and 17 on the

In M'Clintock Channel, very
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Table 3.2-2: Residual-flow paraometers 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.
STN START #SAM #NBLK POW. MAJ MIN CCW CW BAND | % % CC/C ¥ MAX ALL LOW
' sP. SP. SP. SP. SP. CCH CW RATIO BAND RMS  RMS
<—m——= (CM/S)**2-DAY--———————=- > CM/S
1984 AUTO-SPECTRA
46 4/28/12 300 3 112.1 93.8 18.3 41.6 70.5 32.0 37% 63% 1.69 28.6% Il 4.2 2.3
42 4/28/12 300 3 40.7 31.7 9.0 26.3 14.4 19.5 65% 35% 1.83 48.0% | 2.6 1.8
KC1 4/10/6 270 5 204.2 178.8 25.4 1256.1 79.1 120.7 61% 39% 1.58 59.1¥ | 6.0 4.6
WC2 4/10/8 270 1 472.0 461.6 10.4 240.1 232.0 349.2 51% 49% 1.083 74.0% | 9.2 7.9
KC3 4/10/86 270 5 199.0 185.3 18.7 113.1 85.8 153.4 57% 43% 1.32 77.1% | 5.9 5.2
HC4 4/10/86 270 5 91.2 61.6 29.6 35.7 55.5 65.5 39% 61%¥ 1.556 71.8% | 4.0 3.4
HWC5 4/10/86 270 5 68.7 46.7 22.0 39.3 29.4 36.5 57% 43% 1.34 53.2¢ | 3.5 2.5
WC6 4/21/12 270 4 50.9 31.4 19.4 18.7 37.2 23.0 27% 73% 2.72 45.1% *I 3.0 2.0
KC7 4/21/12 270 4 89.2 77.9 11.3 42.2 47.0 41.1 47% 53% 1.11 46.1% | 4.0 2.7
HC8 4/21/12 270 3 31.4 28.7 2.7 12.4 19.0 8.2 40% 60% 1.52 26.0% 1l 2.4 1.2
¥C10 4/21/12 270 2 47.9 88.9 9.0 20.3 27.7 17.4 42% 58% 1.37 36.2% | 2.9 1.8
WC11 4/21/12 270 3 78.0 556.5 22.5 28.4 49.6 20.6 36% 64% 1.75 26.4% Il 3.7 1.9
NC12 5/2/18 270 3 102.1 60.9 41.2 26.2 75.9 62.8 26% 74% 2.90 61.5% *| 4.3 3.3
WC13 5/2/18 270 3 46.8 31.1 15.7 13.4 33.3 19.6 29% 71% 2.48 41.9% | 2.9 1.9
PSKu 4/28/12 300 6 182.9 127.7 55.2 117.7 65.1 109.5 64%¥ 36% 1.81 59.9% | 5.4 4.2
PSW1 4/28/12 300 6 109.2 68.0 41.2 53.7 55.5 50.6 49% 51% 1.03 46.4% | 4.2 2.8
PSEU 4/28/12 300 6 149.4 96.0 53.4 59.8 89.6 80.4 40% 60% 1.50 53.8% 1| 4.9 3.6
PSEI 4/28/12 300 6 185.7 82.7 103.1 66.8 118.9 101.0 36% 64% 1.78 54.4% *| 5.5 4.0
1983 AUTO-SPECTRA
57 4/8/10 300 2 19.7 15.8 3.9 8.1 11.6 12.2 41% 59% 1.44 61.8% | 1.8 1.4
58 4/8/10 300 2 68.4 53.8 14.6 38.9 29.5 37.7 57% 43% 1.32 55.1% | 8.8 2.5
72 4/8/10 300 3 99.3 89.1 10.2 41.6 b57.8 68.3 42% 58%¥ 1.39 68.7% | 4.0 3.3
74 4/8/10 300 3 41.9 24,9 16.9 28.1 13.8 16.8 67% 33% 2.04 40.2%¥ *| 2.6 1.6
79 N/A
81 4/8/10 300 3 383.2 19.9 13.4 12.2 21.0 9.6 37% 63% 1.73 29.0% *I 2.3 1.2
71 4/8/11 300 3 120.8 85.8 35.0 73.8 46.9 63.8 61% 39% 1.57 52.8% | 4.4 3.2
62 4/8/11 300 3 50.2 41.8 8.4 21.0 29.3 33.6 42% b58% 1.40 66.8% | 2.8 2.3
63 4/8/11 300 3 69.2 42.9 26.3 30.5 38.8 15.9 44% 56% 1.27 22.9% I[l 3.3 1.6
65 N/A
66 4/8/11 300 3 103.0 84.7 18.4 60.1 42.9 57.7 58% 42% 1.40 56.0% | 4.1 3.0
82 4/9/11 300 4 29.8 19.6 10.2 12.6 17.1 17.0 42% b58% 1.3 57.2% | 2.2 1.7
83 4/9/11 300 4 10.6 6.4 4.2 4.5 6.1 5.8 43% 57%¥ 1.35 54.8% 1| 1.3 1.0
86 4/9/11 300 4 17.8 9.3 8.6 7.8 10.0 7.3 44% 56% 1.27 41.0% *I 1.7 1.1
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TABLE 3.2-2 (CONT'D)

STN START #SAM  #NBLK POW. MAJ MIN CCW CHW BAND | % £ Cc/C % MAX ALL LOW

sP. sSP. SP. SP. SP. CC¥ C¥ RATIO BAND RMS  RMS
D (CM/S)**2-DAY-—==mmemee > ' CM/S
1982 AUTO-SPECTRA
PH1 4/1/11 300 2 63.2 56.4 6.8 37.4 25.8 17.3 59% 41% 1.45 27.3% | 3.2 1.7
9 3/21/11 300 6 27.3 24.9 2.4 14.2 13.1 13.4 52% 48% 1.08 49.0% | 2.1 1.5
8 3/21/11 300 2 23.4 21.6 1.8 10.5 12.9 8.2 45% b55% 1.22 35.2% | 1.9 1.1
7 3/21/11 300 4 19.8 16.3 3.4 7.0 12.8 4,3 35% 65% 1.83 21.7% 111 1.8 0.8
6 3/27/11 300 6 41.1 33.7 7.5 15.7 25.4 13.4 38% 62% 1.62 32.5% | 2.6 1.5
5 3/21/1 300 6 89.2 31.5 7.7 20.3 18.9 11.4 52% 48% 1.08 29.0% [Il 2.5 1.3
2 3/21/1 300 6 126.6 120.2 6.3 59.7 66.9 34.7 47% 53%¥ 1.12 27.4% 111 4.5 2.4
18/21/11 300 6 194.9 189.7 5.3 94,9 100.1 41.0 49% 51% 1,056 21.0% 11l 5.6 2.6
10 3/27/11 300 6 42.4 34.5 7.9 23.2 19.2 11.9 55% 45% 1.21 27.9% Il 2.6 1.4
11 4/1/15 300 2 89.4 27.3 12.0 15.1 24,2 12.2 38% 62% 1.60 31.1%l,11 2.5 1.4
12 4/11/12 300 5 27.0 16.4 10.6 10.6 16.4 9.2 39% 61% 1.56 33.9% *I 2.1 1.2
13 4/11/12 300 5 27.2 15.5 11.8 14.9 12.3 14.2 55% 45% 1.22 52.1% | 2.1 1.5
14 4/11/12 300 5 44,4 20.7 23.7 19.6 24.8 15.2 44% 56% 1.26 34.3% *I 2.7 1.6
15 4/11/712 300 5 34.2 21.8 12.4 16.7 17.4 19.3 49% 51%¥ 1.04 56.5% | 2.3 1.8
16 4/11/12 300 5 102.9 59.1 43.9 43.8 59.1 67.4 43% 574 1.35 65.5% *| 4.1 3.3
17 4/11/12 300 5 133.6 105.7 27.9 74.6 59.0 54.9 56% 44% 1.26 41.1% | 4.6 3.0
18 4/11/12 300 5 52.9 383.7 19.2 37.1 15.8 19.1 70% 30% 2.35 36.2% *| 2.9 1.7
19 4/11/12 300 5 60.4 45.7 14.7 41.4 19.0 26.6 69% 31% 2.18 44.0¢ | 3.1 2.1
20 4/24/0 300 4 39.3 3.2 4.1 19.8 19.5 14,5 50% 50%¥ 1,02 36.9% | 2.5 1.5
21 4/20/14 300 3 84.3 46.0 38.4 64.5 19.8 34.0 76% 24% 3.25 40.3% *II 3.7 2.3
22 4/24/0 300 4 33.4 16.1 17.4 24.2 9.3 14.9 72% 28% 2.60 44.4% *1 2.3 1.5
24 4/24/0 300 4 43.4 28.7 14.6 21.6 21.8 12.5 50% b50% 1.01 28.8% 11 2.6 1.4
25 4/24/0 300 4 73.4 44.9 28.5 40.0 33.4 42.6 55% 45% 1.20 58.1% | 3.4 2.6
26 4/24/0 300 4 54.4 45.1 9.3 14.4 40.0 11.8 26% 74% 2.78 21.7% 111 2.9 '1.4
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northern side of M’'Clure Stralt, 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 somthern Wellington Channel.

The spectral results, using rotary coordinates, reveal generally low
levels of rotary polarization. Such a result is hardly 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 arxd 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 variance) and at
Site 74, further to the east in this Sourdd (67% of total variance).

The current fluctuations are dominated by longer-period variations.
Of the 55 spectra of springtime currents, 42 had peak values in frequency
band I (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 current records
(Section 3.2-3). However, the record length of the springtime data limits
the statistically-reliable spectra to a long-period limit of 25 days.

A more detalled presentation of the auto-spectral results, displayed
for each area in Figures 3.2-2 to 3.2-6, follows.

Prince of Wales Stralt (Figure 3.2-2A)

In the spectra of the major component, most of the current variations
occurred within the three lowest bamds (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 broad spectral peak occurred in the second 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 barnds. In the
spectra of the minor component, the levels were much smaller and showed no
consistent frequency 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 frequency bands.
M'Clure Stralt (Figure 3.2-2B)

Spectral levels were generally low through the cemtral and southern
portions of M'Clure Strait. At Stations 11, 12, 13, 14 and 15, the
amplitudes of the individual bands never exceeded 1 am/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 Stralt, Stations 16 and 17, the residual flow variations
were better aligned with the local bathymetry; this is indicated by the
large amplitude of the major axis, relative to that of the minor axis
(approximately 1.5 cn/s). Moreover, the spectra show that the flow
variabllity was 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 axls, with an amplitude twice as large as the
ninor component amplitudes. ILow-frequency veriations were dominant at both
sites.

ound (Figure 3.2-34)

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 sltes, the lowest frequency band had the largest amplitude.
Interestingly the flow variations at Site 24, situated furthest offshore
from Melville Island, were the least emergetic.
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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
vere larger at Site 21, exceeding 1 an/s in the two lowest frequency
bands: 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 variability was mostly directed along
a northeast-southwest orientation, roughly perpendicular to that of the
local bathymetry. S

M’'Clintock Chamnel (Figure 3.2-3B)

Spectral levels were uniformly low (<1 cm/s) throughout the transect
of stations across M'Clintock Chamnel. At all sites, the spectra for the
major components were largest at the lowest resolvable frequency for the
ma jor components, andi directed approximately north-south. The
along-channel spectral levels were somewhat larger at Sites 82 and 87,
nearest the coasts on opposite sides of the chanmnel. At both these sites
the ratios of the major-axis to minor-axis amplitude were greater than at
the other two Sites, 83 and 86, located further from shore.

(Figure 3.2-4A)

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

At the single multilevel measurement location in Austin Chamnel (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



the easterly flowing net residual current (3.0 cn/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.

md (Figure 3.2-4B)

At the measurement sites located directly south of Byam Martin Island
(Sites 57 and 58), and southwest of Bathurst Island (Sites 72 and 74),
spectral levels increased with proximity to the coastline, and the current
fluctuations became more directionally blased. 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 days) at Sites 57, 72 and 8l.

Low spectral levels were computed from the residual flows off Prince
of Wales Island (Site 81), on the southern side of Viscount Melville
Sourd. At this location, fluctuations in the residual flow were nearly
omnidirectional. A preference for clockwise over anti-clockwise
oscillations was suggested by, the rotary spectra.

Barrow Strait (Figure 3.2-54)

Spectral amplitudes had intermediate values at the two measurement
sites in Barrow Strait. At the northern Site 42, spectral amplitudes were
Just over 1 cw/s in the first and third frequency bands. In the lowest
band, fluctuations were almost entirely dirvected along the O70-250°
direction, in rough aligmment with local bathymetry. However, the
directional bias was less pronounced for fluctuations in the third band
(periods of 2.8 — 5.0 days).

On the southern side of Barrow Strait, within the strong (20 am/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. In the cross—chamnel direction, the
spectral amplitudes were very low at the low frequencies, but increased at
higher frequency. In these same frequency bands (periods of 1.9 to 8.3
days), the rotary spectra revealed that clockwise oscillations were larger
in amplitude than were the anti-clockwise oscillations.

Yellipgton Chamnel (Figure 3.2-6B)

The fluctuations of the flow in Wellington Chamnel had
intermediate—to-large amplitudes. The largest amplitudes were measured at
Sites WC1 and WC3, 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—chamnel direction in the lowest band. Spectral
levels were much lower for the cross—chamnel flow component, never

exceeding 1 an/s.

At Sites WC4 and WC5, also located on the east side of Wellington
Channel but further offshore (5 and 7.5 km from the coast), the spectral |
levels decreased with distance from shore. The maximum amplitude, for the |
major camponent at the lowest frequency, was around 2 cm/s. At Site WCB, a |
secondary pesk ocourred in the third frequency band.

On the western side of the Channel, spectral levels were lower. In
the lowest frequency band, that having the largest amplitude, the value for
the major component was only 1.8 cm/s at WCB, decreasing to 1.3 am/s within
the stronger (3.9 am/s) southward-flowing current at WC?.

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—chamnel flows
was considerably greater, particularly in the second bard (5.0 to 8.3 days
reriod).
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Among the remaining stations on the southern transect in Wellington
Chamnel., 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/s8 ocourred in the lowest band.

Slte WCll wes 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 days) with an amplitude of 1.7
ce/s. This hand also exhibited a clockwise rotational tendency, with an
amplitude of 1.5 cm/s, approximately 65 percent larger than the
anti-clockwise amplitude.

At Sltes WC8 and WC10, the eastermmost sltes on this transect,
spectral levels were the lowest observed in Wellington Chamnel. 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 cw/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.

Pemny Stralt (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 am/s (PSW) in the uppermost records.

The largest spectral levels occurred in the lowest frequency bard,
although a secondary pesk in the third frequency band was evident at all
sites. The low-frequency amplitudes differed little with depth at Site
PSE, but at Site PSW, a large vertical shear was evident within the lowest
frequency bard (factor of 1.7).
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3.2.2 Seasomal Variations

The sesstnal variation in the residual current fluctutations was
examined through the computation of seasonal spectra, using the year-long
current records obtained in Austin Chammel (2 data records), Barrow Strait
(2 data sets) axd Pemny Strailt (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 varlation in both the mean flow and the
spectral amplitudes of the springtime residual currents have been noted.
In Pemmy Strait, the vector-mean flows are very large, accompanied by
smaller but still comparatively large flow fluctuations. At the site in
northern Barrow Stralt, 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 wvector-mean. By contrast, in Austin
Channel, the amplitudes of the vector-mean and of fluctuations, although
small.

Glven 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 fluctuatlions were smallest in the spring and reached peak
values in fall or winter. The minimum occurred in spring for all
areas arnd depths.

(2) The remarkable similarity in the seasonal variation of residual
current fluctuations (minimum in spring; meximum in fall or winter)
was in marked contrast to the absence of a consistent pattern in the
magnitude of the vector mean currents, where maximum values occurred
in all 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 Strailt reached their largest levels at mid-depth
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Table 3.2.2-1:

Auto-spectral analyses for each geason of the year-long
current-meter records.

STN DEP.START #SAM WBLKPOW. MAJ MIN CCH CW BADI % % % (CC/C MAXALL LOW  RMS/ VECT VECT
n P, P, P, P, P, BADICHCH RATIOBAD RS RW MEAN MEMN S.D.

1983  AUTO-SPECTRA < (OW/S)*2- DAY ————> ows oS
7 73 408/11 300 6 120.7 75.4 45.3 66.6 54.1 60.0 49.7% 55% 457 0.81 1 31 22} 11 29 3.4
1 B1/0110 300 7 5.6 %6.7 38.9 43.3 52.4 32.1 33.67 45r 55% 1.21 | 28 16 | 1.7 1.6 33
n 73 10/:01/0 300 7 S4.0 66.2 27.8 44.0 50.1 48,7 51.81 47% 53% 1.14 | 27 20} 03 3.1 28
71 73 1/01/1 300 71€3.2120.0 341 73.7 89.5 90.1 55.2% 45% 55% 1.21 I 36 27 | 1.1 33 41
123 408/11 300 6 629 42.1 0.8 28.3 346 2.3 41.8% 4% 55¢1.2 1-22 14 | 07 32 24
n123 70110 300 7 60.0 4.5 125 28.6 31.4 5.1 41.9% 48 5% 1.10 1 22 14} 1.2 1.8 26
123 10/01/0 300 7 97.4 79.4 18.1 50.6 4.8 32.4 3B.3}X 52 410.2 |1 28 16 | 0.9 3.2 3.2
71123 17011 300 7 737 51.9 159 3.6 4.2 38.5 52.3% 44 5% 1.2 I 24 18} 10 25 25

1984 SEASONAL AUTO-SPECTRA

42 51 4/28/12 300 6 92.7 48.6 4.1 57.5 35.2 42.9 6.3 6% 384 1.63 | 27 19 | 06 44 29
42 517010 300 7 339.3 262.5 86.9 144.6 194.8 230.7 68.0% 43¢ 57% 0.74 1 52 43 | 14 3.7 6.6
42 51 10/01/0 300 7 303.2208.2 95.0 169.9 133.3 129.4 42.7% 56% 443 1.28 | 49 32 | 15 3.2 5.8
42 51 1/0110 300 6 196.6 163.6 33.0 102.7 93.9 8.8 43.6%¥ 5% 48% 0.91 | 40 26 } 1.1 3.5 43
42 100 4/28/12 300 6 55.4 39.9 155 39.5 159 259 4.8 7% 2% 0.0 I 21 14} 06 37 20
42 100 7/01/0 300 7145.5111.2 34.3 544 91.1 945 64 37X 634 1.67 | 3.4 27 ! 1.4 24 40
42 100 10/01/0 300 7216.7 177.7 38.9110.9 106.7 76.9 35.5¢ 51% 4% 0.% I 42 25} 1.5 27 5.1
42 100 1/01/0 300 6 154.7 1325 2.1 72.4 8.3 77.8 50.3% 474 5% 1.14 I 35 25 } 09 37 4.2
PSH 49 4/28/12 300 6239.0 158.3 80.7 143.8 9.2 109.6 45.87 60% 4% 066 | 44 3.0 | 0.3 126 4.4
PSH 49 7/01/0 300 7 334.7 216.0 118,7 138.5 195.2 182.9 54.6% 41% 5% 1.492 | 5.2 3.8 | 0.4 147 53
PSH 49 10/01/0 300 7 343.8 288.6 55.5144.3199.5199.7 58.1% 42 584138 | 52 4.0 | 0.7 7.3 7.4
PSH 49 01/01/0 300 7 373.420.9 73.6 146.4 227.0 234.9 62.9% 3% 61% 1.55 | 55 43} 05 109 7.0
PSK 138 4/28/12 300 6149.1 94.1 55.0 71.0 78.1 50.7 34.0% 48% 5Z% 0.91 I 35 20} 0.8 41 35
PSK 138 7/01/0 300 714951029 466 67.4 8.1 42.1 8.% 4% 512 | 35 1.8 | 0.7 52 37
PSW 138 10/01/0 300 7213.9166.9 47.0 99.8 1140 91.2 42.6%¥ 47% 5% 1.14 1 41 27 | 3.2 1.3 6.4
PSH 138 01/01/0 300 7245.3 204.6 4.8 87.4 157.9 134.56 54.8% 36 64% 1.81 | 44 33 | 16 28 6.5
PSE 43 4/28/12 300 6 204.0 132.,7 7.3 78.5125.4 80.6 39.5%¥ 39 61%1.60 | 40 25 | 0.3 13.4 42
PSE 43 7/01/0 300 7391.23145 76.6 187.8 28.3241.5 61.7%4 48 6524 0.2 | 5.6 4.4 ! 0.4 158 6.2
PSE 43 10/01/0 300 7 562.2 450.3 111.9 281.3 280.9 367.5 65.4% 50% 50%1.00 | 6.7 5.4 | 0.5 142 8.2
PSE 43 01/01/0 300 7 342.1 232.1 110.1 155.1 187.0 191.9 56.1% 45% 55X 1.2i 1 5.2 39 | 04 127 78
PSE 131 4/28/12 300 6 253.1 109.4 143.7 98.6 154.5 101.1 30.9% 3% 61X 0.64 * 45 2.8 | 05 8.2 4.2
PSE 131 7/01/0 300 7 268.9128.6 140.2 120.4 139.5 8.4 32.% 487 524 0.8 | 46 2.7 | 0.7 6.4 4.9
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in sumer. Summertime fluctuations had intermediate values in Pemny
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 sumer.

(4) In 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 prominemt in fall, although
it never exceeded that in the lowest band. This autumal 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-Iong Time Series

Current 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 Pemny 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.

Large-amplitude fluctuations at very long periods also occurred at
Site 42 in northern Barrow Strait (Figure 3.2-11), although the amplitudes
wvere smaller than those computed for Pemny 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.



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 each frequency, ranging from O 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 each
frequency represents the angle, ranging from O to 360 degrees by which the
secord signal leads the first. 360° represents a lead equal t0 the period
of the signal being investigated.

¥When presenting coherence values, some criterion must be used to
decide whether the coherence is statistically significant. Here we take
the significance level to be that value of coherence (Table 3.3-1) below
which a truly random coherence will fall with a chosen probability (Groves
and Hamnan, 1968).

Table 3.3-]

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

No. of Blocks Percentage Significance Levels
80 20

95
3 0.74 0.83 0.88
4 0.64 0.73 0.79
5 0.58 0.66 0.73

6 0.82 0.61 0.6%7
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3.3.1 Springtime, 1982-1985

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

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

(2) On each cross-chammel transect of current-meter moorings, a current
record at one side was chosen (on the basis of largest flow speeds).
Cross-spectra were computed between this 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 analysis.

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

The similarity in the current fluctuations extended beyornd 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 b anxd ©. The phase differences between measurement sites were
generally small, with the largest differences ocourring in the lowest
frequency band. The most pronounced phase differences were found for Site



9, indicating fluctuations there which were 16 to 24 hours ahead of current
fluctuations on the transect of sites across the Strait (Sites 1, 2 and

8). 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
B, 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 coherence was
most apparent in the very lowest frequency band, where the computed values
were conslstently below the significance level. large and statistically
significant coherence did occur in the higher frequemcy bands, particularly
in band III (periods of 2.8 to 5 days), which was generally the most
energetic of all bands in Prince of Wales Strait. In this band and the two
highest frequency bands (ITI, IV and V), the fluctuations exhibited a
progressive time lag with increasing distance from the strong—current
core. - The largest phase difference, found between Sites 1 and 7 on
opposite sides of the Strait, indicated that weaker currents on the
southern side of the Stralt lagged behind the current core by 8 to 20
hours.

M'Clure Strait (Figure 3.3-3)

Coherence in M'Clure Strait was uniformly low. For example at Sites
18 and 17, on the northern side of the Stralt, where the largest
fluctuations occurred, the coherence was low in all frequency bands. The
only pair of current records having 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,
wvith 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 frequency band. At both of these sites, the flow
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exhiblited a pronounced tendency for counter-clockwise oscillation.
Statistically significant coherence (0.70 to 0.74) was found in the
counter-clockwise rotary spectrum between these two sites.

Central Viscount Melville Sound (Figure 3.3-4)

As in M'Clure Strait, coherence here was gemerally low, particularly
in the lowest frequemcy band, which had the largest amplitude fluctuations.
On the northern side of the Sound, curremt fluctuations were coherent at
significant levels for intermediate and higher frequency bands (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, respectiwvely.

At the three measurement sites on the southern side of the Sound, some
significant values of coherence 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
coherence was found for measurement pairs located on opposite sides of the |
Sound.. ’ |

M’'Clintock Chamnel (Figure 3.3-5)

As might be expected given the very small amplitude of the residual
current and its fluctuations in M’'Clintock Channel the coherence was
uniformly low. In the most energetic, low frequency band, the computed
coherence fell below the 90 percent significance level in all six pairs of
current records.

Eastern Viscount Melville Sound (Figure 3.3-8)

Current fluctuations at both of two measurement Sites (72 and 74)
situated off the southwest corner of Bathurst Island exhibited 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 near-coastal Site
72 and easterly at Site 74 located further from shore. The coherence
(0.80) for the major-axis component was nearly significant at the
90-percent level. The phase difference indicates 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 indicative of a narrow coastal
current which mearders, flowing nearer the coast at times, perhaps into
Austin Chamnel, or moving further offshore and turning southward.

High coherence was fourd 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
comparison to that in the lowest band (Figure 3.2-4), a small peak was
evident in the auto-spectra for all three records.

Low coherence was found for residual currents measured on opposite
sides of Viscount Melville Sound (Sites 72/74 with Site 81), particularly
in the lowest band.

Byam Martin Chamnel (Figure 3.3-7)

Currents in Byam Martin Channel exhibited low 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 band, for
which fluctuations were very small at Site 62. In a statistical sense, the
resldual 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
Channel. Coherence was well above the 95% significance level in band IIT
(periods of 2.8 to 5 days), where a small peak occurs in the auto-spectra
for both sites.

Low coherence was found between the three Byam Martin Channel Sites
62, 63, 68 and Site 71 which was located over 90 km to the southeast in
Austin Channel.
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Barrow Stralt (Figure 3.3-8)

The current fluctuations measured on opposite sides of Barrow Stralt
appear to be coherent at the mid-range frequencies, but not at the lowest
frequencles. Over pericds of 2.9 to 5 days, the near-surface fluctuations
at Site 46 were coherent at the 9095 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
coherence 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 bard has
large amplitudes throughout Barrow Strait (Figure 3.2-5), particularly at
Site 46 on the southern side of the Strait.

Highly coherent fluctuations were observed at the vertically-separated
measurement levels of the northern measurement site in Barrow Strait. As
for the computed coherences between horizontally-separated sites, the
residual current fluctuations were most coherent in the middle frequency
bands, and dropped off sharply at the lowest frequencies. Unlike the
sltuation for horizontal pairs, the current fluctuations in the
cross—strait component are highly coherent for the vertically-separated
pairs. The phase differences are small.

¥Wellington Champel (Figures 3.3-9 and 3.3-10)

Due to the comparatively large mumber of measurement locations in
Wellington Channel, the cross-spectral results are displayed in two sets:
Figure 3.3-9 displays the results for station pairs on the same
cross—chamnel transect, while Figure 3.3-10 provides the results between
statlons from the northern and southern transects.

In the strong northward-flowing curremnt found off Devon Island on the
northern transect (Sites WC1, WC3 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 coheremce of current
fluctuations is much lower, and generally below the 90-percent significance
level. Ome noteworthy feature is the high coherence between the
cross—channel flow fluctuations at mid-Charmel pairs WC4-WC5, and WC5-WCS.
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-Chanmnel lateral exchanges between the oppositely-flowing
currents on either side of the Channel.

Stronger coupling in middle-frequency bands is also suggested in the
cross-spectral results computed between the site immediately off Devon
Island (WCl) ard each of the other sites on the northern transect. The
coherence for bands IT and IIT was in the vicinity of the 90 percent
significance level for all along-chamnel current components. The phase
differences appear to increase with horizontal separation between sites.
For Sites WC1 and WCV, 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, which contains the largest fluctuations, particularly off
Devon Islard.

On the southern transect in Wellington Channel, coherent current
fluctuations were evident for the three eastermmost sites: WC8, WClO ard
WCll. TUnlike 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 barxds, and decreased o 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. In this figure, the cross-spectra are presented
only for those station pairs having two or more statistically significant
coherence levels at or exceeding 90 percent. Station pairs for which
cross-spectra were camputed, but not displayed, are indicated by the
circled symbol ‘N’ in Figure 3.3-10.

Residual currents measured in the core of the strong, north-flowing
current at the northern Site WC3 are coherent with those at Sites WCll and
WCl2, for fluctuations having periods of 2.5 to 7.5 days. At these two
southerly sites, the flows are also directed north but at much reduced
speed. The current at the northern Site WCl, 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,
WCl0, WCll and WCl12), particularly for the mid-range frequency bands. The
computed phase differences were gemerally large, 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 largest overall coherence computed between north and south station
pairs occurred between Sites WC5 and WC1l. 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 correspords to currents
at the southern site leading those to the north by approximately 1.5 to 4.5
days. Of the 13 station pairs between the northern and the southern
transects, only this pair had statistically significant coherence in the
lowest frequency bard.

Low coherence was found for measurement sites on the western side of
Wellington Chamnel (W08, WC7 and WC13), where the flows set to the south.
The low coherence may be indicative of greater spatial variability,
although the less dense sanmpling network could also have been a factor.
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Sumary

The coherence 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 coherence were M'Clure Strait, Viscount
Melville Sound, M’'Clintock Channel and Byam Martin Chamnel. The first three
of these areas had the smallest regidual flows within the study area.

Vell-defined cosstal currents appear to be associated with high
coherence 1in the lowest resolvable frequemcies, over periods of 8 to 28
days. Instances of strong coastal currents with this spectral
characteristic were found on the western side of Prince of Wales Strait and
on the eastern side of Wellington Channel. A less clearly defined coastal
current, having high coherence at low 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 Chamnel) to 8 km (Prince of
Wales Strait). The small spatial scale sugdests that the fluctuations in
the coastal currents are baroclinic, since the internal Rossby radius is of
the same 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 6 days) than in the more energetic low—frequency band. The
comparatively large coherence at mid-frequencies was most evident in areas
having moderate-to-large current fluctuations. As well as more occurrences
of statistically 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 mechaniem
different from that responsible for the low frequency fluctuations may be
operating. The larger spatial scales inferred for the middle 'range
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frequencies exceed the internal Rossby radius; barotroplc processes may be
more important for these fluctuations.

3.3.2 Seasonal Variations

The cross—spectral results, computed for each season between residual

currents at mid-depth and near-bottom levels (Figures 3.3-11 and 3.3-12),
reveal a consistent seasonal pattern in all regions.

€8]

€]

&)

(4)

Vertically separated currents have the highest cocherence in winter and
the lowest during spring or summer.

In the summer months, the coherence of vertically separated currents
exhibited the largest differences among regions. In Barrow Strait,
the vertical coherence 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). In Pemmy Strait
during surmer, vertical coherence was the lowest of any season.

The phase differences computed were generally small, particularly when
assoclated with high coherence. 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 coherence was largest, the lead time of mid-depth
currents was reduced to -2 to 9 hours.

For the cross—channel current component, the coherence was usually
smaller than that computed for the along-channel component, and
exhibited a much less consistent pattern of seasonal variation. Some
notable differences included a few instances where the cross-spectral
coherence exceaded the along-chammel values: at the Barrow Stralt and
the Penny Strait East locations in spring; and at the Penmny Strait
West location in summer. In the winter the coherence between
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cross—channel. components decressed sharply, particularly at the Penny
Stralt West site.

5) During fall, coherence waes noted for some of the higher-frequency
" bands, especially IIT and IV. A% this time the auto-spectral Tesults

(section 3.2.2) indicated an increase in activity in this range of

periods (2 to 8 days) for the sites in Barrow Stralt and in Austin

Channel. Apparently this greater activity is also reflected in the
larger coherence. In summer, the coherence at these higher bands is
much reduced, to levels at or near the seasonal minirmum.

The residual currents measured at both sites in Penny Strait had very
low coherence in the vertical during the spring and summer months, but much
higher values in fall and winter (current measurements were only available
at the western site in fall and winter). The coherence computed for
currents at elther of the two sites (Figures 3.3-13 and 3.3-14), reveal a
Similar seasonal pattern. During spring and summer, the coherence between
the two sites is uniformly low (<0.7) for the along-chamnel component in
all frequency bards.

Coherence increases to statistically significant levels in fall and
increases to much higher levels (0.8 to 0.9 for barxd 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 indicate that the currents
at the eastern site lead those to the west by approximately 12 to 15 hours.

3.3.3 Year-Long Time Serles

The coherence between residual current fluctuations of longer period
was exanined by computing the cross-spectra between pairs of year-long
current measurements from Austin Chammel, Barrow Stralt (Figure 3.3-15) and
Penny Strait (Figure 3.3-16). The apparent coupling at very low
frequencies differs according to region.
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In Penny Stralt, where the magnitude of current fluctations at the
very long periods was high relative to that at the periods resolved in
seasonal time-series measurements (< 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 ccherence 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 coherence for very long periods also occurred in Barrow Strait
for the mid-depth and near-bottom currents measured at Site 42. In the
lowest band, the computed coherence was 0.88 with a phase difference of -10
degrees, indicating that the mid-depth currents led those near the bottom
by approximately 1.5 days.

3.4 Volume Transport

3.4.1 Computational Methods and Uncertainty

From the large mumber of temperature and salinity profiles which were
obtained concurrently with flow data during the Northwest Passage
Oceanography Programme, the total volume transports through various
instrumented chamnel cross-sections of the archipelago can be computed.
The total volume transport through a chamnel is the sum of the baroclinic
(depth-varying) and barotropic (or depth-invariant) 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 fram the flow data. At each current-measurement site, the
barotropie transport component was computed as the residual current minus
the computed baroclinic flow at the measurement depth, relative to the sea
surface. In order vo be computationally consistent with the baroclinic
transport estimates (de Lange Boom, Melling and Lake, 198Y), the barotropic
trangport 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 chamnnel 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 chammel cross-section was then
computed as the sum of the transport for each area segment.

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

Vhenever posgible, the barotropic and the total volume transports were
deternined from residual currents which were computed for times within 3 to
4 days of the temperature-salinity profile measurements. For those
chammels for which the time differemce between the current record and the
TS observations was larger than 3 to 4 days, the mean residual currents
determined 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 uncertalnty were explicitly considered:

(1) Horizontal Pogitioning 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 each segment in the channel
cross-section. For this study, this uncertainty was computed as:

(1.414 * 0.75) / IX
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wvhere IX 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 — In some parts of the study area,
two additional errors were emcountered as described in Section 2.3.
If elther 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.

(4) Mean Residual Current — Volume transports computed from residual
currents, which 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
avallable degrees of freedom in the current record:

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

wvhere SID.DEV 1s the computed standard deviation, T is the record
length in days, and F is the estimated integral time scale, assumed to
be 1.5 days.

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



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 best estimates of volume
transport obtained to date in the Archipelago. The spatial coherence
between adjoining station pairs was generally high, particularly in the
strong : southwesterly 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 10%¢ 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 mid- and eastern
measurenent 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 which 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
barotroplc transport. However, unless some narrow, intense circulation
feature was not detected, 1t appears that the total volume transport is
very small through this channel.

Volunme transport computations were not posgible for the remaining 1982
measurements, obtained in eastern Viscount Melville Sound, as the current
data were too widely separated in this area.

The 1983 volume transport computations were limited to cross-sections
through Byam Martin and M’'Clintock Chamnels (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 barotroplic transports over the
width of the Sound.
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Table §.4-1

The baroclinic, barotropic and total components of volume transport
for selected chamnels in the Canadian Arctic Archipelago, derived from the
1982- 1984 data collected by the Insititute of Ocean Sciences. The
barotropic 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 which the baroclinic transports
were derived (mumbers in brackets). Positive transports indicate flow
toward the north and east.

Chamnel Transport (104“ ms/s)
Baroclinic Barotropic Total
Date Value t+ Error Date Value + Error Value + Error

(a) 1982 Results

Prince of 30/03 -1l + v -3 + 1 -4 + ?
Wales St. 1/04 (4 + 1) (-5 + 7
24/08 -4 + 7 -3 + 1 -8 + ?
M'Clure Str. 31/03 B + 23 0O+ 18 5 20
(b) 1983 Results
Byam Martin 29/03 B + 4 37+ 5 -12+ 8
Channel. 4/04 (-38+ 5) (-11+ 8)
M'Clintock 2/03 -8 + 8 0+ 11 -6 + 12
Channel
(c) 1984 Results
Barrow Str. 8/04 -29 + 4 "6 + 25 45 + 25
Wellington 12/04 -23 + 2 -1 + 4 -24 + 5
Channel
Penny Str. 15/04 8B =+ 4 -62 + 25 -4 + 25
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In M'Clintock Chamnel, 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 Chamnel, 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 chamnel is
reasonably representative of the actual conditions.

The volume transport computed for Byam Martin Chamnel was congiderably
larger, being directed southward at 11 to 12 x 10% m3/s. The
uncertainties in the barotropic transport arise from the lack of spatial
coherence between adjacent current-meter sites, and from the absence of a
mid-channel current meter record.

Volume transports were computed for three chamnels using the 1984
data. For two of these channels, Barrow Strait and Permy Strait, only two
current records were avallable. Nevertheless, the volume transport was
estimated since the very strong currents observed indicated substantial
values for this feature. In Barrow Strait, the TS stations situated across
the eastern end of the Stralt 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 CID 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 gide of
the Strait applied to the mid-chamnel locations as well, using as guidance
springtime current measurements obtained at four sites in 1981 (Prinsenberg
and Bemnett, 1987). The result was a total volume transport of 45 x 104
m3/s for the spring of 1984. Given the very limited mumber of current
records available for 1984, the resulting uncertainty in the barotropic
transport could be as large as 25 x 10% md/s.
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In Penny Stralt, the same problem arises, as only two ourrent records
are avallable. Here, the mean residual ocurrents were more nearly equal as
measured at the 40 to BO m depth level. Residual currents for mid-channel
locations were camputed as interpolations between the two sites of direct
measurement. The current measurements were obtained at sltes deeper than
those at which CID measurements were made, being located about 12 km to the
southeast. This factor introduced additional uncertainty, due to the very
camplex bathymetry of the area. Glven all these factors, the total volume
transport of 34 x 104 m5/s has an uncertainty of +26 x 10% m3/s,
largely arising from the assumptions required to compute the barotropic
transport.

The volume transport computation for Wellington Channel was derived
for the northernmost of the two instrumented sections of the chammel, since
the circulation pattern was better resolved there (Section 3.1). On the
eastern side of the chammel, the higher-than-average spatial coherence
allowed comparatively precise computation of barotropic and total-volume
transport. Due to the larger station separation, and lower coherence on
the chamnel’s western half, the transport computation had larger
uncertainty there. The net volume transport of 24 x 10% nd/s, was
directed southward indicating that about two-thirds of the southward
transport through Permy Strait passes through Wellington Chamnel. Another
feature of interest was the strong vertical shear in currents occurring on
the eastern half of the chamnel. The strong, narrow coastal current is
confined to the upper 50 m of the water columm, while the flow at depth
reverses to southerly (de Lange Boom, Melling and lake, 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.




4. SUMMARY AND DISCUSSTON

The extensive 1982-1985 current measurement program in the Northwest
Passage has provided the most comprehensive data set collected to date
within the Canadian Arctic Archipelago. In the present study, these data
have been processed and analysed to provide a quantitative description of
the residual circulation patterns within the area. Other data availlable
from earlier studies, identified in Appendix 2, have also been examined,
particularly for those geographical regions not instrumented in 1982-1985.
However, the use of these supplementary data sets has been limited to
determining the vector-mean current at each measurement site.

4.1 Mean Clrculation

The mean near-surface residual circulation through the Archipelago is
illustrated in Figure 4-1. At each of the approximately 100 measurement
sites, the mean current was determined over an aversging period of 30 days
or more of consecutive measurement. Since all measurements were obtained
in the spring or summer, uncertainties due to seasonal variability are
reduced. However, the collection of data sets used in Figure 4-1 spans a
perlod of 10 years. Because the magnitude of interanmual variability in
residual currents is largely unknown (section 4.2), some uncertainty arises
in deriving circulation patterns from such non-synoptic data.

The general flow through the Archipelago is directed to the south and
east, representing the transport of Arctic Ocean surface waters into Baffin
Bay. A southward-and-eastward flow through the Archipelago is consistent
with that indicated in the earliest descriptive studies of the Archipelago
(Bailey, 1957; Collin and Dunbar, 1964; Barber and Huyer, 1971; Coachman
and Aagaard, 1974), which inferred circulation indirectly from
water-property distributions.

From the direct measurements of residual currents, as assembled ard
displayed in Figure 4-1, the circulation patterns within the Archipelago
are seen to be complex and varied. Large differences in residual currents
were evident within some individual 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
neasurenent sites.

The residual flow field in the different channels is summarized below,
for each region in the Archipelago:

Queen Elizabeth Islands: In the broad and comparatively deep chamnels
occupying the most northerly portion of the Archipelago, the mean residual
flow is generally wesk (5 cm/s 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 commect the chamnels of the Queen Elizabeth Islands
with the remainder of the Archipelago.

Northern Connecting Passages: Two sets of channels connect the broad
passages of the Queen Elizabeth Islands with Parry Chammel to the south. In
both cases, the most northerly channel, Byam Martin Channel in the west anxd
Pemny Strait in the east, is quite narrow. Further to the south, the
comnecting passages have a more complex geometry, splitting into a series
of channels which connect to the northern side of Parry Chamnel. As might
be expected in these constrioted waterways, large residual currents occur
in Byam Martin Channel and Penny Strait. In both chamnels, 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 cm/s); average flows of 5 to 7 aw/s
were measured in Byam Martin Chamnel.

Southerly residual currents are fourd in the adjoining passages to the
south: Byam and Austin Chamnels in the west; and Crozier and Pullen
Stralts and Wellington Channel in the east. Here, the residual currents
are of lesser magnitude than those in the northern passages, and exhibit
more directional variability. In Wellington Channel, a strong northward
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coastal current, directed opposlite to the southerly flow, ls present on the
east side of the Chammel. There is no evidence of opposing currents in the
other instrumented chammels.

Strong southerly flows also occur in the constricted waterway of Nares
Strait, which forms part of another passegewsy linking the Arctic Ocean to
Baffin Bay. Cardigan Stralt and Hell Gate, two passages within the
Archipelago which commect the Queen Elizabeth Islands with Jones Sound, are
also expected to have strong southerly residual flows. While no direct
current measurements are avallable for these channels, indirect supporting
evidence for strong currents is the ocourrence of polynyas each winter and
spring in these areas (Smith and Rigby, 1981). Inferences from summertime
water-property distributions (Barber and Huyer, 1977) are also consistent
with southerly transports through Cardigan Strait and Hell Gate.

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

Eastern Parry Channel: Much larger residual flows are found farther
to the east in Parry Chamnel, particularly in Barrow Strait, its shallowest
and narrowest portion. In Barrow Strait, the residual currents set to the
east, with the strongest flows concentrated on the southern side. During
the sumer 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 (Prinsemberg and Bennett, 1987).
Further to the east, in the deeper waters of lancaster Sound, the residual
currents are dominated by a branch of the Baffin Current, which intrudes
approximately 35 to 756 km into Lancaster Sound before exiting as a strong
easterly flow on the south side of the Sound (Fissel, Lemon and Birch,
1982). The easterly flow from Barrow Strailt also contributes to the very
strong currents observed on 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;




6l

surface-drifter and water-property data (Fissel and Marko, 1978; Fissel,
Lemon and Birch, 1982) suggest considerable time-dependent variability in
the residual flows in this area.

Southern Channels: Generally weak residual flows occur in the broad
expanses of M’'Clintock Channel and Prince Regent Inlet, located to the
gsouth of Parry Chamnel. The residual flows in M’'Clintock Chamnel are among
the weakest measured throughout the Archipelago, and have no well-defined
directional preference. Based on the very few direct measurements
avallable 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 through Barrow Strait.
No direct current measurements are avallable at this time for most areas of
the southern channels.

Southern Connecting Passages: Resldual-current measurements are
available, in the west, only for Prince of Wales Stralt connecting the

Archipelago with the Arctic Ocean by way of Amundsen Gulf, and in the east
for Fury and Hecla Stralt, a narrow channel comnecting the Gulf of Boothia
with the northern reaches of Foxe 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, through 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 (Kashino, 1979) and of
water-property distributions (Fissel, Knight and Birch, 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 on opposite sides of a chamnel. In most
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cases, the coastal currents are considerably larger than the mean
near-surface residvual currents occurring at mid-charmel locations.
Invariably the coastal currents are directed alongshore, 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 4-1

A summary of coastal currents in the Canadian Arctic Archipelago
detected using Eulerian current data. Included are the location, mean
speed and estimated width for each coastal current.

Channel Side Mean Flow Speed Est. Width
(en/s) )]
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 Stralit S 16 8 - 28 (b)
(spring)
S 26 6 (e)
(sunmer)
N 12 »8 (b)
(summer only?)
Wellington Channel E 13 2 -5 (a)
(middle transect)
E. Lancaster Sound N 55 <10 (@)
S 50 <11 - 33 (&)

Notes on estimation of coastal current width:

(a) computed from 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 Bemnett (1987)

(d) determined from an analysis of a combined set of current-meter, surface-
drifter and CID data (Fissel, Lemon and Birch, 1981)
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As rmentioned previously, summer surface-drifter data and satellite-
tracked ice-floe trajectories (Fissel 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, Wellington Chammel and
Peel Sound (Figure 1.3-3).

LeBlond (1980) showed that oppositely-directed coastal currents within
the Archipelago are explicable as a palr of oppositely-directed coastal
geostrophic flows. This condition of opposing flows is possible when the
channel width is large relative to the local internal Rossby radius of
deformation. Opposing coastal currents occur when currents flow across the
mouths of wide chamnels (eg. the Baffin Current flowing past the mouth of
Lancaster Sound), producing a re-entrant circulation. The coastal current
flows into the adjoining channel, eventually turns across the chammel and
then flows out of the chamnel along the opposite shore.

Interestingly, there was no evidence of a coastal current in other
channels having a width comparable to that of chamnels listed in Table
4-1. In chammels, such as M'Clintock Chamnel, M‘Clure Strait anxd W.
Viscount Melville Sourd, the residual currents are weak, and station
spacing large; perhaps such features are therefore beyord detection.
However, in other areas, most notably Byam Martin Channel, Byam and Austin
Chamnels, comparatively large residual flows are present. The absence of
coastal currents in these areas may indicate that the chamnel is narrow
relative to the internal Rossby radius and that opposing flow may be forced
to ocour at depth. Alternatively, other physical mechanisms, such as
barotropic or baroclinic instabllity or the effects of sharp curvature
around corners (LeBlond, 1980) or of complex bathymetry, may result in more
complex flow patterns.

4.2 Temporal Variahility in Residual Currents

¥Within-Season Varliabillity

In 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 am/s). However, at these locations, the fluctuations amounted to only 30
to B0 percent of the the magnitude of the mean flow, thus generating a
directional steadiness, and only rare reversals of the residual current.
Fluctuations associated with weak residual flows were often larger than the
mean flow ltself, although there were large variations among measurement
sltes. 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 Stralt and the eastern side of the southern
transect through Wellington Channel.

Rotating fluctuations in the residusl currents are small in comparison
with the amplitude of fluctuations aligned with the chamnel. The
geonetrical constraints on residual flows within the channels of the
Archipelago appear to reduce or eliminate any tendency for residual flows
to be rotary.

At most measurement locations, the largest residual current
fluctuations occur at periods of 8 to 25 days, the longest periods
resolvable from the seasonal data sets. The fluctuations extend 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.
Comparatively large fluctuations extended to periods as short as 3 days,
particularly in the strong coastal current in Prince of Wales Strait, in
southern Barrow Strait, and at some locations in Wellington Chamnel. 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, indicating that the spatial scale of most
current fluctuations is smaller than the typical station separation of 5 to
25 km. Areas having the lowest coherence levels were M’'Clure Strait,
Viscount Melville Sound, M’'Clintock Channel and Byam Martin Channel. The
first three areas had very small residual currents.
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The longer-period fluctuations in currents appear to have the shortest
spatial scales, as irndicated by coherent current fluctuations at
horizontally-separated sites. Horizontal spatial scales, determined from
the oross-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 Stralt. These results
lexd support to the suggestion that the coastal currents are baroclinic
geostrophlic flows, whose length scale will be approximated by the internal
Rossby radius of deformation (a few to several km within the study area).
However, at shorter periods (3 to 6 days) current fluctuations exhibit
larger spatial scales, at least for those areas with moderate or larger
fluctuations. The spatial scale for these intermediate periods is 20 to 30
km, generally exceeding the intermal Rossby radius of deformation. These
larger scales suggest that barotropic mechanisms may be more important in
driving the shorter-period fluctuations.

Seasonal Variability

The seasonal variations in the mean residual curremts 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 Ocean Sciences study, the summer residual currents
represented the seasonal meximum at the site in Penny Strait, but were the
smallest seasonal value measured in Austin Chamnel. In northern Barrow
Stralt, summer residual currents had 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 ocourring in spring at all locations. The largest
fluctuations were recorded in fall or winter, with the single exception of
the northern Barrow Stralt 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 Stralt from 1877 to 1978 (Greisman and lake, 1978)
exhibited the largest 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 December 1981 (Prinsenberg and Bemnett, 1987)
revealed that the strong easterly coastal current at this site was largest
in the summer, increasing sharply from the values measured in spring and
fall. The seasonal pattern determined for site 42 in northern Barrow
Strait appears to be correlated with the strengthening of the easterly
oo§stal current on the opposite side of the Stralt. 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
Stralt from Wellington Chammel, or from northern Lancaster Sound, during
the summer. The westward flow in northern Barrow Stralt may be a
re-entrant flow, eventually turning south clockwise and crossing the
Stralt to contribute to a stronger flow on the south side.

Further to the east, year-long current measurements were obtained at
several sites in Baffin Bay near the entrance to Lancaster Sound (Lemon and
Fissel, 1082). Here, the strong Baffin Current exhibited the largest flows
in the summer months, with reduced 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 sumer. A sumertime maximum in residual currents
was observed in Penny Stralt (this study), southern Barrow Strait
(Prinsenberg and Bennett, 1987) and Lancaster Sound (Lemon and Fissel,
1982). However, at more westerly locations in Austin Channel (this study)
and Crozier Strait (Grelsman and Lake, 1978), the largest residual currents
ocourred in fall and winter.

Prinsenberg and Bennett (1987) suggested that the seasonal variation
in the residual current measured in southern Barrow Stralt were related to
corresponding variations in largle-scale sea level gradient. They showed
that the seasonal cycle in sea-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 seasonal 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
exanmination of monthly mean sea-level data from Alert and Resolute between
1983 and 1974 (Walker, 19v8) indicates that the north-south sea-level
gradient has minimum value in summer and peak level in fall and winter.
This north-south gradient, is similar in megnitude, but reversed in sense
from the west-east gradient noted by Prinsenberg ard Bemnett (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 variahle in the west. The presence of sea ice
through the summer reduces wind forcing on the ocean. In addition, the
contribution of ice melt water to the development of a less dense upper
layer is reduced at western locations in the Archipelago.

Interanmual Vardability

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

Current data were obtained during April through June 1978 at sites in
Wellington Chamnel, along a line nearly identical to the northern one of
1984. The net transport in 1984 was southerly, with the strongest flow
(7.8 an/s vector-average) along the western side. However, a strong,
narrow counter-current with vector-average speeds of up to 13 am/s was
present along the eastern shore. The 1978 current data are consistent with
the 1984 data. Flow in the cemtral and western portions of the chammel was
southerly at 2 to 7 an/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 seems to be a falrly permanent feature of the
circulation: a counter-current was evidemt here in 1977 drifter data
(Fisgel and Marko, 19v8) and in 1973-1977 ice-drift data, (Marko, 1978).

The largest sev of direct measurements of currents in the Archipelago
were made in Barrow Stralt by CCIW and IOS between 1981 and 1985. Although
not contimuous, and not always at the same site, these provide the best
irﬁications 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 circulation. It was apparemt in
each of the springtime data sets collected from 1981 to 1983, as well as in
the surmer of 1981, as discussed previously, and in the summer of 1977
(Fissel and Marko, 1978).

4.3 Volume Transport

Volume transports were camputed for seven channels using the 1982-1985
Institute of Ocean Sciemces data. In previous studies, springtime volume
tfansport computations are available for: Byam and Austin Channels, and
Crozier and Pullen Straits, in 1978 (Greismen and Lake, 1978); Barrow
Strait in 1982 (Prinsenberg and Bemnett, 1987); Fury and Hecla Strait in
1975 (Sadler et al., 1979); and Nares Stralt in 1972 (Sadler, 19v6a). All
available springtime volume transports derived from direct current
neasurement 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, ocourred 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 10%
m3/s) based on combined values from Barrow Strait (44 x 10% m3/s) and
Wellington Channel (24 x 10% m3/g). A relatively small eastward
transport, 4 x 104 13/s, leaves the Archipelago through Fury and Hecla
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Strait. The transport through Jones Sound has not been directly measured,
but early indirect (baroclinic only) measurements imdicate that the
discharge from this Sourd is about half that from Lancaster Sound in the
sumer (section 1.3). Assuming these results are applicable to the direct
springtime measurements, the total volume discharge into Baffin Bay is
approximately 170 x 10% n3/s, which within uncertainties is in

agreement with the 210 x 10¢ m3/s total transport southward in summer
from Baffin Bay to Davis Strait (Coachman and Aagaard, 1974; Muench,
1971).

¥ithin the Archipelago, about one-half (84 x 10% m3/s) of the
outward flow through Barrow Strailt and Wellington Chamnel appears to come
through Penny Strait. About 12 to 16 x 10¢ m3/s flows into Parry
Channel from Byam Martin Chamnel, leaving an apparent imbalance of 18 to 22
x 10¢ 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 chamnels to the south of
Barrow Strait.

Alternatively, the imbalance may indicate an underestimate of the
eastward transport entering the Archipelago from M'Clure Strait. The
computed value of 5 x 10¢ m3/s had a large uncertainty of 30 x 10%
m3/s; this arose, in large part, both from the sparse sampling over this
very wide and deep chamnel and from the small current speeds measured over
most of the Strait. There is indirect evidence for an inflow 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 likely exits through Prince of Wales Stralt, while any
additional, undetected, amount may contribute to the eastward transport
through Barrow Strait.

Seasonal variability in volume transport within the Archipelago
remains largely unknown. Prinsenberg and Bemnett (1987) computed volume
transport through Barrow Stralt; it ranged from a low of 20 x 10% m3/s
in Jamuary to a high of 100 x 10% m3/g in August. The ammual mean of




BO x 10¢ m3/s is approximately the sanme as the springtime value.

However, the tra.nsporﬁ oomputed for seasons other than spring were derived
from dlrect-current measurements obtained at just one site in Barrow Strailt
(Site 46 in the strong eastward flowing current on the south side of the
Strait), using the springtime relationship between total transport and
current measurements at Site 46 (Prinsenberg and Bemnett, 1987). This
analytical approach appears to make no allowance for changes in the
large-scale flow patterns within the Strait, such as the development of a
westward counterflow on the northern side of the Stralt observed in the
sunmer of 1984 (Figure 4-2). The westerly inflow would reduce the net
trangport 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 springtime situation (eastward flow throughout the chamnel), may tend
to overestimate the net transport in summer, when two opposing flows are
present.

Interanmual variability of the volume transports within the
Archipelago can only be examined in a very preliminary fashion, 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 1s for Barrow Strait. The volume transport measured in April
1982 (Prinsenberg and Bemmett, 1987) and in April 1984 from this study show
good agreement (50 x 10% and 44 x 104 n3/s, respectively). A secord
comparison of volume transport for Byam Martin Chamnel also reveals good
agreement. In this study a net southward transport of 12 + 4 x 104
m3/s was obtained from April 1982 data. Grelsman and lLake (1978)
computed a total southerly transport of 168 x 104 m3/s for the
connecting passages of Byam and Austin Channels. Based on these two
conparisons, volume transports may not exhibit large year-to-year
variations. However, many additional comparisons, in combination with a
better understanding of the underlying dynamics of large-scale flows
through the Archipelago, are required to reach a definitive conclusion on
interanmual variability of transports.
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Figure 3.3-11: Cross-spectra computed for each season from vertically-separated current-meter
records in; (a) Austin Channel (Site 71); (b) Barrow Strait (Site 42).




125

PE/43m x PE/I3l m SEASON PW/49m x PW/138m
MAJORXMAJOR MINOR x MINOR MAJOR x MAJOR MINOR x MINOR
1.8 188 1.8 188
9-3 1 L - 135 8.8 4 . 4 L 135
2.8 J A 2.8 .
2.7 . r 3 r‘gﬁ 0’74 - ] . 68
2.6 | - ] 45 T I I i - 45
2.3 £23- 1 - SPRING | &5+ —=& =t
] o 5 O P B
%2 ] Tor ] -52 82| GSor .
a1 L i -135 a1 L | L ~135
.8 - ~18@ 2.8 : : -18@
1)
o
v 1.8 188 1.8 188
T 8.8 i R | 135 298 4 N _ | 135 —
28 . 4 8.8 . | wn
1| a7 - ] - 52 2.7 . iy ] - 89 H
1] es. - _ - 45 2.5 - - i - 45 v a
1 a5 f--7° - [} SUMMER| @5 m 8 (U]
t
| B.4 . =L . | -45 :; 1 L - '“---“l L -45 H
a3 | . A 2 ninhehl N 4 -~
az ] -l ) I_.L___-gﬂ az ] b ) i L -e0 W
a1 - { - - -133 2.1 - ] --18S 1O
- - =
a8 . 188 2.8 . . 180 &
14
[$1]
— [
i -
) a
N )
~ 1.8 100 2
a8 | . L 135 &
2.8 R
2.7 J " 4 - 68
B.B A @ b= J -45
FALL | es m]L‘ @
2.4 O | B - L ~45
23 4 A -
w 2.2 | - I I [ +°%°
3] 2.1 ] - N
< 2.8 - . -168
uw
o
Wl
I
o]
QO
1.8 188
a.8 L L 135
o I - g
8.7 4 R
a6 ‘_I q - - - 45
WINTER | &5 20 8
2.4 . ! 47773 _ ~45
2.3 L i -
2.2 - . =y o8
a1 L ] |7t -188
2.8 . . -188
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Figure 3.3-13: Seasonal cross-spectra computed for horizontally-separated station pairs in Penny

Strait, using Site PSE mid-depth. -
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Figure 3.3-14: Seasonal cross-spectra computed for horizontally separated station pairs In Penny

Strait, using Site PSE lower current meter.




MAJOR x MAJOR MINOR x MINOR
180 1.0 180
0.8+ 084
90 90
06+ - - . 0.6 ﬁ
] . 0 )
L nl_] ae
04+ . .- 8 0.4 .
" 02 90 0.2- r-90
CHANNEL SITE 71
0.0 180 00 -t ~-180
0.0l o'l 1.0 001 0.1 1O
7TIm7! ly
1.0 180 1.0 180
0.8 0.8
- 90 -90
06 0.6
8 .lo Lo
® Agae8e L ] )
04 041
L-90 --90
0.2 024
BARROW
00 rSTRAIT . -180 0.0 SITE 42 r 180
0.0l (o]| 10 00l 0.1 1.0
42mA42ly
Figure 3.3-15: Cross-spectra computed from full year-long data sets in;

(a) Austin Channel; (b) Barrow Strait.
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Figure 3.3-16: Cross-spectra computed from full year—long data sets in Penny Strait.
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APPENDIX 1

DATA SETS CONTAINING CURRENT MEASUREMENTS WHICH MAY BE USEFUL
IN DETERMINING RESIDUAL CIRCULATION PATTERNS IN THE CANADIAN ARCHIPELAGO

Period

[I0S I.D. #]

Area Collecting Comments

Agency

1868
May 3-20
[69-@085]

1871,
1872 and
1975

1876
Apr-May
[76-0007]

1976
Apr-Jul
[76-2017]

1877
Apr-May
[77-0012]

1977-1978
Mar-Mar
[77-0026]

Arctic Inst. of
N. America

Sixteen days of current data from 50 m depth
indicated a weak southerly net flow. Speed
and direction histograms, but no means, are
reported by Muench (19871).

Kane Basin

DREP & DREO Springtime measurements in the 3 years
indicated_a pet southerly transport of

.67 x 12 m /s (Sadier, 1876a,b).

Robeson Channel

Fury & Hecla Strait DREP Line of current meters extending north-
south across the Strait. Effective length of
records, typically 28-38 days. Data status:
processed and reported (Sadler, Serson and
Chow, 1879)._Calculated transport of

1.2 x 10 m /year to the east.

Seventeen current meters; surface,

mid-depth and near—-bottom. Effective

length of records typically 40-78 days.
Detailed analyses in Greisman and Lake (1878).

Frozen Sea
Research Group

Byam Channel &
Austin Channel

Effective
Detailed analyses in

Near-surface current meters.
lengths 10-490 days.
Peck (1878).

M’Clure Strait & CCIw
Prince of Wales

Strait

Six moorings in Crozier Strait, one in Pullen
Strait. Effective lengths of records
typically 58-70 days. Detailed analyses in
Greisman and Lake (19878). Two deep meters in
Crozier Strait provided records of nearly one-
year duration.

Frozen Sea
Research Group

Crozier Strait &
Pullen Strait

6ot



Period Area Collecting Comments
[10S I.D. #] Agency -

7. 1977 Lancaster Sound 10S Three moorings off Borden Peninsula. Maximum
Aug-0Oct record lengths of 65 days. Detailed analyses
[77-0013] in Fissel and Wilton (1978).

8. 1978 Barrow Strait & CCI¥ Five moorings across Barrow Strait and three
Mar-Apr Austin Channel in Austin Channel. Effective lengths typically
[78-0007] 20-40 days. Barrow Strait moorings had

instruments at 5 and 50 m depth. Detailed
analyses in Peck (1980aq).

9. 1978 Wellington Channel Frozen Sea Four moorings in an east-west lins across
Apr=dJul Research Group the channel. Instruments at 12 and 160 m.
[78-0012] Reference I0S (unpubl. data report, 1981).

10. 1978 Lancaster Sound Petro-Canada/ Three moorings running north-south ecross
Aug-Sep Arctic Sciences the sound. Effective lengths 26-46 days.
[78-00065] Detailed analyses in Fissel and Wilton (1880).

11. 1979 Lancaster Scund & Petro-Canada/ Seven moorings in Lancaster Sound, one in Lady
Aug-Sep Lady Ann Strait Arctic Sciencess Ann Strait. Effective lengths typically
[79-6011] 50 days. Detailed analyses in Fissel and

Wilton (1980).

12. 1979 M’Clure Strait Potar Gas/ Five moorings across M’Clure Strait. Meters
Mar-Apr Dobrocky Seatech typically at near-surface, 250 m, and 560 m.
[79-0013] Directional information at near-

surface meters only. Reference Polar Gas
Project (1979).

13. 1979 Desbarats Strait & CCIW Seven moorings with eight meters providing
Apr-May Maclean Strait records of 10 to 30 days. Detailed analyses
[79-0019] in Peck {1986b,c).

ot



Period ' Area Coilecting Comments
[10S 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).

156. 1980 Desbarats Strait Polar Gas/ 15-290 day records at 1@ m, three sites.

Apr Dobrocky Seatech Reference Juhasz (1980).
[80-0014]

16. 1981 Barrow Strait & CCIW Five moorings across Peel Sound. The mooring
Mar-Apr Peel Sound in southern Barrow Strait recorded data from
[81-0007] April through December. No report; contact

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

17. 1982 Barrow Strait CCIw Three moorings dcross Barrow Strait (22-34
Mar-dJun 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 1@ 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

48T



APPENDIX 2

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

Area 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
(em/s) °True
Robeson 1 81 58.8 62 6.5 5 72/04/24 72/86/04 41 11 185 Sadler (1976)
Channel 1 81 58.8 62 6.5 20 72/04/24  72/05/04 41 30 200
1 81 58.8 62 6.5 100 72/84/24 72/086/04 41 45 230
2 81 55.9 61 48.3 5 72/04/24 72/06/02 39 8 220
2 81 55.9 61 49.3 10 72/04/24 72/86/04 39 10 215 [
2 81 55.9 61 49.3 20 72/04/24  72/06/04 39 12 210% g
2 81 55.9 61 49.3 50  72/04/24  72/06/04 39 19 205
K] 81 53.2 81 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 345x
3 81 53.2 61 16.4 100 72/04/24 72/e5/04 37 4 360
Fury & 1 68 52.2 84 15.6 11 76/04/26 76/05/27 21 3 185 Sadler,
Hecla 1 69 52.2 B84 15.6 40 76/04/23 76/05/27 21 S 135 Serson
Strait 2 69 54.6 84 15.6 11 76/04/24 76/95/27 28 1 225 & Chow (1879)
2 69 54.0 B84 15.86 48 76/04/25 76/85/27 32 8 2985
3 69 55.7 84 15.86 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 B84 15.6 11 76/04/27 76/05/26 18 7 60
4 69 57.5 B84 15.6 40 76/04/27 76/05/26 18 1 240
Lancaster 77-1 74 5.5 81 11.8 39 77/07/28  77/09/26 60 16.2 177 Fissel &
Sound, 77-3 74 7.4 82 13.0 35 77/07/28 77/88/28 63 18.0 233 Wilton (1978);
N¥ Baffin 79-2 75 41.8 77 51.8 35 78/07/25 78/09/24 61 6 256 Fissel,
Bay 78-3 75 26.3 76 20.6 35 78/07/26 78/09/286 62 4.8 229 Lemon,
(EAMES) 78-5 74 58.6 78 8.9 24 79/87/25 79/@8/18 56 18 218 & Birch (1881)

x*Indicates that the data were

interpolated to the 20 m level.
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Area 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
79-6 74 58.5 78 29.1 29 79/87/24 79/09/25 63 17.5 285
79-7 74 58.9 78 51.6 57 79/067/24 79/89/25 63 2.2 327
78-1 74 35.9 7¢ 28.6 34 78/08/04 78/89/18 45 28.3 238
78-4 74 29.8 88 38.0 46  78/08/04 78/08/24 20 57.6 251
78-6 73 47.1 8B 5. 29 78/08 /06 78/89/20 46 45.3 118
78-8 73 42.3 78 11.3 83 78/07/31 78/e8/28 45 20.6 96
79-10 74 26.3 81 55.1 42 79/87/23 79/89/22 61 6.8 208
79-12 74 7.2 82 11.@ 41.  79/88/81 79/09/22 52 26.7 154
79-13 73 49.9 82 7.4 35 79/88/01 79/09/22 52 6.6 134
79-14 74 8.8 82 53.5 37 79/08/02 79/09/20 50 9.8 25 =
79-16 73 51.9 8o 11.3 58 79/87/29 78/09/23 56 34.3 185 %5
78-7 74 6.8 78 29.4 35 78/08/01 78/08/16 46 4.8 257
78-9 74 7.4 77 25.4 35 78/e8/01 78/89/28 58 8.5 3
78-11 72 22.8 74 3.9 38 78/88/10 78/18/083 53 15.1 130
78-13 72 38.7 72 45.7 31 78/e8/11 78/18/083 54 7.6 175
78-14 71 39.8 71 8.6 38 78/e8/14 78/18/85 46 17.1 131
78-15 71 45.1 78  49.3 19 78/@8/14 78/10/04 51 20.8 132
79-24 71 46.8 78 44.5 35 79/08 /89 79/10/02 54 7.1 156
Prince. A 72 53.5 91 44.0 18 83/83/17 83/05/01 45 1.3 338 Prinsenberg
Regent. B 73, 14.e 89 5.8 18 83/03/20 83/04/30 41 8.8 19 (pers. comm.)
Infet - C 73 49.86 98B 17.5 18 83/83/20 83/04/30 41 8.4 354
Peel 81 73 41.6 96 49.8 18 81/83/29 83/04/27 28 1.2 142 Prinsenberg
Sound 82 73 41.6 .96 37.8 18 81/83/28 83/84/26 29 8.9 ig (pers. comm.)
83 73 41.6 96 18.5 i@ 81/83/29 81/04/27 29 2.7 32
84 73 41.6 96 2.8 i@ 81/03/23 81/84/24 32 5.5 6
85 73 41.6 95 48.2 18 81/e3/29 81/04/27 29 7.8 4
Byam B1 75 32.7 185 25.2 8.5 76/84 /2@ 76/06/25 96 2.8 245 Greisman
Channel B2 75 30.2 185 8.7 8.5 76/04/22 76/07/15 83 2.6 195 & Lake (1978)
B4 75 26.9 104 46.5 0.5 76/04/28 76/06/28 61 2.8 2049
B5 75 25.5 104 37.8 Q.5 76/@5/12 76/@7/25 73 1.1 115



Area 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
(em/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 6.5 76/05/08 76/06/18 40 5.6 135
A4 75 30.2 183 01.6 8.5 76/85/13 76/07/22 79 5.2 125
AS 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/©3/27 77/06/11 76 6.0 170
Strait c2 75 31.5 97 19.8 0.5 77/e3/30 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
Cc5 75 390.6 97 5.1 8.5 77/04 /06 77/86/12 66 9.0 175 =
Cc6 75 28.8 97 2.9 0.5 77/04/04 77/06/12 89 8.8 165 é;
Pullen P3 75 286.5 96 5.9 0.5 77/04/21 77/86/15 55 2.5 255
Strait
Danish 32 77 50.0 1eo 46.0 5 79/04 /08 79/04/30 22 5.1 138 Peck (1986b,c)
Strait
Maclean 35 77 37.0 102 55.0 50 79/e4/08 79/04/25 17 2.1 290
Strait 37 77 30.0 103 58.9 50 79/04 /08 79/05/07 12 0.5 354
Desbarats 12 76 55.0 103 49.0 50 79/04/03 79/05/81 28 1.1 127
Strait 14 76 47.0 103 52.0 5 79/04/83 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
Austin 82 75 27.3 103 5.4 59 78/83/15 78/04/26 42 1.9 242 not plotted Peck (1988a)
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 Peck (1988a)
Barrow 28 74 40.3 96 43.8 50 78/83/10 78/04 /02 23 5.6 92 |
Strait 35 74 52.8 88 17.0 4 78/03/11 78/04/22 42 5.3 92 %
35 74 52.8 98 17.0 50 78/63/11 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 46 6.3 186
42 74 26.7 98 6.4 4 78/03/11 78/04/23 43 6.8 127.5




Area 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 78/83/11 78/084/12 32 3.6 338
45 74 186.06 98 34.0 4 78/83/11 78/04/23 43 4.7 79
45 74 1é.e 98 34.0 50 78/83/11 78/04/23 43 1.1 70
Barrow 41 74 36.2 94 2.8 10 82/83/19 82/04/23 35 5.0 88 Prinsenberg
Strait 42 74 34.6 94 1.1 1@ 82/83/24 82/04/22 29 7.7 ge {pers. comm.)
42 74 34.0 94 1.1 50 82/03/24 82/84/22 29 7.9 116
42 74 34.0 94 1.1 10 83/03/29 83/e4/27 29 6.5 183
42 74 34.06 94 1.1 40 83/083/28 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 82/83/22 82/04/30 39 6.3 101
44 74 24.1 93 54.7 18 83/83/29 83/04/27 29 8.3 119
46 74 13.4 93 41.2 1@ 82/03/20 82/04/19 30 1.7 8@
46 74 13.4 93 41.2 58 82/03/20 82/e4/19 30 14.1 76
46 74 13.1 93 45.5 10 83/63/29 83/94/27 29 10.6 76
46 74 13.1 93 45.5 40 83/83/25 83/063/31 6 6.4 81 short record
47 74 11.3 93 33.9 i@ 82/e3/2e@ 82/84/19 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 79/84/19 52 0.7 - 328 Polar Gas
Strait 2 73 -~ 38.6 114 12.9 3 79/03 /04 79/e4/18 45 2.5 249 (1979)
3 73 54.1 113 55.1 3 79/03 /06 79/04/18 43 1.3 1583
4 74 9.1 113 36.6 3 79/83/12 79/04/19 38 3.2 86
5 74 24.9 113 16.3 3 79/03/13 79/04/18 36 0.9 138
5 74 24.9 113 15.3 18 79/03/23  79/04/16 25 4.4 218
M'Clure 31 74 20.26 113 21.84 6  77/04/03  77/85/87 31 1.1 79 Peck (1978)
Strait 34 73 42.96 114 46.05 6 77/94/23 77/05/12 32 2.3 75
Prince of 42 73 20.98 115 36.06 6 77/04/81 77/05/11 49 1.9 251
Wales 42 73 20.98 115 36.06 34 77/04/01 77/05/11 49 2.4 233

Strait

1§74



Area Stn# Latitude Longi tude CM Start Stop Record Vector- Comments Source
Deg Min Deg Min Depth (yr/mo/dy) (yr/mo/dy) Length Averaged
(m) (days) Current
(em/s) °True
Wellington 1 75 15.5 93 17.5 12 78/64/25 78/07/09 75 6.8 169 Lake
Channel 2 75 15.9 93 0.5 12 78/04/19 78/07/09 81 2.0 140 (pers. comm.)
2 75 15.9 93 00.5 100 78/04/19 78/07/06 78 9.6 109
3 75 15.8 92 51.0 20 78/04/04 78/07/08 94 4.6 133
3 75 15.8 92 51.0 100 78/04/03 78/07/08 96 2.5 138
4 75 16.3 92 37.2 12 78/04/06 78/07/08 92 1.7 16
M’Clure BO7 74 24.8 123 53.1 36 84/04/11 85/e5/02 ? ? ? Prelim. analysis Perkin
Strait suggests strong (pers. comm.)
residua! flow
towards east
Bailantyne P01 77 43.2 116 0e.1 35 84/22/2% 85/%2/127 ? ? ? Prelim. analysis Perkin
Strait suggests weak (pers. comm.)
residual flow
Nares 4 81 12.0 65 27.8 6 85/03/10 85/04/28 49 4.0 242 Directions may be Griesman et al.
Strait incorrect (1986)

(5740
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APPENDIX 3
SUMMARY OF OOMPUTATIONAL TRCHNIQUES FOR 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- anxd cross-
spectral estimates. Initially the major and minor components were computed
from each 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:

where:

(1)

(2

(3

(4)

(5)

(6

TAN (2 x PHI) = _—2x V(U x V)
VAR(U) ~ VAR (V)

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.

I

The remaining analysis stages are summarized below:

tidal and other fluctuations having periods less than 1.25 days were
removed from the data with a low-pass digital filter (see Section
2.2.2 for details).

the mean over each time series was computed and removed from the
record.

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. 280). The algorithm applied to each time
series data value X(1) was:

X1 = X@) - P¥VX(-1)
where PW = 0.99.
a cogine taper window was then applied to the time series to reduce
the effects of sidebard 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).

the Fourier coefficients were then corrected for frequency-deperdent
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
axd 3.3 of this report.







