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Introduction

The northwest coast of Al aska bordering the Chukechi Sea extends over
1200 km from Bering Strait to Point Barrow. The Chukchi is the north-
eastern end of the great arctic continental shelf system the world s
| argest, which surrounds the northern Eurasian | and nass. These vast shel f
seas are remarkably wide and shallow, typically 600-800 km and 50m respec-
tively, characteristics which greatly affect marime conditions.

Oceanographically, the Chukchi Sea is an area of great contrasts.
While in many respects it is an adjoining shelf sea of the Arctic Ccean,
mich as the East Siberian othe Laptev Sea is, it is also anomalous in
that it is the recipient of the large northward discharge of the North
Pacific through Bering Strait. The inportance of this influx can scarcely
be exaggerated. The nutrient-rich waters, carrying Pacific planktonic life
forms, define a nigratory pathway between the Arctic and the Pacific for a
great variety of animals, including marine mammals. The flow, in sumer
anomal ously warm and of low salinity, causes the Chukehi to become ice-free
much earlier in the year than it otherwise would, and it |ikew se extends
the ice-free season far Later into the fail. The influx has an inportant
effe¢t on the Layering of the Arctic Ccean itself, and the influence of the
Pacific water can be detected to the North Pole and beyond.

There is one mgjor enbayment along the AlLaskan Chukehi coast, Kotzebue
Sound , into which sufficient freshwater is discharged in summer to notice-
ably affect water characteristics in the eastern Chukchi Sea. Ctherwise,
the flow through Bering Strait contributes the only significant freshwater
fraction fromthe North American side. However, this Bering Strait
contribution is a very large one; its characteristics have been discussed

by Coachman, Aagaard and Tripp (1975), hereafter referred to as CAT.
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Sea lce iS an inmportant feature of the Chukchi Sea, covering nost of
the area from about Novenber-July, although the southern Chukchi may be
ice-free somewhat longer. The ice has a nunber of oceanographic cOnse-
quences. (1) During Ice formation, salt is rejected fromthe grow ng
ice. The brine rejection drives gravitational convection, mxing the water
column. Furthernore, the density increase associated with the salinization
alters the oceanic pressure field and establishes horizontal circulation.
(2) During melting, the ice serves as a freshwater source, and hence a
buoyancy source, stabilizing the surface Layer. This in turn leadst
sol ar heating of the upper layer, and also to a nore favorable environment
for primary production, until nutrients in the upper Layer are exhausted.
Inhomogeneties i n the buoyancy distribution will drive horizontal circula-
tion. (3) The ice provides thernostatic control, buffering the tenmperature
field so as to keep the water at the freezing point. (4) The wi nd stress
acting through the nedium of the ice is in general altered. In the extrene
case of landfast ice, no direct nonentum transfer occurs.

Tides in the Chukchi Sea are small, with the largest constituent, the
M,, having a nmaximumanplitude in the eastern Chukchi of about 5 cm
(Kowalik, 1981). However, |arge sea level changes (of order 2-3 m) can be

generated by meteorol ogical surges (Mtthews, 1970).

Study objectives

There have been two primary objectives for RU9L. The first has been
to determne the longshore transport, and in particular that between Cape
Lisburne and Point Barrow. The presence of a strong flow along this coast
has been known for many years, with the nean set being northeastward and

representing an extension of the Bering Strait inflow (cf. CAT for a
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detai Led discussion). However, recently it has also becone clear that the
flow is highly variable and can undergo long periods of reversal, wth
southward flow exceeding 50 cm sec'L having been observed west of Cape
Lisburne (Coachnan and Aagaard, 1981).

The second objective has been to determne the nagnitude and extent of
the density-driven flow associated with brine rejection from growi ng sea
ice. Recent work by Aagaard, Coachman and Carmack (1981) has shown that
the formation of dense water by this mechanism preferentially occurs along
coasts with offshore winds, such as is frequently the case in the eastern
Chukchi Sea during winter. Furthernore, it is likely that the principal
density structure of the Arctic Ccean itself is to a large extent nmain-
tained by this process. The capability of the brine-induced density field
to alter the local circulation has been shown for the northern Bering Sea

by Schumacher, Aagaard, Pease and Tripp (1983).

The summer hydrography

The locations of the summer CITD sections in 1981-82 are shown ia
Figs. 1-3 and the sections thenselves in Figs. 4-21. Cruise 0C-81A, Leg I,
was conducted during 4-12 Septenber 1981; 0C-81A, Leg II, duringlé-19
Septenber 1981; and DI-82A4 during 16-27 August 1982.

A cursory examination of the sections shows enornous spatial and
tenporal variability. However, if we invoke the water mass classification
of CAT, the hydrography becones remarkably systematic. The two principal
classifications of interest in these sections prove to be Alaskan coastal
wat er (ACW) and resident Chukchi Sea water (rRcW)., The former is the low-
salinity fraction of the inflow from the Bering Sea, supplenented by

ef fluent from Kotzebue Sound. The ACW is relatively warm and has a broad
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range of salinity, but with a rather sharply defined upper linit which can
vary interannually, but is typically 32.1-32.5°/00. The RCWrepresents
wat er remaining on the shelf fromthe previous Winter and/or incursions
fromthe upper Arctic Ccean. This water is quite cold and normally of
salinity equal to or greater than ACW None of these sections show any of
the nore saline Bering Sea water mass described by CAT, as they did not
extend sufficiently far west. Many of the northern sections exhibit the
cold lowsalinity influence of ice melt., V& now briefly exam ne these
sections sequentially.

In early September 1981, the Kivalina and Cape Lisburne Sections
(Figs. 4-5) showed only ACW, with the warm lowsalinity wedge near the
coast probably containing a contribution from Kotzebue Sound. In
interpreting the Kivalina section, note that the central part of the
section, directed approximately along isobaths, i S probably not nornal to
the flow. The likely flow pattern associated with this tenperature and
salinity distribution is probably northward in the vicinity of stations 2
and 3, i.e., on the west flank of the Cape Prince of Wl es Shoal extension,
southward on the east flank near stations 6 and 7, and then northward
closer to the coast. That is, the section cuts across two large loops in
the flow as the latter attenpts to follow the isobaths.

In the Pt. Lay, lcy Cape, Wainwright, and Pt. Franklin sections (Figs.
6-9), no ACW is present. Instead there are onLy RCW mixtures bet ween it
and ACW, and ice-melt and its mixtures. The absence of AcCw can only mean
that its flow along the coast has been interrupted over a substantial
period of tine, either by being diverted offshore (nmobst probably in the
Cape Lisburne divergence, cf. CAT) or by a prolonged general flow reversal

in the eastern Chukchi. The steeply sloping isopleths near the coast over
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upper Barrow Canyon (Figs. 8 and 9) nust be a geostrophic adjustment of the
RcW flowing rapidly northeastward along the coast, i.e., being flushed from
t he Chukc¢hi, or conceivably being recircul at ed.

The northeastemmpst section (Fig. 10) resenbles the previous four,
except that farthest offshore there is a clear subsurface core of ACY,
centered near 20 mand overlaid by ice melt. This is almost surely a
remmant of earlier flow of ACY along the coast, since no ACWis seen in the
upstream four sections, even as far seaward as station 47.

The sections taken about a week later (Figs. 11-13) show substantially
similar conditions, with only ACY in the Cape Lisburne section, whereas
RCW ice nelt, and various mnixtures occur in the downstream sections
While the water mass distribution thus remained the sane over this tinme
interval, the details of the tenperature and salinity distributions were
substantially different. In particular, the later sections were nore
saline and the two southernnost also colder. The differences are large,
e.g., nmore than 2°C between the two occupations of the Cape Lisburne
section. These differences illustrate the variability within each water
mass. Note also that the repetition of the Wainwright section suggests the
baroclinic coastal jet to have weakened (contrast Figs. 8 and 13).

The following year was substantially different in that ACY was
observed in all the sections, rather than being restricted to t!!e southern
Chukchi. As during the previous year, the Kivalina and Cape Lisburne
sections (Figs. 14-17) contained only Acw, but were overall somewhat warner
than during 1981. ‘tote that the Kivalina section again suggests having
transected a clockwise loop in the flow around the Cape Prince of Wales
Shoal extension. The Pt. Lay section (Fig., 18) also contained only ACW, in

marked contrast to the previous year (Figs. 6 and 12). Furthernore, the
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i sotherns near the coast in Fig. 18 are nearly horizontal, suggesting a
relaxation of the coastal jet at the tinme of the section.

In the three northernnost sections, RCY is present, and in the
Wainwright and Pt. Franklin sections (Figs. 20-21), also ice nelt. The
absence of ice nmelt in the lIcy Cape section is a major change from
conditions the previous year (contrast Figs. 7 and 19). Perhaps nost
remarkabl e in these sections are the nearly vertical isopleths near the
coast, forming an exceptionally large horizontal gradient. In Fig. 21 the
subsurface front spans 6°C in 5 km  The corresponding maxi mum geostrophic
shear, centered between stations 38 and 39, is 68 enm sec™} between 15 and
50 db.

Overall, it is clear that during the 1982 observations, the Pacific
influence in the Chukehi was far nore extensive than it had been during the
previous year's cruises. However, in both years the RCW a residual shelf
water fromthe previous winter, had been effectively flushed fromthe

sout heastern cChukchi at least as far as Cape Lisburne

The winter hydrography

The Locations of the five winter CID sections, taken during 18 February -
14 March 1982, are shown in Fig. 22, together with the sites of noored
measurenents to be discussed later. The CID sections thenselves are shown
in Figs. 23-27. Only the salinity is given, since the tenperature was
unifornly within 0.,01-0.02°C of the freezing point. The data were taken
with @ Neil Brown CTD system in which the sensor package had been nodified
for deployment through a hole augered in the ice.

The Kivalina section (Fig, 23) principally shows winter shelf water

with properties essentially those of RCW with salinity centered around
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32.5 %o. However, near the coast the salinity increases to nore than 33%.,
and the steeply sloping isohalines suggest a narrow coastal jet of dense
water (as opposed to a buoyant coastal jet in summer). The geostrophic
shear for 2/16 db between stations 29-30 is 6.2 cn1sec'L, or

0.44 cmsee-1 ml  Vhether this saline water primarily is formed locally
or is advected froma formation site farther south, e.g., in northern
Norton Sound, is not clear. However, the ice near the coast at the time of
the section was so thin as to nake helicopter |andings nearly inpossible.
This suggests that rapid freezing was going on, and that the salinity was
at |east being augnented locally. In any case, the evidence for a density-
driven coastal jet is clear.

The Cape Lisburnme section (Fig. 24) contains only RCW. This in turn
suggests the saline jet to be of an intermttent nature, and Schumacher
Aagaard, Pease and Tripp (1983) have in fact argued that the intermttence
is deternmined by the forcing at synoptic nmeteorological time scales (a few
days)

The Pt. Lay section (Fig. 25) is truly remarkable in the magnitude of
the salinity anomaly near the coast, about &4%. above the anbient water.
Water this saline has earlier been seen only in isolated shallow |agoons,
and the observations show the efficacy of the salt-enhancement provided by
the Ekman divergence along the coast. Note further that the dense water is
seen to extend nearly 80 km seaward in a 5-10 mthick layer near the
bottom  This probably represents offshore flowwithin a frictional botton
boundary layer in which the rotational constraint no longer is able to trap
the flow near the coast. The baroclinic deformation radius is about 7 km
whi ch should be the scale width of the jet outside the frictional domain.

There is in fact some suggestion in Fig, 25 that the nost densely packed
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isohalines (inshore of station 32) nmight be contained within such a
di stance of the coast. The nean geostrophic shear inshore of station 34 is
0.48 cm see-1 m™ !, nearly the sane as in the Kivalina section.

The two northernnost sections, across Barrow Canyon (Figs. 26-27), are
quite simlar. Both show noderately high salinity, with the densest water
contained in a narrow band along the coast. Thus, while the sections
clearly suggest brine enrichment effects, they do not represent extrene
conditions (contrast Fig. 25). On the other hand, the deeper shear on the

eastern side of the canyon is not nuch lower than in the Kivalina and Pt.

Lay sections, viz., 0.38 cm deal

The current measur enent s

We turn now to the direct neasurenent of currents. The nooring
positions are shown in Fig. 22 and pertinent details of the 11 current
meters are given in Table 1.  (Mooring CS-8A provides only a pressure
record, and is therefore ignored in this analysis.) Mborings €S-1A - CS-3A
represent a cross-section of Barrow Canyon, with €S-1A located on the | ower
part of the coastal flank of the canyon, €s-2A near the canyon axis, and
€s-3A on the offshore flank. The remaining noorings were all on relatively
featurel ess portions of the shelf with depths between 42-52 m

Table 2 sunmmarizes the overall statistics of the current records. The
variances in Table 2 are based on |ow passed data (35 hr cutoff) and thus
represent the variability at subtidal frequencies. Note in Table 2 the
extrenmely high proportion of the variance contained in the major axis
conponent. This is particularly true for ¢sS-1A and -2A, where essentially
all the variance is along the major axis, corresponding to a strictly

reciprocating current. Essentially, the flow at these sites is constrained
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Tabl e 1.

Mooring Details

| nst runent

Moor i ng Latitude Longitude Soundi ng depth First record Last record
CS-1A 71°01.1'N 159°19.0'W 60.3 M 49.8 m 10 September 1981 21 August 1982

54.3 m 10 Septenber 1981 21 August 1982
CS-2A 71°03.3'N 159°34.9'w 82.5 m 70.0 m 10 Septenber 1981 2 June 1982

76.0 m 10 Septenber 1981 7 July 1982
CS-3A 71"109'N 159°54,2'W 56.7 m 46.2 m 11 Septenber 1981 14 Sept enber 1982

50.7 m 11 Septenber 1981 14 Sept enber 1982
CS-5A 68°51.7'N 167°38.1'W 47.5 m 41.5 m 7 Sept ember 1981 19 August 1982
CS-6A 68°51.6'N 168°20.3'W 51.2 m 40.7 m 7 Sept enber 1981 19 August 1982

45.2 m 7 Septenber 1981 19 August 1982
CS-7A 68°52,5'N 168°58.2'W 52.0m 39.5 m 7 September 1981 18 August 1982
CS-9A 67°38.,2'N 165°37.4'W 42.0 m 31.5'm 6 Sept ember 1981 17 August 1982




€62

Tabl e 2. Current Statistics

| nst rument Maximum hourly

Mbor i ng dept h Mean vel ocity mean speed Axis of maxinmum variance
CcsS-1a 49.8 m 219 cm sec'l, 058°T 99.7 cm see-| 050°T, containing 96% of variance

54.3 M 19.2 , 054" 92.4 048° , 98%
CS-2A 70.0 m 15.8 , 074° 109.3 059° 99%

76.0 m 16.5 , 067° 103.1 055° , 98%
CS-3A 46.2 m 7.8 , 137° 88.3 078° , 887

50.7 m 6.9 , 134° 94.2 075° , 88%
CS-5A 41.5 m 5.0 , 356° 57.0 359° 83%
CS-6A 40.7 m 6.6 , 348° 61.9 359° 83%

45,2 m 5.8 , 338° 56.5 348° 84%
C5-7A 395 M 6.5 , 336° 48.4 356° , 75%

CS-9A 31.5m 5.9 , 345° 74.5 318° 85%
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axis (up) 0S0°T.

302



CS—-1A 54. 3M 7-DAY MEAN 20 em/sac/in
URY rotated 48 Deg
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Figure 37. \ekly nean velocity, current record CS-1A lower. prjnci pal
axis 048°T.
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CS-2A 70.0 7-DAY MEAN 20 em/sac/in
URY roteted 59 Deg

N
LAl

20- 26/ 11 9-15/4
11-17/9/81 29/ 1-41 2/ 82

0 10 20 30 40 S0 60 70

cm sec” !

Figure 38. Weekly mean velocity, current record CS-24 upper.  prjncipal
axi s 059°T.
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CS-2A 76. EM 7-DA% MEAN 20 em/sac/in
U&Y rotated 55 Deg
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20- 26/ 11 9-15/4
11-17/9/ 81 29/1-4/2/82 18-24/6
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Figure 39. Weekly mean velocity, current record CS-2A lower. Principal
axis 055°T.
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CS-3A 46. 2M 7-DAY MEAN 20 em/sac/in
URY rotated 78 Deg

/
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18-24/9/ 81 5-11/2/82 25/6-1/7
27/ 11-3/ 12 16-22/ 4 3-9/9
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Figure 40. \eéekly mean velocity, current record CS-3A upper. Princi pal
axis 078°T.
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£S~-3A 50. 7M 7-DAY MEAN 28 cm/sec/in
U&Y rotated 75 Deg
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18-24/9/81 5-11/2/82 25/6-1/7
27/11-3/12 16-22/4 3-9/9
0 10 20 30 40 50 60 79
cm sec !

Figure 41. Wekly nean velocity, current record CS-3A lower. prjnci pal
axis 075°T.

307



CS—-5A 41. 5M 7-DAY MEAN 280 om/cac/in
U&Y rotated 358 Deg
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Figure 42. \Wekly mean velocity, current record CS-54. Principal
axi s 359°T.
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CS-6A 40. 7M 7-DAY MEAN 28 em/sac/in
ULV rotated 359 Deg
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20-26/11 9-15/4
11-17/9/81 29/ 1-4/ 2/ 82 18-24/6
0 10 20 30 40 50 gp 70
cm sec'l

Figure 43. Wekly mean velocity current record CS-6A upper.

axis 359°T. Princi pal
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CS-6A 45. 2M 7-DA% MEAN 28 cm/eec/in
URV rotated 348 Deg

Ml

|
MRILNAEN
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20-26/ 11 9-15/4
11-17/9/ 81 29/ 1-4/ 2/ 82 18-24/6

-1
cm SecC

Figure 44. \Weekly mean velocity, current record CS-6A |ower. Principal
axi s 3480T.
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CS-7A 39. SM 7-DAY MEAN 2B om/sec/in
URV rotated 356 Deg
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11-17/9/81 29/1-4/2/82 18-24/6

-1
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Figure 45 \eekly nean velocity, current record CS-7A.  prjnci pal
axi s 356°T.
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CS-8A 31.5M 7-DAY MEAN 20 em/sac/in
U&Y rotated 318 Deg
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Figure 46. \eekly nean velocity, current record CS-94. Princi pal
axis 318°T.

312



to nove along the relatively steep sides of Barrow Canyon. Farther off-
shore the current takes on a more two-dimensional character, with varia-
bility being nmore nearly rotating. Thus at Cs-7A, which is farthest from
the constraining influence of the coast and/or Steep topography, one-fourth
of the variance is offshore.

Statistical properties of a current record fromeach moring, in the
formof the conponent power spectra, are shown in Figures 28-34. (¥ote
that the vertical scale in Fig. 28 is expanded.) The orientation of the
axes is given in each case (conpare Table 2. The donm nance of the
variance in the principal axis conmponent is again clear. Mst of the
energy lies at tine scales of five days or nore. Figure 35 shows the
generally simlar power spectra for the geostrophic wind cal culated at
68°N,116°W, a poi nt about hal fway along the coast from Kivalina to Cape
Lisburne. Note that the principal axis is directed approximtely north-
sout h.

Fi gures 36-46 show the weekly mean flow recorded by the various
instruments. Al the plots have been rotated into the appropriate prin-
cipal coordinate system wth the vertical figure axis representing the
maj or current component.  For exanple, in Fig. 36 the vertical axis is
aligned along 050°T (cf. Table 2). On a weekly basis, the flow was quite
conparabl e at cs-1A and -2A, but significantly slower over the seaward side
of the canyon at -3A. The tenporal variability is large, with successive
weekly nmeans in some instances varying by a factor of ten or nore.
Particularly noticeable are the large flow reversals during the first three
months of the record, extending over at leastsix weeks. These occurred at
all three sites, but ¢s-3A recorded subsequent weaker ones as well,
sprinkled throughout the deploynent period (note the shift in tine origin

for the -3A records).
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At CS-5A, -6A, and -7A the flow was rather simlar, although slightly
slower at -5A than at the other two sites. However, these speeds were all
much lower than at CS-1A and -2A, and al SO somewhat | ower than at -3A. ‘I’ he
flow reversals at the three Cape Lisburne noorings are on the whole quite
simlar, and at the beginning they also nostly coincide with those at the
northern noorings, though weaker. There is a partial coincidence of the
later, smaller reversals with those at C€sS-3A. At CS-9A the flowis
conparable wthat at -5A, and the majority of the reversals agree in their
timng.

These inpressions of a rather coherent velocity field are quantified
in Table 3, which correlation nmatrix is based on the |ow passed velocity
data and thus includes all sub-tidal time scales. First, with respect to
vertical coherence, note that only at €S-1A is the vertical correlation
noticeably reduced from unity, corresponding to a shear flow wWith slight
vertical differences in tine behavior. Reference to Fig. 21 shows that
this is precisely the location of the very strong front discussed earlier,
with extremely |arge baroclinic shear.

The records from nmoorings €CS-14 and -2A are seen to be very highly
correlated with each other (0.92-0.98), but somewhat Less so with -3A
(0.73-0.81). There is then a big drop in correlation to the Cape Lisburne
nmoorings (0.40-0.54) and a further drop to €s-94 (0.30-0.38). The Cape
Lisburne noorings thenselves are highly correlated (0.83-0.94) and are al so
fairly well correlated with ¢€S-9A (0.62-0.70). These statistics thus
support the conclusions drawn from the weekly mean flow depictions (Figs.
36-46) .

Table 2 also shows the correlations between the current records and

the geostrophic wind calculated at 68°M,166°W. The correlations are
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Table 3.  Correlation of Major Axi s Current Conponents, Zero Lag*

CS-1A | €S-2A | €S-2A | CS-3A| CS-3A | CS-5A | CS-6A | CS-6A | CS-7A | CS-9A

| ower upper lower | upper | over upper | ower
Ssgéf 0.92 | 092 | 0.92 | 0.74 0.73 | 0.42 | 0.49 | o051 | 051 | 0.36
cs-14 0.08 | 098 | 0.77 0.75 | o046 | 0.51 | 054 | 053 | o0.36
ﬁbgﬁ 1.00 | 0.81| 0.80 | 0.46 | 0.51 | 054 | 0.54 | 0.37
fi;ﬁf 0.81 0.80 0.47 0.52 0.54 0.54 0.38
Sg;g? 0.98 0.42 0.44 0.45 0.46 0.32
fﬁv}é’f‘ 0.40 0.42 0.44 0.45 0.30
c5=24 0.92 | 0.92 | 0.83 | 0.62
ﬁpgﬁ 0.99 0.94 0.69
F?V\gf\ 0.94 0.70
CS-7A o
§§§SN“,T1‘;2‘;‘§C wnd o 62 | 065 0.69 0.63 | 0.67 0.68 | 0.48

*Except for the wind-current correlation, which is for the wind | eading by 18 hours. Principal axis
for the geostrophic wind i S 016°T.



remarkably high, particularly when we consider that we're using a
geostrophic wind representation at a single point along a changing coast-
l'ine. In this connection, note also that the largest inmprovenent in
correlation obtained by lagging the current 18 hours (a little more than
0.1) canme at the northernnmost moorings. In other words, the phase differ-
ence suggested by the slightly |agged maximum correl ations may not So nuch
represent the wind locally leading the current by 18 hours, as it does the
cal culated wind not representing the instantaneous wind along the entire
coast. The principal point, however, is that even a crude representation
of the longshore wind conponent is highly correlated with the current (in
the mean, the correlation coefficient is about 0.66 if CS-9A is ignored).
Nearly one-half the total current variance can thus be predicted by this
scheme, suggesting both that w nd-driven coastal dynamics is the key

physi cal mechani sm operating and that the coastal flow is in fact highly
predictable. The reason for the significantly |ower correlation at CS-9A
isnot clear, but Table 2 shows that it occurs both with the wind and with
the other current records. The cause may lie in the proxinmty to Bering
Strait or in more local dynamical control.

The coherence of the current field and of the current and the wind are
shown for two of the moorings in spectral representation in Figs. 47-50.
The fairly high coherence between ¢s-6A upper and cs-9a4 (Fig. 47) is
general ly distributed over the | owfrequency bands and the coherent signals
are essentially in phase (Fig. 48). In the conparison between the
geostrophic Wi nd and the €S-6A upper record, the coherent signals are also
scattered across the lowfrequency bands (Fig. 49), and there is some
suggestion of the wind leading the current slightly (Fig. 50), as was

di scussed in connection with Table 3.
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Figure 47. Coherence spectrum current records CS-6A upper and
CS-94, principal axis conponents.
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Figure 48. Phase spectrum current records CS-6A upper and CS-9A,
principal axis conponents. Vertical bars represent 95%
confidence limts.
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Figure 49. Coherence spectrum geostrophic wind at 68°N, 1660W and
current record CS-6A upper, principal axis conmponents.
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The large flow reversals in the early part of the record, reaching

over 40 cn1sec'L

on a daily mean basis, are of particular interest, and
Figs. 51-57 have therefore been prepared, spanning these events with daily
mean currents at one instrument from each mooring. On this time scale the
CS-1A and -2A records are nearly identical. At -3A the southerly flow
events are comparable to those at the other two noorings in the section,
but the northerly events are much weaker. The Cape Lisburne records
resenbl e each other closely both in phase and anplitude but are signifi-
cantly different from the ones at the northern noorings and also from

-9A.  Overall, the inmpression during this period is of a decrease in flow
reversals at the more southerly morings (with the least at -9A), but no
clear phase difference. On the other hand, as we saw fromthe weekly
neans , later in the year there were reversals at the four southerly
moorings (Figs. 41-45), but not in the central and eastern part of the

Barrow Canyon section (Figs. 35-38).

Serial observations of the dense jet

The lower instrument at nooring CS-2A carried both conductivity and
tenperature sensors, from which we have calculated the salinity tine
series. Figure 58 shows the daily nmean characteristics of the water
flowing past the moring during a seven-week period in February-March
1982. At the beginning of the period, the salinity increased about
250, and then went through several salinity oscillations before
reaching a daily nean of 35.7°/.0 in late February. It then declined to a
pl ateau which was still 1.5-2.0°/c0above anbient values. The tenperature

series is a mrror image of the salinity, faithfuLly follow ng the freezing

poi nt.
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CS-1A 49. 8M DAILY MEAN 20 em/saec/in
URY rotated 352 Deg

e
e 7 et

311 23/11 13/12
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Figure 51. Daily nean velocity, current record CS-1A upper, 24 Cctober -
21 Decenber 1981.
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Figure 52. Daily nean velocity, curr
21 Decenber 1981.
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Figure 53. Daily nean velocity, current record CS-3A |ower, 24 Cctober -

21 Decenber 1981.
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CS-5A 41. SM DAILY MEAN 28 cm/sec/in
URY rotated 359 Deg
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3/11 23/ 11 13/12
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Figure 54. Daily nean velocity, current record CS-54, 24 Cctober -
21 Decenber 1981.
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CS-B6A 45. 2M DAILY MEAN 28 em/sec/in
URY rotated 348 Deg
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Figure 55. Daily nean velocity, current record CS-6A lower, 24 Cctober -
21 Decenber 1981.
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CS-7A 39. SMDAILY MEAN 20 cm/seo/in
URV rotated 356 Deg
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Figure 56. Daily nean velocity,
21 Decenber 1981.
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CS—-8A 31.5M DAILY MEAN 28 em/sac/in
URY rotated 318Deg
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Figure 57. Daily mean velocity, current record CS-94, 24 Cctober -
21 Decenber 1981.
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Figure 58. Daily mean salinity and temperature, current record CS-2A lower, 1 February -
20 March 1982,



The daily nean velocity over the same period is shown in Fig. 59.
While there are obvious ties between the salinity and velocity signals
(e.g., the salinity decline from 16-19 February corresponds to a velocity
reversal, so that the decline actually represents less saline water which
had earlier passed the instrument now being advected back past the instru-
ment again), there are no correlations to suggest that the velocity
variations themselves are forced by a variable pressure field associated
with the hypersaline water (conpare Figs. 58 and 59). Furthernore, the
cal cul ated baroelinic shears are typically in the range 5-10 cm sec 1,
whereas the neasured speeds alomng the coast aeconsiderably higher,
suggesting other forcing. Finally, the actual shears observed within the
saline layer, as determned fromthe current records, were alnost always
negative (speed decreasing toward the bottom, even during the tines when
the density observations indicated a positive barocliniec shear. Friction
is therefore a nmajor dynamical consideration within the dense layer. This
was also the indication of the great seaward extent of the dense bottom
Layer (Fig. 25). W may conclude that to first order at Least, the
observed velocity variations are due to causes other than perturbations in
the density field, e.g., to wind forcing. Conceptual ly, then, the wind
plays an inportant role both in the formation of the dense water, and in
its variable flow along the coast.

Finally, if we consider only the week in late February when the daily
mean salinity at nooring CS-2A exceeded 35°/.0, the corresponding flow was
about 40 cmsec'’, inplying a longshore extent of the very dense water of
about 250 km  This would correspond to a point upstream about halfway

between Pt. Lay and Cape Lisburne, Which is atleastconsistent with the
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Figure 59. Daily mean velocity, current record CS-2A lower, 1 February -
20 March 1982.
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observations portrayed in Figs. 24-26. Enornous stretches of the coastline

are thus seen to be involved in the saline events.

Concl usi ons

The objectives of this study have been to 1) deternine the
characteristics of the longshore flow, and 2) ascertain whether brine
rejection drives a significant winter circulation. These phenomena are of
particular interest with respect to their possible role in pollutant
transport and dispersal.

We have found that the flow is primarily alongshore (at some sites
entirely so) and generally northward. Currents of 100 cm see-1 are not
unusual.  The flow is highly variable, including directional reversals
which can persist for several weeks. There also appear to be |arge
interannual differences, so that in some summers the unnixed Bering Sea
inflowis missing fromthe northeastern Chukchi. A large portion of the
flow variability is wind-driven, with little if any phase lag. This

variability is therefore predictable.

In general, however, there is also a baroclinic circul ation throughout
the year. In summrer this principally takes the formof a longshore buoyant
jet, whose velocity signature can exceed 65 cm sec'l. Strong shears can
exi st over 40 km out fromthe coast, i.e., well beyond the baroclinic
def ormati on radius. In winter, a jet of dense water is forned on an
intermttent basis by brine rejection. Salinities have been neasured in
this water which exceed any ever observed in the Arctic outside coastal

| agoons, and the dense water has heen seen to spread offshore some 80 km

within a frictional bottom boundary | ayer.
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