“RD-A198 0135 THE PHYSICAL OCEANOGRAPHY OF THE MORTHERN BAFFIN
BAV-NARES STRAIT REGIONCU) NAVAL POS'I’GRROURTE SCHOOL
MONTEREY CA V C ADDISON DEC 87 NPS-68-87
UNCLASSIFIED F/G 8/3

L N O -




e
oo
P

0 BB

=& =

—

it " g
\\\\\‘ 25 [IL4 [is,

e

[ E Mt

L

FrEEER

ErrE

r

S

e -;_}L{Lﬂf&,kl [

[ X

e

HAR

P —
R

" v MICF?OCCF’Y RESOLUTION TeEST C
NaTIONAL BUREAU OF STANDAROS =' 863

)

L
B ey R
e TR

X qﬁrﬁr' “

s et l . " ":‘. .:“ .h‘::

n‘«?n,a,l“\ i ﬁ : qtg tﬁ ;l % i!‘l. ﬂ{'. f\

R Wntlion, t'. -'.'0'.\': AR f |':‘o‘. W4 ':‘-' '.t:\ Waghnin 3 " " 0".

......



NPS-68-87-008

NAVAL POSTGRADUATE SCHOOL
Monterey , California

AD-A190 015

THESIS

THE PHYSICAL OCEANOGRAPHY
OF THE
NORTHERN BAFFIN BAY-NARES STRAIT REGION

by

Victor G. Addison, Jr.

December 1987

R.H. Bourke

Thesis Advisor

Approved for public release; distribution is unlimited.

Prepared for:
Dierctor, Arctic Submarine Laboratory
Naval Ocean Systems Center

' San Diego, CA 92152

W o Ly o & oW = o o
~ WY \_#\'\.,\,:.',\‘.\,\ \'(;Lf;'i\

| oy g W W oy oy Ly P A

P o n P o o
N AR At b




N

5
]
.8

™

RS T,

Py LV 0T

BN

-3

- e
-

-
-

-

T .- -

R AT AT

". - - -

QO ‘,q

y ’! 1 ', %
h‘.‘n"‘o"-' Ve .'l‘.'d'.M',H“,ﬁ'.ﬁ. B % e

NAVAL POSTGRADUATE SCHOOL
Monterey, California

Rear Admiral R. C. Austin Kneale T. Marshall
Superintendent Acting Provost

This thesis was prepared in conjunction with research sponsored by the
Arctic Submarine Laboratory, Naval Ocean Systems Center, San Diego, California
under Work Order N66001-86-WR-00131. Reproduction of all or part of this
report is authorized.

Released by:

S b

Gordon E. Schacher
Dean of Science and Engineering

o U Y Pu™a%
oo a\r Lt P B i o m~r ’n’\’&f"\,ﬁ ’ ,%, ,\*\,.;t n-.;

‘
AP

alih alh o0k off oS0 afL 2's -4 o A B RA £ 4 4 b4 S

‘?




IFIED

VY CLASS F CATION Gr T § DALY

REPORT DOCUMENTATION PAGE

PORT SECUR'TY (LASSIF.CAT.ON
NCLASSIFIED

o RESTR.CTivi MARKINGS

CURITY (LA F.CATION ALTHORITY

CLASSIFICATION : DOWNGRADING SCHEDULE

3 DSTRIBUTION . AvaiLAbiLiTy OF REPORT
Approved for public release;

distribution is unlimited.

FORMING ORLAN.ZATION REPORT NUMBER;S,
S 68-87-008

> MONITORING ORGANIZATION REPORT NUMBER(S)

Mg OF PERFORMING ORGANZATION 60 OFF Ct SYMBO. | ’7a NAME OF MON TORING ORGANIZATION
(1t applicable)
val Postgraduate School Code 68 Arctic Submarine Laboratory

DRESS (City. State. and Z!P (oge)

nterey, CA 93943-5000

152

7o ADDRESS (City, State, and Z2IP Coae)

Code 19, Bldg. 371
Naval Ocean Svstems Center
Sar Diepe, CA 92

NI O- *UNDING - SPONSORING 8o OFF Cc SYMBO.
GANIZATION (1t appicadble)

9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

val Ocean Svgtems Center
ar. Diecc, CA 92152

rctic Submarine Lahorator Code 19 N6AN0186WRO0N1 3]

DRESS (Cir). State ang 21P Loge) TSOLRIE OF SUNDNG NMBERY

ldg. 371 PROGRAM PROJECT TASK WOk UNIT
ELEMENT NO NO NO aCCESSION NO

Toe (incivae security Classification)

E PHYSICAL OCEANOGCRAPHY OF THL NORTHERN BAFFIN BAY-NARES STRAIT REGION

RSONAL AUTHOR(S)
dision, Victor G., Jr.

YPE OF REPORTY 130 TIME COVERED
ster's Thesis £ROM 10

14 DATE OF REPORT (vear, Montn, Day)

1987 December

15 PaG: COUNT

110

PPLEMENTARY NOTATION

epared in conjunction with R.H. Bourke and R.G. Paquette

HT) GROUP |  SuB.GROU® Baffin Bay

Nar:s Strait

COsa™i CODES 18 SUBJIECT TERMS (Continue on reverse ! necessary and 1aentity Dy DIOCK number)

SIR JOHN FRANKLIN

North Water

STRACT (Continue ON reverse 1! necessary ana 1Oentity Dy DIOCKk Nnumober)
A dense network of conductivity-temperature-depth (CTD) measurements was conducted from
fin Bay northward to 82Y09'N at the entrance to the Linccln Sea, in most comprenensive
gsical oceanographic survey ever performed in the northern Baffin Bav-Nares Strait (NBB-NS)
on. These data indicate Nares Strait Atlantic Intermediate Water (NSAIW) and Arctic
in Polar Water (ABPW) to be derived from Arctic Basin waters via the Canadian Archipelago,
eas the West Greenland (WGC) is the source of the comparatively dilute West Greenland
ent Atlantic Intermediate Water (WGCAIW) and West Greenland Current Polar Water (WGCPW)
tions. Baffin Bay Surface Water (BBSW) is found seasonally throughout northern Baffin
Recurvature of component branches of the WCC, which attains a maximum baroclinic

sport of 0.7 Sv, occurs primarily in Melville Bay (0.2 Sv), south of the Carey lslands
1 Sv) and ultimately in Smith Sound (0.2 Sv),
edge jet in Smith Sound and is augmented by net outflow from Smith, Jones, and Lancaster
ds at rates of 0.3 Sv, 0.3 Sv and 1.l Sv, respectively,

The Baffin Current originates as an

Circulation in Srith, Jones and

STRIBUTION  AVAILABILITY OF ABSTRA(CT

UNCLASSIEED/UNLMITED [T same as ast O onc ssens

UNCLAS

SIFIED

27 ABSTRACY SECURITY CLASSIFICATION

NAME O- RESPUNSIBLE 'NDIVIDUAL
.H. Bourke

(408)

640-3270

240 TeLEPHONE lincivae Ares COOe)

68Bf

«dt OFFICE SYMBOL

ORM 1473, 84 mAR

83 APH 010N May D@ LG LN EANJUITED

Al otner ed1tions are ODLO'EE

Wy Wy Jig I, 39, S e e N "o
..i-',.‘..c .'0 1) o"' ; ~ :'\'N

"'

"y
. Rttt

1

AT e T P O IS WS NS N
,nﬁ IS N f‘v‘i LAY

SECURITY CLASSIFICATION OF Tw(S PAGE

w 'hf'l
*

i

‘.-.".

B U Oeverament Brimting Oftice 19900—688-24.

B LT LR B
et
BN e N W N A

- - A ] K L]
*F,,‘i" v\ .ﬁ'vf
N La M g N a0 Ko N )

LI

a l‘.
» l..,
A
Nk

7

‘l .l
é?ﬁ?k
N AL,

"‘"‘
s

l. ., l.
* I
e
XA
L

P
2
2
A

v
2 5 5 Y

4
.‘

[4
)

ANy
»

RN S
s

.
'

P AP

(I ]
AL RPN

v
.
U

" A

.’\. LA NN .
P, f
L g

s ("n"x{s
R p Ly
l
’ w

"l"‘..‘.
‘l
N

-

AR

P Ll
PP Ry
AR R A S
P4

l .
o

. |
‘:‘r-:?,‘}
s

1%y® o
Coy
@ Tl
PR S P4
YL T
E L,

a4
A S

7ty
SR

-
F O
-



UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Date Enteredd

Block 18 (continued)
Geostrophic Estuarine Circulation smith Sound
Lancaster Sound Kane Basin
Jones Sound Melville Bay
I
: "lock 19 (continued)
Lancaster Sounds can be described in terms of the Geostrophic Estuarine
3 Circulation Model (GEC). The North Water is caused by the combined influences
) of near-surface laver cnthalpy and mechanical ice removal.
'
t
\
)
P
9,
\
A
S
A
A
B
a
i
4
L]
I
" _Arcetion For
- b
% ENTIS  cnasl
' AR T oL -
R . ,’ X -[:J
. SRS "
- R S SR
* ~\
) © ¥ s i o ad]
) S tiond
¢ : T T e e e "*-J
v W
. -
o ) P =
. et -
p P :
A ! ; ! |
< 1 il B ! ‘
| el e
ﬁ
»
|
[}
[
R)
f S N DJ02-LF.-014-660!)
N JNCLASSITIED
SECURITY CLASSIFICATION OF THIS PAGE(When Dete Bntered)
¢ 2
t
N
| N I I NN IO AT ST AT AT AT ATy AT T AT AT PRIy . \.'-‘_'- e e Nt T T LT N LN LN e e LN NN
'v".:'. » .‘A'. u! .. L0 ~ Ns{\ N \ & N( ‘ ., * -P ~ '.. -."\ N ,\ " .‘ \'.‘J- -'. “’. . {."--i-‘\' ‘:\.‘--‘- .'.’.‘.:\. N




Approved for public release; distribution is unlimited.

The Physical Oceanography of the
Northern Baffin Bay-Nares Strait Region

by

Victor G. Addison, Jr
Lieutenant, United States Navy
B.S., State University of New York, Stony Brook, 1979

Submitted in partial fulfillment of the
requirements for the degree of

MASTER OF SCIENCE IN METEOROLOGY AND OCEANOGRAPHY
from the

NAVAL POSTGRADUATE SCHOOL
Decemher 1987

Author: /% ’ b/.,l/

Victor (n Addison, Jr.
/
Approved by: : /"éd//fé M

. R.H. Bourke. Thesis Advisor

/i mf ( /i g_.ul{m’—

R.{. Faquette.’ Second Keader
C.n. Collins. Chairman

Department of Oceanographv
S

vordon E  Schacher
Dean of Science and Engineering

N I B R R R T N N N A S

" T ‘\n'\.‘\$\'\.\ e T T A T A M T e T T Ve ”
M s FTJ P L O I e e N Y A A ATC R S oy
L N M&Mwimﬁﬁﬁﬁﬂ\fﬂﬁ\{ OIS NN o

b S R L RO Sk LSAN




ABSTRACT

A dense network of conductivity-temperature-depth (CTD) measurements
was conducted from Baffin Bay northward to 82;09;N at the entrance to
the Lincoln Sea, in the most comprehensive physical oceanographic survey
ever performed in the northern Baffin Bay-Nares Strait (NBB-NS) region.
These data indicate Nares Strait Atlantic Intermediate Water (NSAIW) and
Arctic Basin Polar Water (ABPW) to be derived from Arctic Basin waters
via the Canadian Archipelago, whereas the West Greenland Current (WGC)
is the source of the comparatively dilute West Greenland Current
Atlantic Intermediate Water (WGCAIW) and West Greenland Current Polar
Water (WGCPW) fractions. Baffin Bay Surface Water (BBSW).is found
seasonally throughout northern Baffin Bay. Recurvature of component
branches of the WGC, which attains a maximum baroclinic transport of
0.7 Sv, occurs primarily in Melville Bay (0.2 Sv), south of the Carey
Islands (0.1 Sv) and ultimately in Smith Sound (0.2 Sv). The Baffin
Currvent originates as an ice-edge jet in Smith Sound and is augmented by
net outflow from Smith, Jones, and Lancaster Sounds at rates of 0.3 Sv,
0.3 Sv and 1.1 Sv, respectively. Circulation in Smith, Jones and
Lancaster Sounds can be described in terms of the Gecstrophic Estuarine
Circulation Model K (GEC). The North Water is caused by the combined

influences of near-surface layer enthalpy and mechanical ice removal.
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' I. INTRODUCTION
R/
$
L. <
5 A. PURPOSE
N
1 During September 1986, the CCGS SIR JOHN FRANKLIN conducted an
‘ oceanographic measurement program from Baffin :ay northward into Nares
\J
y Strait, to the southern reaches of the Lincoln Sea. This expedition
R~
D marked the first comprehensive use of continuous profiling conductivity-
Y temperature-depth (CTD) measurements throughout the region, and the
w

northernmost transit (82°09’'N) of a surface ship through Nares Strait

T

h: since the 1971 voyage of the CCGS LOUIS S. ST. LAURENT. Sponsorship of
4

M this endeavor was provided by the Arctic Submarine Laboratory, with
~.

-

v diplomatic concurrence from the governments of Canada and Denmark.
'}: The principal objective of the cruise was to examine the
?
& distribution of physical oceanographic variables from Baffin Bay

'

v northward, in order to determine the circulation and water mass

v

characteristics of the region. The successful transit of the region by

- the SIR JOHN FRANKLIN provides a data set from which it is possible,
% essentially for the first time, to thoroughly define the baroclinic
Qﬁ circulation and water mass structure of the northern Baffin Bay-Nares
y Strait reglon.
;M Specific objectives of the analysis will be to: (1) define the
: trajectory, transport and extent of the West Creenland and Baffin
.! Currents; (2) describe the characteristics and extent of the water
LY

y masses found throughout the region: (3) chavacterize the vole of

o 24 &

;: topographic steering and bathvmetvic honndar ivs on haroclinic

v
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Ve

o
EEE circulation and water mass penetration; (4) present a model which
?ﬁk explains the observed circulation in Smith, Jones, and Lancaster
f\j Sounds; and (5) present a hypothesis for the formation and maintenance
,}Sg of the North Water, a large polynva located in Northern Baffin Bay.
.:"
v B. BACKGROUND
A
35‘ The northern Baffin Bay-Nares Stralit (hereinafter referred to as
)E: NBB-NS) region is historically significant for a number of seemingly
unrelated reasons (Figure 1.1). Lancaster Sound, noted as the
;ﬁ traditional Atlantic entrance to the Northwest Passage and as a net
:SE source of Arctic Ocean water inflow to the region, remains relatively
!
ice free during winter. Indeed, nor:hern Baffin Bay as a whole was

2: thought to remain conspicuously unencumbered by ice during the winter

.
‘ES due to the presence of the North Water. The Humboldt Glacier. the
5 # largest glacier in the northern hemisphere, is located on the eastern
ijs ) side of Nares Strait and is the source for many of the icebergs which
2E$ are observed throughout the NBB-NS region. Once calved from the
i;; glacier, many of these icebergs travel southward past Cape York, in
S'E defiance of the northward flowing West Greenland Current. The most

comprehensive oceanographic analysis of the northern Baffin Bav region

is provided by Muench (1971). Muench’s work serves as a summary of all

" ® ;5‘5‘;

significant oceanographic research conducted prior to 1971, and has been

o

referenced in all subsequent analyses of the NBR-NS region.

o
F“.‘Jj

Prior to 1972, all baroclinic oceanographic analyses in the NBB-NS

30
:

region were derived from bottle sampling techniques. The CCGS LOUIS §.

P
oty

ST. LAURENT obtained discrete measurement . of tompevat e and salinity

s

in Nares Strait during August 1971. veaching o latitude of 82°56°N

-

e

13

Fr l.‘f:’s

ax o

o
WY

q-’-.*\»‘v}: '\.r\aﬁ'.\l '\-'r'\\'\”'\’\ \",'l.' W -y..’"- V' L] VM-"' PR AR, my -J
e A PR e S N e R A Tt R R T R A (i 06

D A e M )

\‘ - - . a

' S e
: ) ]
Vo V5, Ve, 1000 MU be " .p.,. i, thgt




. .. " L o 5 L ae el g . fa . . .
i A ach g A anh JA sl cad an - o "l'")"

LR x
4 .
RX B ¢
LINCOLN
U
{ ‘l 9
»
o,
» Y - |
e ‘™
) - -]
J."
iy
I
"' ?
3 -
o F
A
\
] L_‘:
S
Vi -
P‘ "y °
W 2
)
18]
4
Y z
~ >
Y
Lo L
. z Ry
. rY »
fod S
s ¢ eSS
K = vy : g0,
g [N L CAREY e
H \ 1SLANDS:""
) DOT Al N e,
1Y z ?-'soon\ ’ \\\ A [\j\L//\f\’\
L - TN SeAND N &\‘ vELLLE
R e SR A
Y A S TN
;l’i oevon ) Y e " RS
R Z | seano (ﬁ\‘g o . N
o 2] 5 [ .- oo™ T T T L oo o" 2
. . -7 /’— . &
- ’ \ S~ -
;\' Z [Lancasren . "::v"‘ \
] -« R ~, \
Py My ~ $5008 -~ \-:‘%. .wlqr \
’W:I z r\( C;m:g‘."' o R
ol RN Qaistanp \ &~ ~.
":“ : B 2 ] 8 ) L} L]
-, 85" w 80° w 75° W 70° W 65° w 60° 55 W
Ll
A
Ay Figure 1.1 A chart of the northern Baffin Bay-Nares
- Strait region. Ice concentrations greater than 1
i 7/10 (during the FRANKLIN 86 cruise) are
:”'-f represented as shaded areas.
ot
> 14
.4‘

.
LI S A

Pt o O A PP e A e, s - .« . ~ N ~ -
Y s e < CERIO o, LI Ll - - L CM " D ‘ Lt
Lo )'..‘Su P 2 ST N YA A ey T g N e A N A e T T

S e e,
-




(Sadler, 1976). During 1972, sclentific personnel aboard the LOUIS S.
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:%3 Strait utilizing an in situ salinitv/temperature/depth 'mit (STD}
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j. (Muench and Sadler. 1973). Transports through Nares Strait have been

D

‘N

() investigated by Sadler (1976), providing the most accurate current meter
A derived estimates of Lincoln Sea inflow to the region. In 1978 and

W

}: 1979, the Eastern Arctic Marine Environment Studies (EAMES) program

.

f\

it utilized current meters and CTD stations to investigate the southward

{ flowing Baffin Current (Fissel et al.. 1982). Research concerning the

ST. LAURENT obtained the first winter oceanographic dat. from Davis

processes leading to the formation of the North Water has most recently

been conducted by Steffen and Ohmura (1985).

> 1. Bathymetxy

AN
e

-, The bottom topography of the NBB-NS region is complex and, as
20

-
f\ such, has the potential to exert significant control over physical
if; oceanographic processes. The influence of glaciers on all aspects of
|ﬂ the morphology of this region is quite obvious.

\

4
;fj Northern Baffin Bay is fed by Lancaster and Jones Sounds to the
)

W west, and Smith Sound to the north. S.oaling to depths of less than

™
f-

. 200 m occurs at some point in both Lancaster and Jones Sounds,
s
N f.

) effectively restricting deeper Arctic Ocean inflow. A sill which ranges
R ) & P 4
®
W in depth from 160 m to 200 m is present at the southern end of Kennedy
A A
l‘

Yy Channel, providing similar constraints on Lincoln Sea inflow to the
e

e region. Similarly, shoaling to a depth of 250 m nccurs at the Smith
0.

& Sound entrance to Kane Basin.

y The deep, relativelv flat centval portiop of northern Baffin

4, )
.8
;: Bav is punctuated in its cacrern poa o oo Bt o my hank
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located in Melville Bay. A deep (500 m to 900 m) channel passes
offshore from Cape York, terminating northward in Smith Sound. To the
west, the mouths of Jones and Lancaster Sounds reach depths of 700 m,
but the bottom northeast of Devon lsland shoals to less than 200 m
approaching Smith Sound.
2. Genperal Cixculation

The baroclinic circulation pattern in the NBB-NS region is
dominated by the northward flowing West Greenland Current (WGC) and the
southward flowing Baffin Current (Figure 1.2). Augmenting the transport
of the Baffin Current are net outflows from Jones and Lancaster Sounds,
coupled with southward flow through Nares Strait. The net baroclinic

transport through northern Baffin Bay has been computed to be

approximately 2.0 Sv (10°m®s™') southward (Muench, 1971). Muench
postulated that this transport is driven by a higher surface elevation
in the Arctic Ocean relative to that in Baffin Bay, presumed to be a
consequence of differing water structures in their respective upper
250 m layers.

Bottom topography. predominantly northerly winds, and meltwater
admixture are thought to play variable roles in the maintenance of a
cyclonic circulation pattern in northern Baffin Bay. The WGC, a
significantly barotropic current, may be enhanced baroclinically by
near -shore low salinity wedges of meltwater. Alternately, the Baffin
Current exhibits the increased baroclinic intensitv characteristically
found in western boundary currents. The westward turning of the WGC off
Cape York. and the southward turning of Lancastetr Somnd outflew  ave

both influenced bhv topographic steerine huwoeh L0 o
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: " Figure 1.2 The West CGreenland Current and the Baffin
> Current (trom Muench, 1971, p. 2).
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Circulation features in the NBB-NS region may be subject to
seasonal variations. Lemon and Fissel (19Y82) noted a general winter
weakening of near-surface baroclinic currents by a factor of two or
more. The WGC, which transports northward only 10% of the baroclinic
volume transported southward bv the Baffin Current, is not alwavys
present during late summev (Muench, 1971).

The directional components of some features of the surface and
baroclinic flow fields are temporallv variable. Muench stated that
reversals of baroclinic flow have been observed in Smith and Jones
Sounds, while reversals of surface flow have occurred in Smith Sound.
Lancaster Sound, however, consistently provides net inflow to Baffin Bay
on the order of twice that of Smith or Jones Sounds (Muench, 1971).
Anticvclonic eddies (sometimes referred to as counter currents) have
been reported near Bylot Island (Fissel et al., 1982). while cyclonic
eddies have been observed off Cape York (Muench, 19/1).

Current speeds in the NBB-NS region, although variable, are
consistently greatest in magnitude near eastern Lancaster Sound. Fissel
et al. (1982), using current meters, found near-surface velocities of
0.75 m/sec in the portion of the Baffin Current located east of
Lancaster Sound. Directly measured current speeds in Nares Strait are
extremely variable in magnitude, with maximum near-surface values

ranging from O 1 to 0.60 m/sec (Sadler. 1976)  Maximum baroclinic

velocities In the WGC are on the order of 0 1 m sec (Muench. 1971
The nature and vertical extent of the tlow regimes in the
NBB-NS region are spatially comple- Althon b the errical extent ot
volume flow in the oo pl”hdl\l'.’ Yoo b . le o1t MR meye !
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‘fsl baroclinic flow is limited to the upper 100 m (Muench, 1971). The
' Baffin Current nominally extends to a depth of 500 m, with flow reaching
;ﬁs the bottom (700 m to 840 m deep) in the region of its intrusion into
%3? Lancaster Sound (Fissel et al., 1982). Significant baroclinic flow in
* f this current is associated with the upper few hundred meters (Muench,
;:; 1971). The flow in Nares Strait has a substantial baroclinic component
o
&R . which reaches to depths of 300 m (Sadler, 1976).

3. Water Masses

Adopting the usual convention for Arctic regions, Muench (1971)

_--
N,
PP

divided the waters of northern Baffin Bay into three layers: a cold

i
gf. (<0°C) upper Arctic Water laver; a warmer (>0°C) intermediate-depth
‘E:: Atlantic Water layer: and a cold (<0°C) Deep Water Layer. The Arctic
EE: Water, confined to the upper 200 m to 300 m, has an upper limit in
:' salinity of approximately 34.0. The Atlantic Water extends from the
": bottom of the Arctic Water laver to depths of 700 m in Lancaster Sound
-
‘ds and 1300 m in northern Baffin Bay, exhibiting salinities of 34.2 to
el

34.5. Baffin Bay Deep Water extends from the bottom of the Atlantic

Layer to the seabed, and is characteristically isohaline at 34.48.

2%

The density of water masses in the NBB-NS region, as in other

ALY,

s
-

Arctic regions, is primarily determined by salinity. Surface and near-
surface layers, thevefore, are usually characterized bv strong

Wi haloclines and associated pycnoclines. The delineationr of a surface
(upper 75 m) laver of Arctic Water. which is modified bv boundarv lavei
g processes, has been suggested by Fissel et al. ¢1982). Since diverse

Cals processes such as solar heating. meltwater admi<ture. and wind mixing
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'_} play roles in the formation of this laver. its temperature and salinity
ﬂ characteristics vary seasonally.
?q; The thermohaline characteristics of the water masses of the
AN
S : ;
o:h region can generally be traced to their sources, while their horizontal
ot
2
[ =
o extent is often determined by bathymetric effects. Arctic Water is
)
i )2 water of Arctic Ocean origin which either entered Baffin Bay via Davis
S .
SO
) :: Strait and was modified by cooling and admixture of runoff within
::’1
’ ; . .
0. 7Y northern Baffin Bay, or was modified by cooling and freshening within
N the Arctic Ocean prior to entering Baffin Bay from the north. Mixing of
o
~
o
;:, inflowing Arctic Ocean Water and resident Baffin Bay Arctic Water of the
o .
3 same density occurs in southern Smith Sound, Jones Sound, and Lancaster
G Sound. Shallow sills present in Lancaster Sound, Jones Sound and
-
.y Kennedy Channel prevent southward flow of Arctic Ocean Atlantic Water
S
~
el
..f\ into Baffin Bay. Atlantic Water in northern Baffin Bay, therefore,
s originates from the Atlantic Ocean via Davis Strait (Muench, 1971).
¥ ,‘\
oo 4. Ihe North Water
=
5
\ -
:\’- Extensive interest has been focused on a persistent polynva,
)
' termed the North Water, which is located in northern Baffin Bay
i L]
Ll
:3 (Figure 1.3).  Dunbar (1970) concluded that the polynya is defined by a
5
P
f:- stable northern boundary at the Smith Sound entrance to Kane Basin, and
L Y ’
‘L a consistent western ice edge which forms along Ellesmere Island. The
s '
Koy locations of the eastern and southern boundaries are seasonally
l:."
" dependent Significant penetration ot the North Water occurs westward
P : into Lancaster Soun! in June The phenomenon is less well defined
'ﬂ:ﬁ during the summer scason after jce broab op o cmmens o Contrary to
A
| ﬁ earlier veports, th. North Warter o0 0 0 v b T apen don iy
v
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winter, and is characterized by extensive areas of new ice formation
(Duntbar, 1973). Steffen and Ohmura (1985) used thermal infrared
measurements from an airplane in winter to determine that the North
Water was mostly covered with new and voung ice, and probably devoid of
first year ice until March. The ice surface, they surmised, was
approximately 20°C warmer than that of the surrounding fast ice.

The North Water essentially remains an unexplained phenomenon.
Muench (1971) computed a heat budget for the region and concluded that
insufficient heat is present in the Atlantic Water layer in northern
Baffin Bay to prevent ice formation. He similarly concluded that there
was not enough heat present in the surface Arctic Water layer either,
and postulated mechanical ice removal by northerly winds and currents as
the effects responsible for the formation of the North Water. Dunbar
(1973) reinforced this hypothesis by noting that the age and thickness
of ice increases from the Smith Sound ice arch southward. Steffen and
Ohmura (1985), however. computed more accurate heat budgets for the
region and concluded that oceanic heat of unknown origin is responsible

for the formation and maintenance of this polynya.
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A. CRUISE SUMMARY

Between 7 and 27 September 1986, the CCGS SIR JOHN FRANKLIN
conducted the most extensive physical oceanographic survey ever
performed in the NBB-NS region. The SIR JOHN FRANKLIN covered over
4000 km in the course of conducting 145 CTD stations (Figure 2.1; refer
to Figure 2.2 for station number identification). Numerous transects
were performed while transiting from Lancaster Sound northward to
Robeson Channel, and subsequently southward to Melville Bay. Ice
reconnaissance was provided by the SIR JOHN FRANKLIN's embarked
helicopter, which was instrumental in enabling the ship to penetrate
Robeson Channel to 82°09'N; the furthest northward of any ice breaker

since 1972.

B. INSTRUMENTATION

The instruments used were the Applied Micro Systems Limited
Conductivity-Temperature-Depth recorder, model STD-12. This instrument
has a stated accuracy of 0.02 mS/cm in electrical conductivity, 0.01°C
in temperature and no stated accuracy in depth. The resolutions were
stated to be 0.003 mS/cm, 0.001°C, and 0.05 dbar, respectively.

Three instruments, numbered 422, 433 and 467, respectively, were
utilized during the cruise. CTD #433 is the property of the Naval
Postgraduate School (NPS), and was calibrated both before and after the
cruise with resultant errors of 0.003°C in temperature and 0. 007 mS/cm
in conductivity. Calibrations for the other two instruments were not

initially available. and were obtain-l varpivi-oalle in the form of first

23

- .‘A'< --'§
e a I - a N AN A

,.\.l.- ".\\' \‘



TRHUWL Y UWLE LWy

3
.
-,

LA

83° N

LINCOLN
SEA

e’
N
N
N

'h"

>
.
o

&

~

~'
5
%
g

&£
i)
7" - f(_—- \,\
¥
5 z yLOT
) . [ <(~-~5LA~0\
[/
» 3
i
: Figure 2.1 The locations of CTD stations conducted during the
' September 1986 cruise of CCGS SIR JOHN FRANKLIN.
L)

v 24

Wi

]

p)

|.

)

-

»

W I S S R T S i Ay e o R A R A e ey S R T R e e A R R R R S L SR R R S ol N L
“ by .. " f ‘ ' -'.* -r (L y . \ .“:\. .r__ ' “r ..r < \.r ¢ ¥ -




Nl T S

“ere i
RS

P4
af'y

el ettt
A

—y,

.
PR R

Ly
PPN

AL, )

. ¥
- A,

s
o _

e
AT

DTt
RSt st 2

‘I

‘\v

S A

»
ff o a o f*

..(-

o grg & g M mvE Bta aa a - - < mar gat g pa L, .

degree polynomials by intercomparison with CTD #433 during simultaneous

lowerings. 1t is concluded that the absolute error in the variables

and 2.0 dbars. The root mean square

issmaller than 0.02°C, 0.02 mS/cm,

error in salinity, therefore, is approximately 0.03.

The data were recorded internally in coded binary form. and were

downloaded into a Compaq computer for conversion into engineering units

and storage on 5.25 in. floppy diskettes. Each CTD was programmed to

sample the data stream every 0.8 dbar of pressure change. Significantly

finer resolution in pressure was not convenient because of computer

memory limitations and downloading time constraints.
The primary navigation aid was the ship’s Magnavox MX 1107 Satellite

Navigation System An average of two fixes per hour provided a mean

navigational accuracy of 0.5 km.

C. DATA REDUCTION AND ANALYSIS

Upon completion of the cruise, the data were transferred to mass

storage cartridges for further processing with the NPS IBM 3033

computer. Editing of spurious and mis-sequenced data points, the cause

of which 1s discussed by Tunnicliffe (1985), was subsequently performed.
Removal of dynamic response errors in temperature and salinity was

(1986). The edited profile

accomplished as prescribed by Bourke et al.
data were then sub-sampled every 5 m for use in the production of

baroclinic velocity profiles and related volume transport estimates.

Transects used in the data analysis for the construction of vertical

sections are depicted in Figure 2.2. Temperature-salinity (T/S)

transects are oriented as noted. with temperatare alies 70

represented as solid lines and salinity values tPractical Salinity
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Scale) represented as dashed lines. Baroclinic velocity cross sections
are oriented with velocities (cm/sec) "into" and "out of" the pag:
represented as solid (positive values) and dashed (negative values),
respectively.

Surface dynamic heights and baroclinic velocity profiles weve
derived from the geostrophic approximation, assuming a level of no
motion of 200 dbars. The technique of Helland-Hansen (1934) was deemed
inappropriate for use in the NBB-NS region because of the inherently
shillow and irregular bathymetry. thereby precluding the selection of a
deeper reference level for regional application. Although a 200 dbar
reference level is suitable for estimating direction in near-surface
baroclinic currents, magnitudes were found to be underestimated by as
much as 25% when compared to those derived with a level of no motion of
409 dbars.

Baroclinic volume transports were calculated using variable
reference levels, determined by the maximum common sample depth in a
station pair. As the sample depths were occasionally limited by
mechanical rather than bathymetric considerations, the associated
transports may be subject to underestimation accordingly. The
transports were c.lculated by vertical trapezoidal integration of

baroclinic velocities over 5 m intervals.
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A.

INTRODUCTION

In order to more accurately characterize the near-suiface and

intermediate depth waters of the NBB-NS region. a deline:tivii of tive

discrete water masses by vertical distribution of temperature and

salinity is required (Table 1). Baffin Bay Surface Water (BBSW) is

derived locally and ifound seasonallv in northern Baffin Bay at depths of

up to 75 m. It is present in both the Baffin Currvent and the W(C

In general, the wate: masses which uniquelv comprise the WGC are found

:C to be less saline than their counterparts which enter the NBB-NS region
N
;} through the Canadian Archipelago. Although the salinity difference

between the Polar Water fractions is small. it is useful as a

@

classification tool. Mixing of Arctic Basin Polar Water (ABPW) and West

‘l
A

Greenland Current Polar Water (WGCPW) should be expected to occur along

L)
fs{“\&

isopycnal surfaces In regions where their domains overlap. Although the

salinity distributions of Nares Strait Atlantic Intermediate Wate:

2.: (NSAIW) and West Greenland Current Atlantic Intermediate Water (WCCAIW)

do not intersect, it is bathvmetrv which prevents mixing of these two

source fractions.

B. BAFFIN BAY SURFACE WATER

- . e . .
- Baffin Bay Surface Water (BBSW) is locallyv derived fiom the coemhined
-:'./ . ; i i
s effects of meltwater admixture and solar heating The lovpe. nbiquitous
-1
v glaciers in the NBF-NS region zerve as a contimious somrce ot meltwater
?' during periods of insolation. Admiztwre of elacial runeott with Rattfin )
k.f.
“r : . . R . .
A Bav Polar Water (BBPW: creates g oirniti o Dovde Diee ard pesaleon
N
ad
_'J‘. . : . N . <
pvcuocline in the upper »oom to oot the Wt oo Concnrrent |y

o
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the effects of solar heating are essentiallv confined to this surface
layer due to its inherent buovancy The admittedly arbitrary
delineation of BBSW bv the 0°C isotherm serves to distinguish it trom
BBPW, rather than imply that the effects of insolation are restricted to
a discrete temperature range. BBSW is best identified. however. by the
presence of a strong, shallow thermocline (Figure 3.1). A seasonal
reversal of the processes which create BBSW, iltimately resulrs in its
elimination.

The distribution of BBSW is a regional ph--nomenon. The horizontal
distribution of maximum temperatures in the B:iSW laver shows distinct
gradients in the meridional and offshore directions (Figure 3.2). This
result implies that BBSW is formed primarilv by cocstal processes, and
is subsequently advected throughout most of northern Baffin Bav. The
complete absence of BBSW north of Smith Sound is due to the widespread
occurrence of pack ice. which serves to raise the albedo of the region
and reduce insolation.

The considerable concentration of BBSW located in the shelf waters
of Melville Bav contributes significantly to the baroclinicitv of the
WGC. A qualitative examination of a T/S transect through Melville Bay
not only indicates that a major povtion of the baroclinicity occurs in
the upper 100 m, but that the isohalines (isopycnals) related to the
presence of BBSW assume a negative slope in the core of the WGC between
Stations 122 and 123 (Figure 3.3). The seasonal presence ot BBSW.
therefore, would be expected to enhance the baroclinie transport of the

WGC .
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Figure 3.2 The horizontal distribution of maximum
temperatures in the BBSW layer.
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The presence of BBSW at an ice edge can be considered to represent

LA

Pd

an equilibrium state The northernmost extent ot BBSW is precisely
correlated with the location of the pack i{ce edge. A meridional T/S
transect from Baffin Bay northward to Kane Basin graphically illustrartes
this interaction between relativelyv warm surface water and an ice edge
(Figure 3.4»>. A filament ot BBSW dives subsurface between Stations 44
and 47 beneath water of lower densitv at the ice edge. An equilibrium
state can exist if sufficient thermal advection is present to prevent
ice growth. Mitigation of thermal advection or atmospheric cooling will

cause the ice edge to advance or retreat, respectively.

C. POLAR WATER

Polar Water in the NBB-NS region is derived from two distinct
sources. Direct inflow from the Arctic Ocean through the Canadian
Archipelage is generically classified as Arctic Basin Polar Water
(ABPW). whereas northward flow via the WGC through Davis Strait is
termed West Greenland Current Polar Water (WGCPW). Subtle contrasts in
the thermohaline signatures of these two water masses are indicative of
their different origins, and serve as qualitative tracers of their
respective flow fields.

Although both forms of Polar Water have origins in the Arctic Ocean,
the flow of WGCPW follows a circuitous route around the southern tip of

Greenland bhefore entering the NBB-NS region The cumulative influence

of shelf and surface-driven processes on the thermohaline structure of
WGCPW is. therefore. of grearer magnitude than the effect of similar .
processes on ABPW The primare modifi o chich occoy ig due to

meltwater admixture. resulting in + net dilarion of the water column
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o Viewed simplistically, WCGCCPW can be considered a diluted form of ABPW
y ;
i~ The comparative decrease in salinity and, hence, density of WGUPW below
7, the surf:.ce laver is most apparent in vertical propertv profiles
&
- Y (Figures 3.5 and 3.6). The maximum salinitv of WGCPW is approximately
B *A
‘o 34.2. while ABPW reaches 34.8.
L R
1
:* The presence of Polar Water with an underlving warm laver produces
‘
»
NN .
.:. a characteristic inflection, or knee, when temperature is plotted
ns . . .
B against salinity. This knee can be viewed as a boundary between the
g bottom of the arctic halocline. formed as a consequence of convective
-
N
NN overturn in winter, and a deeper thermocline, which marks the transition
.
N
.13 to an underlving warm laver. The salinity and depth at which this knee
- occurs are functions of the inherent thermohaline characteristics of the
'fx particular Polar Water mass. The combination of relativelv dilute WGCPW
<.
... and underlying Atlaantic Intermediate Water results in a knee with a o
. salinitv of 33.4 to 33.5, a: dewnths ranging tvpically from 50 m to 120
\.
[ - .. . L
i) m. As ABPW enters the NBB-!iS region through Lancaster Sound. for
-
3 . .
v instance it is subject to interleaving and mixing along isopvcnal
) surfaces. This comparatively undiluted inflow is characteristically
-,
}l
. more dense than the resident Polar Water of northern Baffin Bav, and
b
. - . .
?o consequently sinks. The resultant combination of comparatively saline
-
i
® ABPW and underlving Atlantic Intermediate Water produces a knee with
{: salinities between 33.5 and 33./, at depths of up to 250 m. A composite
N _
D : T/S curve illustrates the contrasting kneo <alinity ranges of WCOPW and
)
N
0. ABPW (Figure 3.7).
oy
;f A veduction in signiticant 1nsolarion 1o e vear - ontace laver . or
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’fa‘ gradient and a bend, rather than a sharply defined knee, in the curve.
B )
i .
o This condition is apparent north of Smith Sound due to the widespread
*
o, occurrence of pack ice, with an associated increase in albedo
N
b, (Figure 3.8
-k,:‘s
“ . :
?J, The thermohaline characteristics of the two Polar Water masses can
vy
oy be used to roughly estimate the horizontal extent o' their flouv
’
~
", . ; . . o .
T,: regimes. A plan view of Polar Water distributions indicates that inflow
-,
Y
7 .
> of WGCPW represents the minority fraction of Polar Water in th« NBB-NS
:, region (Figure 3.9). WGCPW is prevalent along th. West Coast of
)
o Greenland northward to Cape York, where a bifurcation in flow «(reates
l“-d
;\:- one filament which extends to Smith Sound and another which projects
._ westward into Jones Sound. Northward passage ot WGCPW into Kane Basin
,:(:
\\:. was not obs:rved.
.\i' ABPW is present from the Lincoln Sea to the southern end of Kane
$7
H
:. Basin, and throughout the central and western portions of Baffin Bay.
. )
Hel
;;: The presence of ABPW at stations north of 77°N not onlv sugges's that 1
o
4, -
J-

Smith Sound is a mixing site for the two Polar Water masses, but is

9.

indicative of southward passage of ABPW from Nares Strait into northern

o

e
R s, Baffin Bay. Inflow of ABPW is restricted to the southernmost portion of
i 'Jp,
b ; . . ,

<n Jones Sound, implying significant mixing there as well Inflow of ABPW

I r

o to the region is greatest in Lancaster Sound., as indicated hv the

LR

ﬂa consistently high knee salinities encountered there A filam-nt of

v ABPW can be seen in the southwestern corner of Melville Bav at Stations
My

9. 132 and 133, which marks the lo ation of a frontal bomnmdary besween an

A
’ . . . . A
*H ey extreme northeastern branch of the Batfin ‘urent . poc ibly devived from
')
N
o Lancaster Sound outflow. and s  oredbeood 1o e gt ot che W I
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extensive interleaving which would he expected in regions such as thes:,
where ABPW ind WGCPW coexist, is evident in composite temperature
profiles (Figure 3.10).

The presence of subsurface temperature extremes in the Polar Water
laver is associated with the contrasting effects of convective overturn
in winter and insolation in summer. Convective overturn during ice
formation creates a cold, isohaline layer which can project to a depth
of greater than 50 m locallv. Lateral infusion of brine produced during
the freezing of shelf waters can increase the vertical extent of this
isohaline laver to over 100 m. Subsequent surface heating and meltwater
mixture produces significant enthalpy increases in the shallow
pvcnocline laver only, isolating an underlying cold lens at depths
tvpicallv between 50 m and 150 m.

South of Smith Sound cold lenses are sharply defined by strong
temperature gradients. This is typically the case in Melville Bay.
where cold, isohaline water is sandwiched between an overlying laver of
BBSW and an underlying laver of Atlantic Intermediate Water
(Figure 3.11)}.

The absence of cold lenses north of Smith Sound is indicative of
the inherentlv persistent ice cover. The associated high albedo
results in steadily decreasing tempevatures towards the surface and,
consequently, no subsurface cold lenses are apparent north of
Station 72, located at approximatelv 79.2°N (Figure 3.12).

Southward decreases in ice concentration result in the formation of
diffuse cold lenses in northern Smith Sound. A T:S§ transect taken at

the sovuthern entrance to Fane Basiv v coeal o e vremnant o of g subsartace

43




i

Ty
" e
-
* .

"(gg] uojieas) Aeg 8
SITIATSW pue ‘(g uojieis) puno§ sauof ‘(zv uojieis) RS

punog yijwg uy MJdoom pue mddv jo .w:Tzc.uﬁ,_mu:w X
o

ayy Jupaenisngyyy ayijoad aanjeiadwal aiyrsodwos y 01 ¢ 2andyg A

(3) 3dN1Y3dW3L oy
14 S°1 0°1 50 00 s'0-  0'1-  §1- g2 0y
| i L i i 0°009 .,.m

LA ¢

TR Yy

b

T
o+

a o "
L)
<~
_AE.A

Py

-0°00S

.

L
N

0 00¥

H1d430
4
. ‘;\:::(\.

W

0°00¢

3 w/w /y
el -4 . 07002
50 D w

(W]
ARG

_.‘:‘l “,

A

310 - o /
GNOTIVIS I

-

- 000l

-
%

Ww TN

-«
Lo

— 0'0

-.'i\

\“"!'\l' «
P
m

v)

.y
SN

ey
% WY,

N




Aeg I[TIN[IKW SSo.oe paemyriol 3o9survily §/1 v 11§ ondyy

(wx) 3ONVLSIO

Ovi (o4} 00l 08 09 0
A T TTY T Tt TTTT oy T T T T e/ --— - y—— 000!
M. O LPeb90 M. L PSS90
N.025.52 N6 6L.b2
1008
1009
(@] vy
m 3
©
-
X
ol 3 Y
- S
400w -
. l‘
s
5
Y X+ '
s ..ru.
w0 5
o
- \\\ -IR
co” ~ 1002 >

PR
soiiineee D28
0

_nl‘l_o
Lt CON wisS S

ok JEIN Y v F r SN aAAN S T A s .. - R - -
v, RIS SRS | A e e o ST OPESESS @FN T O @A LA




A \J\
%
e
[» p ;
oL
~ed
“SUS PloO Advliusyns v Jo A
- AOUISHE 3] 910N ujseqg aupry] SSo.108 Jdasurl) G/ VvV AREY a3y ¢.
_ R
N
('
b %, Ad
v \.--
N
& 53
s (wx) 3INVISIO g
021 00! o8 09 ov 02 [0} \...s
I S R oo ST T Ty T T sy - = 0001 Ky
M S 6£.890 M.1$€.2:0 R
. NS 11.62 NS 9¢.61 o
’?
LY
.-.---.
! a7
{oos ...“...
- .-4
s =
{009 ~
o
m
2l A
3
I
3
Q0%
Eﬁ:;
_y:_
. ,:_:__:C::_:::.C::EZ:::
k EEEE Y LR o e hhb
—— ...lv I AL hb 00¢
TOV- T e Tilowl T su w._
—_— N e ST
B AR B L . L0 f
OfC-—... . T I v o
onc T —— e e I
R T IS T 0
3S L4 9 Sy L2 UN Vi5 MmN

‘-,‘-"-J'-J-
WP BT WgW,]

IR
g

g

-

w

S A RBES S AR PR AR \S AT A AR, ST AR - \,L an.w anfl T tate e
L W R P R O R R T @ g @ I @ RASEAR @ by
o - N A e

- - - ‘o Eaatr -~ A Car et ay —a -



"-'

Shhnid " i

&
.

‘l‘—

Sy LA N

R Pl
[ O UR oy BN

L)

4

)

-
v

et e
DA SR VL P

TR LR
@ry>rr il

¥

AN R A A A A" TR

cold lens on the western side, and alternating warm and cold lavers to
the east (Figure 3.13).

Pronounced warm lense: are located on the southern side of
Lancaster Sound. and along both boundaries of Jones Sound. Conditions
in Jones Sound. with ambient air temperatures averaging -4°C and the
presence of new ice observed along both shores. indicate that the local
occurrence of subsurface lenses of BBSW is due to the initiation of
convective overturn (Figure 3.14). The warm lens in southern Lancaste:
Seind is a sharply defined feature located at a depth of approximatelw
100 m (Figure 3.15). The depth of this warm lens indicates that it is
pr bably an outflow jet of ABPW which dives subsurface upon
encountering a cooler, but comparatively less saline layer of resident
Polar Water. This effect further illustrates the point that ABPW is
more saline than the residual Polar Water mixture of northern Baffin
Bav. and is subject to mixing along isopvcnals at deeper depths.

The major source of meltwater in the NBB-NS region is the Humboldt
Glacier. located on the eastern side of Kane Basin. All stations in
Kane Basin south of approximately 79°56'N (Station 84) have low surface
salinities, typicallv approaching 31.0, and exhibit significant stair-
stepped lavering in vertical density structure (Figure 3.16). This not
onlv illustrates the magnitude of glacial influence in the region. but
suggests that extensive recirculation of near-surface waters mav occur
in Kane Basin. A significant local source of meltwater is apparent in
te northwest corner of Robeson Channel. where surface salini'ies were
generallyv below 30.11 the lowest encounteved in the MNBR-NS vesion
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Figure 3.13 A T/S transect across the southern entrance to Kane
Basin Note the rtemnant ot a cold lens at Station
55, and alternating warm and cold lavers to the
east.
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D ATLANTIC TITERMEDIATE WATER

The two Atlantic Intermediate Water tractions found in the NBE 'S

region exhibit ivherently ditferent salinity characteristics anl

exclusive horizontal distributions. Nares Strait Atlantic Intevmediate

(NSA is derived from the Atlantic Laver of the Arctic Sasin

wWater

and flows southward from the Lincoln Sea into Narves Strait.  West

treenland vurrent Atlantic Intermediate Water (WGCAIW)Y flows norrthward

“hrongh eastertr Davis Strait. advected by the WGO into northern Baffin

Bav

WOCATW is warmer but less saline than NSATIW Following the same

line of reasoning which requires subdivision of the Polar Water

fractions. WECAIW is subject to more significant dilution effects hyv

shelf and surface-driven processes compared to direct inflow from the

arctic Basin. Since CTD cast depths were not deep enough to reach the

hottom of the WGCAIW laver. the upper limit in salinitv presented in

Tahle 1 for this wat.1r mass should be considered an estimate. The

maximum salinitv encountered in WGCAIW was 34.44, at a depth of 560 m

“Srarion 124). wheveas a maximum salinity of 35.24 was recorded for

NSATW at a depth of 481 m (station 97). The comparativelv lower

cemperatures in NSAIW are a reflection of the general north-south

emperature gradient in the region. The highest Atlantic Laver

cemperature recorded in NSAIW was 0.20°C at a depth ot /15 m

irarinn dhy . in contrast with a maxzimum temperatire of 1 o81°C0 pecorded

a o depth of gan om o (Station 133 tor Wooratry
The horizontal distpribarions of ISl aped WJooa T o the NEE S
tecder e priwar i b rmined Lo e et ] I R RR |
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Figure 3.18 The horizontal distvibution of NSAIW and WGCAIW
in the NBB-NS region.
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- Southward passage of NSAIW into Kane Basin is prevented by shoaling of
\
' the sea floor in southern Kennedv Channel (Figure 3.19). Althouph the
I
3 ma jor portion of WGCAIW flow is tuwrned cvelonically to the southwest he
] the coastlines of Melville Bay and Cape York, northward transport of the
Y

\ remainder is abruptlv terminated bv a shallow bank 200 m) located in
%)
I the vicinity of the Carev Islands. Northward flow of WGCAIW could
&«
S
3 continue to follow a deep naritow chinnel around thic bonk (Fipure 3.0
K.
.

: but was not observed to do so. Once turned to the southwest, the flow
‘N of WGCAIW throughout northern Baffin Bav is not restricted bv
A
N bathvmetry. It should be noted tha- even with the hvpothetical
%)

N . . . .

occurrence of westward flow from Cave York. penetration into Jones Sound

o bv WGCAIW would be impossible becausie of shallow banks located east of
YR

- the mouth. The flow into Lancaster Sound, however, is not similarly
K restricted. It is appavent that southeastern Lancaster Sound is a site
i

‘{ of significant interleaving of dissimilar water masses., as the

‘

]

; associated T/S cross section reveals the presence of BBSW, ABPW., and

»

,f WGCAIW in profile (refer to Figure '.15). It is presumcd that WGCAIW is
v . 5 .
‘W resent at stations 7. 8., 9. 10 and 1l. although the shillow CTD casts
' P £

o
. at these stations pre~ludes absolute confirmation.
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LAY

- baroclinic toreing «Muaench. 197100 hathueme vy enervr o consicderahle

L84,
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the perimeter ot a shallow bank, supgesting a possible topographic
influence. Westward intrusions of surface flow ave apparent at the
northern sides of the entrances to both Lancaster and ITones Sounds.
Although net flow i« eastward in both cases. the closer spacing of
contours in Lancaster Sound is associated with much greater barvoclinic
velocities A significart portion of the ABPW outflow from Jones Sonnd
into northern Baffin Bav Is ~urned anticvelonically around the southeast
shore of Devon Islaund., augmenting the westward intrusion of flow into
lLancaster Sound.

The sharp bending of contours in Smith Sound marks the boundary
between 'wo intersecting circulation regimes. A northward flowing

branch ot the WGC turns cvclonicallyv., coincident with the formation of

an ice-edge jet at the southern limit of the ice pack. The 0.36 dvnamic

meter contour is representative of the impingement of the relatively
warm surface currvent on the ice pack, with a resultant densitv gradient
normil to the ice edge. The deflection of southward flow from Nares
Strait at the front is also apparent. but determination of associated
civcrillation patterns within Kane Basin is not possible at this
resolution. The me.ndering 0.28 dvnamic meter contour in Kane Basin.

however, is suggestive of the potential for gvre formation in this

region.

C. THE WEST GREENLAND CURRENT

Civculation of the WGO in novthern Baffin Rav appears to tw

poverned by conservation of potential —orricire Anootvpreal eas e
bonndary cmrvent o the Wooomas heoo e b R L R
barotropic componen of flow Conrse ot bor ot et et bl o tie s
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A requives harotvopic tlow to rollow Tinew or constant f W o wheve f 0
B
1 . . . o
. Coriolis parameter. and H is the w.ter depth Stnce mesoscale
. <
&y variations in the Coviolis parviameter can be considered neplipgible, flow
l"J
Y will tend to parallel isobaths
‘ot
1 :.l
R Justification of the preceeding assumptions in the case of the Wi
'
"ﬁ. is provided by a number of obs.rvations Although the ditvetion of mean
1y
N . e .
iy flow in the WGC is closelv corvelated with the 500 m isobath,
AN
o
Rt recurvature to the west and south js noted .t three primarv locarions
A“a. 3 3 . - -
K.~ In Melville Bav the flow is obuerved to recurve southeastward a ound a
N
e
. shallow baunk. A cross section of baroclinic velocities in this area not
"
&Y . . . L g s .
L onlv indicates significant deep flow around the pevipherv of the bauk.
s but confirms the filamental nature af the return current (Fipure a4 3§,
.
N The two distinct flow regimes on the southwest side of the bank are, as
-'-_~
f - stated in Chapter 3. of different origins. Flow between Statiors 1.8 J
- -~ : PN . . .
1 and 129 is a recurved branch of the WeO which, assaming conservation of
8
b o . - . . b
o relative worticity, probably forms a cvelonic gvre aromd the povimeter
2
. .
&Y of the bank. Southwest of an anparent frontal boundary, howewve: | a

S

second axis of flew exists which has beer shown to principally  ontain

-
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Shoaling of the bottor in the vicinity of the Carev Island . canses

®-

romplere recurvature of WotAlwW The haveslinice veloci vy cross wection

A

from Jones Sound westward to Thule veveals that *he core of the WOO j«
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at 375 m, indicates that southward flow for this station paiv is Timited
to the upper 55 m of the water column. Novthward flow berween
Stations 22 and 23, calculated with a level of no motion at Ot m,
decreased from 0.12 mss at the surface to less than 003 m- s a4 depth
of 115 m. The implication of this result is that most barocli-icitw ip
the WGC is contined to the surface and near-surface lavers Buaorropi
currents are presumed to domini te below this level. he e, the
postulated influence of topographic steering on the WG -

The remaining branch of the WGC is recurved at the norvthern extent
of the 500 m isobath in Smith Sound. A meridional velocity c¢ross

section through the region further substantiates the classification of

the bavoclinic component of this flow as an ice edge jet (Figure 4 5)
Baroclinic velocities between Stations 41 and 44, calculated with a
level of no motion at 400 m. decreased from 0.44 m/s at the surtace to
approximatelv 0.04 m/s at 200 m. Below 200 m. predominantlv barotropic
flow is topographicallv steered to the west and south bv rapid shoaling

of the hottom.

). CIRCULATION IN NARES STRAIT

The macroscale circulation regime in Nares Strait generates net
outhward flow of ABPW into Smith Sound. Mesoscale civculation patterns
in the region, however, can not be characterized so succinctly.

Inflow from the Lincoln Sea proceed: southward thvough Roheson and

Fenredv Channels A baroclinic velocity cross section through o
southern part of Kennedv Channel indicate« the relaticelw anitorm natwre
of this flow (Fioare o o0 Recallin 1o [ EE L S I AR
terminated by papid shoaling just nov b of Chiis Sransect rreter to

b5
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N Figure 3.19), it is probable that the relativelv high current speeds in
P this area are associated with constrictionr of tlow. Furthermore,
', . . : ) ; .
» shoaling is more extreme on the eastern side of the channel resulting in
o correspondingly higher speeds In contrast. the high bavoclinic cirvert
speed in Robeson Channel is probably due to the influence of the
\
" previously described local concentration of meltwater.
'
o Civculation in Kane Basin is characterized by southward flow in two
)
o peripheral branches surrounding a central cvelonic pyvre. Circulation
;
o) along the eastern side of Kane Basin is topographicallv steerved
o
L
» .
‘) southward along the inherently shallow seabed. Augmented bv runoff from
0
2 the Humboldt Glacier., this eastern branch continues southwestward and
: merges with recurved WGC wiater in Smith Sound. The flow of the western
p
R :
- branch is also bathvmetricallv influenced. A portion or this branch
._:/’ : ;
A',) . : . .
turns cvclonically along the 200 m isobath forming a gvre, while the
- remainder continues southward, merging with hoth the western branch and
p-.-
1 the recurved WGC. The southern portion of the gvre is quite apparent in
N
.
B, a baroclini» velocitv cross section through Kane Basin (Figure 4. 7).
o~ In contrast to its effect on the WGO. topographic steeving does not
.
-
g appear to plav as strong a vole in Kane Basit. This implies that
Lot i
’l
. circulation within Kane Basin has a significant baroclinic component of
s flow. This presumption is most apparent between Stations 74 and 76, at
,
N
- the northern edge of the gvre. Baroclinic velociries hetween these
¥ 2
-
o stations reverse from sourhward at the sarface . to narthward below oo on
7 depth. This vertical shear in velcociticos T indicarice ot barnclinic
-.
- instabilitv, which might seveoe 5o o porvr il ey, ot benedt ey
-
- the Fane Basin Gyye or swaller e
Nl
e
-
A
l-d
., 535}
27
-“
X
~l
o
o
- et .- s
'- Tt T s
(e DN PN AT
O » T W W RO, W V. W




021

k

L N
\MN}\J_.

TALAN Wisvg suvy Iy Jo :Cwu.:u; iahinos
LAY :..*:C_;u Holloas Ssaly >~wu.v~.v> bd:m—u::\;_ v Lo .w_—.,,uﬁm

T NN
o

Ce TR
T
i)

LT RN
S

(mx) 3IoNVISIg

0014 09 o] oy oz o]
-y T ) ) — B R S ,rli"lnd

o

" -

W

~ T
8 5.0 490
LE X 29N T

-

I

LE FIEYE]
LY TN ¥

L)

\I'\)',\ i Yia

Il
o
°
o~
69
‘J'\‘..r'

A
(W) Hid3Q
AN
AN
. e

~

\
i
©
e
L.

~
A
\
\
..
..
R

<
.

F 19

n " ON vi§ MN )
1

S . AL N 4,
AR \nuv-vvu \\1\ U DA A .I-lf.v-. I -MW.‘_.-nv-iuu-.a-». E3%54%y - A,
Ay e LA ' Jl’ -v-w .1-. .-\-_- 3 flu -d-rM.- l- . - SR H.- f.f fﬁfhn- "ﬂ- -ph- \I\\h\- .“anﬂ\f f-!

.,



E 4
¥

P

l'

5 A
BG4

L

NG,
e

2

o
‘-}':

L4

3

-
"
X
s e

41"2"

;-
LA L

a

a g & B
Sttt
-

"l‘.‘l.l
TS
LW LY

P 2EEL LA
JJ"J.' J*}..:.i-

LaNgy
N S\'..‘q'.

-
&

E. THE BAFFIN CURRENT

The Baffin Currvent originates in Smit 1 Soond. where southwetwand
flov from Nares Strait merges with recurved WU water During it
pro ression southward. the Baf'in Curvent is anpmented by ontt law:
fro Jones and Lancaster Sound . and by Wo water whicl has vecrnroed
sou h of Smith Sound.

As a tvpi-al western boundirv curvent. the Batfin cuarrent can be
considered highlv baroclinic A b oroclinic velocitw protile between
Stations 28 and 29, assuming a level of no motion at 400 m. indicartes
surtace flow of 0.19 mssec steadilwv decreasing to 0.5 m/sec at 00 m
Unl ke the WGC, significant baroclinicity in the Baffin Current is not
contined to the upper 100 m.

Interaction between the Coriolis force and bathvmetryy provides the
priirarv steering influence for the Baffin Current. Throughout the
cou: se ot the current., the tendency for westward turnity by the coriolis
forie is offset by the presence of a lateral boundarsw At the norrhern
entiance to Jones and Lancaster Sounds. however, the removal of this
restriction permits the observed we tward intrusion of flow [t <shonld
be emphasized. howewver, that the bavotropic component ot flow dssosiared
with the Fatfin current is not negligible An examination of the
baroclinic velocity cross section from Tone Sound eastward o Thale

provides three ~lear cases of topographic < veving cin conjunerior with

Figure . 3. refer to Figaure o+ o Alehonels o b b, o oL Bgdboa
Cuarrent trrns westward into foreo sagnd e e et I
procecds sont hward herwe o 5oy ' R . S
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bathvmetrv. Also apparent ave two cvcelonic pvres; one around Cobury

Island. and the other fn the vicinity of a 150 m bank.

Eastward outflow from the south side of Jones Sonnd subsequent -
merges with the main core of the Batfin Civvent along the coast of Devon
Island. [n contrast to the narrow tilar-nt enteving Jones Soand., the
ma jor branch of the Baffin Current forms the westward intrusion of fl-w

into Lancaster Sound.

F. CIRCULATION IN THE SOUNDS
1. Aty ion
Smith. Jones and Lancaster Sounds are all corsidered regions of
net volume inflow to northern Baffin Bay. An examination of the
circulation characteristics associated with each sound will provide a
basis for their comparison.
2. Smith Sound
Within Smith Sound e:ists a frontal boundary separating
southward flowing ABPW and recurved WGC water. Clrculation in this
region. therefore. is determined primarily bv baroclinic influences. A
baroclinic velocity cross section through Smith Sonund reveals a weak
core between Stations 41 and 4° which is actuallv the remaining branch
of the northward flowing WGC (Figure 4.8). cComplete recurvature of this
branch occurs just north of Station 41. Southward flow between Stations

42 and 43 is a filament of ABPW from the cast branch of civenlation in

Kane Basin. The interaction between veoonved BRSW and sonthwestward

flowing ABPW is marked bv the presence ot o distin t ice Tide o

the impingement of warm BRSW on th & . : N o ey

gradient which locally elevates tho doraomis heovo e procctding a0 wt oy
il
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baroclinic influence on flow divection. The resultant formation of an
ice edge jet between Stations 40 and 41 marks the origin of the Batfin
Current. Augmentation of the Baffin Current by ABPW occurs beneath the
shillow pvecnocline, which is associated with relatively warm, buovant
BBsW from the WGC (refer to Figure 3.4).

Significant batlvmetric influence in Smith Sound is limited to
positioning of the frontal boundary between the two circulation regimes.
Al-hough topographic steering along the 500 m isobath clearly influences
re urvature of the WGC. baroclinic effects are responsible for the
formation of the Baffin Current. Smith Sound. therefore. is the site
where a significantly barotropic civculation regime is transformed into
a predominantlyv baroclinic one.

3. Jones Sound

The combined influence of bathvmetry and the Coriolis force on
the circulation structure of Jones Sound is most apparent in a cross
section of baroclinic velocities (Figure 4.9). A filament of the Baffin
Current is deflected westward by the Coriolis force around the
southeast corner of Ellesmere Island and into Jones Sound north of
Station 15. Eastward outflow of ABPW is restricted to the south of
Station 15, continuing along the east coast of Devon Island. The
presence of a cyclonic gvre around Coburg Island (refer to Figure 4.1)
links the flow paths accordingly.

“hile eastward outflow from Jones Sound tends to follow the

SO0 m isobath, the westward intrusion is driven by the toriolis fovre:

over a 200 m bank, againit prevailing westerls windey The havoclini
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NG velocity cross section illustrates the relativelv shallow nature of thi-
\'.\‘.
A westward intrusion of flow.
N :
N
‘::}: Circulation in Lancaster Sound i+ characterized by a westware
e
) intrusion of flow between Stations 6 and f . and an eastward retwurn
MY current of greater magnitude between Stat ors 1 and 6 (Fignre 4. 10
-
e
W : : : . .
ks The increase in velocities towards the sides of the sound indicates th
AR
AN
r effect of the Coriolis force on the inflow .nd outflow branches.
4

Baroclinic velocities in the outflow branch are the highest in the
entire NBB-NS region. reaching a maximum of 0.78 m/sec at the surface

between Stations 2 and 3 (assuming a level of no motion at 340 m).

Although their thermohaline and bathvmetric features ave

inherentlvy different, the general characteristics of circulation in

ot Smith. Jones and Lancaster Sounds are remarkably similar. 1In each case,
=
A . . . . . .
"ﬁi geostrophically ba anced inflow is entrained, in estuarine fashion., byv
:-j:.n
bl geostrophicallv ba'anced outflow. A quasi-vertical frontal feature
s c e . :
AN initiallyv separates the two current regimes., the slope of which is
-.';-\'
T . . : .
oot determined by their respective velocity structures (refer, for example,
o :
x’.-_
- to Figure 4.10). The dvnamic aspec's of the ensuing model. hereinafter
®
ol 0 . . : ~ . I3 c o .
;*nj referred to as Geostrophic Estuarine Circulation (GEC), are derived
u':'.r
) -{ from the work of Leblond (1980)  Var{fations in the observed character
»
Jod
of the circulation in each sound can be explained in terms of how
L B
o iti ToN : B
o closelv local conditions approximate FC
! Jﬁ
‘ " .
AN In proposing a two laver " oastal curent Model™ to enplain the
SN
1'\'
Hﬁv obhserved civenlation in some el oo el g hiipelago,
&
.
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Leblond showed that two geostrophically balanced, upper-layer flows

» E would coexist without interference in a channel whose width is

N
ﬁqz

sufficiently large compared to the local internal Rossbv radius of

NANAS

deformation. Restriction of flow to the upper laver creates a sloped

interfacial surface, resulting in a chara-teristically wedge-shaped

o’

P
A velocity structure (Figure 4.11)
e :
2N
NAD 4
s
i ’-“'-l
L4
LY
S5 Y
..-‘\'
SRS
n?:;"
o
N
LS
SYRN
! ‘.’-\ o . :
r\L\ Figure «.11 A schematic cross section of coastal upper
e laver flow (out of the page) of speed u,
W driven bv a sea surface slope n(.) The
( lower laver of density po is at 1est because
D the interface h(v) slopes in a direction
s opposite to that of the free surface. Y,

is the distance from the coast at which the
_ thickness of the upper laver vanishes (from
- Leblond. 1980, p. 191).

s
R

« A
YRR R
B
.

s

19,

AN Additionally. Leblond found thut purelv geostrophic flow can turn
A

:f{ corners without separating from a coast if the radius of curvature ot
e

o7, .

e the coast is large enough that the Rossbv number remains well below
. )
o unity As a conservative estimate of tlie width of a coastal peostroph'c
>3

’ - ar : : CRd . .
:-b. current. T, is defined as T, = R/F: where R is the internal Rossbv
N f"
) 4 : : : : .
. radius of deformation and F is the internal Froude numbe If the wid'h
.‘- .
,in{ of a4 channel 1s shown to exceed ) 7 ). two geostiophically balanced
_.:_-

‘:«f uppetr-laver flows can theoretically ciict wvithour interference
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The

results of applving I blond ¢« equations to Smith. Tores nd
Lancaster Sounds are listed in Table 1. with the requisite
calculations presented in the sppendis Since the computed Fosshoy
number (R ) at the mouths of all three sound, is less thar O 1.
nonlinear etfects mav be locally neglected It should be noted that
values of Y are onlv caleculated for the curtlow vegimes vhich, in each
sound, were the widest of the ~wo curvents

Conditions in Lavcaster Seund. with a mitcimun chonnel width o[
of 80 km. and a geostrophic crurrent width (Y, of 20 3% Fo . most closelv
approximate CEC. Referring to the baroclinic velocity cress section
through Lancaster Sound (Figure s .10 it clear that altheugh the
calenlated walue ot Y is considered an undevestimation of rhe widrh of
the outflow current. interferenrce botween the two clrculation repgimes

appears negligible The obvious wedge-shaped current structure implies

that tlow is primarily restricted to the upper 15 m. The broadening of

the onttlow wedge bevond the calculated value of © [, however. indicates ]
that this restiicticen is not complete. Indeed. tle likelihood of
signiticant flow occurring below 750 m depth is confirmed by the
presence of Wi AIW it western lancaster Sound

Fntraitnment of intlow results in cvelonic cross-channel flow
The connection of intlow and oatflow curients in Lancaster Sound b
croass-chantel flow was most ve ently investiyvated by Fissel et al
1R whe foand the wegrwand emren s ar b b bow It rnsian oty ong b
mat ved by o dyvnamre bedyic o areanaites b, e ] Thie o

4
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convergence of inflow and outflow regimes creates a local elevation in
the sea surface. g.nerating geostrophic fiow normal to the vesultant
pressure gradient With sufficient eastw.rd outflow and the presence of
lateral boundaries, characteristic cvelon.¢ flow will result.  Since
convergence implies downwelling. a reduction in vertical density
gradients mav occur along this frontal fe.ture, therebv enhancing the
tendency tor mixing.

In Lancaster Sound the eastward cutflow branch of the
circulation illustrates the increase in volume and velocitv tvpically
associated with estuarine entrainment. In GEC, however, the entrainment
is geostrophically., not turbulently, driven.

The application of GEC to Smith Sound is influenced bv hoth
feometric constraints and significant horizontal densityv gradients.
Referving to Table II, it is apparent that L is approximately equal to
2 (Y4, Since this is considered a minimum requirement, the potential
for interference between the inflow and ontflow regimes mav be
significant. This interference may manifest itself in the form of
baroclinic instabilitv and associated edd- genera...n.

Within Smith Sound the inflow and outflow regimes are not
aporeciably influenced by coastal boundaries. The absence of a
characteristically wedge-shaped velocity structure in this region is
probably a conscjuence of this fact. Geostrophy does influence the
direction of the inflow and outflow branches. however. resulting in
cyclonic cross-channel flow As ctated previously, recurvature of the
remaining branch of the WGC ocovrs an the rerult of an exryeme

horizontal deunsity pradient at che 0. e oy Fotraimment o WOC
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inflow in Smirh Sound. while not divecsly arrviteated o converdence . s
nonetheless peostrophically balanced
The limitations in applving ¢FC te Tones Sowsl are

-

considerable. Since L - 2(Y,) Tones Sonrd is wide enough to
accommodate only cne geostrophi ~ally-batanced current Reterving te the
33.0 isohaline in Figure 3 l4. "he formation of densi v and. bence.
baroclinic velocity wedges is evident ot rhe sides of the ~hannel;
however. a complete blurring of the structire ocenrs between Stations 14
and i5. Since these current brinches can not coexis: in JTones Sound, it
mav be possible for cemplete iutrnsion of the westward inflow branch to
occur at times. resulting in reversal «f the net eas:ward flow in Jones
Sound. Historical evidence of this orcurrence has he~sn cited by Muench
(1971) (Figure 4.13) In 1962, for example. the flow is entively
westward. while in 1963 both inflow and cutflow are present
simultaneously but with the outflow dominant.

The macroscale circulation patrern in rhe NEB-NS vegion can
also be envisioned as conforming to the CFE model Viewed
simplisticallv. the infloving waters of the WGC ave geostrophically
entrained at various latitudes, subsequently resultivg in the augmented
outflow which characterizes the Baftin Current The predictably

cycloniec circulation partern associsted wirh GEC is identifiable as a

ma jor macroscale fearture o the repjion.

. BARNDCLINIC TRANSPOPTS
Baroclinic tvanspevts dericod oo avicns avbitone veference
levels should be need  onlo ol 0 0 a0 oot ontjraite

of volume This i5 especially e an et hovndin s cuent repions,

YAl S Sl aall Sl Zat el Sah Ba B Sad Sad Sl Bl il Mb and BA &b 8 08 b s 2 a s A g




NN N
"\*\"‘p '

S e SN
>

e

5

o

(76 d ‘1761 ‘youanp woij) ‘sieek Snojlea 10J punog sauor
:A\m;:;c 006 ©1 SATIP[a1 adejIns a4l jo Aydeidodoy ojumeusq {1y omdyy

i)

e

A LM

DA N SR
0

PN

A
~ 9

L]
L

83
.'." ~-“ q.‘ '-" l.‘ u-' -.- - \- .-. -
S TR

.
“u

Tl
B L »

.}\

TN
R

e
L

0 ',r.'l‘: J.n,_‘_

PR WL
fade

™,

o

-
o’

by SMNRRRS . "ARAAALL - DX R dd, . XXEEATE VAR . ARRRRRAS ) PRREX X Ay

v



5on
{L“(’lk{k‘

TEAL
! "L 'L"l.

like the WGC., where the baroclinicity is known to be weak. The main

purpose of this section, therefore. will be to qualitatively compare the
baroclinic components of flow for major currents in the NBB-NS repion
Unless otherwise specified, subsequent ref.rences to transports are
summarized in plan view and assumed to be baroclinic in natare

(Figure 4.14).

The WGC achieves ma :imum transport in Melwville Ba . prior to its
previously described pa:tern of recairvature in norther: Batfin Bav and
Smith Sound. Transport of the WGC consequentlv decreases from a
maximum of 0.7 Sv in Melville Bav. to 0.4 Sv in the vicinity of the
Carey Islands, and 0.2 Sv in Smith Sound. The major portion of
baroclinic transport is concentrated at the extreme inshore stations in
Melville Bay. further substantiating the a:ssumption that glacial runoft
is primarily responsible for this componen' of WGC flow.

The Baffin Current is partiallv derivied from the net southward flov
of Nares Strait. Southward transport increases from 0.2 Sv in Robeson
Chainel to 0.7 Sv at the mouth of Kennedv Channel. This increase mav be
attiibuted to admixture of meltwater runoff., in particular ftrom
Petcermann’s Glacier, located on the eastern shore of Robeson Channel.
Southward transport through Kane Basin is primarily associated with the
western circulation branch (0.3 Sv), while southward transport in the
eas'ern circulation branch is limited (0.1 Sv). The swirl transport
witliin the Kane Basin Gvre is approximately O 4 5o ivdicative ot its

effect in recirculating meltwater from the Humboldt clacier throuphout

the basin. The cvclonic ice-edge jet in sSmith Sound. with associated
travsport of 0.5 Sv. can be considerod o b onr Lo Trom Naves Stralt
84
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N V. THE NRTH WATER I'ROCESS
;: The North Water Process is characterized bv complex interaction
‘:: betwe en thermohaline and dvnami - effects. The net result of this
35? process is the demarcation of an 80.000 km® arctic region which is
;;: conspicuocusly devoid of first year ice from the on et of winter until

'
‘:} March (Steften and Ohmura 1985). Following a bricf examination of scme
S} relevant factors. a quali-ative description of the process wil!l be
:u presented.
Aﬂ In southern Baffin Bav freezing is generally accompanied bv the

"

gﬁ formation of an isothermal isochaline near-surface layer appro :imately 75
:; m to 100 m in depth (Garrison et al., 1976). Sea-ice production in the

NBB-NS region is similarlyv associated with the formation of s:ch deep

o

e
P e Y

mixed lavers (Muench, 1971). In the weakly stratified waters of Nares

Strait, convective processes are sufficient to form this homogenous

W< laver. The region south of Smith Sound. however. is characte-ized hy
%]
9 . .

s the ubiquitous occurrence of BBSW. The resultant presence of such a

«

"
: strong pycnocline would ordinarily limit the depth of convective mixing
N )

y associated with surface freezing to much less than 75 m. A combination
‘l

- of turbulent and convective processes must be required, therefore. to
+ overcome the inherent stahility of this buoyant layer and proiuce the
Ay

e

iy observed deep mixed layers.

)

Y Given a particular set of climatic conditions, the enthalpy present
3

0
- in the near-surface laver determines the length of time required to
,: initiate surface freezing. Assuming heat flux onl. thiough the surtace
é and neglecting thermal advection. it is prssible o eraluate this tim

G
5 delay as a function of heat budget pooram e St ben and Olumoan

} .
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'$: (1985) computed monthly and annual heat budgets for the North Water |
fh region and concluded, assuming a reference temperature of -1.8°C, that
‘:ﬁ ‘ the amount of oceanic heat flux required to prevent ic.. formation is

X

i; 337.4 MIM"2 in October and 445.1 MJM 2 in November. [he enthalpy

\ contained in the 75-m deep, near-surface layer was cal-ulated.

::; referenced to -1.8°C, for all FRANKLIN 86 stations (Fi:ure 5.1). For 2?2
B,

:E& stations located southward of Smith Sound, between 76° N and 78° N, the
f? enthalpy in September averaged 475 MJ. Applving the aforementioned heat
:::: budget at the onset of winter (October), implies that surface freezing
SE would be delayed by approximately five weeks in this region. In

Co -

':: contrast, the average enthalpy contained in the ice-covered, near-

;i; surface layer north of 78°N (Nares Strait) was 120 MJ.

i; The presence of mechanical ice removal effects such as divergent
{m: currents and winds will cause the rate of sea-ice production to greatlv
‘;j: exceed the rate of sea ice accumulation for a given area. This

;E: phenomena is graphicslly illustrated in the vicinl~y of the Kane Basi:
/j;. Gyre where cyclonic and, hence, divergent circulation results in an aea
::j of reduced ice concentration. Ice concentrations within the gyre were
:.; typically 3/10 or less, compared with surrounding concentrations of

;_: greater than 5/10. The cyclonic macroscale circulation pattern

’ characteristic of northern Baffin Bay can be expected to provide a

55 similar mitigating influence on the accumulation of sea-ice. The

iﬁ potential influence of persistent northerly winds on the reduction of
-_\:':': sea-ice concentiation in northern Baffin Bay has heen discu:sed by

, Muench (1971) and Dunbar (1973)
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Figure 5.1 Enthalpy of the near surface (upper 75 m)
layer in the NBB-NS region (referenced to
- 1.8°C). |
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The North Water Process results from the combined influences of

near -surface laver enthalpvy and mechanical fce remcval. Since the North

Water is characterized iy reduced ice coverage, the dassociated decrease

in albedo results in the larges’ annual net radiation for anv region
within the Arctic Circle (Steff. n and Ohmura, 1985). Admixture of
glacial runoff creates a strong. shallow pvcnocline which effectively
confines insolation effects to the near-surface laver. Such inhevent
stratification would normally restrict convective overturn assoclated
with surface freezing to shallower depths. Mechanical ice removal.
however, results in a proportionally greater rate of brine formation
which increases the vertical extent of mixing. Complete

removal of the enthalpv in this near surface laver delays significant
sea-ice formation accordinglv. Divergent cvclonic currents and
northerly winds then serve to reduce sea-ice accumulation for the
remainder of winter. It is the self-perpetuating nature of the North

Water Process which accounts for its persistence.
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V1 LISUUSSION
The comprehensive nature ot this analvals mandates further
examination of certain relevant topics A combination of elaboraion

and postulation will be emploved in this vegard

The dilution of WGC water masses, relative to those which en‘er the
NBB-NS region through the Canadian Archipelago., is a consequence of rtle
more extensive shel!f-driven modification effects inherent in the
former. The assertion bv Muench (1971). that the majovr proportion of
Arctic Ocean Water is less dense than Baffin Bav Water, was derived frm
point data sources. under the assumption that there are signiticant
differences In wate: structures between the upper 250 m layers of the
Arctic Ocean and Batfin Bay. Muench further concludes that these water-
structure differences create a proportionally higher surface elevation
in the Arctic Ocean, resulting in net southward transport.

An examination of the dynamic topographv of the NBB-NS region
reveals an obvious lack of north-south dynamic height gradients (refer
to Figure 4.2). This is due to the fact that ABPW and WGCPW have a
common origin in the Arctic Basin, and are quite similar in thermohaline
character. What is apparent, however, is a distinct dynamic height
gradient normal to the coastline. Although the increase in dynamic
heights in the onshore direction can be viewed as a consequence of the
influence of the Coriolis force on the prevailing baroclinic flow. it
may alternately be consideved as a drivineg torce for the ohsevrved
circulation in the NBB-NS region

The ubiquitous glaciers in rhe 1ot 3 b vreitioant coastal

source of meltwater . an influer. i e S ta e g
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e geostrophicallv-balanced current with the shoreline on the vight. in ti

! direction of flow. The implication of this hvpothesis is that a

&

Ry

s

progressive winter weakening in near-surface currenits would be expecte:

P A

throughout the NBB-NS region. Lemon and Fissel (1982) provided evidenc:

A

e

P

of just such an occurrence in northwestern Baffin Bav.

]
1

‘1

On a larger scale, the concentration of glacial meltwater within

ey -

P4

the NBB-NS region results in near-surface layer dilution relative to the

Cw
PO

S 5%

saltier vaters of the North Atlantic. It is the difference in near-

R

3
= _a

surface water structure between these regions that may drive the net

P
N

southward baroclinic transport. A progressive winter decrease in this

L e
It'Af
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£

net soutlward transport would be expected accordingly.
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The physical oceanography of the northern Baffin Bav - Navee« Stra t
region has been investigated using a dense network of CTD stations

occupied by the CCGS SIR JOHN FRANKLIN in September 1986.

ma jor conclusions can be drawn:

source of WGCPW and WCCAIW.

the Arctic Basin via the Canadian Aichipelago.
are prevented by shoaling of the sea floor from entering sSmith
Sound and Kane Basin, respectivelv.

throughout northern Baffin Bav.

*  The waters unique to the WGC are subject to more extensive
dilution effects bv shelf-dri-ven processes and are comparatively
less sa)ine than their Canadian Ar-hipelago derived counterparts.

e

WGC. which attains a maximum baroclinic transport of 0.7 Sv in

Melville Bavy.

primarilv in Melville Bav 0.,

Sv), and ultimatelvy in Smith

¥  The Baffin Current ovigirate-

subsequently proceeding sonthuwarvd

Island and throughons varehyee

* Five water masses can be delineated

Batl:vmet:1 v provides a significant
2

.

ISTONS

influence on

sonth of the Carey Islands (0 1

A

oy

SV

in the region.

WCCATW

In

i

Smith

The followi g

The WiC

while ABPW and NSAIW are derived from

BBSk is found seasonally

the flow of the

Recurvature of component branches of the WGC occur:

Flle cmey

and NSAIW

Sotind
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\: Baffin Current is augmented by net outflow from Kane Basin, Jones
>

' Sound and Lancaster Sound at rates of 0.3 Sv, 0.3 Sv and 1.1 Sv,
v -

: respectively.

A\

-~

¥

o,

. * Circulation in Smith, Jones and Lancaster Sounds can be described
"

o in terms of the GEC model, in which estuarine inflow, entrainment
{

f\ and outflow are geostrophically balanced processes.

0

y? * Although a significant portion of the meltwater derived from the
v

1: Humboldt Glacier is recirculated by the Kane Basin Gyre (0.4 Sv),
v

‘f the influence of glacial admixture on thermohaline structure and
W

5. near -surface circulation is apparent throughout the NBB-NS region.
"

)

]

N

.

A * The North Water Process results from the combined influences of
,j near-surface layer enthalpy and mechanical ice removal.
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APPENDIX

COMPUTATIONS ASSOCIATED WITH THE GEC MODEL
The computation of geostrophic current widths in Smith, Jones an!
Lancaster Sounds is accomplished as prescribed by Leblond (1980). The
requisite equations and calculations are presented here.
The "Coastal Current Model" of Leblond (1980) assumes geostrophic
flow contined to the upper layer of a two-layer stratified fluid, in a
channel of width L and depth H (refer to Figure 4.11). Assuming the
upper layer is relatively thin with respect to the lower laver, the
speed of interfacial waves in the fluid may be approximated as:
. glp2-py) t(o)
Pl
where: g = the gravitational acceleration;
p1 = the density of the upper layer;
Py = the density of the lower layer; and

t(o) = the thickness of the upper laver at the channel wall.

i

In Smith Sound: p1 = 1025.5 kg/ma; %) 1027.0 kg/ms: and t(o)
= 75 m.

In Jones Sound: p; = 1026.2 kg/m®; pp = 1027.0 kg/m*; and t(o)

i

= 75 m.
In Lancaster Sound: ¢y = 1026.0 kg/m*; py = 1027.0 kg/m*; and t(o)
= 150 m.
The internal Rossby radius of deformation is defined as:
R = C/f t2)

where: f = the Coriolis pavameter

The internal Froude number is detined a-:




PN L
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F = u/C
where: u = the speed of the upper layer flow.
In Smith Sound: u = 0.25 m/s.
In Jones Sound: u = 0.16 m/s.
In Lancaster Sound: u = 0.50 m/s.

The Rossby number is defined as:

R ,R

o fr

where: r = the radius of curvature of the flow.
In Smith Sound: r = 25 km.
In Jones Sound: r = 75 km.

In Lancaster Sound: r = 60 km.

The width of the geostrophic current is then defined as:

(3)

(4)

(3)
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K Washington, District of Columbia 20301
o 17. Commander, Naval Sea Systems Command 1
Ny Department of the Navy
% Washington, District of Columbia 20362
)
o 18. Chief of Naval Research
), Department of the Navy
Attn: Code 102-0S 1
2 Code 220 1
) Code 1125 Arctic 1
" 800 N, Quincy Street
‘r Arlington, Virginia 22217
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Project Manager
Anti-Submarine Warfare Systems Project
Office (PM4)

Department of the Navy

Washington, District of Columbia 20360

Commanding Officer
Naval Underwater Systems Center
Newport, Rhode [sland 02840

Commander

Naval Air Systems Command
Headquarters

Department of the Navy
Washington, District of Columbia 20361

Commander
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Attn: Library Code 3330
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Director

Advanced Research Project Agency
1400 Wilson Boulevard

Arlington, Virginia 22209

Commander SECOND Fleet
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Conmander THIRD Fleet
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Commander

Naval Surface Weapons Center

White Oak

Attn: Mr, M.M, Kleinerman
Library

Silver Springs, Maryland 20910

Of ficer-in-"harge

New London _aboratory

Naval Under~ater Systems Center
New London, Connecticut 06320

Commander
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29. Commander
Naval Weapons Center
Attn: Library 1
China Lake, California 93555

30. Comnmander
Naval Electronics Laboratory Center
Attn: Library 1
27. Catalina Boulevard
San Diego, California 92152

31. Director 1
Naval Research Laboratory
Attn: Technical Information Division
Washington, District of Columbia 20375

32. Director 1
Ordnance Research Laboratory
Pennsylvania State University
State College, Pennsylvania 16801

33. Commander Submarine Force 1
U.S. Atlantic Fleet
Norfolk, Virginia 23511

. 34. Commander Submarine Force
U.S. Pacific Fleet 1
Attn: N-21
Pear} Harbor, Hawaii 96860-6550

35. Cormander 1
Naval Air Development Center
Warminster, Pennsylvania 18974

36. Commander 1
Naval Ship Research and Development Center
Bethesda, Maryland 20084

37. Commandant i
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Washington, Nistrict of Columbia 20590

38, Commander 1
Pacific Area, U.S. Coast Guard
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Commanding Officer

U.S. Coast Guard Oceanographic Unit
Building 159E, Mavy Yard Annex
Washington, District of Columbia 20590

Scientific Liaison Uffice

Office of Naval Research

Scripps Institute of Oceanography
Lla Jolla, California 92037

Scripps Institution of Oceanography
Attn: Llibrary

P.0. Box 23&7

La Jolla, California 92037

School of Oceanography
University of Washington
Attn: Dr. L.K. Coachman
Dr. S. Martin
Mr. D. Tripp
Library
Seattie, Washington 98195

School of Oceanography
Oregon State University
Attn: Library
Corvallis, Oregon 97331

CRREL

U.S. Army Corps of Engineers
Attn: Library
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Commanding Officer
Fleet Numerical Oceanography Center
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Commanding Officer

—

Naval Environmental Prediction Research Facility
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Defense Technical Information Center
Cameron Station
Atexandria, Virginia 22304-6145

Commander
Naval Oceanography Command

NSTL Station
Bay St. Louis, Mississippi 39529
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1 Attn: Library 1
:_ Sea Ice Group 1
y Cambridge, ENGLAND

- CB2 1ER
55. Chairman 2
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N Polar Science Center
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i Research and Development Center
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Suite 36
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79. Dr., W.D. Hibler 1
Thayer School of Engineering
Dartmouth College
Hanover, New Hamsphire 03755

80. DNirector General Fleet Systems 1
Attn: Ivan Cote'
Canadian Coast Guard
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Ottawa, Ontario
Canada K1A ON7

81, Mr, Tom Cocke 1
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U.S. Department of State
Washington, N.C. 20525

82. Commanding QOfficer 1
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83. M. Kim 0. McCoy 1
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84. CDR Erik Thomsen 1
Danish Liaison Office
Thule AFB
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85. LT V. G. Addison, Jr. 5
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86. LT A.M. Weigel 1
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88. Superintendent 2
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