Not to be cited without
permission of the authorsl

Canadian Atlantic Fisheries
Scientific Advisory Committee

CAFSAC Research Document 87/29

Ne pas citer sans
autorisation des auteursl

Comité scientifique consultatif des
péches canadiennes dans 1'Atlantique

CSCPCA Document de recherche 87/29

The Oceanographic Conditions in NAFO Fishing Areas 2J3KL
for the period 1978-1986

by

B. Petrie, S. Akenhead*, J. Lazier, and J. Loder

Department of Fisheries and Oceans
Bedford Institute of Oceanography
Dartmouth, Nova Scotia
B2Y 4A2

*Northwest Atlantic Fisheries Center
Department of Fisheries and Oceans
St. John's, Newfoundland
A1C 5X1

TThis series documents the scientific
basis for fisheries management advice
in Atlantic Canada. As such, it
addresses the issues of the day in
the time frames required and the

Research Documents it contains are not

intended as definitive statements on
the subjects addressed but rather as
progress reports on ongoing
investigations.

Research Documents are produced in

the official language in which they
are provided to the Secretariat by

the author,

1 Cette série documente les bases
scientifiques des conseils de
gestion des péches sur la cote
atlantique du Canada. Comme telle,
elle couvre les problémes actuels
selon les échéanciers voulus et les
Documents de recherche qu'elle
contient ne doivent pas étre
considérés comme des énoncés finals
sur les sujets traités mais plutot
comme des rapports d'etape sur les
études en cours.

Les Documents de recherche sont
publiés dans la langue officielle
utilisée par les auteurs dans le
manuscrit envoyé au secrétariat.



Abstract

Archived oceanographic data are analyzed in order to describe the
variability of environmental conditions on the Labrador gnd Northea§t
Newfoundland Shelves for the period 1978-1986. The focus of this analysis is
primarily on the temperature distribution over the Shelves but. moored
temperature observations from Hamilton Bank, temperature observations at
Station 27, ice coverage and the area of the cold intermediate layer (CIL),
defined as water a with T < 09C, are also discussed. The long term mon§h1y
average temperature distribution across Hamilton Bank and along the Bonav1§ta
section based on the data archived at MEDS is presented: The summertime
temperature sections at Hamilton Bank, White Bay, Bonavista and. §7°N are
discussed with reference to the 1long term averages. In addition, the
temperature anomalies of ice coverage and the anomaly of the CI} a(ea.from the
four standard sections are described. Correlation ana1y51s. 1nd1pates a
generally coherent behaviour of these environmental variables implying that
the spatial scales of variability on the Shelves are large. A summary of the
1984-1986 environmental conditions 1is presented along with a ranking of each
variable relative to the longest time series available.

Résumé

Des données oc&anographiques d'archives sont analysdes dans le but de
décrire la variabilité des conditions environnementales sur 1les plateaux
continentaux du Labrador et du nord-est de Terre-Neuve pendant la période de
1978 & 1986, Cette analyse porte surtout sur la distribution des
températures sur les plateaux, mais traite aussi des observations de
température sur le banc Hamilton (bouées amarrées) et 3 la station 27, de la
couverture glacielle et de la couche intermédiaire froide (CIF) dé&finie par
une température de 1'eau inférieure 3 00°C. La distribution des
températures moyennes mensuelles 3@ long terme en travers du banc Hamilton et
le long de la coupe de Bonavista, basée sur les archives du MEDS, est
présente. Les coupes de températures d'@t@ pour le banc Hamilton, la baie
White, la baie Bonavista et le 478 paralléle nord sont analysées par
rapport aux moyennes a long terme. De plus, les anomalies de température de
la couverture glacielle et 1'anomalie de CIF sont dacrites pour quatre
coupes standard, L'analyse de corrélation révéle que ces variables
environnementales se comportent en général de fagon cohérente, ce qui
indique que les échelles spatiales de variabilitd sont &tendues sur les
plateaux. Un résumé des conditions environnementales de 1984-986 est
présenté, de méme qu'un classement de chaque variable en fonction de la plus
longue série chronologique disponible,



1. Introduction

The purpose of this document is to present a preliminary examination of
the oceanographic conditions in NAFO areas 2J3KL for the years 1978-1986 with
particular emphasis on the 1984-86 period. The data which we shall discuss
include hydrographic sections from Hamilton Bank and the Northeast Newfound-
land Shelf, the Station 27 observations, temperature data from moored instru-
ments on Hamilton Bank and the areal coverage of ice south of 550N. First,
however, we would 1ike to present a brief review of the ocean temperature dis-
tribution over the Labrador and Newfoundland sheif.

Templeman (1975) presented the average summer temperature sections
(Fig. 1.1) for Hamilton Bank, Cape Bonavista and 479 N corresponding to fish-
ing areas 2J, 3KL and 3L respectively. A major oceanographic feature of these
areas is a subsurface layer of cold water which we shall call the Cold Inter-
mediate Layer (CIL). We shall tentatively define the boundaries of the CIL by
the 0°C isotherm. Figure 1.1 shows that, in the region, the CIL has a charac-
teristic thickness of 100-200 m, extends 200-300 km offshore and has minimum
summer temperatures of -1.0 to -1.50C. Figure 1.2 shows the plots of monthly
averaged temperature versus depth for the inner and outer halves of the North-
east Newfoundland Shelf which is bounded by the 1000 m isobath. A 200 m thick
layer of below zero water develops in February in the inshore half of the
shelf. A minimum core temperature of about -1.59C at 75 m is reached in April
while, at the same time, a seasonal thermocline is developing at the surface.
By November sub-zero temperatures have disappeared. The offshore haif of the
shelf follows the same pattern but with some quantitative differences, namely,
the CIL is about one half as thick, minimum core temperature of -0.79C occurs
in June and sub-zero temperatures generally do not persist past August.

In Fig. 1.3 and 1.4 we show the mean monthly temperature distributions
across Hamilton Bank and along the Bonavista Section based on all available
but not all existing bottle, BT, XBT and CTD data archived by MEDS. The mon-
thly time series of the area of water with T < 00C is shown in Fig. 1.5. The
Hamilton Bank sections run from June-November only, as there were not suf-
ficient data to establish mean conditions for the other months. The inter-
mediate Tayer appears to be most extensive and coldest in June and July with
large areas of water less than -1.00C. The temperature of the CIL increases
through the summer and fall with a corresponding decrease of the area of water
with T < 00C until it finally disappears in November.

The Bonavista Sections (Fig. 1.4, 1.5) cover the period April-November.
In April, the water column from 0-150 m is less than 09C. The coldest water,
less than -1.00C, is confined to the coast. Near the bottom, temperatures
range from about 2-49C. The development of a warm surface layer has begun in
May and continues to increase in temperature until September. The CIL (Fig.
1.5) shows a gradual decrease in area from May-June to November similar to the
decline on Hamilton Bank. Bottom temperatures remain between 2-39C during
this period. The CIL's average temperature continues to increase until Novem-
ber when minima are just below 0°C.

Keeley (1981) has compiled the mean monthly temperature sections along
479N. The best overall coverage is in July and August when the CIL has areas
of 39.7 and 34.6 kmZ respectively. There is significantly more water below
-10C in August.



We shall now discuss the temperature data for the 1978-86 period start-
ing generally in the north and moving southward.

2. Hydrographic Sections

Hamilton Bank Section

Temperature sections from summertime hydrographic surveys conducted by
Bedford Institute are shown in Fig. 2.1 for Hamilton Bank for 1980 and 1983-
1986. The area of the CIL from these surveys is plotted in Fig. 2.2a along
with transects taken by the Northwest Atlantic Fisheries Center (NAFC) from
1984-86 in the same general area but not over the same track. Both surveys
show extensive areas (36 to 46 kmZ) of below zero water in 1984 and 1985. In
fact, a large fraction of the water was less than -1.59C for those years. The
temperature of the CIL was below normal and its area was above normal compared
to the long term mean conditions (Fig. 1.3 and 1.5). Con%gt1ons improved in
1986 with a decrease of the area of the CIL to 23-30 km¢ and a near total
disappearance of water less than -1.50C.

White Bay Section

The NAFC conducted hydrographic surveys along the White Bay Section in
August 1984-1986. The area (Fig. 2.2b) of the CIL for each of these transects
shows the same behav1our as the Hamilton Bank sect1ons, namely, large in 1984
and 1985 (70-77 km?) relative to 1986 (56 km2). Water below -1.59C was a
major constituent of the CIL in 1984-1985 but was present in only minor
amounts in 1986.

Bonavista Section

Summertime temperature sections which highlight the CIL and were col-
lected by the NAFC from 1978-86 (1980 missing) are presented in Fig. 2.3. The
area of the CIL (Fig. 2.2c) shows a_general increase for the 1978-84 period
when it reached a maximum of 48 km2. It dropped to about 40 km2 in 1985
followed by a further decrease to about 22 km? in 1986. Extensive areas of
water with temperatures less than -1.50C were present in 1984 while, in 1985,
the proportion of this very cold water was reduced. In 1986, only small areas
of such water were present. Comparison of the 1984 and 1985 sections to the
long term mean (Fig. 1.4) indicates the CIL temperatures were below normal.

479 North Section

Summertime temperature sections collected by the NAFC and highlighting
the CIL are shown in Fig. 2.4 for the period 1978-1986. Figure 2.2d shows
that from 1982-1986 the area of the CIL decreased very slightly from 39 kmZ to
36 kmZ. This is in contrast to the other three sections just described which
showed marked decreases in area in 1986. Temperatures over the Grand Bank
were below normal and similar from year to year for the 1982-1985 period
(Akenhead, 1986). In 1986, the temperatures in this section were not signifi-
cantly different from the previous four years.



3. Oceanographic Time Series
Station 27

Figure 3.1 shows the monthly temperature anomalies for Station 27 at 0,
50, 100 and 150 m. The period 1983-1986 was characterized by below normal
temperatures particularly at the deeper levels. Table 1 shows the annual ano-
malies of temperature for the four depths, from 1984 to 1986. Temperatures in
1984 and 1985 were well below normal with conditions generally improving in
1986 but, overall, still remaining slightly below normal. The positive mon-
thly temperature anomalies that did occur in 1986 at Station 27 generally were
evident between the late spring and early fall. Towards the end of the year
negative anomalies returned at all levels.

Figure 3.2 shows the integrated (0-175) monthly temperature anomalies
for Station 27 (see also Fig. 2.2 f,g). A period of below normal temperatures
is evident in 1984, 1985 and early 1986. By mid-1986, the anomalies have
become positive and persist until the end of the year. Overall 1984 had the
coldest annual temperature (0-175 m) in 40 years, 1985 was third coldest and
1986 ranked sixteenth.

TABLE 1

Annual Temperature Anomalies at Station 27

Om 50m 100 m 150 m
1984 -.42 -.61 -.34 -.26
1985 -.79 -.56 -.51 -.48
1986 ~.18 .10 -.13 -.11
Hamilton Bank
The time series of monthly temperature anomalies (mean T = -.0.63°C)

from a current meter at 200m depth on the western side of Hamilton Bank is
shown in Fig. 3.3 for the period 1978-1986. The period from October 1978 to
October 1980 was warmer than average by 0.540C whereas the period from Dec.
1982 - November 1985 was colder than average by 0.50C. There was a change to
positive anomalies in December 1985, continuing to August 1986 with an average
anomaly over this period of 0.32°C.

The annual temperature anomalies are plotted in Fig. 2.2e and show an
apparent (and expected) inverse relationship with the time series of CIL area
at Hamilton Bank, White Bay and Bonavista. There is also a positive correla-
tion evident with the two Station 27 time series (Fig. 2.2 f,g).

Ice Extent

In Fig. 3.4 we show the time series (1963-1986) of monthly anomalies in
the area of ice south of 550 N compiled from maps prepared by the Atmospheric
Environment Service. It is apparent that 1983-1985 were years of above normal
jce coverage. On the other hand, 1986 appears to be a transition year, begin-
ning with an above normal ice extent and changing in May to below normal cov-
erage. The average monthly anomalies of ice extent based on the Jan. - June
monthly anomalies are shown in Fig. 2.2h for 1978 to 1986. The ice season
beginning in December 1986 started with above normal coverage.



4, Results

Intercomparison of Oceanographic Time Series

Figure 4.1 shows scatter plots of the monthly temperature anomalies at
Hamilton Bank (200 m) with those at 0, 50, 100 and 150 m at Station 27. The
zero lag correlation for Hamilton Bank versus Station 27, 150 is 0.67, de-
creasing monotonically for Hamilton Bank lagging Station 27 and oscillating
between 0.6 and 0.75 for Hamilton Bank leading Station 27 by up to 23 months.
This is indicative of a generally north to south advection. Correlations were
Tower for Hamilton Bank (200 m) and the other depths at Station 27.

Fig. 4.2 shows scatter plots of the monthly temperature anomalies at 4
depths at Station 27. At zero lag the correlations are 0.41 (100-150 m), 0.31
(100-50 m) and 0.14 (100-0 m) for 40 years of data. This suggests small ver-
tical scales of variability and/or significant phase differences with depth.
A cross-spectral analysis of these obsevations is planned to attempt to sort
out these difficulties.

In Fig. 4.3 we show the scatter plots of ice coverage with the 200 m
Hamilton Bank and Station 27 temperature anomalies. There appears to be nega-
tive correlations between the ice coverage and all of the temperature series.

Intercomparison of Section Parameters

Finally, a correlation table (Table 2) is shown for all variables plot-
ted in Fig. 2.2. Of the 21 possible correlations, 18 were significant at the
95% level, that is, the variables are generally highly correlated with one
another. The average magnitude of the correlation coefficients is 0.77 dis-
regarding the number of points in each record. Ice extent is best correlated
with the six other variables with an average correlation (r) of 0.86, followed
by the Bonavista Section CIL area (r = 0.83), the 200m Hamilton Bank tempera-
ture (r = 0.82), the 0-175 m, Station 27, May to September temperature anomaly
(r = 0.80), the Hamilton Bank CIL area (r = 0.79), the 0-175 m, Station 27
annual temperature anomaly (r = 0.76) and finally the 470N CIL area (r =
0.58). There is 1little to chose between these variables except for the 470N
Section which appears to be the least related to the other six on the basis of
this simplified analysis.

5. Summary and Discussion

Table 3 presents a summary for the period 1984-86 of most of the vari-
ables discussed here with their rank relative to the Tongest time series as-
sembled to this point. The CIL appears to have had nearly its greatest extent
in 1984 over all three sections. In 1985, conditions were not too different
from those in 1984, whereas, 1986 appeared to have 2 areas below normal (i.e.
the CIL area was smaller than average) for 2 sections and above normal for the
third. The temperature time series indicate that 1984 and 1985 were excep-
tionally cold years. In 1986, temperatures were closer to but perhaps sligh-
tly below normal. Ice cover was greatest for 1984-1985 and near normal for
1986.

The other point that deserves reiteration is the indication from Sec-
tion 4 that the oceanography of the area appears to be varying in a coherent
fashion with perhaps the one exception being the 470N Section. This may be



because large areas of the 479N Section are quite shallow and are insulated
from direct effects of the Labrador Current. The temperature distribution for
this Section may have a stronger locally generated component with a smailer
contribution from advection. This merits additional investigation.

TABLE 2

Correlation of Annual Anomalies for Variables Plotted in Fig. 2.2

Area CIL Sta. 27 0-175

HB B 47 T(200 HB) Annual May-Sept Ice
HB 0.85 0.47* -0.75* -0.87 -0.78 0.997
B 4 0.63 -0.94 -0.76 -0.93 0.87
47 5 8 -0.84 -0.38* -0.53 0.61
T(200 HB) 4 7 7 0.72 0.76 -0.91
Shaua27 5 8 9 8 0.92 -0.89
Bts. 27 5 8 9 8 9 -0.86
Ice 5 8 9 8 9

*not significant at the 95% level

TABLE 3
Summary Table of Oceanographic Conditions 1984-1986

Number of

a) CIL Area (km2) Years Data 1984 Rank* 1985 Rank 1986  Rank
Hamilton Bank 5 44.3 2 45.9 1 30.5 4
Bonavista 8 48.2 1 39.4 2 21.7 7
470N 9 37.2 3 35.2 5 35.5 4

*From greatest area to least

b) Annual Temperature Number of

Anomaly (°C) Years Data 1984 Rank* 1985 Rank 1986 Rank
Hamilton Bank (200 m) 8 -.54 1 -.35 3 .35 4
Sta. 27 0-175 m 40 -.55 1 -.51 3 .03 16

0 40 -.42 12 -.79 5 -.18 19
50 40 -.61 2 -.56 9 .10 17
100 40 -.34 4 -.51 2 -.13 6
150 40 -.26 6 -.48 1 -.11 12

*From coldest to warmest
c) Ice Cover Anomaly
Monthly Average (km2)
(Jan.-June) 23 106,000 2* 118,000 1 700 9

*From greatest to least
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Fig. 1.2 Time series of temperature versus depth based on an analysis of ar-
chived bottle data (1910-1982) by Drinkwater and Trites (1986) for
the inshore and offshore halves of the Northeast Newfoundland Shelf.
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Fig. 1.3 Monthly mean temperature sections for Hamilton Bank for June-
November based on the MEDS bottle, XBT, BT and CTD data archive.
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AREA OF WATER T<O'C (MEDS ANALYSIS)
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Fig. 2.1

Temperature sections from Hamilton Bank.
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Fig. 2.4 Extent of the CIL along 47°N.



TEMPERATURE (DEG.C.) TEMPERATURE (DEG.C.) TEMPERATURE (DEG.C.)

‘TEMPERATURE (DEG.C.)

Fig. 3.1 Monthly temperature ancmalies for Sta. 27 at 0,

21

]
!
3 T T T T T L T T o
z
L4
q g
3t : 15
[ , /Y / /\/\ \ \ =
CJAINAN T SURTAR WL AL A /x ik = :
N ! f Y | =
1A, e VA A foo
) /\ W/ ~/V v \ =
@l 1=
i o
&~
o
1978 1980 1982 1984 1986 19832
@Nn
b
T T T L T T ]
3 / 4
L |

7

20

TATION 27 50M TEMPERATURE ANOMALY

Q
T L i L 1 i L L I i
1978 1980 1982 1984 1986 1988 &

§§:>

-20

STATION 27 100M TEMPERATURE ANOMALY

1988

1978 1980 1982 1984 1986
. .
g A A AD/\ A /\
/ v N 28 W
3L . A , l , |
1978 1980 1982 1984 1986

YEAR

b7
cx
STGXTION 27 150M TEMPERATURE ANOMALY

50, 100 and 150 m.



22

XIVINONV FYNLVYEdIWNAL WGLI-0 L2 NOILVLS

886l

‘W GLL-Q JoA0 pofeaoA® Lz *®AS JOJ SOTTewouR ounjeasdws; ATUIuoW g€ *ITd _

R
386l 8ol 286l 086l

8.6l

02—

=
<:::
=
<
-
<
]
<
—
==
==
<

0<

(‘(0'HEA) FINLVIIINEL



23

T(HAM. BNK; 200M.) (DEG C)

1 ' L ! 1 I ' | ' 1

2.0

1.0

-1.0 00
%ﬁj

1978 | | 1987
TIME (YEARS)

Fig. 3.3 Monthly temperature anomalies from a current meter at 200 m on
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