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Introduction

In this paper the results of studies on long-term
variations in water temperatures in New England and
Nova Scotia areas according to observation data obtained
by AtlapntNIRO for 1962 - 72 are presented. The paper 1is
of certain interest in explaining of biclogical phenomena
relevant to variation in plankton composition and sbundance,
as well as in spawning conditions of commercial fish
species. The results may help to establish a connection
between a trend in water temperature varistion and g change
in fish stcks for the same period of time.

Material and methods

In the paper the measurements of water temperature
variations on the Nova Scotian shelf, in the Gulf of Maine,
on Georges Bank and the USA shelf for 1962 - 72 were used.

The measurements were made both during fulfillment of
the standard hydrological surveys and during searching
and fishing operations. A4 total of 70 000 measurements was
used. All the observations were grouped by conventionally
adopted " squares ™ with the sides of 20' and 30" in latitude
and longitude, accordingly ( fig. 1 ). Mean scasonal water
temperature values were calculated for each " square "
centre providing the observation data were available for
no less than % years. The charts of mean long-term water
temperature values distribution by seasons for 0, 50, 75 m

horizong and bottom ~ 200 m were drawn. The first three
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horizons chracterize a distribution and concentration of

plankton and ichthyoplankton, while the horizon bottom -
20um - the commercial fish apgregations.

Due to unequal intensity of observations during the
calendar year the following seasons have been chosens
winter, January - March; spring, April - May; summer,
August ~ September; autumn, October - November. A total
of 16 charts has been drawn.

The charts of water temperature anomalies for the
observational period by the same seasons and horizons have
also been calculated and drawn. Waber temperabure anomalies
were calculated by the formula st = T - T,
where at is the temperature anomaly in °C,

T is the observed temperature,

® is the seasonal mean long-term temperature.

A total of 176 charts has been drawn. They are too
numerous to be enclosed here,sc they are supposed to be
incorporated into the Atlas.

The analysis of heat content variation was made by four
geographical areas ( fig. 1 )z

Nova Scotian shelf - T,

Gulf of Maine - I,
Georges Bank - I1I,
USA shelf - Iv.

By means of planimetry, mean long-term wabter temperatures
by seasons ( table 1 ) and temperajure anomalies ( table 2 )
were determined for these areas. Abundant observations
made it possible to calculate temperature anomalies to 0.1°C,
unlike to earlier paper by the same authors ( Karaulovsky,
Sigmev, 1970 ) where the anomalies were grouped by the
gradations chosen.

Discugsion

The results of observations showed a complicated
nature of mean seasonal water temperature anomaly
variations ( fig. 2 ). The highest anomaly varigbility
was observed at the surface ( O m ) and ranged from + 4°C
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variability was observed in the Gulf of Maine ( from

+2°C to - 2,9°C ). Within this layer the winters of

1962 ~ 63 and 1965 - 66 were the most warm periods,while

the autumn of 1968 was the coldest.

The variations in water temperature anomalies at
the horizons of 50, 75 m and bottom = 200 m ranged,
mainly, between + 1.5°C and - 1.5°C in all the subareas.

In 1964 maximum temperature fall occurred in the USA shelf
area and constituted -~ 3.6°C3 in other subareas it was
about - 2.5°C.

The varations of temperature anomalies within the
vhole water column were similar to those at lower horizons:
maximum temperature fall in 1964, in autumn 1968 and
winter 1971 - 72 and temperature rise in winter 1962 - 63,
in autumn 1965 and summer 1972.

The analysis of mean snnual water temperature anomalies
demonstrated the highest varigbility in the USA shelf area
and the lowest - in the Gulf of Maine. The fesults allowed
to record the temperature fall all over the area in 1Y64
and on the USA shelf in 1970, and a general btemperature
rise t0 + 1°C in the ares beginning from 1969 ( £ig. 3a ).

The vasiations in temperature anomalies at the curface
and at 50 m horizon indicated their decrease ttill 1964 znd
further variations around the mean long-term values with
an inerease by 1972 by + 1°C.

Correlation factors of water temperature ranged at
those horizons between 0.60 on the Nova Scotian shelf and
Q.84 on the Georges Bank ( table 3 ).

The variations of temperature anomalies at the horizoﬁs
of 75 m and bottom -200 m reflected the pattern of long-term
temperature variations: meximum temperature fall in 1964 and
temperature rise by 1972 by + 3°C with a pass through the
mean long-term value in 1967 at the horizon of 75m and in
1968 - at the horigzon bottom — 200 m. Correlation factors
of water temperatures at these horizons ranged between 0.77

on the USA shelf and 0.89 - 0.0 in other areas ( table 3 ).
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A high water temperature correlation on Georges Bank
within the whole column should be noted. Correlation
factor for O m - bottom - 200 m reached 0.92 wich allowed
to judge on varlations 1ln prebottom layer by variations
in surface temperature. However, correlation factors
of water temperature obtalned for temperasture forecast
for different periods of time appeared to be low. Bo,
the factors correlating winter temperatures with spring
end summer ones comprised only 0.26 and 0.60 and became ne—
gative with autumn temperatures ( from = 0.07 to - 0.25 ).
Correlation factors of water temperature for Geocrges Bank
comprised only 0.13, 0.39, 0.17 and 0.12 when the periods
of observation were shifted by half of the year, one, two
and three years. In other areas correlstion factors were
also low.

Acecording to a smoothed curve of temperature snomalies
run in the area as a whole, a temperature fall was recorded
in 1964 and a gradual temperature rise to + 0.7°C by 1972
( fig. 3 b ).

The results cbtained showed a good agreement with the
results of treatment of coastal and inshore stations and
lightships material ( Chase, 19673 Lauzier, 1965 a, 1965 bj
Welch, 1967 ), as well as of fragmentary surveys of individual
parts of the area for certain time periods ( Colton, 1968 )
and by various indices for a series of years ( Sigaev, 1969 j.

Due to a relatively short set of observations a revealing
of periodicity in heat content does not seem possible.
Nevertheless, mean seasonal water temperature anomalies
( table 2 ) indicate a trend towards a seasonal shift of cooling
in the long-term raw: winter in 1964 - 66; spring and summer
in 1965 - 67 and autumn in 1969 - 72.

The variations of water temperature in winter, spring
and summer occur within a eingle phase: maximum cooling
in 1964 - 66 and temperature rise ian the following years.

The variations of water temperatures in autumn occur within

an antiphase with the above mentioned seasons ( excluding
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Georges Bank area where the anomaly in 1970 was + 0.5°C )
( fig. &4 ). '

A consideration of variations of water temperature
anomalies according to conventionally chosen "squares"™
showed sharper variations ( from - 6°Cto + 8°C ) over
the offshore periphery of Georges Bank resulting from
the interaction of the Gulf Stream and Labrador Current
waters. In this area the variations are weaker on the surface
which can be attributed to a remoteness of the area from the
shore and, hence, a decrease of the continental air masses
influence.

Iﬁ other areas most gignificant variations were
observed both along a 200 m isobath and in the regions
of the East and South Channels; in spring and autumn,
however, such fluctuations were recorded on the shoals
along the coastal line of the USA and Canada.

In our opinion, sharp varisyions of water temperature
gnomalies on the USA shelf result from unification of two
subareas with different climatic conditions into one area
( Colton, 1964 ).

A certain discrepancy of the results obtained now
and in earlier paper by the same authors ( Karaulovsky,
Sigaev, 1970 ) can be atributed to a lack of data used in
the prevlious paper.

Conclusion

In the period of 1962 = 1972 a cooling was observed

beginning from 1962 with the maximum in 1964, followed

by an annual temperature rise by 0.2°C.

Table 1. Mean long-term values of water temperatures.

“““““ A A B St s i By il
Subarea b1 § rrforrioy ! 1! oo oz i b ol II{III] Iv

' 1 T

- Seiggn ] _ Burface ; 50 m s 75 m | Bottom - 200m
Winter 241 3.4 4,3 6.3 2.3 3.7 4.8 7.1 3.0 4.0 5.5 8.6 4.5 5.3 5.8 8.8
Spring 2.8 5.5 6.4 8.4 2.1 3.9 5.6 6.3 2.4 3,7 5.8 7.2 4.9 5.2 6.2 7.2
Summer 16.1 15.517.422.04.3 6.8 11.19.8 3.4 5.710.61Q.,75.6 6.2 100 9.9
Autumn 9.9 10.5 12.914.3 5.48.6 11.6 B.4 3.9 7.7 9.9 11.55.6 7,0 13011 .4



Table 2. Water temperature snomalies

— e e e R emn g e e e S e S e R wmr e e e e e R e s e e e Gl A e S e e

H
Subarea | Surface
1] i ]
Yonr g o jurw it o fugw i o o) i doon § oo
i Winter : 8pring ! Summer i Autumn
It sl S T T T T T T Ty T T T T e
1962 —0.6 =0,170.4 = "0.2-9,9 1.0 0.8 =0.5-0.4 %2 4,2 2,4 4.0 2.6
1963 1.4 0.8 0.5 = 1.4 0.5 0.6 =1.2=0,5 1.4 0.0 =2,2 1.0 =1.1 =1.1=1.2
. 1964' "1 01 _005 "O -7-1 o?-1.2-1 12-1 .2 -0'3-2.4 "1 I5 _’llz 0.5"1.5 Oo’l 0-5 1-5
1965 =1.1 =1.1=1.1 =143-0:6 0,5-0.6 =1,1=-0.9 =1.6-1.3 0.0 2.9 1.8 1.9 3.8

1966 =0.9 =0.3=0.9 ~1.3 040-1 .6=1.4 =1.2=0.6 =0.6=0.8 =0.6~0.2 0.4 0.3 0.8
1967 4.1 0.5 0.5 0.7=12101,6=1.4 =1.6 1.7 =0.6~1.0 =0.7=0.4 0,7 0.6 1.3
1968 =046 = =1.0 =1.3 1*5 2,0 0.8 =0.6 0.4 0.2 0.5 0.3-2.8 ~2.9 =3.0~3.7
1969 0.7 1.0 0.6 0.2 9*3 0.4 1.6 0.1 0.3 1.7 1.4 1.2-0.2 =0,2 =0.3 0.6
1970 042 0u4 0e2 =048 0+2~0.1 0.6 =0.5 1.4 0.5 1.2 0.6 0.6 0,2 =0.3=1.7
1971 001 =0.2 0.9 0.6 92 — 0.9 0,6 1.5 1.4 121 0.9=1.2 =2.0 ~2.2=0.3
4972 0.6 0.5 0.7 2.470:70:2 1.5 2,3 0.8 0.0 0.4 0.7-1.7 =0.7 -0.6=1.5

'
Subarea i 50 m
¥ 1 1 i 1 } ' ] t 1 [ 1 1 1 '
borotrr lorr! v i RN S | ; I Y11 ! 11
Year t T ;I II3I« IV ! I} II , TII? IVs I ¢ ITIXIII] IV , I LII » III‘ iv
L] i Y
i Winter ! Spring i Summer { Autumn
1962 -0-6-0-3-004 - "'0-1 001 0-8 1-3 0.4 0.6 OI6 600 0.4 002 2.1 1.6
1965 1.2 O|6 0-3 - 1-2 1.3 1-1"0.5 O-O 0.2 008 2.5 -Oo5_2.2 -2.2-0.9

1964 =1.2-0,4-1,1 =2.4~1.0 041 =1,5=0,7=0,7-0,8-1,2 -2.0 1.0 1.0 2.2 0.8
1965 =1,7=142=1.0 =2.1~1,2 =0.2 =1,31.2-0.9-0.8 0.1 0.2 0.4 1.7 2.1 2.2
1966 =1.2=0.4=1.8 =1.4~0.8 =0.7 =1¢1=0:6=1:1=-1.2=-0.4 =1.0 1.4 0.8 1.4 0.2
1967 1.0 0.4 0.5 1.1-0.4 -0.7 -0.8-0.6-0.2-0,9-0.9 -0.6 0.6 0.5 1.0 0.4
1968 =041 = =0.4 =1.3 14 044 0.7=041 0.8-0.2 0.4 =0.3 =1,9=0.9 =3,1=0.5
1969 0.6 0.8 0.5 0.1 0.6 0.8 1.2 0.9 0.2 0.0 0.8 0.5 =1.0=0.6 ~043~1.0
1970 0.5 0.0 0.4 =0.7 03 0.4 0.7=0.2 1.1 1.6=0.5 0.1 =0.1 0.0 0.1=1.1
1971 0.5 0.3 1.2 0.8 0.3 = «0.4 0.9 1.7 1.3 0.9 «1.0 =2,5~1.3 =1.8-1.7
1972 ~0.6 0.6 1.2 2.6 0.1 0.1 1.3 1.3 1.3 0.2 0.7 0.6 1.1-0.7 =1.0-0.7

- continued
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Table 2

Subarea

continued

e g Sy smm s wm Emm Em Eml M e b WA M B S Gt e e

1964

=0.2-0.3-0.2
-005 005 0-4

-1 08—007_1 CL-J "4-8-‘

0.9 0.1 1.0
=0.2 0.4 1.0

~0.5-1.0-1.2

"'0-1 "'003—317
1.6 =1.3=1.53

0.7 1.7 1.6

1965 =1.8=1.2=18 =2,5=1,6~0,7 -
1966 =144=0.9=2.6 =2.5-1.1=0.5 =1,7=1.3
1967 0.1 0.1 0.5 1.4-0.6-0.5 =0.6 0.0
1968 0.5 0.7 =0.8 1.6 0.0 0.7 0.7
1969 1.0 0.4 1,0 0.6 0.5 0.7 0.8 1.5
1970 0.6 0.2 0.2 =0.6 0.5 0.6 0.8 0.0
1974 0.8 0.8 1.2 0.6 0.5 -0.2 1.0

1972 0.0 1.0 1.7 2.6 0.5 0.1 1.5 1.3

- e mm M mme dml Ml e et meP SEm mmm Emm S Ea e e et G Spm M e e M Em e SRR MR M RN - e e S e

-1 4=-0.8-0.7
«1.5-0.9~1.5
0.30.4-0.9
0.9=0.2 0.5
0.8 0.1 C.4
0.6 0.9-0.5
14 0.8 1.1
1.4 0.6 1.1

1.5 1.8 1.8
11 1.8 0.6
.4 0.9-0.2
0.2 ~2.8 0.6
=0.4 =0,2=0.8
~0.4 0.6-1.6
=11 =1.7=2.1
=0.4 =1.1=0.2

0.7=0.8
0.4-0.6
0.2-1.2
0.2-0.8

IV ? I

- e e wEn e mmm T e mmm mmr wmr MER man M M e Emm G et e Tt e W . N Em e e mm o ma am e

-0.,2-0,4-1.0 -0.1 0.9 1.9-0.2-0.3 0.3 0.2-0.4 1.6 0.6
-0.3 0.4 0.1 0.6 0.7 0.9 0.9-0.3 0.5 0.7 0.7-0.7-0.2 -0.6
146=1,0=1,2 =3.6=1.7 =0.1 =1.8 =1.2-1,0~1.1-0.8 0.8 0.8 1.6 0.4
=2.2=0.6=1.4 =1,5-1.3 =0.5 =0.8 =1.2~1,1-0.7 0,0 104 162=1.5 1.2
148 =146=2.3 =1,5=1.2 =0,9 =0.9 =1,1=1,2-0,9-0,8 =0.7 1,2 1.2 1.1 1.0
~0.4=0.3 0.3 0.6=1.3 =0.5 =1.2 0,0 0.3-0.7-1.0 =0.7 0.2 0.7 0.5 0.7
0.7 1.1 0.0 1.0 0.0 0.4 0.4 0.9-0.2 0.0 =0.1=1.5 0,0-1.5 =0.1
1.2 Oult 0,9 =0.2 Outt 0.5 0.8 0.5 0.6 0.4 0.1 0.3~0.3=0.3-1.0 =1.0
0.5 0,6 0.5 =0.1 0.5 0.9 0.6 0.3 0.8 0.7=0.3 =0,3-0.9=0.3 0.4 =1.4
0.8 0.7 1.6 0.1 1.7 0.4 0.9 1.3 1.1 0.6 =0.5-1.4~1,0-2.0 ~1.1
0.8 1.2 21 1.9 1.0 0.9 1.6 0.8 1.7 1.1 0.8 1.6=1.7-0.9-1.0 =1,0
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Table 3. Correlation factors between water temperatures at various horizons.
-------------- T—*——-*E——ﬁ—-‘—T—--——*—————-
Horizons Subarea 1 I ! IT I I1I v
o e e e X _____. I I o e -
O=-5m 0.60 0.69 0.84 0.69
0-75m 0.54 0.46 0.67 0.48
0 - bottom -200m 0.55 0.49 0.92 0.56
50 - 75 m 0.75 0.87 0.9 0.79
50 - bottom - 200m 0.79 0.79 0.91 0.83
75 - bottom - 200m 0.90 0.89 0.89 0.77
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Fig. 1. Investigated area divided into conventional "“squares'.
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