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Abgtract

Inter-year seasgsonal variations in heat content of the Nova
Beotia shelf, Georges Bank, Gulf of Malne, and eastern USA shelf

waters and in loecal tempersture indices are described.

Revealed correlations between heat conbent snd lndices sugg~
est the possibility of using the latter as indices reflecting
the variations in heat contemt throughout the investigated areas.

Introduction

The studies on long-term fluctuations in the water temper-
abures in the Northwest Atlantic shelf waters are in progress.
The inveatigation inte the inter-yesr seasonal variability of
heat content and search for the ways of its presentation using
‘more accessible temperature indices observed within the limited
parts of the shelf are the major aspects of these studies.

Inter~year seasonal veriations in the temperature background
for the Nova Bcotia shelf, Georges Bank, the Gulf of Msine and
eaatern part of the USA ghelf (the northern part of the Midw
Atlantic bend) areas were reported earlier by Karsuloveky and
Sigaev (1976). In their paper the mean long-term seasonsl temper-
atures relative to depths 0, 50, 75 m and bottom - 200 m and the

angmalies by year were given based on averaged numerous observa-
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tions for 1962-1972 according to s grid of the 20 x 30 degree

8quUares.

Inter-year fluctuations in certain tempersture characterist-
iecs for separate parts of the shelf or representative points
ware presented by Bigsev (1969) for the 1959 through 1968 period.
The North-East Chennel between Georges and Browns Banks, and
Enerald Deep on the Nova Scotia shelf were attributed to these
characteristic localities.

The minimum temperature of the intermediste cold layer in
both regions and the depth of the 5°C isotherm in Emerald Deep
were taken as temperature indices. The long-term observations
made by AtlantNIRO along the standard sections ITI end VI inter-
secting the above-mentioned regions, in addition to random obser—
vations ¢lose to selected Doints along the sections made it poss-
ible to continue the series of monthly indices uatil 1976, Thus,
the materials available to date allow to estimate qualitative
and quantitative correlation between the fluctuations in heat
content by the region on the whole and the index flﬁctuations in
order to substantiate these indices as heat content indices., For
this purpose, the mean seasonsl values of the water temperature
deduced provisionally from the mean long-term values and anomglies
(Karaulovsky and Sigaev, 1976, tables 1, 2) and the indices for
the 1962 to 1972 periocd were used.

Materials end Methods

The mean seasonsl values are calculated from the formula:

Ti =T+ A Ti

where Ti is the season value for any one year, T is the mean long-

term season value and Ti is the anonsgly value.

From the cmlculated values the Plots of seasonal variebility
of heat content are built (figs. 1-4) for each region and selected

depth. The index values by season and year are glven as curves
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in fig. 5. From the preliminary yualitative estimetion of heat
content and index varisbility plots the correlation between these
was computed using the method of pair correlation recommended in
the book of Kudriavaja (1951). The calculation was based on 92
versions of which the cases with the coefficlents of 0.50 and
less were later exc¢luded. Gorrelation rates (R) were calculated

according to the formula:

R 28 x AY
G x Gyn

For the rest of the versions the probable deviation of a
correlation rate (E), correlation reliability and adequacy of a
series length (%), and regression coefficients (4, B) were cale-
ulated according to formulase:

E=10.67'1—-;—R—2;A=R%; B:T—ﬁ

Simultaneously, regression equations of Y = Ax + B type were

deduced.

For tentative estimation of regression equations the recurr—
ence rate was calculated {(although the series was short and cont-

eined only 11 terms) according to the formula :

where P is the recurrence rate in per cent, K is the number. of

cases nmeeting the followlng condition
{(Gobs. -& ¢cale.) = (fmax ~@ min) x 0.2

and n is the total of cases.

The results of correlation are given in table 1. All calc-—

ulations were made according to the standard program by means of
the AtlantNIRO computer "MIR = 1",
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Results of Qualitative Analysis of

Heat Content and Index Variations

A decrease in heat content after 1963 and its increase since
1966-1967 are characteristic of the majority of curves pertinent
to winter, spring and summer seasocns (figs. 1-3). In winter and
in summer, for instance, this peculiarity emerged in all three
areas at all depths, and in spring in all cases except at the
depth of Om in the Gulf of Maine, where the intermediate peak
was observed in 1965. Almost all curves have identical trends
during the 1962 %o 1972 period, although in some years the temp—
ergbures differ by area and depth. A declining trend observed
after 1966-67 affected exclusively the surface layer of the Nova
Scotia shelf waters in the winter and summer seasons. The inter-
mediate minimum in 1968 was observed on Georges Bank in the
winter at O and 50 m. The intermediate maximum in the 1968 spring
was recorded at O m in the Gulf of Maine and at all depths over
the Nova Scotia shelf. The summer of 1968 was characterised by
increased temperature over the Nova Scotia shelf (50 m, 75 m and

immediately above the bottom).

In 1969 a rise in temperature was observed in the winter
over the Nova Scotia shelf (0.50 m) and on Georges Bankr(only at
75 m); in spring in the Gulf of Maine (only at 50 m) and on
Georges Bank at all depths; in summer in the Gulf of Maine
(0«50 m) and on Georges Bank at all depths.

Bubsequently, relative decline in heat content was recorded
in 1970~71 in subsurface layers of the Georges Bank area and the
Gulf of Maine in the winter, spring and summer. Alse worthy of
note 18 that in all cases of decline in hest content since 1967w
1968 its values fell as low ss the lowest level of 1964-66. It
was only in 1970 and 1971 that the level of heat content in the
Gulf of Maine (50 m) declined lower than in 1964-66.

There is a considerable difference between the plots for

the fall period (fig. 4) and those for the winter, spring snd
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summer in that the former are, as a rule, in phase opposite to
the latter and have larger fluctuation amplitude. Besides, in the
fall curves a sharp inter-year verlability can be seen during '
shorter time intervals. These peculiarities of inter-year f£all
changes probably reflect instability of the fall processes result-
ing from reconstruction of hydrometeorological fields during the
transition period between the summer and winter seasons. The
pattern of changes is similar ih all the fall curves irrespective
of the area or depth except at the 75 m depth in the Gulf of
Maine, where a trend towards s gradual decline is observed after
1966.

The indices depicted in fig. 5 undergo the same changes as
the majority of curves in figs. 1-3 do. Relatively high values
in 1962-63, a decline in 1964~66 and gradual incresse since 1966
are clearly aseen. Due to this similarity the correlation degree
between the two types of characteristics during the 1962-1972
time interval was checked. A series of indices for more prolonged
time period is shown in fig. 6 indicating a fall in temperature
on the Nova Scotia shelf after 41972 and a sharp decline on Georg-
es Bank in 1974 followed by a sharp increase in 1975. A trend
towards gradual incresse was observed after 19Y4~75 in both areas.
Separate falls and rises against the background of a general
trend seen on both the curves of heat content and indices msy be
related to overlapping of advection processes in the intermediate
end near-bottom layers and seasonal variability. Lt should be
noted, that little is known about the long-term contribution of
advection processes intou seasonal changes of heat content in the
Northwest Atlantic shelf areas. More information is needed on
understanding the advection processes in the investigated area
which are mainly related to fluctuations of the Lasbrador Current
and Gulf Stream in time and space. Thus, qualitative estimation
of heat contegnt and index fluctuations revealed the similer vari-
ability trend in the winter, spring and summer seasons and indjc-

ated that the fall changes were rather characteristic of the
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transition period between summer and winter and did not reflect

the general trengd.

The analysis also indicated the periods of relative rise
and fall of temperature and occasional sharp declines and rises
in heat content. So, a warm reriod was noted in 1962-69, & cold
reriod in 1964-66, a gradusl rise in temperature 1n 1967-72 and
the unstable period in 1973-75 with sharp declines and rises.

Results of Relationship Analysis and Summary

In calculation of coefficients the values of indices and
values of the mesn seasonal temperatures were taken as independ~
ent and dependent variables respectively. The calculations were
gimed at determining of how much the fluctuations of indices
reflect those of heat content (in this case inter=year fluctua-
tions of mean seasonal values of the water tempersture) by area
and by depth. As noted sbove, a total of 92 versions had been
considered and the cases of unstable and wnrelisble relation—
ships ellminated after calculations. The rest of the versions
can be seen in table 1., For comparison, in sddition to all vers-
ions of stable and reliable relationships some cases of unstable

relationships are given.

Dependences relating to the winter, spring and summer seas-
ons are direct,as a rule, except for relationships with the depth
index of the 5°C isotherm. There exists, for instance, a dlrect
correlation between the winter values of the mean seasonal temp—
erature and the meximum tempersture of the intermediate cold
layer aleng the section III, which means that the increased value
of this index is indicative of inecreased heat content at O and
50 m in the Georges Bank area, and vice versa. This is also the
case in the areas of the Gulf of Maine and USA shelf. There
exsist assessory correlations between the index "Tmin III" and
the winter temperatures in the Gulf of Maine and the summer temp—
eratures on the USA shelf throughout the 0-200 m horizon. This
suggests that heat content in these areas both in winter and

summer is largely affected by local hydrometeorological peculia-
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rities and to a lesser degree by the adjacent areas. Except the
spring period, the index "T min VI" 1is closely correlated with
the water temperature on the Nova Scotis shelf and in the Gulf

of Malne. Close correlation between the third index "H (5°C) VvI"
and the mean seasonal wabter temperatures were noted only for the
Nova Scotia shelf. These correlations appeared to be inverse.
Physically, it means that the increased depth of the 5°C isoth-
erm, that masy be considered as a boundary between the intermedi-
ate cold layer and warmer near-bottom water mass, indicates the
increase in the strength of the cold intermediate lgyer and subs~
equently a fall of temperature. In winter, the correlation with
this index was observed at 75 m and bottom~200 m, in spring at
50, 75 m and bottom=200 m and in summer throughout the water
column. All cases of correlstion between the fall temperatures
and indices "T min III" and "T min VI" have inverse dependence,
while correlations with "H (5°C) VI" gre directly dependent. It
was to be expected, since the inter<year trend of fsll changes
opposes the general one which persists through the winter, spring

and summer and is responsible for the index fluetuations.

In 34 cases out of 36 given in tgble 1 the coefficients
exceed 0.60, in 15 they exceed 0.70 and in 4 cases they are over
or equsl to 0.80. The correlations were real in 24 cases (by the
criterion g » 6, The series length was adequate in 4 cases (by
the criterion % > 10). Recurrence of "ym deduced from the equa-
tlons and persisting within the limits of the 20% amplitude of
a natursl series, exceeded 50% in 35 cases, 60% in 21 camses and

70% in 8 cases.

Thus, "T pir III", "T min VI"™ and "H (5°C) VI may be used
as the indices of heat content for different areas. From the
results available the equations with the coefficients R 0.60,
reality criterion IER > 6-10 and recurrence rate of 60% or more
may be recommended. To continue the series of mean seasonal valu-
es of indices, at least monthly observations are needed along the

sections III and VI shown in fiz. 5,
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The following conclusions maoy be drawn from the sbove-stated:

1. The analysis of the mean seasonsl water temperature and
indices for 1962 to 1976 period revealed the following fluctus—
tion periods in hegt content: 1962-63 - rise in temperature,
1964~66 - a fall of temperature, 1967-1972 — a rise in temperature,
19731975 - the unstable period, 1976 - a trend towards a rise in

temperature.

2. As 1s evident from the qualitative and quantitstive estim-
ate of correlation between the mean seasonal values and indices
with regard for physical justification, the fluetuations of ind-
lces reflect the variability of heat content in some areas, which
means that they may be used for estimating the water heat content

in the studied areas.
Discuasion
To calculate the correlation factors, the formula suitable
for reiatively prolonged series was used, while the series snal-

ysed contained just 11 terms. The comparison of results with

those obtained by another formula commonly used in biometry:

R = nz - IZ
Vezx - (zx)° Vagye - (F9)*

showed that the factor values were underestimated by 0.1 on the

average. Therefore, more prolonged series might provide higher

reliability level of equations.

Both the indices and the mean sessonal tempersture values

- by area and depth level may prove useful in studying the inter-
Yesr seasonal fluctuations in the zoo-and ichthyoplankton sbund-
snce, as well as abundance fluctuations of the fish snd invert-
ebrates inhabiting the shelf waters from the Hudson Canyon to the
Lgurentian Channel. The correlation bebtween the mackerel young-
of-the~year stock size in ICNAF Subareas 3=6 reported by Garrod
(1975) and the "T min ITI" index for the time series for the

1968 to 1975 period may be taken as gn example of direct correla-
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tion between the fluctuations in the fish abundance snd variations
in heat content of the waters. This correlation appeared to be
reliable at the correlation factor of 0.71 in spite of inadequacy
of the series length.
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Table 1. Correlation parameters and regression equations. (G.B. - Georges
Bank, G. M, - Gulf of Maine, N. Sc. - Nova Scotia, Sh.US - USA
shelf.)
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Fig. 1. 1Inter-year fluctuations in the mean seasonal water
temperatures in winter in the Northwest Atlantie
shelf area in 1962-72. Here and below: ] - Nova
Scotia shelf, 2 ~ Gulf of Maine, 3 - Georges Bank,

4 - USA shelf.
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Fig. 2. Inter-year fluctuations in the mean seasonal water
temperatures in the Northwest Atlantic shelf area
in 1962-1972.
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Fig. 3. Inter-year fluctuations in the mean Seasonal water
temperatures in summer in the Northwest Atlantic
shelf area in 1962-72,
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temperatures in the fall in the Northwest Atlantic

shelf area in 1962-1972.
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Long-term run of the heat content indices during
the 1959-76 period.

c3




