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Abstract

Time series of temperature {T) and salinity (S) collected using current meters and
thermistor chains deployed on the NE Newfoundland and southern Labrador shelves
from 1990 to 1993 are analyzed to examine the month-to-month T/S variability in this
region, Even though the T/S variabiiity is quite often referred to as an annual cycle,
the monthly averaged data indicate that at many of the sites, these appeared as short
pulses rather than cyclic. Furthermore, the timing of these pulses shifted from one
year to the next, as well as from location to location. Even at locations where the
month-ta-month variability is more cyclic, the higher frequency variability could be on
the same order of magnitude as the annual cycle {for example, near the shelf edge and
in the saddlesl, so that T/S time series compiled from ships-of-opportunity CTD
profiles may be aliased.

INTRODUCTION

The historic archive of temperature {T}) and salinity (S) data from the Newfoundland
and Labrador shelves has been used in the past to construct time series of these
variabies at selected locations. However, due to the near-absence of long-term
moorings in this region, these time series have irregular sampling intervals and contain
significant data gaps corresponding to periods of ice-cover, and between surveys.
Even though the time series thus constructed, have been shown to be useful in
delineating certain aspects of the interannual and annual variability of the shelf
waters, they may be limited in their applications due to aliasing, especiaily to examine
the variability at higher frequencies. The comprehensive mooring program that was
initiated in 1990 as part of the Northern Cod Science Program (NCSP), however, has
annual cycle estimated from historical data. The shorter data sets from Fl1 and WB2

{not shown) exhibit similar characteristics. The monthly data also show that the:

range of values and the standard deviations are small in the inshore region except
during the warming and cooling periods.

The annual harmonics of T and Son the eastern Newfoundland Shelf, estimated using
time series constructed from profiles collected during research surveys (Petrie et al.,
1991} showed that, at Station 27 the surface amplitudes of the annual component
of T and 5 are 7° C and 0.7 respectively, and decrease with depth to values of about
0.2°C for T and less than 0.1 for § near the bottom. The maximum at the surface,
corresponding to the annual harmanic, eccurs on day 242 {August 30} for T and on
day 88 (29 March) for S. The phases of both increase linearly with de'pth in such a
way that the phase of T {S) at 175 m lags T(S) at the surface by 171 d (177 d).
Thus the maximum T{S) at the bottom (175 m) occurs on 16/17 February {22
September). On the NE Newfoundland Shelf (DT1 in Fig.1, Petrie et al., 1991,
surrounding the inshore mooring sites BB3, FI'T and WB2}, the T amplitude decreases
with depth much like at Station 27, but is smaller at the surface than that 1o the
south. The T phase on the other hand was comparable to that at Station 27 at the
surface, and though it increased with depth, below about 50 m, the rate of increase
was slower than that at Station 27. Consequently, the T maximum at 200 m in DT1
occurs in December [Fig. 5 in Petrie et al., 1991}, instead of February. Thus the
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warming event at the bottom in the shore region occurred a month fater in 1991
compared to the average estimated from the historical data.

As was the case with T amplitude, the amplitude of the annual salinity cycle generally
decreased with depth in DT1 (Fig. 5 in Petrie et al., 1991}, but, uniike the T phase,
the S phase also decreased with depth, However, the 1991 data from BB3 show that
the S minimurn at the bottom occurred about @ month |ater {in January) compared to
" the time of occurrence at 75 m, indicating an increase in the S phase with depth.
Furthermore, S minimum at this location occurred several months (ater than what was
estimated in Petrie et al. {1991). These differences between the estimated annual
cycle and the observations in 1991 may be due to the uncertainty in the estimate of
the annual cycle from a time series which has a strong bi-annual component, and is
dominated by short pulses rather than cyclic events, as noted in Petrie at al. {1997).

On the outer shelf, the variabiiity in T and S is significantly larger than those in the
near-shore region as indicated by the high standard deviations in the data from BB1,
FI3 and WB1 (Figs. 2, § and 7). The high standard deviations are primarily caused by
the changes in the structure and location of the shelf edge front which separates the
cold and fresh shelf waters from the warm and saltier Labrador Sea waters
{Narayanan et al., 1990). These frontal oscillations typically have periods of about 7
d. At lower frequencies the temperature and salinity behave differently. The month-
to-month variability in temperature appears more or less like an annual harmoenic, with
T maximum eccurring in November at 75 m {Fig. 2). The structures at the other two
been instrumental in the acquisition of several T and S time series from the NE
Newfoundland Shelf {Fig. 1} using current meters and thermistor chains. In this
report, monthly temperature/salinity statistics are presented based on data from the
moored instruments on the Newfoundland and Labrador Shelves:

DATA

The data set used to compute the monthly average, minimum, maximum and standard
deviation of temperature and salinity (Figs. 2 - 9) is a subset of the data collected
during the NCSP {Narayanan, 1994}, selected in such a way that the sampling period
for each time series covers at least 12 separate months. Data from all locations were
used to compute the statistics over the total deployment period {Tables 1, 2), For the
maoring inshore of Hamilton Bank, where several years of data were collected, the
monthly means in each year are compared with the average for each month over the
entire sampling period (Fig. 10}, to highlight the anomalous temperatures during the
recent years.

RESULTS

The monthly time series highlight the need for careful selection of sampling
frequencies at each site, especially during the warming and cooling phases, since at
several of the mooring sites these appear as short pulses rather than cyclic (BB3 in
Fig. 3, for example). Furthermore, even at sites where the month-to-maonth variability
is cyclic and can reasonably be represented by a periodic function (WB1 in Fig. 7, for

example), the amplitude of the weather-band (2 d to 10 d} variability may be’
comparable to that of the annual cycle (note the range for each month in comparison .

with the range of monthly means), and consequently errors could be introduced in the
estimates of annual cycle due to aliasing.

There were three moorings, BB3, FI1 and WB2, deployed on the inner part of the NE
Newfoundland Shelf. The monthly means of T and 8 at BB3 (Fig. 3) show that the
T maximum and T minimum occurred in December and March at 75 m, and in January
and May at 215 m. Furthermore, the T peak associated with the warming event and
the subsequent cooling, appears as a short puise rather than cyclic. However, during
this warming phase, the water temperatures rise from near-freezing to about 0°C at
75 mand to about 0.5°C at the bottom. The salinity maximum and minimum at BB3,
on the other hand, occurred in March/April and December at 75 m, and in July and
January at 215 m. Thus the times when high (low) salinities and low (high)
temperatures occurred more or less coincided, as one would expect since the winter

coaling causes ice formation and salt rejection, and thus an increase in the water-

salinities. Bear in mind that the time series shown in this paper were from a period
which is considered to be anomalously cold compared to the average climate
experienced during the last several decades, and consequently, the timing of these
events during 1990 to 1993 may differ from what one could expect from an average
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shelf edge locations are also similar.

Unlike the temperature, the salinity time series at 75 m at the three offshore sites
(BB1, FI3 and WB1)} does not appear to have a noticeable annual cycle. Instead, the
monthly salinities at these three sites seem to be dominated by high frequency
variability. : ‘

Near the bottom, on the other hand, the annual cycle is evident in the plots, with a
salinity minimum in about December and a maximum during July; corresponding
periods for the inshore region were January and August.

On the southern Labrador Shelf, inshare of Hamilton Bank, the temperature maximum
at the bottom {200 m} occurs in November/December months whereas the minimum
T occurs during March/April {Fig. 9}. Thus the maximum T at the bottom on southern
Labrador occurred about a manth or so earlier compared to NE Newfoundland Shelf,
and about 2 months earlier compared to Station 27.

The long time series from Hamilton Bank also highlight the anomalously cold period
of 1990s (Fig. 10) compared to the average over the deployment period (1978-1993}.
Thus the average T and S computed over the deployment period {Table 1 and 2) will
only he representative of the conditions during the last 3 to 4 years, and other similar
anomalous periods such as 1984/85% and early 1970s.
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Table 1. Summary statistics, based on temperature time series from current
meters and thermistor chains deployed from 1990 to 1993. The time
series data files were filtered using the tide removing filter Ay, Az, A
{Godin, 1978} and subsampled at 6 hr intérvals prior to computing the
statistics, Columns represent station names (STN}, instrument depths
{ID}, start and end times of data, number of points in the time series
{NPTS), minimum (MIN), maximum (MAX), mean and standard
deviations (SD) of temperature at each site. * indicates thermistar chain

data.

STN 1D START END NPTS MIN MAX MEAN SD
{m} JTIME TIME

BB1 40 28-MAY-1992 15-0CT-1992 564 -1.22  2.43 0.26  0.79
75 16-JUL-1930 24-MAY-1992 2692 -1.85  2.43 -0.44  0.87
150 28-MAY-1992 14-0CT-1992 559  0.46 2.92 1.65 0.57
315 16-JUL-1990 15-0CT-1992 2511 2.08 4.07 3.33 0.35

BBi* 200 13-MAY-1991 1-NOV-1991 688 1.03 3.84 2.40 0.48
190 13-MAY-1991 1-NOV-1991 688 0.77 3.7 2,16 0.51
180 13-MAY-1991 1-NOV-1891 688  0.57 3.58 1.95 0.53
170 13-MAY-1991 1-NOV-1991 688  0.32 3.31 1.68 0.55
160 13-MAY-1991 1-NOV-1991 688 0.1 3.03 1.43 0.57
150 13-MAY-1991 1-NQV-1991 688 0.1 3.06 1.33 0.60
140 13-MAY-1991 1-NOV-1991 688  -0.3 2.56 0.89 0.58
130 13-MAY-1991 1-NOV-1991 688 046 2.28 0.65 0.57
12¢ 13-MAY-19% 1-NOV-1991 688 -0.64 2.03 0.38 0.57
110 13-MAY-1991 1-NOV-1991 688 -0.76 1.8 0.13 0.55

100 13-MAY-1991 1-NOV-1991 688 -0.91 1:64 -0.09 0.52




Table 1.

Lz]
2

BB2

BBS

CB1

Fi

FI2

FI3

FI3*

P

SP2

WEB1

WB1*

wB2

iD
(m}

40
75
150

. 215

310

40
75
150
215

200
400

900

40
315

40
150

40

150
325
455

40
75
180
245

75
150
275

200
180
180
170
160
150
140
130
120
110
100

200
300
500

205
305
505

75
150
325

200
190
180
170
160
150
140
130
120
110
100

235

{Continued)

START
TIME

2B-MAY-1992
15-JUL-1830

28-MAY-1992
8-JUN-1993
4.-AUG-19291

3-JUN-1992
20-MAY-1991

3-JUN-1992
15-JUL-1990C

13-MAY-1991
13-MAY-1991
13-MAY-1991

4-JUN-1992
4-JUN-1892

4-JUN-1982
4-JUN-1392

12-JUL-1992
12-JUL-1992
25-JUL-1991
7-NOV-1991

11-JUL-1992
25-JUL-1991
11-JUL-19292
25-JUL-1991

14-MAY-1991
30-MAY-1992
14-MAY-1991

14.MAY-1991
14-MAY-1991
14-MAY-1991
T4-MAY-1991
14-MAY-1991
14-MAY-1991
14-MAY-1991
14-MAY-1991
14-MAY-1991
14-MAY-1891
14-MAY-1991

19-NOV-1901
19-NOV-1931
19-NOV-1921

19-NOV-1991
19-NOV-1991
19-NOV-1921

19-JUL-1890
14-JUL-1992
19-JUL-1890

189-JUL-1990
19-JUL-1990
19-JUL-1990
19-JUL-1990
19-JUL-1990
19-JUL-1990
19-JUL-1820
18-JUL-1890
19-JUL-1990
19-JUL-1990
19-JUL-1890Q

19-JUL-1990

END
TIME

16-QCT-1992

3-0CT-1991
16-0CT-1992
24-JU1-1993
17-JUL-1992

17-0CT-1992
31-MAY-1892
17-0CT-1992
17-0CT-1992

1-NOV-1991
24-MAY-1992
24-MAY-1892

17-0CT-1992
17-0C7-1992

16-0CT-1992
16-0CT-1992

26-0CT-1992
26-0CT-1992
8-MAY.1992

26-0CT-1992

27-0CT-1992
8-JuL-1992

27-0CT-1992
8-JUL-1992

27-MAY-1892
28-0CT-1992
28-0C7-1992

27-MAY-1992
27-MAY-1992
27-MAY-1992
27-MAY-1882
27-MAY-1932
27-MAY-1992
27-MAY-1992
27-MAY-1292
27-MAY-1892
27-MAY-1992
27-MAY-1992

12-JUL-1992
11-JUL-1992
11-JUL-1992

28-MAY-1992
28-MAY-1992
28-MAR-1892

29-JAN-1992
24-0CT-1992
24-0CT-1992

11-JUL-1992
11-JUL-1992
11-JUL-1892
11-JUL-1992
11-JUL-1992
T1-JUL-1992
11-JUL-1992
11-JUL-1992
11-JUL-1992
11-JUL-1892
11-JUL-1992

5-NOV-1991

1496

540
540

540
540

428
428
1140
1408

432
1385
432
1385

1412
604
2108

1504
1504
1504
1504
1504
1504
1504
1504
1504
1504
1504

945
944
944

767
767
514

2213
408
2681

2465
2465
2465
2465
2465
2465
2465
2465
2465
2465
2465

1182

-1.

-1.45

1.65

-1.38

-1.88

-0.62
0.62

-1.78
-0.07
1.87

-0.06
-0.29
-0.47
-0.59
-0.73
-0.84
-0.98
-1.08
-t.21
-1.26

112
2.04
2.56

1.43
2.31
2.80

-1.75
-0.54
2.05

-0.69
-0.89
-1.08
-1.09
-1.19
-1.45
-1.54
-1.65
-1.55

-1.64°

-1.63

3.75
-0.84
1.29
1.51
3.51

4.23
¢.66
-1.13
-0.10

4.24
4.13
3.47

5.22
2.15

4.82
-1.1%

5.30
-0.31
2.33
2.87

5.26
1.42
1.18
2.79

2.81
2.59
3.91

3.48
3.46
3.38
3.24
2.99

2.34
2.2
2.11

1.93

3.92
4.05
4.04

3.29
4.08
4.02

2.88
2.51
3.93

3.33
3.24
3.12
2.96
2.82
2.7
2.59,
2.45
2.42
2.36
2.32

-0.00
-1.56

0.52
-0.90
1.70
257

0.54
-1.13
0.32
1.70

-0.70
1.08
2.81

1.72
1.53
1.31
1.09
0.87
0.66
0.46
0.28
0.10
-0.06
-0.24

2.70
3.11
3.35

2.85
3.28
3.66

0.48
0.71
3.21

1.43
1.24
1.03
0.86
0.69
0.51
0.35

0.02
-0.11
-0.24

-0.3

0.38
0.1

1.73
0.77

1.23
0.14

1.29
0.22
0.28
0.9

1.684
0.70
0.44
.43

0.75
0.56
0.39

0.54
0.57
0.60
0.61

0:62
0.63
0.63
0.62
0.64
0.64
0.68

0.44
0.40
0.40

0.47
0.44
0.33

092
0.66
0.33

0.68
0.71
0.76
0.77
0.80
0.83
0.85
0.86
0.87
0.87
0.87

0.58




Table 1.

STN

ID
{m}

40
75
150
3BE

200
400
285

195

Tahle 2.

BB2

BB3

BB4

BB5

cel

Fi1
F12
FI3

SP1

o]
{m)

40

150
315

75

150
215
310

40
75
150
215

200
400
ago

40
315

a0
150

40
150
325

40
75
245

75
150
275

200

(Continued)

NPTS MIN  MAX MEAN SD

START * END NPTS MIN MAX
TIME TIME

14-JUL-1992  ~ 18-0CT-1992 385 -1.58  4.40 0.04 1.51
2-AUG-1981 17-MAY-1992 1147 -1.85 087 -0.74 093
14-JUL-1992 18-0CT-1992 3gs 001 0.73. 024 013
2-AUG-1991 18-0CT-1902 1743 2.4% 332 289  0.21
21-JUL-1990 24-FEB-1992 1907 -0.84 414 252  0.78
"21-JUL-1990 12-JUL-1982 2279 242 420 3.66 042
21-JUL-1990 12-JUL-1992 1387 2.93 378 337 020
22-JUL-1980 11-AUG-1993 3843 -1.78 1.25 . -0.8% 0.56

Summary statistics; based on salinity time series from current meters
deployed from 1990 to 1993, The time series data files were filtered
using the tide removing filter A, A, A,; {Godin, 1978) and subsampled
at 6 hr intervals prior to computing the statistics. Columns represent
station names (STNJ, instrument depths {ID), start and end times of
data. number of points in the times series (NPTS), minimum (MIN),
maximum (MAX), mean and standard deviations (SD) of salinity at each
site. )

START END NPTS IN MAX MEAN SD

TIME TIME
28-MAY-1992 16-0CT-1992 564 33.26 34.28 - 3381 0.9
16-JUL-1990 24-MAY-1992 2692 3335 34.43 3387 027
28-MAY-1992 14-0CT-1982 559 34.3 34.9 34.6 812 .
16-JUL-1990 15-0CT-1992 2445 34,54 3517 34.89 0.10
4-AUG-1991 3-0CT--1991 240 3302 33.88 33.3¢ 0.14
28-MAY-1992 16-CCT-1992 564 33.71 3463 34.27 0.20
B-JUN-1993 24-JUL-1993 185 33.89 3430 34.10 0.1
4-AUG-1991 17-JUL-1992 557 34.45 341 34.74 0.10
3-JUN-1992 17-DCT-1892 544 - 31.68 32.81 3247 0.25
20-MAY-1931 31-MAY-1992 (1497 3233 3314 3290 0.7
3-JUN-1992 17-0CT-1992 544 32.87 3349 33.11..0.16
15-JUL-1990 17-0CT-1992 1770 32.61 33.99 3337 0.29
13-MAY- 1991 - 1-NOV-1991 691 3482 3508 3499 0.06
13-MAY-1991 24-NOV-1991 1496 34.58 35,07 34.86 O0.15
13-MAY-1931 1-NOV-1991 691 35.01 3505 3504 OO
4-JUN-1992 17-0CT-1992 7 540 31.78 3286 3248 0.4
4-JUN-1992 17-0CT-1992 540 33.69 3440 34.16  0.20
4-JUN-1992 16-0CT-1992 . 540 31.48 324 3z.14 019
4-JUN-1992 16-0CT-1992 540 32.97 3353 3317 0.4
12-JUL-1992 26-0CT-1992 428 32.65 33.42 3299 0.9
12-JUL-1892 26-GCT-1892 428 3373 34.12 33.91 0.08
25-JUL-1991 3-NOV-1991 406 34.41 34.69 34.60 0.06
11-JUL-1992 27-OC1:-1992 432 3256 1377 33.16 0.28
25-JUL-1991 8-JUL-1992 1385 32.76 '33.83 33.35 0.19
25-JUL-1991 3-NOV-1991 405 34.29 3480 3458 0.2
14-MAY-1891 27-MAY-1992 1412 32‘7.1. 34,20 3344 0.29
30-MAY-1992 28-0OCT-1992 604 34.33 34.97 ° 34.61 0.15
14-MAY-1991 28-0CT-1992 2108 34.45 3494 3471 0.2
19-NOV-1991 12-JUL-1992 8945 34.32° 3493 3472 0.13




Tabla 2. (Continued)'

S5TN 1D START END NPTS. MIN MAX MEAN sSD
{m} TIME TIME

5P2 205 19-NOV-1991 28-MAY-1992 767 34.44 3493 34.73° 0.11

WBY 75 15-MAY-1991 29-JAN-1992 1026 33.18 34.47 33.62 0.21
150 14-JUL-1992 24-0CT-1992 408 33.73 34.48 3405 0.16
325 19-JUL-1990 24-0CT-1992 1700 34,62 35.18 34.83 0.11

wB2 235 19-JUL-1990 5-NOV-1291 1182 3344 3433 33.81 0.18

WB3 40 14-JUL-1992 18-0CT-1992 385 32.14 33.03_ 32,75 0.8
75 9-NOV-1991 17-MAY-1992 762 32.86 3371 33.35 0.5
180 14-JUL-1992 18-0CT-1992 385 34,08 3426 3414 0.03
385 2-AUG-1991 18-0CT-1992 761 3467 3484 34735 004

H1 200 21-JUL-1990 24-FEB-1992 1907 33.78 3540 3471 0.22
400 29-JUL-199 26-0CT-1991 357 35.01 35.15 35,11 0.30
985 29-JUL-19%1 7-NOV-1991 404 35.30 3534 3532 0O

~ H2 185 27-JuL-1991 11-AUG-1993 1376 32.76 3404 3348 0.20
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Fig. 2a. T and S monthly time series at BB1: monthly mean {--), mean + standard
deviation (x-x}, mean-standard deviation (0-0}, maximum (*} and minimum: 75 m.



[ g

BB1 (315 m)

F Y

28 =

rature (Deg.Cl
(A

N

.08 r' ' | ]

Tempe

: -
.28

-

Frv e 1991 1992 1993
YEAR

36 .9 r

M)

4]

%]
1

Salinity (psul
("]
4]
=
T

W

F.3

]
1

1992 1993
YEAR

Fig. 2b. T and S monthly time series at BB1: monthly mean {--), mean + standard
deviation (x-x), mean-standard deviation {0-0), maximum {(*) and minimum: 315 m.




BB3 (/5 m)

3.9 LA T T T T e
2.00 | : ‘ . . : .
=

o ' 1
1] . . . i |
©S1.80 .

w ) * |
o L

a
K |
]

To.00

QD

Q_ -
= -

] . -
+_ ‘ > -
-1.08.

M Y T T S SR PO B 2 5
—2'2‘@19% 1991 1993
34 P e ——— — _
33.5 i

‘—‘-3 -

u -

(=8

>33.2

c

- r 1

3]

w

32.5 J
2 PO SR P S e
"199a 1991 1992 1993

|

Fig. 3a. T and S monthly time -series at BB3: monthly mean (--), mean + standard
deviation (x-x}, mean-standard deviation {0-0),-maximum (*) and minimum: 75 m.




- 10 -

I ——

s e

BB3 (215 m]

3.0 — —— T T —
2.90 L
P
o
Q
S1.08 | ]
o
L - J
o
et
s [ J
L. x X
a
2 % % -
@ : *
b +—l~$~q\$
-1.20 —h 1
L G"ﬂx X X J
-2 oo PP S I PR = " .
1998 1991 1992 1993
YEAR
34.5 — : — ———
34.20 * ¥ 1
_ *
=2 M
pre 3 4
o .
o /X'X
>33.5 | X 1
©
T i X ’
n
33.0 k
25 " PR 1 " e N
1990 1992 1993

YEAR

Fig. 3b. T and S monthly time series at BB3: monthly mean {--), mean + standard
deviation {x-x), mean-standard deviation {0-a), maximum (*) and minimum: 215 m. ..




—

- 11 -

.98 . ‘ 4

Q . N
e 9
5. S
T u

; Temperature (Deg.C)

-

]

=
T

1990 1991 1992 1993

34.0 et —— o e

W

[A]

[§]
|

Salinity (psul)
w
W
1]
|

w

8]

[H]
T

1993

Fig. 4a. T and S monthly time series at FI2: monthly mean {--), mean + standard
deviation (x-x), mean-standard deviation (0-0), maximum (*} and minimum: 75 m.




- 12 -

P S v - Ee————

FlZ t2a% m)
5.00 — _—— ———— S —— ———r .
4.0 J
I
[o)]
11
S3.00 + .
[+1]
[ 5. - p
3
2
-]
T2.00 4
Q
a.
1] o P
Q
b
1.08 A
e |
1990 1991 , 1992 1993
) YEAR
35.0 ——— e —— — ' S —
= * |
3a.5 % b
=S X
wn - -
o
2340 .
P
= L
[ ¥a]
33.5 |- ]
23..0 1 —_— — ~+ P " A PR, T S S S L T S T
1992 1991 1992 ) 1993
' YEAR

-Fig. 4b. T and S monthly time series at FI2: monthly. mean (--}, mean + standard
deviation {x-x}, mean-standard deviation (0-0}, maximum {*} and minimum: 245 m.




- 13 -

= = n

. Temperéture {Deg.C!

y

34..

34.

Salinity (psul
I
(5]

33.

3z2.

.oe

.89

FI3

(7% m)

199

YEAR

5 N

1999

1991

" 1993

Fig. ba. T and S monthly time series at FI3: monthl'y' mean (--), mean + standard
deviation (x-x), mean-standard deviation {0-0}, maximum (*) and minimum: 75 m."




- 14 -

FI3 (275 m)

1 L S S B A S S | T T ~r
4.90 F J
O
[y
@
23.e0 - ]
@
o o -
2
-
M ¢ -
S 00 ]
Q@
[« 8
£ r 4
[13]
— .
1.08 ‘ . S 7 1
.o@ R S S T PR T T S SR SR SN NS TR EUNUN SO S RO Y | o PR S TR S ST VR S {
1950 PN 1991 - : 1992 1993
YEAR
36 .9 T T T — —r —_— — —_——— et -
35.5 | . 1
5
w I -
[« 9
- .
Z35.0 :
c
o
w
34.5 4
34 .0 " 2 Lo i A PR 1 " n FE— ek e i 1 A L - n 1 1, I St
1992 . 1991 - 1992 1933

Fig. 5b. T and S monthly time series at FI3: monthly- mean (--},. mean + standard
deviation {x-x), mean-standard deviation (0-0), maximum (*) and minimum: 275 m.




._15_

FI3

Temperature (1080 m)
8 — . y—r — — — —

YEAR

Temperature (11@ m)
————e et

e

YEAR

" Temperature (120 ml

a4 S —— —

199@ 1991 YEAR 1992 , 1993

Fig. 6. Temperature monthly time series at FI3: r'nlonthly mean {--}, mean + standard

deviation {x-x}, mean-standard deviation {o-0}, maximum {*) and minimum: 100 to
200 m.




- 16 -

FI3:
JTemperature (130 m)

Deg.C
T

T "

- YEAR

Temperature {1480 m)
. e

T T T T T Y T

YEAR

Temperature (15@ m)
. _— — ey —

T T T T

YEAR

Fig. 6. (Cont’'d).




- 17 -
FI3
. Temperature (160 m)
4. — —_— —
a ]
2 J
L). Lk N
w1 b J
1]
o - |
2 ]
-1 i
- i 4 1 A " " . 1 L N )
1990 1991 1992 1993
YEAR
4 Temperature (1708 m)’
— SR sl e L S
3 ]
2 + ]
L4 L -
o1 b ]
Q
Q o -
2 4
_‘! b -
- . ‘. - P N ]
1990 1991 1992 1993
: YEAR
. Temperature (182 m)
7 — —_—
E |
3 r E
2 ]
[ L -
o1 1
ay
0 r -
2 i
-t P
-2 . —_— A PR T .
199¢ 1991 1992 1993
YEAR

Fig. 6. (Cont'd).




- 18 -

Temperature (19@ m)

T N
3 ]
2 1
&) o 4
@ 1 = &
Q
o r 4
e r 4
-1 -
_2' 4 — i 1

YEAR

Temperature

(208 m)

3 4
2 4
o L 4
o 1 - 1
@
o=} r . 4
2 4
-1 — -
-2 . . A - i ) il ) M

YEAR

Fig. 6. (Cont’d).



_19_

WB1 (75 m)

3.00 e

N

.92

-

.6

]

i Temperature (Deg.Cl)

-

.98

YEAR

35.0 — S — e

Saltinity (psul
(] [A]
E3 I3
s o
T T

W
(A ]
n
T

33 .0 1 P S S S SR SR LA Y
1998 - 1991

YEAR

Fig. 7a. T and S monthiy time series at WB1: monthly mean {(--}, mean + standard
deviation {x-x), mean-standard deviation {0-0), maximum (*) and minimum: 75 m.




- 20 -
WEB1 (325 m) . S s
5 .00 S —— e —
4.00 i
| 3 * % *
| . l— » o
o
‘ 8 \/\’/ )
L.l KA -
X
| o X % ]
‘j‘ X
-t .
®2.e8 | X 1
Ce
a.
E - .
@
2
1.e2 | 1
. Vi
. . . R I . P e
1990 1991 ' 1992 . 1993
e YEAR :
36.2 — . e ——— —
35.5 F i
@ ! _ , ]
o ® .
>35.0 R %k x %ﬁ
= , _ ,
£ X
= * . '
A , x x X X
34.5 |- L 1.
34 .8 1 YIS B A1 — PR PR et e - L
1990 1991 1992 1993

Fig. 7b. T and S monthly time series at WB1: monthly mean {--), mean + standard

deviation {x-x}, mean-standard devi

ation {0-0), maximum (*} and minimum: 325 m.

%




— S

- 21 -
WEB1
Temperature (1380 m)
4 ——— .
3 ]
2 J
w L i
| U}.1 — -
. m -
o - F
) et ]
o -
! - )
““1990 1993
YEAR
. Temperature (1790 m
—————— e —————
3 ]
: 2+ .
< r .
o1 | .
. 0,4 |
t =] i
" 2 3
] oL ]
f 1 ]
"% 990 ] 1993
YEAR
Temperature (120 m)
4 S— e L L e s N S
3+ i
2 F i
[ < - 1
@t .
! S L _
% B | ]
b -1 ]
| L .
_2 " . R
1992 1991 1993
I - YEAR

Fig. 8. Temperature monthly time series at WB1: monthly méan (--1, mean + standard

deviation (x-x), mean-standard deviation (0-o}, maximum (*) and minimum: 100 to
200 m. ' '




- 227 -

— E W i, W A ——

— S = g

WB 1

Temperature:

T

P

—r——r

(130 m)

" YEAR

Temperature

(14@ m)

"

— T

YEAR

Temperature

(158 m)

T

Fig. 8. (Cont'd).




_—

YEAR

_23_
WB 1
Temperature (160 m)-
4 —— i - — ————t
3,_ =
2 F §
! o’ L 4
l o1 b :
Q
p [ - .
| o - ]
) - 4
| -1 L X x ]
_ -, — s el P t-
1990 1991 1992 1993
YEAR
. Temperature {170 m)
— ——— e ——
3... -
| 2 | -
w L i
o1 1
o2 | ]
Lot ‘
| | i
-1 | 4
. , . e |
1998 1991 1992 1993
YEAR
. _ Temperature (18@ m)
- — - S, ——— —— —
a b x . 4
: % X X ox . ]
| 2T ‘ ]
’ AR /\_/\ 1
® 1 I M ;
[an] r X XX .
e-— -
| .Xx 1
_1— p
- " ) R S Y U S S ERPU S " |
1993 1991 1992 1993

Fig. 8. (Cont’d}.




- 24 -

WB 1 -
. Temperature (19@ m,) .
. I Ll i P
3+ * " - 1
- x * * b
T /\’_/\* |
9 o %ﬁfﬁ\kgﬁ%ﬂjkw
o1 F .
X
-1}
3 | . % x ]
B - X X E
2 k
-1 ]
-2 L n i " 1 i i .
.199@ 1991 ; 1992 1993
YEAR
4 Temperature (200 m)
. e , —
3 - -1
2 L 1
(@8] - J
o 1 - b
ar
o - i
[ R
_1 — -
- L i L 1 " I i " I n [} - " i " i L
4998 1991 1992 1993

~ Fig. 8. (Cont'd).




- 25 -

—_—

) 1 pe————-—

HZ2 (208@. m)

3.00 ——— — -
2.00 b ]
Py ' ]
‘o * |
Dy pe -

*
m -
o i
2
et
L] -

0.0 |
8 *

Q. -
E L

aQ

r— o

-1.9@ X
-2.00 1993

34.5 — — —rr—

3.8 F | 1
_ * *
= ‘\/

233.5 Q\B/o \VA«
c X x ]
- L
m .
33.2 + 1
. < |
1 X
. n " | PR N 1 " i . I n 1 i ke L
32-5 990 1991 1992 1593
YEAR . . )

Fig. 9. T and S'monihly time series at H2: monthly mean (--), mean + standard

m.

deviation (x-x), mean-standard deviation {o-o), maximum (*) and minimum (x): 200




- 26 -

1.5
§ >
14— > x
>
*
_ %
Q % x x
(o)) x
ﬁ - J\‘B A 4 K _4
s ' -
-oc-uo i
S ‘
Q
5
I—

X E FA o
-15 X X
'2 T T T
1978 1982 1986 1990 1894
1980 1984 1988 1992 ‘
Year

Fig. 10. Comparison of near-bottom {200 m

with the 1978-93 average.

) monthly mean temperature (x) at H2



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26

