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SUMMARY

Hydrographxc surveys along two, now standard lines crossing the deep-water channel
lying between the European continental shelf and the Faroese Plateau (the Faroe-
Shetland ‘Channel) commenced in 1893. The first surveys were conducted by
Dr H N Dickson for the Fishery Board for Scotland; in support of international multi-
diseiplixiary studies in the northern North Sea and rortheast Atlantic, which subsequently
resulted in the formation of the International Council for the Exploration of the Sea
(ICES). Since the first surveys the two lines have been relatively frequently resurveyed
by Scottish, Norwegxan, Swedish, Danish and Russian oceanographers The early salinity
data (pre-1960) may be of questionable accuracy owmg to indeterminate chemical
techniques. This paper presents a comprehensxve review of all available hydrographic
data obtained across the two survey lines (Nolso-Flugga section and Fair Isle-Munken
section), and attempts to calibrate early data using the statxonary characteristics of the
deep Norwegian Sea Bottom Water. The reconstructed time-series represents one of the
longest oceanographic observational records available today, and prov1de indices of
environmental change within the Northeast Atlantic, Norwegian Sea and northern North
Sea.

INTRODUCTION

At 1230 GMT on 4 August 1893 Dr H N Dickson (contracted to the Fishery Board for
Scotland), on board the fishery protectlon vessel HMS Jackal, performed the first
hydrographlc station (Station 1) of the now standard Nolso-Flugga Faroe-Shetland
Channel section. He went on to perform water bottle casts (using the Scottish designed
Mill’s self-locking slip water bottle and reversing thermometers mounted on the Scottish
pattern frame) at stations 2, 5, 7 and 9 of the present day Nolso-Flugga section and
stations 11, 9 and 6 of the Fair Isle-Munken section (Fig. 1).

Dickson went on to survey the same sectlons in 1896 (fewer stations were performed
during this survey although deeper casts were made reaching >1,000 m and hence
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except for the war years and a five year penod in the early 1980s.

By 1990 all hydrographic data collected after 1960 by the Laboratbry had been validated
and archived on computer. Earlier data was held on paper in various forms. The
different hydrographlc parameters which had been recorded were of unknown quality, and
had arisen from a variety of measurement methods. This was particularly true for
salinity.

Prior to 1960 salinity determinations had been performed by a variety of chemical
techniques. Salinity data after 1960 were derived from- conductivity determinations
performed within the Laboratory under controlled conditions and checked using
international standards.

Some pre-1960 salinity data had been previously extracted manually from the paper
archives to produce long time-series of salinities, which have been published several times
before and used for a variety of purposes (Martin, 1976; Walsh and Martin, 1986; Martin,
1993; Martin et al., 1984; Dickson et al., 1984; Dooley and Martin, 1984).

Calibration of the carly data had been performed manually and subJectlvely based upon
careful examination of individual sections. As the data was not computerised an objective
calibration routine could not be applied to the data, the long time-series could not be
reproduced, and new time-series for different parameters or locations could not be
calculated.

Hence the goals of the project described here were to collate all available historic data
lying along the two standard sections across the Faroe-Shetland Channel, to computerise
the data and then to devise an objective calibration routine for the older salinity records.
Fmally along t1me-ser1es of the salinity of North Atlantic water was requlred in order to
compare with previous estimates of this important vanable

PAST MEASUREMENT TECHNIQUES

The hydrographlc measurements performed across the Faroe-Shetland Channel include
measurements of the following parameters: -

Geographical position of a station.
Sounding on station. _
Depth of individual observations.
Temperature at each depth.
Salinity at eat:h depth.

e

Each measurement has involved varying techmques over.-the “century. of observatxons
available. In particular, during the period one major change in the method of measuring
temperature has occurred, along with two changes in the measurement of salinity. Each
technique is associated with its own accuracies and limitations, which have been
extensively examined elsewhere. Briefly, the following techniques have been employed
on Scottish surveys during the 100 year penod under consideration:



reckonmg to fix the position of hydrograpluc stations (chkson, 1894). Nawgatlon
systems employing the Decca system were introduced on Scott1sh research vessels
in the early 1950s. Satellite based systems became available in the 1980s, and the
GPS system during the present decade.

Sounding: Early soundings were determined by lead and line methods, using
sounding machines such as the Thomson sounder (1893-1902, Dickson; 1894, 1897)
and the Lucas soundmg machine (1903, Robertson, 1903). Acoustic techmques
only became available on Scottish research vessels after about 1950.

Depth of individual observations: Early observations relied upon the amount
of wire let out from the vessel. This method obviously has many errors associated
with it, particularly when large ship drift is present. Since the earlier part of this
century unprotected thermometers in conjunction with protected thermometers
have been used to determine depth of reversal. More recently in situ pressure
sensors mounted on conductivity, temperature and depth (CTD) probes have been
available.

Temperaturé; The first measuremernts were obtained using Negretti and Zambra
reversing thermometers with calibrations from the Kew observatory (1893-1901,

Dickson, 1894, 1896). Subsequently Nansen-Richter thermometers were used
(Helland-Hansen, 1905). Reversing thermometers were supplemented by
temperature measurement of samples returned to the deck of the vessel in
insulated bottles (eg Pettersson bottle). Nansen thermometers were used between
1927 and 1939 (Tait, 1957). During the early period single thermometers were
used at each depth. After the late 1920s paired thermometers were employed.

Durmg the latter part of the observatmn period (1940-onwards) paired protected
reversmg thermometers were used, m conJunctmn with a third unprotected
thermometer, mounted on Knudsen reversing water bottles. The majority of
thermometers in use now are of either Negrettl-Zambra or Gohla manufacture.

Thesé previously.were calibrated at the National Physmal Laboratory (UK) and
subsequently by Gohla (Germany). Dlscrete temperature measurcments employmg
mercury in glass thermometers are now being replaced by contmuous profiles
obtained from electronic in situ measurement of temperature.

Sahmty. Samples of water for the laboratory determmatlon of sahmty have been
collected using a variety of sampling bottles. The first surveys employed the Mill’s
self-locking slip water bottle (Dickson, 1894). Subsequently Petterson-Nansen; and
Knudsen bottles have been used. )

The first determinations of salinity were performed by density measurements
using hydrometers and Sprengel tubes (Dxckson, 1894). In addition calibration
samples were analysed for chlorinity using titration methods These chemical
analyses were performed at several laboratories including ones at Oxford and
University College Dublin. Between about 1930 and 1960 tltratlons were
performed by the UK Government Chemist. Dunng this perlod poor accuracies
were most probably achieved as the analysts were not specifically marine chemists.
Long sample storage times were common. Batches of samples often contained
internal inconsistencies; and systematic errors occurred between batches



Electronic determination of conductivity commenced in 1960 with the acquisition
of a Cox salinometer. This was replaced with a CSIRO model in the mid-60s, a

Guildline Autosal i in the early 80s and a Guildline Portosal in 1992. Samples have
been analysed at sea, but owing to short cruise times and h:gher achieved
accuracies, samples are now analysed 1mmed1ately on return to the laboratory. As

with temperature, continuous in situ conductivity profiles are now possxble using
CTDs.

Calihration

Other than noting the possxble limitations of accuracy of the measurements of posmon
sounding, and depth of individual measurements, it may be impossible to improve upon
the recorded values. While historic measurements of temperature have been re-cahbrated
followmg careful historical research of past methods; particularly for sea surface
temperatures again it would appear that the temperatures obtained at depth within the
Faroe-Shetland Channel must be left uncorrected.

The early measurements of salinity, however, are certamly prone to large errors owing
to the methods of salinity determination. A method does exist whereby these observations
may be adjusted to correspond to modern day measurements, and this is described below.

DATA SOURCES AND COLLATION

A number of data sources have been employed during the collation of historic data from
the Faroe- Shetland Channel. These are listed in the Appendix. Data from early cruises
wereé extracted from reports of the Fishery Board for Scotland and from the ICES Bulletin
Hydrographique. In addition original station books held by the Marine Laboratory,
Aberdeen, along with some loose records, were searched for data obtained in the Faroe-
Shetland Channel. '

Once data had been manually extracted from the ongmal sources it was entered mto
standard hydrographic data formats on the Laboratorys computer Cruise files were
constructed contalmng data obtamed during surveys by individual vessels. These were
then searched using posmon criteria to determine which statlons lay close to the present
day stations worked across the standard lines. Table 1 gives the location of the present
day standard section stations. The boxes were used to determine if historic statlons were
close enough to present day stations to be accepted are shown in Figure 1, and their
boundaries are given in Tables 2 and 3. Larger boxes were used for the earher data to
ensure as much data was recovered as possible without a significant reduction in
accuracy. .

100 Year Data Set

.....

containing full or part sectlons across the Fair Isle—Munken and Nolso-Flugga sections.
In all 290 Nolso and 108 Munken sections now exist for the period 1893-1993. The
avallablhty of data at eéach of the 12 standard stations along the two survey lines may be
seen in Figure 2. Coverage of the Nolso-Flugga lme is most complete. Regular surveys
across the Fair Isle-Munken section commenced in 1970, with sporadic sampling during
the preceding years.



SALINITY CALIBRATION

In order to calibrate the older salinity observations the quasi-stationary characteristics
of the Norwegian Sea Bottom Water (called Norwegian Sea Deep Water by Martin, 1993,

and referred to here as NSDW) have been employed Peterson and Rooth (1976) estimate
that exchange times of the NSDW are greater than 100 years; the length of the present
observations. Hence the salinity of this water is assumed to be stationary over the period
of observations. Post 1960 data has been employed to determine the salinity of NSDW,

as observed at the two sections. After the removal of notable outliers the mean salinity
of NSDW was:

Section Mean Standard deviation
Noslo - Flugga 34.921 | 0.017
Munken - Fair Isle 34.919 ~0.010

Temperature-salinity diagrams for post-1960 (Figs 3a, 3¢c) and pre-1960 (Figs 3b, 3d) data
demonstrate the large scatter in the earlier salinity data as compared to the later data.
This is not only evident in the NSDW water, but also in the salmlty of the North Atlantic
(NA) and Modified North Atlantic (MNA) waters.

The method of calibrating the older data was to determine all samples which occurred
within the NSDW at depths greater than 800 m. For each cruise where this water was
sampled a mean value was calculated and compared to the post-1960 mean values shown
above. The differences for individual cruises may be seen in Figure 4. The computed
differences were used to correct the individual values of salinity at each observation
depth, for each cruise. .

Once these corrections were applied, the resulting pre-1960 t-S diagrams more closely
resemble the post-1960 profiles (Fig. 5). Not only do salinities in the NSDW water lie
within acceptable limits as determined by modern data, but the distribution of t-S
characteristics for NA and MNA water appears more reasonable.

RESULTS

In order to compare the sahmty of NA water as determmed by the ohJect1ve cahbratmn
NA salinity was constructed. Data from both standard sections were combined, and the
salinity of NA water defined as the maximum recorded in any one year at the four
stations lying inshore from the 200 m contour on the Scottish shelf edge Only pre-1960
data which had been calibrated was used. The results may be seen in Figure 6. It i is
evident that whxle time-series used in the past have not been entirely consistent W1th one

another, most major features are reproduced For example the low salinity prior to: 1910, 7 = * -

high sahmty between 1935 and 1940, high sahmtxes in 1960 and the early 1970s and the
low salinity event in the mid-1970s; followed by recovery in the 1980s.

The tlme-serieé generated by the present method also réproduceé these main features.
The RMS error associated with the different time-series are presented in Table 4. From
this it would appear that, at best, the salinity of NA water has been estimated to an



accuracy of about 0.03. It may be seen from Figure 6 that the amphtude of vanatlon over
the past century has been of the order of 0.2 hence it has been resolved by the various
methods used to measure and determine NA salinity.

DISCUSSION

The time-series of NA salmlty generated by this prOJect may be seen in Flgure 7. Itis to
be hoped that this time-series will now be contmually extended. The Marine Laboratory
Aberdeen presently plans to survey the standard sections at least three times each year.
It is to be hoped that other ICES nations working in the Faroe-Shetland channel may also
work part or all of these sections and report the data to ICES.

The databases produced by this project are presently bemg used to extract more
information from the recovered data. Time-series of salinity in other water types are
being constructed, and used to examine events such as the Great Sahmty Anomaly and
the more recent 1989-91»high salinity event. Annual cycles within the Faroe-Shetland
Channel are being examined.

While the data-sets constructed durmg this pmJect represent some of the longest dxrectly
observed environmental tlme-senes in the world, the périod covered is short compared to
the tl_me-scales mvolved thh many chmatlc and blologlcal processes For example
(period of 15 years), 13 flushing periods of the Norwegxan Sea (period seven years) and
possibly just 20 generatxons of a pelagxc fish such as the Atlantic salmon (Salmo salar).

The period has included; however, several significant climatic events marked by the hlgh
and low salinity anomalies, and studies of the processes which produced these events may
well help climate modellers. The period also encompasses the last century of industrial
development, and the continuation of the time-series is of global meortance if we wish
to observe possible effects of the emission of "greenhouse" gases. -
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TABLE 1

Hydrographic station positions and typical soundings as currently worked along the two
Faroe-Shetland Channel standard sections. Station numbers displayed in Figure 1 are
centred on these positions

Nolso-Flugga Section
Station Station Latitude Longitude Sounding (m)
number name
1 1 60°56.0'N 1°00.0°W 120
2 2 61°04.5'N 1°53.0W 170
3 3 61°08.0'N 2°10.0'W 500
4 3a 61°11.0°N 2°25.0°'W 700
5 4 61°14.0°N 2°40.0'W 900
6 5 61°21.0'N 3°10.0W 1,100
7 6 61°28.0'N 3°42.0W 1,100
8 7 61°35.0'N 4°15.00W 800
9 8 61°42.0'N 4°51.0'W 200
10 9 61°49.0'N 5°21.0'W 150
11 10 61°6564.0'N 5°45.0W 200
12 11 62°00.0'N 6°12.0'W 100
Fair Isle - Munken
Station Station Latitude Longitude Sounding
No Name (m)
1 1 60°10.0°N 3°44.0'W 100
2 2 60°16.0'N 3°59.0'W 150
3 3 60°20.0'N 4°10.0'W 350
4 4 60°25.0°'N 4°19.0°'W 600
5 5 60°29.0'N 4°26.0'W 800
6 6 60°35.0'N 4°45.0W 1,000
7 6a 60°38.0'N 4°54.0'W 900
8 7 60°43.0'N 5°06.0W 700
9 8 60°47.0'N 5°16.0'W 650
10 9. 60°51.0'N 5°29.0'W 500
11 -10 61°02.0'N 5°57.0W 200
12 11 61°12.0°'N 6°22.0°W 200




TABLE 2

Limits of boxes used to identify hydrographic stations lying along the two Faroe-Shetland
Channel standard sections as applied to pre-1960 data. The boxes defined by these limits

may be seen in Figure 1 (dotted lines)

Nolso - Flugga Section
Station Station Latitude Longitude
number name
1 1 60°37°-61°12°N 0°52°-1°20°W
2 2 60°41-61°17'N 1°21°-1°59°'W
3 3 60°48°-61°23°'N 2°00°-2°17'W
4 3a 60°51°-61°26'N 2°18°-2°31°'W
5 4 60°54°-61°29'N 2°32°-2°53'W
6 5 61°01°-61°36°N 2°54°-3°28°'W
7 6 61°08°-61°43'N 3°29°-3°69°'W
8 7 61°15°-61°50'N 4°00°-4°33°'W
9 8 61°22°-61°57°N 4°34°-5°07'W
10 9 61°29°-62°04'N 5°08°-5°33"'W
11 10 61°34°-62°09°'N 5°34°-5°59'W
12 11 61°40°-62°15°N 6°00°-6°23'W
Fair Isle - Munken
Station Station Latitude Longitude
number name
1 1 59°565°-60°25°N 3°36°-3°51"'W
2 2 60°01°-60°31°N 3°52°-4°05°W
3 3 © 60°05°-60°35'N 4°06°-4°15"W
4 4 60°10°-60°40°'N 4°16°-4°22°W
5 5 60°14°-60°44°'N 4°23°-4°36°'W
6 6 60°20°-60°50'N 4°37°-4°50°W
7 6a 60°23°-60°53'N 4°51°-4°59°W
8 7 60°28°-60°58'N 5°00°-5°11"W
9 8 60°32°-61°02°'N 5°12°-5°23°'W
10 9 60°36°-61°06'N 5°24°-5°43°'W
11 10 60°47°-61°20°'N 5°44°-6°10°W
12 11 60°57°-61°27'N 6°11°-6°34°W




TABLE 3

Limits of boxes used to identify hydrographic stations lying along the two Faroe-Shetland
Channel standard sections as applied to post-1960 data. The boxes defined by these

limits may be seen in Figure 1 (solid lines)

Noslo - Flugga Section
Station Station Latitude Longitude
number name
1 1 60°52°-61°02°'N 0°52°-1°12°W
2 2 60°56°-61°07'N 1°26°-1°59°'W
-3 3 61°03°-61°13'N 2°00°-2°17"'W
4 3a 61°06°-61°16'N 2°18°-2°32°W
5 4 61°09°-61°19'N 2°32°-2°50'W
6 5 61°16°-61°26'N 3°00°-3°20°'W
7 6 61°23°-61°33'N 3°34°-3°54"W
8 7 61°30°-61°40'N 4°05°-4°25'W
9 8 61°37°-61°47°N 4°41°-5°01"'W
10 9 61°44°-61°54°'N 5°11°-5°31°'W
11 10 61°49°-61°59'N 5°35°-5°55'W
12 11 61°55°-62°05'N 6°02°-6°19'W
Fair Isle - Munken
Station Station Latitude Longitude
number name
1 1 60°05°-60°15'N 3°36°-3°51°'W
2 2 60°11°-60°21°'N 3°51°-4°05"W
3 3 60°15°-60°25°N 4°05°-4°15"'W
4 4 60°20°:60°30'N 4°15°-4°22°W
5 5 60°24°-60°34°N - 4°22°-4°36°'W
6 6 60°307-60°40'N 4°36°-4°50'W
7 6a 60°33-60°43'N 4°50°-4°59'W
8 7 60°38°-60°48'N 5°00°-5°11"'W
9 8 60°42°-60°52'N 5°11°-5°23'W
© 10 9 60°46°-60°56'N 5°23°-5°43"W A

11 10 60°57°-61°10°'N - 5°43°-6°10°'W
12 11 61°07-61°17'N 6°10"-6°32°W




TABLE 4

RMS errors computed between previously published time-series of the salinity of North
Atlantic water, and between these series and the series produced by the present project.
The sources of the time-series are:

1. Martin (1976) ,

2. Walsh and Martin (1986)

3. Martin (1993)

4. Martin, Dooley and Shearer (1984)

also used in Dickson et al. (1984) and Dooley and Martin (1984)
5. This project

RMS errors have been computed between series of salinities obtained by digitising
published diagrams: '

2 3 4 5
1 0.015 0.027 0.023 0.041
2 0.032 0.025 0.039
3 0.025 0.025
4 0.033




APPENDIX

Sources of data used in the historic analysis of Faroe-Shetland hydrographic data. The
cruise codes relate to the name of individual computer files created containing the
extracted data. The first two letters of the cruise code relate to the survey vessel, the
next 4 digits is the year of the survey, and the final two digits is the allocated cruise

number. Vessel codes are:

Cruise
Code

189301
RE180601

NO190201
NO0190202
NO0190203

NO190301
NO190302

NO190401
NO190402
NO190501
NO190502
NO190503

G0190601
GO190602
G0190603

GO190701

Code Vessel Country

CN Clione UK

DA Dana Denmark

DI Discovery UK

EH Ernest Holt UK

EX Explorer UK

GO Goldseeker UK ‘

GS G O Sars Norway

HA HMS Heckla UK

HH Helland Hansen Norway

JA HMS Jackall UK

NO No name recorded

RE HMS Research UK

SB Somov Russia

SC Scotia UK

SD Sverdrup Norway

SP Sevastopol Russia

VA Vartdal Norway
Source

Dickson (1894), pp336-382

Dickson (1897), pp280-296

Helland-Hansen (1905), pp1-49

Robertson (1905), pp51-113

Robertson (1907), ppl-140

Robertson (1909a), ppl1-60

Robertson (1909b), pp143-196

GO0190702
GO190801
to

G0190806

G0190901
to

G0190907
G0191001
G0191002
GO0191003

GoO191101
GO0191201

G0191301
GO191401
G0191402

EX192001
EX192201
EX192301

Robertson (1913), pp337-404

ICES Bulletin Hydrographique 1911-1912
ICES Bulletin Hydrographique 1911-1912

ICES Bulletin Hydrographique 1913-1914
ICES Bulletin Hydrographique 1913-1914
ICES Bulletin Hydrographique 1913-1914

Un-numbered station books
Un-numbered station books
Un-numbered station books



EX192302
EX192401
EX192402
EX192403
EX192404
EX192501
EX192502
EX192503
EX192601
EX192602
EX192701
EX192702
EX192801
EX192802
EX192901
EX192902
EX192903
EX192904
EX192905
EX193001
EX193002
EX193101
EX193102
EX193103
EX193104
EX193201
EX193202
EX193301
EX193302

'DA193401

DA193402
DA193403
EX193401
EX193402
EX193403
EX193404
EX193501
EX193502
EX193503
EX193601
EX193602
EX193603
EX193701
EX193702
EX193703
DA193801
EX193801
EX193802
EX193803
DA193901
EX193901
EX193902
EX193903
DA194601
EX194601
EX194602
EX1984603
DA194701
EX194701
EX194702
EX194703
EX194704
EX194705
DA194801
EX194801
EX194802
EX194803

Un-numbered station books
Station book EX 1
Station book EX 2
Station book EX 3
Station book EX 3
Station book EX 8
Station book EX 9
Station book EX 10
Station book EX 12
Station book EX 12
Station book EX 15
Station book EX 17
Station book EX 21
Station book EX 24
Station book EX 25
Station book EX 26
Station book EX 27
Station book EX 27
Station book EX 29
Station book EX 30
Station book EX 30
Station book EX 35
Station book EX 37
Station book EX 37
Station book EX 40
Station book EX 41
Station book EX 42
Station book EX 47
Station book EX 48
Tait (1957), pp 212-213.
Tait (1957), p 214.
Tait (1957), pp 215-216.
Station book EX 62 .
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FIGURE 1 Map showing the location of the two standard Faroe-Shetiand Channel
sections as currently worked (centred figures), as used to summarise post-
1960 data (solid boxes) and as used to summarise pre-1960 data (broken
boxes).
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FIGURE 2 Summary of station data availability along -the two Faroe-Shetland
standard sections following the merging of the two data sets. a) Nolso-
Flugga section; b) Fair Isle-Munken section.
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FIGURE 3 Temperature-Salinity diagrams for the four databases prior to correctior nf the
pre-1960 data. a) Nolso-Flugga post-1960 (4,506 data pairs); b) Nolso-Flugga
pre-1960 (7,111 data pairs); c) Fair Isle-Munken post-1960 (3,351 data pairs);
d) Fair Isle-Munken pre-1960 (937 data pairs).
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FIGURE 4 Anomalies of the mean salinity of Norwegian Sea Bottom Water salinity
computed from pre-1960 data obtained beneath 800 m along the two standard
Faroe-Shetland Channel sections. Anomalies are relative to the mean values
for the two sections computed from post-1960 data. a) Nolso-Flugga (post-1960
mean 34.921); b) Fair Isle-Munken sections (post-1960 mean 34.919).

NOLSO-FLUGGA
0.12 .
. o
0.08 J
. P [ ]
0.04 . * . e
> . °
— n ‘o [ ] ° o ® & °
Q 0.00 Joeommecaacenaas ..2-‘-.’-.—-.' ------------- % a0 @memmmnmmea ° --.----.’-l-.--‘-.. @ eeene
£ o o o S0 @
o) N L) o o ) o.&' .
C -0.04 | e . % o
<C ' ° L)
) i "o ..
-moez .
-0.12 . T . T T T T T T T T T T T T )
18390 1900 1910 1920 1830 1840 1950 1860 197¢
Year
FAIR ISLE-MUNKEN
0.12 _ 'Y
0.08 | .
- hd L ]
- 0.04 ° -
— i oo o °
g 0.00 deeeooumamacaaees ....-.-..4.--.4 ...................................................................... [
8 -
- [ ]
< 0.04 . o
- . )
-0.08 .
-0.12 T T I T T T T T T T T T T T T |
1890 1800 1910 1820 1930 1940 1950 1860 197¢(

Year



FIGURE 5 Temperature-Salinity diagrams of pre-1960 data before and after corrections have
been applied to salinity values. a) Nolso-Flugga pre-1960 uncorrected; b) Nolso-
Flugga pre-1960 corrected; ¢) Fair Isle-Munken pre-1960 uncorrected; d) Falr Isle-
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FIGURE 6

——

Time-series of salinity of North Atlantic water derived from observations
made along the two standard Faroe-Shetland Channel sections. Thin
multiple lines are derived from literature; Martin (1976), Walsh and Martin
(1986), Martin (1993), Dooley and Martin (1984). Heavy solid line derived
from this project after corrections applied.
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FIGURE 7 Time-series of the salinity of North Atlantic water 1900-1992 derived from
corrected values of salinity obtained along the two standard Faroe-Shetland
channel sections. '
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