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SUMMARY

Hydrographie surveys along two, now standard lines crossing the deep-watcr chaimel
lying betwcen the. Europcan eontinenW shelf and thc Faroese Plateau (the Faroe
Shetland .Channel) eommeneed. in 1893. The first surveys were conducted by
Dr H N DickSori for the Fishcry Board for Seotlaiid~ in support of international multi
diseiplinaiy studies in thc northern North Sea and northeast Atlantie, whieh subsequently
resulted in thc fon::nation of the Internation31. Couneil for thc Exploration of the Sea
(ICES)..Sinee the first surveys the two lines have been relatively frequently resurveyed
by Seottish, Norwegian, Swedish, Danish and Russian oeeanographers. The early salinity
data (pre-1960) may be of questionable aCcUracy owing to .. indeterminate Chemical
techniques. This paper presents a eomprehensive review of all available hydrographie
drita obtained across the two survey lines (Nolso-Flugga seetion and Fair Isle-Munken
section), and attempts tO calibrilte early data using the stationary charactenstics of the
deep Norwcgian Sea Bottoln Water.The reconstructed tinie-series representS one ofthe
longest occariographic observational records available today, imd provide indices of
envrronmental change within the Northeast Atlantie, Norweghin Sea and northern North
Sea.

INTRODUCTION

At 1230 GMT on 4 AugUst 1893 Ur H N Dickson (contracted to the Fishery, Board for
Scotland), on board the fishery protection vessel HMS, Jackal, peiformed the frrst
hydrographie station (Station 1) of the now standard Nolso-Flugga Faroe-Shetland
Charinel section. He went on to perform water botUe 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 arid 9 of the present day Nolso-Flugga seetion and
stations 11, 9 and 6 of the Fair Islc-Munken scction (Fig. 1).

DickSon went on to survey the same seeiions in 1896 ([ewer stations were perforined
during this survey althöugh deeper castS were made reaching >1,000 rii and hence
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sampling Norwegian Sea Bottom water for the first time). The regular sampling at the
full set ofNolso-Flugga sections coriiinenced in 1903, and haS beeri performed since then.
except for the war years and a five year pericid in the early 1980s.

By 1990 all hydrographie data collected after 1960 by thc Laboratory had been validated
and archived on computer. Earlier ,data was held on paper in various forms. Thc
different hydrographie parameters which liad been recorded were ofunkriown quality, and
had arisen from a vanety of measurement methods. Tliis was parlicularly true for
salinity.

Prior to 1960 salinity determinations had been perfonned by a variety of chemicill
techniques. Salinity data after 1960 wcre denved from· conductivity determinations
performed within thc Laboratory under controlled conditions and ehecked using
international standards.

Some pre-1960 salinity data had been previously extraCted manually from the paper
archives to produce long time-series ofsaliriities; which have beeri publislied several times
before and used for a variety ofpurposes (Martiri, 1976; Walsh arid Martin, 1986; Martin,
1993; Marlin el al., 1984; Dickson el al., 1984; Dooley and Martin, 1984).

Calibration of the early data had been perfornied manually and subjectively based upon
careful examination ofiridividual seetions. As thc datu was not eomputerised an objective
calibration routine could not bc applied to thc data, the long time-series eould not be
reproduced, ri.rid new time-sedes for differerit parameters or locations eould not be
caleulated.

Henee thc goals of thc projrict deseribed here were to collate all available historie data
lying along tlie two standard sections across the Faroe-Shetland Channel, to coinputerise
the data and thcm to devise an objective calibmtion routine for thri older saliriity records.
Finallya long time-series ofthe salinity ofNorth Atlantic wäter was required in order to
compare With previous estiniates of this import.D.nt variable. ' .

< .' ,

PAST MEASUREMENT TECHNIQUES

The hydrographie measurementS performed across tlie Faroe-Shetland Channel inc1ude -,
measurements of the following parameters: •

1. Geographical position of astation.
2. Sounding on station.
3. Depth of mdividual observations.
4. Temperaturc at each depth.
5. Salinity at each depth.

EaCh measurement hris invoived varying techniques. over.· thc century. of obserVations
available. In particular, during the period one major change in thc method ofmeasurmg
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 exaniined elsewhere. Bricfly, the followmg techniques have been employed
on Scottish surveys during the 100 year period under consideration:
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2.

3.

Position: ,The original surveys employed asti-onomical, obserVations und dead
recköning to fix the position ofhydrographie stations (DickSon, 1894). NaVigation
systems mnploYing the Decca system wcre introduced on Scottish research vcssels
in the early 1950s. Satellite based systems becrime available iii the 19808, and thc
GPS system dtiririg thc prescnt decade.

Soundlng: Eurly soundings were determmed by lead rind line methods, usiiig
sounding machines such as the Thonison sounder (1893-1902, DickSan; 1894, 1897)
and thc Lucas sounding machine (1903, Robertson, 1903). Acoustic techniques
only became available on Scottish research vessels after about 1950.

Depth oe indlviduaI obscrvätions: Eurly observations reiied upon the amöunt
of we let out from tlie vesseI. This method obviously has many errors aSsocirited
with it, particularly when large ship drift is present. Smce the earlicr part of this
century unproteeted thermometers in corijunction with protected thermometers
have been used to determine depth of reversal. More recently in situ pressüre
serisorS mountcd oll. conductivity, temperaturc and depth (CTD) probes have been
available.

5.•

4. Temperature: The first measurcments were obtained using Negret.ti und Zainbra
reversing thermometers with calibratioiis from the Ke,vobservatory (1893-1901;
DickSon, 1894, 1896). SuosequEmtly Nansen-Richter thermometers were used
(Helland-Hansen; 1905). Reversing thermometers were supplemented oy
temperature measurement of saJ:nples retum.ed to the deck of thc vessel in
insulated bottles (eg Pettersson bottle). Nanseii thermometers ware used between
1927 and 1939 (Tait, 1957). Duringthe earIy penod single ,thermometers were
used at .crich depth. Mter thc leite 1920s paiied thermometers were employed.
During the latter part ofthe observatiori period (1940-onwards) paired protceted
reversing thermometers were used, in conjunction witli a third Unprotected
thermometer, mouilted on Knudsen revcrsing wate~ bottles. The majority of
thermometers in use now ure of either Negretti-Zambra or Gohla mantifacture.
These previously.were Calibrated at the National Physical Laboratory (UK) and
subsequentlyby Gohla (Germany). Discrete temperature measurements employing
mercury in glass thermometers ure now being replaced by coll.tinuous proflles
obtained from electronic in situ measu~ement of temperature. '

Salinity: Sampies of water for the laboratOry determination.of salinity have bcen
collected using a vanety ofsamplmg bottles. Thc first sirrVeys employed the MUrs
self-lockirig slip waterbottle (DickSon, 1894). Subsequently PetterSon-Nansen, and
Knudsen bottles havc beell. used.

The first determinations of salinity were. performed by density measurements
using hydrometers und Sprengel tubes (DickSon, 1894). In addition calibration
sampies were analysed forchlorinity using titration mcthods. These chemical
arialyscs wcre penormed at .severaI laboratories including ·ones at Oxford lind
Univcrsity .College, Dublin. Betweeri about 1930 and 1960 titrations were
performed by thc UK Govemnierit Chemist. During this pei-iod poor accuracies
were most probably achievcd as the analysts were not specificrilly manne chemists.
Long sampie storage Ümes were common. Batches of sampies orten contaiiied
interna! mconsist.encies; arid systematic errors occurred betwecn b~tches.
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Electronie deterwnation of eoriduetivity eommeneed in 1960 with the aequisition
of a Cox salinometer. This.was replaced with a CSIRO model in the mid-60s, a
Guild1ine Autosal in the early 80s and ci Guildline Portösal in 1992. SampIes have
been analysed at sea; but oWing to short eMSe timcs and, highcr aehieved
aeeuraeies, sampies DIe now analysed imniediately on return to thc lab'oratory. As
with temperature, continuous in situ eonductivity profiles are now possible using
CTDs.

CalibratlOll

Other than noting. the possibie limitations of accuraey of thc measurements 'ür position;
sounding, and depth of individual measurementS, it may be impossible to improve upon
thc reeorded values. \Vhilc histone measuremerits oftemperature havc becn rc-ealibrated
folloWing careful historieni research of past methods, particulrirly för sea surfaee
temperatures, again it would äppear that the tempera.tures obtillned at depthwithin the
Faroe-SheUrind Channel must be left uneorreetrid.

Thc early measurements of salinity, howover, äre eertillnly prone to largo efrors owmg
to the methods ofsaliriity determination. A method does mQst whereby these observations
may be adjusted to eorrespond to modern day measurements, and this is deseribed below.

, ' '.."

DATA SOURCES AND COLLATION

A number of data sourees have been employcd duririg the collation of historie data from
thc Faroe-Shetland Channel. Tbese are listed in thc Appendix. Data from early cruises
were extraeted from reports ofthc FisheryBoard for Seotland and from tbc ICES Bulletin
Hydrographiquc. In addition originaI station books beld by the Marine Laboratory,
Aberdeen, along with some loose reeords, were searehed for data obtmned in the Faroe-
Shetland Channel. .

Onee data had beeri manüally extraeted from the original sourcCs it was entered into
standard hydrographie data formats ön thc Laboratory's computer. Cruise files were
eonstructed eontaining data obtillned during surveys by indiViduril vessels. These were
then serirched using position criteria tö detCrmine which stations lay elose to the present
day stations worked across the standard lines. Table 1 gives thc loeation of the present •
day standard section ~tations. Thc boxes were used to determine ifhistoric stations were
elose enough to present,day stations to be aeeepted are showri in Figure 1~ and their
boundarics are giveri in Tilbles 2 and 3. Larger boxes were used for the earlier data 10
ensure as muCh data was reeovered as j>ossible without' a sigriificant redriction in
aeeuraey.

100 Year Data Set

MtCr the search of thc-historie -data.set was eomplete, a database was e~nstrueted
eontaining full or pUrt seetions aeross "the Fillr Isle-Munken and Nolso-Flugga seetions.
In all 290 Nolsö and 108 MunkeIi sec:tions no", eXist for the period 1893-:1993. The
availability of data at eaeh of the 12 stan"dard stations along the two survey lines may be
seen in Figura 2. Coverage of the Nolso-Flugga line is most complete. Regular survays
across thc Fair Isle-Munkeri section eommeneed in 1970, with sporadie saniplirig during
the preceding Years.
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SALINITY CALIBRATION

In order to calibratc the older salinity observations thc quasi-statlonary characteristicS
ofthe Norwcgirin Sca Bottom Water (canedNorwcgian Sca Decp Water byMartin, 1993,
rind rcferred to here as NSDW) have been employed. Petcrson and Rooth (1976) cstiniatc
that exchange times of the NSDW are greater than 100 years; the lenith of the present
observations. Henee the salinity of this \vater is assumed to be stationary over the pei-iod
of observations. Post 1960 data has been employed to determme the salimty ofNSDW,
as observed at the two seetions. Mter the removal ofnotable outlicrs the mean salinity
ofNSDWwas:

.- ....
. .'

Seetion Mean Standard deviation
., .

Noslo - Flugga 34.921 0.017

Munken - Fair Isle 34.919 0.010.'.

Temperature-sallnity diagrams for post-1960 d?igs Sa, 3e) and pre-i960 d~'igs3b, 3d) datri
demonstrate the large scatter in thc earlier salinity drita as compared to the later drita.
This is not oIlly eVident in the NSn\Vwater, but roso mthc salmity ofthe North Atlantic
(NA) ririd Modified North Atlantic (MNA) watcrs.

Thc inethod of caÜbrating the older data was to determine all sampIes which oceurred
within the NSDW at depthS greater than 800 m; For euch cruise where this.water was
sampled a mean vroue was cUlculated and compared to the post-1960 mean values shoWn
above. Thc differenees for individual cruises lllay be seen in Figure 4. Tbe crinipiited
differences were used to correct the individual values of salinity at each observation
depth, for euch cruisc..

Onee these corrections were applied; thc reswting pre-1960 t-S diagrams more elose!}'
resemble thc pöst-1960 profiles (Fig. 5). Not oD.ly do salinities in the NSDW water He
within acceptabIc limits as determined by modern drita, but the distribution of t-S
charactensties for NA and MNA water appearS more reasonable.

RESULTS

In order to compare the sUlinity ofNA watCr.as determined by the objective Callbration
routine described above with the previous subjectivc manual estimates, a time series of
NA salinitywas constmeted. Data from both strindam seetions were eombined, arid the
salinity of NA water defmed as thc mriximUlll recorded in any. one yerir at the four
stations lying inshore from the 200 m contour on thc Scottish shelf edge. OIlly pre-1960
data ",hieb had been calibrated was used. The results may be seen in Figure 6. It is
evident thai while time-sefies used iri the past hrive not been entirely consistent with one

I, ~ another, most major features are reprodueed. For example, thc low salinity prior to·1910: .,. •. '.....
high salinity betweeii 1935 ärid 1940, high salinities in 1960 and the early 1970s and the
low salinity event in thc niid-1970s; followed by recovery in the 1980s.

Thc time-sefies generated by the present method also reproduees these main features.
The RMS error associated with the different time-series are presented in Table 4. From
ihis it would appear thrit, at best, the salinity of NA watcr has been estimatcd to an
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accuracy ofabout 0.03. It inay be seen from Figurc 6 that the amplitude ofvanation over
the past century has beeri of thc order of 0.2 hence Ü. has been resolved by the vanous
inethods used to measure and deterniine NA sillinity.

DISCUSSION

The time-senes ofNA sillinity generated by this project maybe seeri in FigUrc 7.' It is to
be hoped that this time-senes will now be contiiiually extended. Tbe Manne Labora.toi-y
Aberdeen piesently plans to survey the standard. sectionS at least three times eachyerir.
It is to be hoped that other ICES nations working in the Faroe-Shetland channel mayaIso
work part or 0.11 of these sections and report the data to ICES.

The databases produced by this project rire presently being used to extract more
information from the recovered data. Tinie-series of salinity in other ,water types are
being constructed, arid used to eXaInirie events such as the Great Saliriity Ariomaly arid
the more recent 1989-91 high saliriity event. Annual cycles within the Faroe-Shetlarid
Channel are being examined.

While the data-sets constructed during this project represent some ofthö longest directly
observed environmental tune-series in thc world, the pei-iod covercd is shorl cömpared to
thc time-scales irivolved with many climatic and biologiCal processcs. Für eXariiple
100 years i-epresents just six cll-culation periods of thc North Atlantic sub-polar gyre
(period of 15 years), 13 flushirig penods of thc Noiwegian Sea (period sevcri years) and
possibly just 20 geriera.tions of a pelagic fish such as thc Atlantici salmon (Salmo salar).

. . ,

The period hris induded~ howevcr, scveral sigilificririt clunatic evcrits marked by thc high
and low sa.linity rinomalies; arid studies ofthe processes which produced these cvents may
well help climatc modellers. Thc period also ericompasses the last ccntury of industrlal
development, and the contmuation of the time-series is of global importance if we wish
to observc possible effects of the emission of "greenhousc" gases.
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TABLE 1

Hydrographie station positions and typieal soundings as eurrently worked along the two
Faroe-SheUand Channel standard seetions. Station numbers displayed in Figure 1 are
centred on these positions

Nolso-Flugga Seetion

Station Station Latitude Longitude Sounding (m)
number name

1 1 600 56.0'N 1°00.0'W 120

2 2 610 04.5'N 1°53.0'W 170

3 3 610 08.0'N 2°10.0'W 500

4 3a 6lo 11.0'N 2°25.0'W 700

5 4 61o l4.0'N 2°40.0'W 900

6 5 610 21.0'N 3°10.0'W 1,100

7 6 6lo28.0'N 3°42.0'W 1,100

8 7 61°35.0'N 4°15.0'W 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°54.0'N 5°45.0'W 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 60o lO.0'N 3°44.0'W 100

2 2 600 16.0'N 3°59.0'W 150

3 3 600 20.0'N 4°10.0'W 350

4 4 600 25.0'N 4°19.0'W 600
5- 5 600 29.0'N 4°26.0'W 800

6 6 600 35.0'N 4°45.0'W 1,000

7 6a 600 38.0'N 4°54.0'W 900

8 7 600 43.0'N 5°06.0'W 700

9 8 600 47.0'N 5°16.0'W 650

10 9· 600 51.0'N . 5°29.0'W 500

11 ·10 6lo02.0'N 5°57.0'W 200

12 11
.

61°12.0'N 6°22.0'W 200



•

•

TABLE 2

Limits ofboxes used to identify hydrographie stations lying along the two Faroe-Shetland
Channel standard seetions as applied to pre-1960 data. The boxes defined by these limits
may be seen in Figure 1 (dotted lines)

Nolso • Flugga Seetion

Station Station Latitude Longitude
number name

1 1 60037'-61°12'N 0052'-1°20'W

2 2 60°41'-61°17'N 1°21'·ro59'W

3 3 60°48'-61°23 'N 2°00'-2°17'W

4 3a 60051'·61°26'N 2°18'-2°31'W

5 4 60°54'·61°29'N 2°32'-2°53'W

6 5 61°01'-6ro36'N 2°54'-3°28'W

7 6 61°08'-61°43'N 3°29'-3°59'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°55'·60025'N 3°36'-3°51'W

2 2 60°01'.60°31'N 3°52'-4°05'W

3 3 600 05'·600 35'N 4°06'·4°15'W

4 4 600 10'·60040'N 4°16'-4°22'W

5 5 60°14'·60044'N 4°23'·4°36'W

6 6 60020'·60050'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 60032'·61°02'N 5°12'·5°23'W
10 9 60036'·6P06'N 5°24'-5°43'W
11 10 60047'·6P20'N 5°44'-6°10'W

12 11 60057'·61°27'N 6°11'.6°34 'W



•

TABLE 3

Limits ofboxes used to identify hydrographie stations lying along the two Faroe·Shetland
Channel standard seetions as applied to post·1960 data. The boxes defined by these
limits may be seen in Figure 1 (solid lines)

Noslo • Flugga Seetion

Station Station Latitude Longitude
number name

1 1 60052'·61°02'N 0052'·1°12'W

2 2 60056'·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 60005'·60015'N 3°36'.3°51'W

2 2 60°11'.60°21'N 3°51'·4°05'W

3 3 60015'·60025'N 4°05'·4°15'W

4 4 60020';.60030'N 4°15'·4°22'W

5 5 60024'·60034'N . 4°22'·4°36'W

6 6 60030'·60040'N 4°36'·4"50'W

7 6a 60033'·60043'N 4°50'·4°59'W

8 7 60038'·60048'N 5°00'·5°11'W

9 8 60042'·60052'N 5°11'·5°23'W
. 10 9 60046'·60056'N 5°23'·5°43'W

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-senes of the salinity of North
Atlantic water, and between these senes and the senes produced by the present project.
The sources of the time-senes 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 senes 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

Sourees of data used in the historie analysis of Faroe-Shetland hydrographie data. The
eruise 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:

Code Vessel Country

CN Clione UK
DA Dana Denmark
DI Discovery UK
EH Ernest Holt UK
EX Explorer UK
GO Goldseeker UK
GS GO 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
sn Sverdrup Norway
SP Sevastopol Russia
VA Vartdal Norway

Cruise Source
Code

189301 Dickson (1894). pp336-382

RE180601 Dickson (1897). pp280-296

N0190201 Helland-Hansen (1905). pp1-49
N0190202
N0190203

N0190301 Robertson (1905). pp51-113
N0190302

N0190401 Robertson (1907). pp1-140
N0190402
N0190501
N0190502
N0190503

G0190601 Robertson (1909a). pp1-60
GO190602
GO190603

G0190701 Robertson (1909b). pp143-196

GO 190702
G0190801
to
G0190806

G0190901 Robertson (1913). pp337-404
to
G0190907
G0191001
G0191002
G0191003

G0191101 ICES Bulletin Hydrographique 1911·1912
G0191201 leES Bulietin Hydrographique 1911-1912

G0191301 ICES Bulletin Hydrographique 1913-1914
G0191401 ICES Bulletin Hydrographique 1913-1914
G0191402 ICES Bulletin Hydrographique 1913-1914

EX192001 Un-numbered station books
EX192201 Un-numbered station books
EX192301 Un-numbered station books
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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
EX194603
DA194701
EX194701
EX194702
EX194703
EX194704
EX194705
DA194801
EX194801
EX194802
EX194803

Un-numbcrcd 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 52
Station book EX 53
Station book EX 53
Station book EX 54
Station book EX 55
Station book EX 57
Station book EX 59
Station book EX 60
Station book EX 61
Station book EX 64
Station book EX 66
Station book EX 67
Station book EX 69
Tait (1957). pp224-225
Station book EX 72
Station book EX 74
Station book EX 75
Tait (1957). p231
Station book EX 79
Station book EX 81
Station book EX 82
Tait (1957). pp232-233
Station book EX 84
Station book EX 84
Station book EX 85
Tait (1957). pp236-237
Station book EX 87
Station book EX 88
Station book EX 89
Station book EX 89
Station book EX 91
Tait (1957). pp241.242
Station book EX 92
Station book EX 93
Station book EX 95

11

EX194901
EX194902
EX194903
EX194904
EX194905
SC194901
SC194902
SC194903
SC194904
SC194905
VA194901
DA195001
DA195002
EX195001
EX195002
EX195003
EX195004
EX195005
EX195006
GS195001
SC195001
SC195002
SC195003
SC195004
SC195005
SC195006
SC195007
DA195101
EX195101
EX195102
EX195103
GS195101
SC195101
SC195102
SC195103
SC195104
SC195105
DA195101
EX195201
EX195202
EX195203
EX195205
SC195201
SC195202
SC195203
SC195204
SC195205
SC195206
SC195207
SC195208
SC195209
DA195301
DA195302
SC195301
SC195302
SC195303
SC195304
SC195305
SC195306
SC195307
SC195308
SC195309
DA195401
EX195401
EX195402
EX195403
SC195401

Station book EX 99
Station book EX 99
Station book EX 99
Station book EX 100
Station book EX 102
Station book SC 1
Station book SC 4
Station book SC 5
Station book SC 6
Station book SC 7
1.oose rccords
Tait (1957). pp265-266
Tait (1957). pp273-274
Station book EX 104
Station book EX 105
Station book EX 106
Station book EX 107
Station book EX 107
Station book EX 109
Loose rccords
Station book SC 8
Station book SC 8
Station book SC 9
Station book SC 10
Station book SC 11
Station book SC 15
Station book SC 15
Tait (1957). pp291-292
Station book EX 111
Station book EX 114
Station book EX 117
1.oose rccords
Station book SC 16
Station book SC 17
Station bÖok SC 19
Station book SC 21
Station book SC 22
Tait (1957). pp 299-300.
Station book EX 120
Station book EX 120
Station book EX 121
Station böok EX 123
Station book SC 24
Station book SC 25
Station book SC 26
Station book SC 28
Station book SC 28
Station book SC 29
Station book SC 30
Station book SC 34
Station book SC 34
Loose rccords
Loose rccords
Station book SC 36
Station book SC 36
Station book SC 38
Station book SC 39
Station book SC 40
Station book SC 41
Station book SC 41
Station book SC 41
Station book SC 45
Loose rccords
Station book EX 132
Station book EX 134
Station book EX 135
Station book SC 50



SC195402
SC195403
SC195404
SC195405
SC195406
SC195494
OA195501
EX195501
EX195502
SC195501
SC195502
SC195503
SC195504
SC195505
SC195506
SC195507
OA195601
DI195601
EX195601
EX195602
EX195603
SC195601
SC195602
SC195603
SB195601
OA195701
EX195701
EX195702
EX195703
EX195704
SC195701
SC195702
SC195703
SP195701
EX195801
EX195802
EX195803
EX195804
GS195801
SC195801
SC195802
SC195803
SC195804
SP195801
EX195901
EX195902
EX195903
SC195901
D1196101
HH196101
HH196102
HH196103
EH196201
CN196301
EH196301
EH196302
HH196301
10
HH196306
SO196301
S0196302
HH196401
HAl96501
HH196501
10
HH196504

Station book SC 51
Station book SC 52
Station book SC 54
Station book SC 58
Station book SC 60
Station book SC 55
Loose records
Station book EX 139
Station book EX 142
Station book SC 60
Station book SC 62
Station book SC 63
Station book SC 64
Station book SC 65
Station book SC 66
Station book SC 66
Loose records
Loose records
Station book EX 148
Station book EX 149
Station book EX 150
Station book SC 68
Station book SC 70
Station book SC 71
Loose records
Loose records
Station book EX 153
Station book EX 155
Station book EX 157
Station book EX 158
Station book SC 72
Station book SC 75
Station book SC 78
Loose records
Station book EX 159
Station book EX 160
Station book EX 163
Station book EX 165
Loose records
Station book SC 83
Station book SC 85

. Station book SC 86
Station book SC 90
Loose records
Station book EX 168
Station book EX 168
Station book EX 170
Station book SC 94
Loose records
Loose records
Loose records
Loose records
Loose records
Loose records
Loose records
Loose records
Loose records

Loose records
Loose records
Loose records
Loose records
Loose records
Loose records

Loose records

iii



FIGURE 1 Map showing the location of the two standard Faroe-Shetland. 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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...-------------------- - ------------------1

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 seetion.
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Temperature-Salinity diagrams for the four databases prior to coct"ecticm 'lfthe
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 3
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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).
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Temperature-Salinity diagrams ofpre-1960 data before and after corrections have
been applied to salinity values. a) Nolso-Flugga pre-1960 uncorrected; b) Nolso
Flugga pre-1960 corrected; c) Fair Isle-Munken pre-1960 uncorrected; d) Fair Isle
Munken pre-1960 corr~~te<;l.'14
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FIGURE 5
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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 solidline derived
from this project after corrections applied.
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FIGURE 7 Time-series ofthe salinity ofNorth Atlantic water 1900-1992 derived from
corrected values ofsalinity obtained along the two standard Faroe-Shetland
channel sections.


