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P a r t  I: 'Tydeman'  hydrography  

T.S. Hopkins, G. Baldasserini, P. Povero, 
M. Ribera and P. Zanasca 

Execut ive Summary:  This memorandum summarises the results of the At- 
lantic Inflow Experiment in the form of an oceanographic data report. Its pur- 
pose is to ~rovide  a complete data summary that serves as a reference for the 
experiment itself and for subsequent analysis of portions of the data pursuant 
to ASW applications. 

The Atlantic Inflow Experiment was designed to provide information on the 
entrance of Atlantic waters into the Arctic Ocean through the Faeroe-Shetland 
Channel. The sampling design was unique and the instrumentation was more 
advanced technologically than that used in previous oceanographic samplings 
of the area. 

Detailed sampling of the oceanographic environment provides information to 
researchers on three levels: exploration of the environment in both space and 
time frames not yet observed; confirmation of our understanding of the physical 
laws governing the ocean environment; and utilisation of these data and laws in 
quantitative assessments (models) t ha t  allow environmental prediction. Such 
descriptions and assessments of the ocean environment are a primary goal of 
ASW research. 

Hydrographic data are the observations of water properties taken from a ahip 
by means of a conductivity-temperaturt-depth instrument (CTD) that rapidly 
samples these and other variables as it is lowered through the water, and trans- 
mits the data to a computer system on board. On returning to the surface, the 
CTD records time-averages of these variables at selected depths; in addition 
attached bottles take water samples for the analysis of other variables. 

This memorandum is the first in a sequence of reports from the 1987 Field 
Programme: a hydrographic cruise conducted on board the RNLMS Qdernan 
in May. Part I1 presents the observations obtained from seven current meters 
on three moorings, two sub-surface acoustic floats, and one ARGOS drifting 
meteorological/drifting buoy deployed between the two hydrographic cruises. 
Part 111 reports on the hydrographic data taken later in September on board 
the R/V Belgica. 
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Atlan t ic  Inflow Expe r imen t  
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D a t a  R e p o r t  
Part I: 'Tydeman'  hydrography  

T.S. Hopkins, G. Baldasserini, P. Povero, 
M. Ribera and P. Zanasca 

Abstract :  The hydrographic data from the GIN 87-T cruise on board the 
HNLMS Tydeman are summarised in this data report. This cruise consti- 
tuted the first cruise of the 1987 portion of the Atlantic Inflow Experiment, 
which was designed to investigate the causes and effects of the inflow of At- 
lantic Water into the Greenland-Iceland-Norwegian (GIN) Sea. The cruise was 
conducted 29 April-26 May 1987, in the vicinity of the Faeroe Channel and 
in the Norwegian Sea. Pressure, temperature, conductivity, disaolved oxygen, 
and light transmittance were recorded in situ via a CTD sample. Water sam- 
ples were taken for the analysis of salinity, dissolved oxygen, nitrate, nitrite, 
silicate, oxygen-18, particulate organic carbon, chlorophyll-a and phaeophytin 
fluorescence, and phytoplankton composition. This memorandum describes the 
methods used in the data acquisition and reduction and presents the data in a 
selected sequence of plots and tables. 

Keywords: Atlantic Inflow o chemical oceanography o Faeroe channel o 
GIN Sea o Greenland-Iceland-Norwegian Sea o hydrography o plankton 
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Introduction 

1.1. GIN S E A  PROJECT 
The GIN Sea observational programme was initiated in 1985 by the Applied Oceano- 
graphy Group (AOG) to acquire an extensive set of oceanographic data in the 
Greenland-Iceland-Norwegian (GIN) Sea. The data was subjected to state-of- the- 
art quantitative analyses to serve the purposes of SACLANTCEN and the NATO 
scientific communities. The responsibility for the acquisition, implementation and 
maintenance of the instrumentation belongs to the Ocean Engineering Department. 
The GIN Sea field experiments attempted to employ as many techniques as feasible 
in order to maximize the potential for interpretation and assessment. To achieve 
this, the observational programmes have employed a high-quality standard instru- 
mentation (e.g. CTDs, current meters) and new or experimental instrumentation 
(e.g. acoustic doppler current profders, SOFAR subsurface floats, meteorological/ 
thermistor chain ARGOS buoys). These were augmented with biological and chem- 
ical sampling techniques (e.g. chemical tracers, planktonic species counts). Both the 
experimental instrumentation and biological and chemical sampling open avenues of 
collaboration with other research institutions and enlarge the potential for utiliza- 
tion of the latest techniques in interpretative analysis. The data obtained from the 
moored and floating instrumentation is presented in Part I1 of this data report. 

The SACLANTCEN GIN Sea project proposed two major observational experi- 
ments: the Atlantic Inflow Experiment (AIE) in 1986-87 and the Icelandic Boundary 
Current Experiment (ICE) conducted in 1988-89. The AIE deals with the water- 
mass input to the GIN Sea via the Faeroe-Shetland Channel and its subsequent 
transitions northward within the Norwegian Current System. The ICE deals with 
the large-scale forcing controlling the Icelandic Current which transports waters 
of the Denmark Strait to the Faeroe Channel and which establishes the dynamic 
boundary forming the Iceland-Faeroe Front. The two experiments were designed to 
provide a substantial database and a more complete physical understanding of this 
important region. 
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1.2. ATLANTIC INFLOW EXPERIMENT 

The Arctic Ocean receives large quantities ( N  4-8 Sv) of North Atlantic surface 
waters. Most of this inflow derives from a portion of the North Atlantic Current 
which crosses the Wyville-Thomson Ridge and flows through the Faeroe-Shetland 
Channel. Smaller inflows arrive via the Iceland-Faeroe Ridge and the Denmark 
Strait. Virtually all of the salt and heat input to the Arctic Ocean enters with this 
input. Considerable observational effort has been spent in attempting to quantify 
this input with inconsistent results that are not in accord with the input values 
deduced from thermohaline balances of the Arctic Ocean (see Hopkins, 1988a). In 
part, these inconsistent results have been explained by the historical need to rely on 
the dynamic method, which uses an unknown reference level, i.e. Tait (1957). The 
more recent use of current meters has provided better direct information on the flow 
field (i.e. Dooley and Meincke, 1981). No comprehensive data set exists that provides 
a satisfactory description of the inflow and its temporal variability. Hopkins (1988a) 
reviews observational attempts to establish this inflow and its general relevance to 
Arctic oceanography. 

The GIN Sea project was undertaken to enhance the data bank with observations 
concerning the behaviour of this input water, the Norwegian Sea*. The purpose was 
to better describe the frontal interface and its variability between this water mass 
and the Arctic waters. This observational effort is called 'The Atlantic Inflow Ex- 
periment'. This data report summarises the hydrographic data taken on board the 
HNLMS Tydeman from 29 April to 26 May 1987 in the Faeroe-Shetland Channel 
and southern Norwegian Sea regions, the first cruise of the Atlantic M o w  Experi- 
ment. For information concerning the preceding cruises (1986), see Hopkins (1988b); 
Hopkins, Giannecchini, Gualdesi and Zanasca (1990); and for the remaining 1987 
cruises see Part 11, Hopkins, Giannecchini, Gualdesi, Mouchet and Zanasca (1991) 
and Part 111, Hopkins, Baldasserini, Goffart, Povero and Zanasca (1991). 

1.3. COLLABORATION 
The GIN Sea project is unclassified and open to collaboration with oceanographic 
research institutions of NATO member nations. This policy is intended to encourage 
participation and scientific exchange within the NATO community. 

The GIN '87-T cruise was assisted by collaborating institutes as follows: 

r Zoological Station, Naples; M. Ribera 

r loan of fluorometer and vacuum pumping apparatus 

r University of Genoa; P. Povero 

r University of Bergen 

r analysis of 180 samples 

" Atlantic Water, within the southern portions of the GIN Sea. 
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Cruise track 

The cruise hydrography (Fig. 1) consisted of CTD/rosette and XBT casts designed to 
satisfy the primary observational objective: a sampling of the water mass properties 
across the inflowing North Atlantic Water and across the Icelandic Current. The 
primary transects were taken orthogonal to the major bathymetry at the locations of 
the current meters. The B2-B8, B3-B7 and Faeroe-Shetland transects (Sts. 114-123, 
Sts. 130-139 and Sts. 147-154, respectively) were repeated; and a tidal time series 
was taken in the vicinity of Buoy 2 (Sts. 146.01-.13). Other complementary transects 
were taken to complete the sampling domain, which extended from the Wyville- 
Thomson Ridge to the Lofoten Basin and from the Norwegian Shelf to the Icelandic 
Plateau (St. 107). The stations were organized to provide a sampling sequence along 
the 2000 m and 800 m isobaths, corresponding with the current meter placement. 
The station spacing varied to provide better resolution over large gradients in the 
bottom depth and/or in frontal regions, e.g. across the Icelandic Current (Sts. 39-46 
and 32-38) and near the current meter moorings. XBT casts were made between 
CTD casts and where greater temperature resolution was required. 
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Figure 1 Hydrographic stations of the cruise of HLNMS Qdernan. 
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Methods 

3.1. DATA ACQUISITION 
CTD/rosette The CTD package was a Neil-Brown Mark 111 conductivity-temper- 
ature-pressure (CTD) sensor probe together with a General Oceanics rosette sampler 
(5 litre, 12 bottles). The CTD included a Sea Tech 25 cm transmissiometer and a 
Beckman dissolved oxygen sensor. This system was mounted in a protective stainless 
steel cage, on which were attached four leads of 20 kg and two vanes to prevent 
rotation. The package had been tested to descend, without kiting, at speeds of 
1.9 m/s. Descent speeds were restricted to N 1 m/s to avoid problems with the 
response times of the sensors. An identical package was available as a spare and 
was used from Sts. 129-154 when problems developed with the thermistor on the 
primary unit. 

A new single conductor cable (4000 m, 114 inch) was acquired for the cruise in order 
to extend the sampling capability to the depths of the Norwegian Sea. The use of 
a large rosette frame necessitated fairleading the cable to the forward hydroframe 
from the winch amidships. This unusual arrangement created a torque in the cable 
which ultimatly resulted in several cable accidents and a considerable number of 
spikes in the data. The effect of the torque was minimized by mounting a vane and 
the CTD/rosette package was suspended via four cable straps to a safety grip in 
order to avoid strain on the electrical cable termination. 

Hydrographic cast A hydrographic cast consisted of the lowering of a CTD /rosette 
package to just below the surface, where it was left to stabilise for a few minutes, 
and then lowered to within 30-50 m of the bottom depth as indicated by the ship's 
depth recorder. During this downcast, the data stream was interfaced to a Mi- 
croVAX I1 computer. The data stream was duplicated onto a backup cassette. At 
the conclusion of the downcast an upcast was initiated, that is, data acquisition 
stops were made at specified water sample depths. At each stop, the CTD was 
allowed to stabilise for 1 min before acquiring data for 30 s and before closing the 
Niskin bottle. 

The CTD deck unit was equipped with a digital monitor to control the data stream 
which was routed directly to a MicroVAX computer. The acquisition commands 
were entered via the MicroVAX terminal, and provided for screen plot of the raw 
data and a routing to a Calcomp 1044 printer for an on-line 3-pen plot of the 
temperature, conductivity, and transparency variables. These plots were used to 
monitor and evaluate the data quality and to determine the depths for the sampling 
of particular vertical features. The CTD data stream was duplicated on a 'backup' 
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cassette. A decimated printout of certain raw and derived variables was made in 
between casts for the onboard scientific assessment of the data. XBTs (type T7) 
were interfaced with an HP-85 for an on-line plot/print and for registration onto a 
data cassette. 

Shipboard data The HNLMS Tydeman's on-line system provided the ship's po- 
sition, water depth, sea surface temperature, wet/dry air temperatures, and wind 
speed/direction on a print-out every 15 rnin and recorded on magnetic tape. This 
data was later transferred and made available to SACLANTCEN. An HP-21 MX 
computer was interfaced to a satellite receiver to provide visual and infrared images 
of the region. 

Water samples The number of bottle depths was adjusted to 12 or less according 
to the depth of the particular station to obtain a reasonable vertical distribution. 
The surface and intermediate (salinity minimum) layers were favoured. In all cases, 
the following standard depths were used, i.e. 3, 25, 40, 65, 100, 200, 350, 500, 650, 
800,1000,1500, and 2000,2500, and 3000 and/or the depth of the bottom less 50 m. 
Water samples were drawn from every cast in the following quantities: 

a salinity samples at one to three depths into 250 ml glass rubber-stoppered 
bottles, 

dissolved oxygen samples at two to four depths into volume-calibrated dark 
glass bottles, 

nutrient samples from every depth into 25 cm3 plastic bottles, 

chlorophyll samples at bottle-depths 65 m or less into 500 cm3 plastic bottles, 

particulate organic carbon samples from selected depths filtered into 2 1 bot- 
tles, 

a 180 samples at occasional depths into 500 rnl plastic bottles. 
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I - Down 

+ Lab.coeff. 
+Sample coeff. 

DATA BASE 

Figure 2 Sequence of data reduc- 
tion b y  SACLANTCEN's oceano- 
graphic profiling system. 

3.2. C T D  DATA REDUCTION 

Processing Processing of CTD data was accomplished by the SACLANTCEN 
oceanographic profiling system (OPS) which runs on a VAX. Generally, OPS is 
used on board for acquisition and for both data-quality and scientific assessments. 
OPS performs a complete sequence of data reduction (Fig. 2) which involves the 
following subroutines: 

(a) RAW. The CTD raw data were recorded on board onto MicroVAX cassettes. 
On return to SACLANTCEN these were translated to the mainframe VAX. At 
this stage the casts were renumbered to correspond with the station numbers, 
the headers were completed and their information checked. Upcast files were 
treated similarly. 

(b) EDIT. All six of the raw data variables (temperature, conductivity, pressure, 
oxygen current, oxygen temperature, transparency) were edited for obvious, 
large-amplitude spikes. These are usually single data points created by noise 
or intermittency in the cable transmission and cause a spike in all variables; 
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occasionally they are found in only one variable due to sensor noise. The 
routine allows for blow-up plots over any pressure range and for cursor iden- 
tification. Spiky points are removed and replaced by a linear interpolation at 
32 Hz. Gaps greater than 0.5 m are treated differently, see step g) below. As 
a final step, the salinity values are calculated to see if any prominent spikes 
were missed. 

(c) T I R / O R D .  The pressure sensor has a resolution of 5 cm. To create a smooth 
pressure signal relative to the other variables, the pressure signal is first passed 
through a filter with a 50-ms time response. The variable of time exists im- 
plicitly because of the sampling at 32 Hz; using the pressure signal, a descent 
speed w is calculated for each meter of depth. Following a method described 
by Giles and McDougall (1986), the descent speed w and the manufacturer's 
response times for the 'fast response' thermistor and for the conductivity cell 
are used in the following filter: 

1 - e-At/~ 
Cs(t) = e - A t l r ~ s ( t  - At) + 1 - e-At/~C (Crn(t) - e - A t l r c ~ m ( t  - At)) 

where At is the sampling rate (32 samples per second), Cs the smoothed 
conductivity, Cm the measured conductivity, T and rC the sensor response 
times of the fast response thermistor and the conductivity sensor, respectively. 
This operation reduces the spikes caused in the calculation of salinity due the 
mismatch in the response characteristics of these two sensors. At this point 
we have brought the response of the pressure, fast-response temperature, and 
conductivity to N 50 ms. 

The descent speed w is checked for values much less than the mean, zero, or 
negative and the corresponding raw variables are cut at a certain pressure P ( z )  
and resumed at the next greater value of pressure P(z  + Az). This eliminates 
the data corresponding to pressure reversals (ship heaving) and reduces the 
inertial effect caused by the slowing of the sensor package relative to the water 
carried with it. 

(d) CALIB. The data are calibrated using two sources of information: the cal- 
ibration data from the laboratory tests at SACLANTCEN and the in situ 
samples taken during the cruise. Pre- and post-calibrations were made on the 
CTD unit employed in a 800 litre thermally stable bath (f 0.003°C), with a 
salt content controlled within the operating salinity range (see De Strobe1 and 
Montanari, 1984). 

(e) D E R I V  .VAR. At this point a set of oceanographic variables are derived from 
the calibrated data files using algorithms from Fofonoff and Millard (1983). 

(f) WAV. Depth-integrated weighted averages for each current meter (centred 
about an integer depth) were then calculated for each of these variables. This 
file was then used to produce the plots and listings included in this data report. 

(g) FUL. A CTD downcast is always missing a certain portion of data at the 
beginning and end of the cast. A complete file is essential for certain depth 
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integrations of data. The FUL file is identical to the WAV file except that the 
temperature, salinity and related derived variables are extrapolated upwards 
from the first depth to the surface and downwards from the last depth to 
bottom. A cubic polynomial is used that matches the adjoining slope of the 
WAV data and that is also normal to the surface and bottom boundaries. The 
surface portion, which is usually only a few meters, is effectively an extension 
of the surface mixed layer. The bottom portion varies in depth and therefore 
requires careful editing in order that density and water mass characteristics 
are conserved relative to the surrounding waters. 

Archiving Both the WAV and another He (CHEM DATA), created from the upcast 
data, were then exported for archiving and further analysis to the SACLANTCEN 
AOG GIN Sea database. Raw data and backup tapes of the EDIT file (see (b)) are 
also maintained at the Centre. 

Sensor calibration Sensor calibration was performed in the OED laboratory facility 
(De Strobe1 and Montanari, 1984). For each of the sensors a regression and calibra- 
tion correction formula resulted from a mean of the pre- and post-cruise laboratory 
measurements, using the following relationships: 

(a) Pressure: 

Pstand. X 0.9990 - 1.46, for Casts 1-128 of CTD2, 
PCTD = Pstand. X 1.001 - 4.87, for Casts 129-154 of CTD1, 

where PCTD and Pstand. refer to the pressure measured by the CTD and the lab- 
oratory standard, respectively. The two regressions had a standard deviation 
of f 0.56 and 1.07 dBar, respectively. Note, the offset of the latter regression 
was estimated from average of surface-depth value from the S ts. 129-154. 

(b) Temperature: 

for Casts 1-128 of CTD2, 
TBtand. X 0.9978 - 1.776 X ~ o - ~ P ~ ~ ~  + 0.006, 

for Casts 129-154 of CTD1, 

which had standard deviations of f 0.001 and 0.002"C, respectively. The re- 
gression for CTDl was obtained by applying first the laboratory corrections 
and then bringing it into agreement with duplicate deep water casts of CTD2. 

(c) Conductivity: 

Catand. X 1.000 - 0.001, for Casts 1-128 of CTD2, 
CCTD = Catand, X 0.9993 + 0.027, for Casts 129-154 of CTD1, 

which had standard deviations of f 0.006 and 0.003 mmhos/cm, respectively. 

(d) The oxygen current and oxygen temperature sensors were not calibrated in 
the laboratory. In between CTD casts the oxygen sensor was washed in fresh 
water and kept sealed. 
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(e) The transmissometer was not calibrated in the laboratory. Blank readings of 
the transmissometer were taken daily during the cruise and the instrument 
was washed with fresh water after every cast. The data was recorded in volts. 
Conversion to percent of transparency is made with the relation 

Data  calibration In situ samples of salinity and oxygen were taken during the bottle 
casts. The procedure for applying this information was as follows: 

:a) The upcast data file was acquired for the 30 s prior to the closure of the bottle. 
The pressure signal was used to decide on the length of data to be used for 
in situ data comparison. Normally, the entire set was used to form an upcast 
data average of all the raw variables. However, in some cases the depth of the 
CTD varied more than a predetermined 3 m tolerance, invariably in the form 
of waves and/or trends, in which case the last full wavelength or the last N 113 
of the sampling, respectively, was averaged to obtain the value for that depth. 

(b) A data-quality check was made by computing the means and standard de- 
viations of the differences between successive values for all variables in this 
upcast file. If these standard deviations exceeded those from a large statisti- 
cal reference set of such samplings, the upcast file for that variable was edited 
to exclude spikes or erratic data. In cases in which the file was judged unac- 
ceptable, a value was created from the equivalent depth of the downcast file 
and a data-quality flag was appended to the data value. 

(c) The laboratory calibration values ( P ,  T and C )  were used to calculate salinity 
values from these upcast data files. At each depth where a bottle salinity was 
taken, the CTD upcast salinities were subjected to a multi-regression analysis 
against the bottle salinity, the temperature, and the pressure. This resulted 
in the salinity offset formula, for different CTDs and groups of stations: 

Sbottlc x 9.80786 x lo-' + TCTD x 1.23156 x 
+ PCTD x 3.92702 x lo-' + 6.783 x lo-', 

for Casts 1-128 of CTD2, 

Sbottlc x 1.02578 - TCTD x 3.95258 x 
+PCTD x 1.71649 x - 8.895 x lo-', 

for Casts 129-136, 142-146 of CTD1, 

Sbottle x 9.34057 x 10-I + TCTD x 1.88527 x 
+PCTD x 2.02318 x + 2.3007, 

for Casts 137-141 of CTD1, 

Sbottlc x 1.05995 - TCTD X 3.22947 x 
+PCTD x 2.61792 x - 2.0976, 

for Casts 147-154 of CTD1, 
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Table 1 Results of linear regression 

Cast Coefficients Stand. Dev. 
a b c d e (deeper 

(~10-') (~10-') (x ( X ~ O - ~ )  (~10') water)* 

Downcast - CTDZ 

Downcast - C T D l  

Upcast - CTDF 

1-60 16.6304 0 0 0 -0.3922 f0.16 
61-74 18.7312 0 0 0 -0.4972 f0.12 
75-96 14.3755 0 0 0 -0.1088 f0.16 
97-120 13.4673 0 0 0 -0.0558 ~t0.14 
121-128 11.0171 0 0 0 $0.0074 f0.09 

Upcast - CTDl 

129-154 1.7520 

* n.a.: not available. 

which had standard deviations of f 0.006, 0.004, 0.004, 0.002, respectively. 
Note, that for the downcast, the salinity is first derived using the laboratory 
regression corrections above and then adjusted according to the results of the 
bottle calibration. 

(d) Using the corrected salinity and temperature values from the upcast, CTD 
values of oxygen were calculated from the averages of oxygen current and 
oxygen temperature values using the manufacturer's formula 

These were then compared with the corresponding bottle data values using a 
linear regression, 

with different coefficients, depending on the CTD and cast, applied to the up 
and downcast data. The coefficients are listed in Table 1. 
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3.3. CHEMICAL ANALYSIS 
Salinity Salinity samples were analysed on a Guildline AutoSal at SACLANTCEN 
several weeks after the cruise. The results were used for CTD calibration and data 
quality control. The data Listed in Appendix C are the calibrated CTD values. 

Dissolved oxygen Sample bottles were volume calibrated ( N  75 ml). The Winkler 
method of analysis was used. Samples were fixed immediately and titrated later 
with an automated burette (DOSIMAT). Blanks were run once a day, approximately 
every 10 stations. The data listed in Appendix C are given in ml/l. The values from 
the CTD at each of the bottle depths are also given. 

Oxygen-18 Oxygen-18 isotope samples were analysed by the Geology Department, 
University of Bergen using a mass-spectrometric technique (cf. Gat and Gonfiantini, 
1981). The data in Appendix C are given as 6180 from the relation 

where 180/160sMow is the stable-isotope ratio for standard mean ocean water. 

Nutrients Nutrient samples were prefltered on a Whatman GF/F filter, copiously 
rinsed with reagent-grade water and using a syringe equipped with a swinnex filter 
support. The samples were analyzed soon after using an ALPKEM Rapid Flow 
Analyzer. The procedure for silicate analysis followed that of Strickland and Par- 
son (1968) using the absorption value at 820 nrn in a 10 mm flow cell. For the 
nitratelnitrite analysis, a modified procedure of Grasshoff, Ehrhardt and Kremlig 
(1983) was used with an absorption of 540 nm and a 10 rnrn flow cell. A salt correc- 
tion for the silicates was computed but not applied to the data set. It will be applied 
in subsequent analysis of the total nutrient data set from the other cruises (contact 
authors for further information). The peak heights on the graphic output from the 
analyzer were measured with a ruler with a resolution of 1 mm, i.e. f O.lpM. The 
data listed in Appendix C are given in pM only for the silicates, since the nitrate 
and nitrite data needed further editing and correction caused by frequent problems 
with the analyzer on the nitrate channel. 

Chlorophyll Chlorophyll-a and phaeopigments were measured fluorometrically us- 
ing a Turner Designs Model 110 fluorometer. Water sample volumes of either 200 
or 500 ml, depending on the sample depth, were filtered through a Whatman GF/F 
glass-fibre filter. The filters were then finely ground in a 10-ml tissue-grinder with 
90% neutral acetone, centrifuged, and left for 20-24 h under refrigeration at O°C for 
complete pigment extraction prior to observing their fluorescence. 

Particulate organic carbon One litre samples were fltered on precombusted (4 h 
at 450°C) glass-fibre filters (Whatman GF/C). After filtration the filters were dried 
at 60°C for 3 h and were stored in a freezer until post-cruise laboratory process- 
ing. There, the filters were dried at 60°C, placed in acid-washed aluminium boats, 
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and then burned in a Carlo Erba Elemental Analyzer Model 1106. A solution of 
cyclohexanone was used as a standard. The data were not available for this publi- 
cation but will follow in a joint publication with the Marine Science Environmental 
Institute, University of Genoa. 
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Data  presentation 

The data are presented in three Appendices. Appendix A consists of hand-contoured 
cross-sections from the cruise track of Fig. 1. The data are from 1 m averages of 
the FUL file from the CTD downcasts. The contour intervals have been chosen to 
highlight various water-mass features (cf. Hopkins, 1988a). The 35 ppt isohaline 
defines the low-salinity boundary of the Norwegian Atlantic Water; the boundary 
in temperature is taken as N 2 O ,  but is not as clearly defined since the thermocline 
extends deeper than the halocline. The hatched portion of the salinity contours 
represents the salinity minimum water that is identified as the Arctic Intermediate 
Water. Below the Arctic Intermediate Water is found the fairly uniform upper 
Norwegian Deep Water having potential temperatures of .v -1°C and salinities of 
N 34.9 ppt. In some cases a deeper secondary salinity maximum (>34.913 ppm) is 
also hatched. 

Appendix B consists of plots and prints from the downcast data of each station. 
Three two-variable depth profiles are shown of salinity and potential temperature, 
of potential density and sound velocity, and of transparency and oxygen saturation. 
A T-S plot is also displayed. Finally, a listing is given of 1 m average values at 
selected depths of the variables: temperature, potential temperature, salinity, po- 
tential density, density at 1000 m, integrated density (O,T,S), steric height, sound 
velocity, transparency, oxygen concentration, oxygen saturation, and the Brunt- 
Vaisala frequency. 

Appendix C consists of a tabulation of the upcast data for each station. In the header 
is included the station number and depth, date and time, geographical position at 
the end of the downcast, and the wind speed and direction. The variables listed from 
the CTD are the bottle depths, pressure, temperature, salinity, sigma-t , opacity, and 
oxygen concentration and from the water samples are the silicate, oxygen, oxygen-18, 
chlorophyll-a and phaeophyt in-a. 
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Appendix 
Transect contours 

Potential temperature and salinity contours of the various sections of the GIN '87-T 
Cruise are presented in Figs. A1-A27. Sections can be identified from the station 
numbers given at the top of the section and the cruise track of Fig. 1. 
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Appendix B 
CTD data from the downcasts 

CTD data from the downcasts are presented in Figs. B1-B167. For each downcast, 
four plots are presented in four panels as follows: 

a upper left, vertical profiles of salinity (in ~ p t )  and potential temperature (in 
"C); 

a upper right, vertical profiles of transparency (in %) and oxygen saturation (in 
%); 

r lower left, vertical profiles of sigma-t density (in gm/cm3) and sound velocity 
(in m/s); 

a lower right, potential temperature us salinity diagram. The points correspond- 
ing to the pressures of 100, 200, 300 dB etc. are indicated and the isopleths 
of sigma-t are drawn on the diagram. 

These stations profiles are followed (Figs. B168-B265) by data listings from the WAV 
f le  of one-meter averaged variables at selected depths. 
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Initial Distribution for SM-249 

SCNR for SACLANTCEN 
SCNR Belgium 
SCNR Canada 
SCNR Denmark 
SCNR Germany 
SCNR Greece 
SCNR Italy 
SCNR Netherlands 
SCNR Norway 
SCNR Portugal 
SCNR Spain 
SCNR Turkey 
SCNR UK 
SCNR US 
SECGEN Rep. SCNR 
NAMILCOM Rep. SCNR 

National Liaison Officers 
N L O  Canada 
N L O  Denmark 
N L O  Germany 
N L O  Italy 
N L O  Netherlands 
NLO UK 
N L O  US 

Total  external distribution 26 
SACLANTCEN Library 10 
Stock 24 

Total  number o f  copies 60 
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