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I

i,i: t :w summer of 1984, the Arctic Oceanography Department of Lamont-

S* ,- icil Observatory acquired a total of 222 helicopter-based C/STD

-. :zn ,h . ice-covered region of the Fram Strait to a nomkinal depth

M. This program was accomplished as part of an international experi- i

i,.-t Nnwn is .IIZEX East 1984. The two ships used in helicopter operations,

tne F/S Poiarstern and the M/V Polarqueen.

The USNS Lynch was also used to obtain 26 CTD stations from two separate

legs into the Fram Strait. The first leg primarily consisted of an open water

rins,!ct of the strait at a latitude of 79*N. Stations were typically taken

to within LO m of the buttom and extended from the ice edge onto the shelf of

Svalbard. The second leg was more acoustically oriented and confined to the

f southern region of the Yermak Plateau. During this leg, 11 stations to a "

nwinalI d, pth of 450 m were taken.

Standard level listings of temperature, potential temperature, salinity,

sL-ma-t, specific volume anomaly, :'ynamic height, and sound velocity are given . '.,

5 :r ,ach cist along with profiles of temperature, salinity and sigma-t.

This technical report outlines the acquisition and basic reduction

techniques of these data.

0
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INTRODUCTION

The Fram Strait, located between Greenland and Spitzbergen, is a region

of intense interaction between the ice-covered, cooler and less saline waters

tnit exit the Arctic Ocean as the southward flowing East Greenland Current and

the inflowing warmer and more saline water from the Atlantic which moves

northward as the West Spitzbergen Current.

The transitional region between the open ocean and the more stable inte-

rior sea-ice can be Loosely defined as the marginal ice zone (MIZ), however,

- the interpretation of this definiton depends largely on the time and space

scales over which specific processes occur. These processes can range from

I ;1Ab.i climatic v:iriations that operate over time and space scales from tens

!u thousands of years and millions of square kilometers, to more local

dynamics of air-sea-ice interaction that last for a few days and are confined

to regions of less than a hundred square kilometers. Because of the large

r' flective proprties of sea ice to incoming solar radiation, the marginal ice

Ii ers can play in important role in local climate conditions, as well as cli-

-" ,1tloogic3l patterns of the world (Barry, 1983). For example, over the course

it in iver~ige year, the difference between the minimum and maximum areal

Krclit ,f i(!a ice for both the Arctic and Antarctic is roughly 10 million

I o;uItr( kilometers or 2% of the earth's surface (Nazarov, 1963).

a Unfortunately, these regions still remain poorly understood, and ques-

tions rf-lating to the dominant or controlling forces that determine the posi-

Lion of the ice edge, asociated feedback mechanisms, and the importance of

nesoscaLe processes in the transfer of heat, salt, momentum, and biomass

within the MIZ are only a few areas that need to be answered in these highly

dynamic and specialized regions. As :i result, two major scientific programs, eI
known as the Marginal Ice Zone Experiments (MIZEX) East and West, were initi-

1 Z.



2 I
ated in the Arctic regions of the Fram Strait and the Bering Sea,

respectivley. I

Mesoscale activity definitely plays an important role in the transfer of

heat, salt, and momentum, across the frontal boundaries set up by these

differing water masses. if
Smith et al. (1985) have recently indicated that these processes may also

be important in biomass exchange across the front. Based on satellite imagery

of the open ocean near ice edge zones, mesoscale activity has been shown to be

ubiquitous(Vinje; 1977a, 1977b). 'Infortunately, these features have been

rarely observed in close detail by hydrograhic surveys in the open ocean area 3
of the Fram Strait, and even fewer observations are recorded beneath the ice-

o.red re-ions of the Arctic Ocean ind MIZ.

To help cary out these needed investigations over the open and ice-

covered parts of the marginal ice zone, the Lamont group obtained C/STD data PAP

from the open water ship USNS Lynch, as well as from helicopters based on the

Norwegilan M/V PoLarqueen and the West German icebreaker F/S Polarstern

. I). In many cases these helicopter surveys were closely coordinated 3.
with upen water STD surveys.

Du ring the tine period f rom mid-Nay to mid-July, the Lamont group3

icquired . total of 248 CTD stations within this region. Twenty-six of these

w r-. ope2n-water stations taken during two separate legs of the USNS Lynch

which was equipped with a Neil Brown CTD system. The first leg was primarily 3
iTJl tor mooring lp oym nts, rvcoveries, ind . CTD transect of the stra it

-,', 11.! lca i -2 0 lon; iLudt LO thL she1 I f -) Sv i Ibi rd ilong .'-.
,)jlstjjjt l titLdL )t 79)N. The tirst 1,CTD sLt tios were mooing-reliLed ,jnd

lid not necessarily penetrate to the bottom, however, the remaining 12 tran-

sect ;tition. extended to within I0 m of the bottom.

-=
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The second leg of the USNS Lynch dealt primarily with acoustical oceano-

graphy, and as a result onily LI CTD stations were taken. All of these were 5
taken to a nominal depth oif 450 mn and were located over the southern part of

thte Ye rrak Plateau.

PHYSICAL OCEANOGRAPHY PROGRAMI

As the second part of a multi-year experiment in the Marginal Ice Zone of5

F-.iiFi) '-trait (MIZ.EX 84 Fast), seven ships (the USNS Lynch, li/V Polarqueen,

Pt~on 'Iosby, N/1V Kvi tbjorn, F/S Polarstern, F/S Valdivia, and the H/U

* :'r'irup , ilong with eight remote sensing aircraft, one meteorolo ,ical air- 3 '

*crift ind four helicopters were used to begin a set of air, sea, 'Ind ice

),)Se rV ttions to better define the role of mesoscale dynamics in the MIZ

Jehannessen ind Hforn, t984).

In o rde r to be tte r de fine the uppe r laye r hydrog raphy of the in terior ero_ ions of the pack ice where ship nobility became very difficult, as well as5

t') :.kpport the continuation of open wa ter ship-based CTD transect lines into

th-' ic.., hi~h-resioLution, internally recording, helicopter-based C/STD systems3

'modc !I 302A\) mminuf ictur,2d by Ocean Data Equipment were used extensively fromn

t he F/.; Polarstern ;ind M/V Polarqueen. Three of the helicopters used in the1

I w-re Bell 206B Jet Range!rs, while the fourth (bsed onl the Y/S Polarstern3

.. i n %4ro~p~ciaL Twin Star.

.11C llnerwa ttr unit itSeLf -4m tiSmLl 1 1 MX 1,i rm in diaimeter) , light-

a.' ~ ."I;2), Completely setcand ind pos.o .ssed digital resolution of

o2a:Ic,.001'C, and . I lb for cotldulctiVit y , 'umprature, and pressure,

r resp e t v e Iy. Tempe r i ure, conductivi ty, and pressure data were serially

t tr e (I-n ione -n, t) i t solid staite mnemory usim, constaint sampling rite of
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5 scans per second. After the completion of a given station, data was trans-

f :!rred to cassette tapes via a battery operated reader/recorder unit. The

cassette data were reviewed at the site to verify a good cast, as well as to .4

cneck for specific horizons of temperature and salinity, before flying to the

Ine xt station.

buring a normal field day, 8 to L0 pre-selected locations (comprising a

survey) were occupied in the MIZ. Station depths were nominally seL at 500 m.

These stations took approximately 8 hours to complete, although such factors

as inler-station distance, distance from the ship, depth of station, selected

survey pattern, and ice conditions could alter this time by ±3 hours. A C/STD

station to 500 m depth normally took 40 minutes to complete, while transit

I I -I icopt r tO t1,' 'Ixt, locttio (4-10 nauitical miles (nn) was typi-

-K-" lb, minutes. Two of the major factors controlling flight operations in

this irea were weather conditions and radio communications.

j Station position was determined by three different methods: I) radar

,rinsponder, 2) Omega/VLF, and 3) dead reckoning. In surveys where stations

i Iwere close to the ship and accuracy was required, the helicopter was tracked

the ship's radar via a radar transponder mounted on the helicopter and

I tled to the correct frequency. This method- was employed quite successfully

tir:n. the first part Of the experiment. At distances around 40 nm, relative

positions were good to ±100 meters. At shorter distances, less than 10 nm,

.<.es ,ere good to itJ's of meters. When fog was a problem transponders

r i' so used in guiding the helicopter back to the ship.

Vie- /LF , on the other hand, 1ilows more fiexibility of the helicopter

sinc, Loager flights away from the ship can be made and not as many shipboard

I rsonnoi ire required. Accuracy of Omega/VLF in this area of the globe

"I perds on the number of sending sta tions being monitored by the on board

computer but will be generally witiin o m15, eters.

,--.. T 1. A... .



Occasionally during a survey the Omega/VLF system on board the helicopter

lost the necessary number of transmitting stations required for proper I_.
functioning. In these cases, it was much better to navigate using dead

reckoning techniques from the point of last vaiid position. This took into

,)isier Lin he rond ped ad eadngof the helicopter (air velocity

i-;:ius ,'stimated wind velocity) and the time required to get from one point in.

-he survey grid to another. Although not as acceptable as Omega/VLF, it was--I i '

Iby far the best method when all else failed. Error estimates for this type of

navigition are given to ±300 m and reflects the typical errors encountered

.ern returning to the ship, which had known position.

After the desired position was obtained, the closest available floe with

. p. y:12, nt in. Linding c:har ictristics was select,!d. This selection 3
typicilly took place from altitudes of 1,000 - 3,000 feet which were necessary

t or raidio- cornrnmunications from the ship. If the desired position was not I
icceptable because of bad ice edge conditions or its location in the middle of

, g iuLtiyeir floe, then the first available site- for deployment within-

the im-iedi.,te vLcinity was chosen. The pilot provided a closer survey of the m

: ioe, nd if still icceptable, landed jfter the most up-to-date positon was
recorded. ..

I 1"e sonde was lowered and raised at two different rates, 20 m/min in the

upper 2)0 rmeters where extreme gradients in temperature and conductivity were m

)*ind, nl b m/in from 200 to 500 m where gradients were much less severe.

- re siar ite ne. r the surf ice was used primarily ro obtain more icceptable

':Its t te ci LcuI ited sinity profi Le wher- r-ipidLy cha nging finestruc- 5."
lure and ex trene gradients can trequently cause spiking due to the variation

;n the response times of the individual sensors. After transferring data to I
F ~issette -ind verifying the quality of the data, the Ome)ga/%'LF system (if used)3

.'s r-initiilized to the latitude id longitude! prior to linding. Because the

_- - " ' " . . . . '-. ". '" .- "- . .-'-.-. .-.-. .... .. . ." " ' " ' ' " " - -.... . - - " " ' - - '
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)fit,;,'VL coL~inotsucessullyioc ono satins hil ontheice, seve ral

,en t -/.oTD s titions in the surve-y 4ere compLe ted depending upon the

;t.tther, riAdjo communications, and occasionally a refueling of the helicopter

,n t),.rJ ship. After completion of the survey, temperature and salinity pro-

I files were made for each station using an X-Y-Y analog plotter while on board

% tnz ship. These profiles were merged with other existing data sets in order

to provide :ibe tter unders tanding of the oceanographic fea tures present at

L io zd t~o p)rov i-e .i b ise- upon which to se t up tuture surveys.

4hen time And operations permitted, the deck unit was used to transfer

tne cassette data to a Hewlett-Packard 1000 series computer for storage on 9- t
track tape. The deck unit software was designed to mimic the output data

stroa:I or the Neil Brown deck unit. This allowed the use of existing acqul-

-i it i u s o ftw are deve lo ped by Wood s Ho le Oceanograp h ic Ins t itu t ion fo r Nei l

~ry~T~sto be use d on the HeLwe tt-Packa rd comput2r. The resulting 9-track

-:in 1)e re-duced on other compu ters us ing diata reduc tion programs in common

ov - oc a no r iphic community.

1-~is coiivversLon to 9-track tapes -it sea not only obviates the need to

trni il of the cassettes immediately back to the institution, but also

<111 thein procC53Sing time.

X n~~let-i ilec iccolint of the hoticupter-Lased C:/SlD systooTs, ho th

t, i~r-rechanicii I nd f io ld upera tionls, are given by Manley and Perti L1964).

.5o twe-on June 12 and Jo ly 17, 222 helIicop tor-ba sed Cl STI) staitions corn-

a rs llg severa, ma jot sulveys were complected ;is far As 1.00 kmn -a f rom the

oti 'np ~ Lig ). Twenty of these statoswr takcin on bo~ar d sh11ipj in



conjunction with Neil Brown stations for inter-calibration purposes. On the

other hand, the USNS Lynch was not ice-strengthened, and as a result was -

restricted entirely to the open water. The ship was equipped with an up-to-

date Neil Brown data acquisition system consisting of a Mark IIB Neil Brown

underwater unit, and a model 1150 Neil Brown deck unit which was integrated

with a Digi data 9-track recorder. Also associated with the CTD system was a

-reel-to-reel audio recorder and an HP 98 series acqusisition/plotter combina-

tion. Salinity samples were taken with a General Oceanics 12-bottle rosette

system which was mounted directly above the Neil Brown CTD. Analysis of the

%.;,linity bottles was accomlihsed on the shipboard Guildline Autosal within O

days of the sample acquisition.

C/STD DATA PROCESSING

HieLicopter-based 302s

Since pre- and post-cruise calibrations of the helicopter units (corn-

pleted at Northwest Regional Calibration center, NWRCC) showed no significant

deviations in either pressure, temperature or conductivity ,no precursory

calibrations were required before the processing of the data.

Temperature lag coefficients, r, for each sensor were, however, required

prlor to decimation. This was accomplished by intercomparing the up and

downtrices of r-ndom stations throughout the entire data set using different 3
time constants. Best fit for a given station was determined when the ascend-

ing ind decending parts of the cast on a T-S diagram were nearly congruent.

From these comparisons it was determined that the best overall fits occurred

when was set at 0.31 and 0.27 seconds for the Polarstern and Polarqueen

helicopter CTDs, re. ely. 5
-1.-, •*



Raw data from each instrument were decimated into a uniform pressure

series (1.0 db) using a linear interpolation scheme with a window of 7 scans

centered around the desired level.

I Irregularities or spikes in the decimated data were then subjectively

.e:noved. In most cases these were single points that were taken out and did

:lot interrupt the uniform pressure series. Occasionally, segments of data

would have to be removed and would either be replaced by interpolated data or

left alone. These decisions were again subjective and depended largely on the

local conductivity and temperature structure.

At the same time, the upper 2-4 meters of data (estimated thickness of

the ice) were automatically removed from each station. This was done to

" revent misinterpretations of the results which were attributable to the

::,.ethodology of taking the station (i.e., through seal holes or off the edge of

a floe).

K USNS Lynch CTD

Although there were various formats used for recording the Nell Brown CTD

3 "a, only the digital 9-track output and the reel-to-reel audio tapes were

iused. Unfortunately, 5 of the 26 stations recorded in the digital format

proved to be useless due to recorder problems. As a result, audio tapes were

used to reconstruct these stations back into 9-track data. Even though some

)r the audio tapes produced noisy data, subsequent processing cleared up most

t tht-s,- problems.

Although not typically done in Neil Brown CTD data processing, the

initial decimation of the data to 1.0 db intervals was made via an eleven

point average centered around the desired level. This was due to the

* . . .. . . . . . . . . . . . . . . * *'.** '\.. . -. ,* :* * . .* -N*S N~%



formatting and processing control between the Neil Brown CTD-produced data

:tapes and that of the specialized processing software requiring CTD78

formatted tapes.

As mentioned earlier, the stations reproduced via audio conversion to 9-

track were somewhat noisy. In order to smooth these data and be consistent

;:ith tht remainder of the stations, a 5 point Gaussian filter was employed on

i.ll of the decimated data. Post-processing irregularities or spikes in the

dita were handled in a similar way as that of the helicopter-based C/STD data.

;'T) ,-ALiBRATION

As nentkouied earlier, preliminary calibration for each of the instruments

a s obtained from pre-cruise and post-cruise calibrations. Helicopter units

w *r, calibrited -it NWRCC (Seattle WA), while the Neil Brown unit on board the "

Lynch was calibrated at the NORDA facility in Bay St. Louis, MS.

iut.tl data provided the tinal calibration for the salinity data. In the

. 5C of the Lynch data, this was the final step before the production of the

t report, however, the helicopter-based C/STDs required one more calibra-

ti On proc ,ss in order to fine-tune all of the data to that of the Neil Brown

tTD data obtained during the Polarqueen and Polarstern interca libra tion

stations. Since the same salinity samples were used for calibration of the I

.. L 3r, wi ind ODEC CTDs, no further calibration was required on this data.

2ssure deviations also proved to be within specification- for both instru- 3::
mznts irid hence wis not readjusted. Temperature deviations, even though very

slight ( Less than O.005*C), were taken into consideration and adjusted

-i cordingLy in order to produce the final results contained within this I
technic-il report.

-.. '3"'2.-- '_.'_ ... "_-. - . "_;-.-".% -'°!, -'% _.'.-', ,.'-,',--.-* . ,- ' -..- '.. .... . " . -' : .- _":'-.--
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OUTPUT FORMAT OF FINAL DATA

Output of the final data is provided in three different formats consist-

ing of 1) station headers, 2) standard level listings, and 3) profiles of

temperature, salinity and sigma-t (T,S,Ot) versus depth.

Station header listings provide a quick glance section of all the basic

station information and are found directly in front of each data section for

the USNS Lynch and helicopter-based C/STDs. The information contained within

these listings includes the consecutive station number; the ship from which

Sne d1ata was taken, or for helicopter data, the ship from which the helicopter

r-is based; the day, month, year, corresponding julian day of the start of the

j station; the minimum and maximum depths contained within the profile; and

finally, the station position ind associated position errors. Table 2 defines

aore explicitly the meanings and abbreviations used in the station header

Listings. -. ,1
In general, two profiles of T,S,lt are graphically shown on one page of

the data report. On the facing page, the corresponding standard level list-

ings ,f the station are shown. The standard level data consist of the

I parameters relating to the station, and in some cases are abbreviated to save

, space. The meanings of these abbreviated terms are given in Table 2.

2SI

I'1

•...................



TABLE I

DEFINITIONS AND MEANINGS OF ABBREVIATED TERMS

FOR STATION HEADER LISTINGS I
CAMP Project Identifier

SH Ship from which data was taken,
or if helicopter data, ship on
which helicopter was based:

PQ - Polargueen
PS - Polarstern

LY- Lynch

STAT CTD Station Number

MODE 1 implies downirace

2 implies uptrace t

DAY Day of Station3

MON MoukLf of Station

YR Year of Station 3
TIME GMT Time of Station

CODE Processing Code, see Table 21

JULDAY Julian Day (decimal) of station
(1.0 = 1 Jan 1984)3

D.,MIN Minimum Depth (meters) of station 71m

D.MAX Maximum Depth (meters) of station

LATITUDE Latitude of station in decimal degrees

*LONGITUDE Longitude of station in decimal degrees

(+ indicates East Longitude)
(-indicates W4est Longitude) 3.

LA.R roro aiud oiin nmtr

LAT.ERR Error of Lontitude Position in meters
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_ TABLE 2

IDEFINITIONS AND MEANINGS OF ABBREVIATED TERMS FOR STANDARD LEVEL LISTINGS
Station xxx (y) Station number (xxx) and mode of trace (y) where;

CTD Station taken with CTD y = I indicates downtrace
y = 2 indicates uptr;tce

"MT Times shwon are Greenwich Mean Time

Code =I Processing Code where if I.

A) I -> 5 profile contains both temperature and salinity data.

1) data from magnetic tape
2) data from manual digitization of analog charts
3) filtered in salinity only
4) filtered in temperature only
5) filtered in both temperature and salinity

" B) 11 -N 13 profile is in salinity only

11) data from magnetic tape
12) data from manual digitization of analog charts

| 13) filtered

2:IC) 21 -> 23 profile in temperature only

21) data from magnetic tape J.

22) data from manual digitization of analog charts
23) filtered

-"LAT Latitude in decimal degrees N (North)

LONG Longitude in decimal degrees W (West), E (East)

LTER Estimate of positional error for latitude in meters

LGER Estimate of positional error for longitude in meters

AIR TEMP Air temperature in deg. C (0 implies no data)

3AROM Barometric pressure in millibars (0 implies no data)
.-

WiNb Wind direction in degrees true north (0 implies no data) .

]PE'ED Wind speed in meters/sec (0 implies no data) -".'

e-,
' I

, .-. ., . .I , ,% . .- , .-.-.- ; . .' ., .. . - . .. .. - .. . ,.. . - .. . ¢ ,-., , . , . .-. ' . . . _. . . . . ,



TABLE 2 (continued)3

LISTING PARAMETERSS

DEPTH Depth in meters

TEmp Temperature in degrees C

PTEMP Potential temperature in degrees C

SALIN Salinity in parts per thousandI

SIG T Sigma-t densit where:3
density (gm/cm ) = 1.0 ((Sig T) *1000.0)W

SPVOL Specific volume ainomaly (x 10-5 cm 3 /gm)

DYNHT Dynamic height (dynamic meters)C

SOUND Sound velocity in meters/sec calculated from Ma tthews
equa tion

3&.,

PtJ.
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The main body of the numerical listings consists of values of temperature,

potential temperature, salinity, sigma-t (0) , specific volume anomaly,

dynamic height and sound velocity against various interpolated levels of - "

depth. Since upper surface layer data may be omitted from the data set (ice .

thickness removal), surface (0 m) values of temperature and salinity are -

duplicated from the first data seen in the cast. The actual first and last

levels of the data are shown as the first value below the depth of 0.0 meters

and the last value of the listing, respectively.

Corresponding profiles of temperature, salinity and sigma-t for each

standard level listing are shown on the facing page. The label at the end of

each trace (T,S,ad) indicates the parameter of temperature, salinity and

si-nd- t, respectively. Scales at the upper part of the diagram are labeled to

correspond to the parameters and are also shifted with respect to one another

to provide the maximum amount of clarity of the traces. Depth is in meters.

Station identification and data are in the lower left hand corner in the

following format:

MIZEX 84 (or LYNCH) STN-MOD
MONTH - DAY - YEAR

where
STN is the station number
MOD is the mode (I = downtrace)

(2 = uptrace)

A?.-
S.

j [[

.4 i



Those stations having depths greater than 700 m are placed on a single

page The corresponding profiles are broken up into an expanded 0 to 700 m 3
plot on the left side, which is consistent with all other profiles in the

report, as well as the 0 to 4000 m plot which shows the remainder of the data U

And can be used to intercompare other deep stations, if desired.
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This section is broken up into to color-coded parts that will hopefully

aiid the user in iocating the helicopter-based and USNS Lynch-based data.3

The first section (yellow) is the helicopter data obtained from the ships

FiS Polarstern and M/V Polarqueen. These stations, although numbered differ- 3
I.°

ently in the field, have since been interwoven into a continuous (time ,

sequentiaL) data set.

The USNS Lynch data (second section, in blue), however, was intentionally 3
kept separate from the helicopter data because of data management reasons.

At the beginning of each of the sections, a complete station header

!tsting is given, again to further aid the user in more efficient use of the

I(, O It. The abbreviated headings and their meanings are given in Table L.3

o I
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I This section provides all of the helicopter-based STD data

taken during MIZEX 84. The numerical listingt
and corresponding plots are given. -.
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The USNS Lynch was also used to obtain 26 CTD stations from two sepa-
rate legs into Fram Strait. The first leg primarily consisted of an open
water transect of the strait at a latitude of 79*N. Stations were typi-
cally taken to within 10 m of the bottom and extended from the ice edge
onto the shelf of Svalbard. The second leg was more acoustically oriented
and confined to the southern region of the Yermak Plateau. During this leg, I
11 stations to a nominal depth of 450 m were taken.

Standard level listings of temperature, potential temperature, salinity,
sigma-t, specific volume anomaly, dynamic height, and sound velocity are
given for each cast along with profiles of temperature, salinity and sigma-t.

This technical report outlines the acquisition and basic reduction
techniques of these data.
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