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THE OCE ANOGR APHI C C RU ISE OF USC GC G L A C I E R
TO THE MARG I NAL SEA - ’CE ZONE OF THE CHUKCH I SEA -

MIZPAC 78

by

Robert C. Paquette and Robert H. Bourke
Nava l Postgraduate Schoo l , Monterey , CA 93940

I. INTRODU CTION

This report presents the data and briefly describes the oceanographic
result s of the cruise of USCGC GLACIER into the reg ion of the sea-ice mar gin
of the Chukch i Sea during the period 14 Jul y to 28 July 1978 as part of
the program designated M IZPAC 78. The primary objective of the cruise was
to find and character ize finestructure in the vertical temperature profil e s
and to discover it s horizontal distribution and causes . This is the sRth
cruise devoted to this general problem. Other Cruises in 1971 , 1972 , and
1974 were reported by Paquette and Bourke (1973, 1976), 1975 by Zuherbuhler
and Roeder (1976), and 1977 by Graham (1978) and Paquette and Bourke (1978 ) .
An ana l ysis of the M IZPAC 78 data has been performed by Small (1979) .

II . GENERAL DISCUS S IO N

The scientific group boarded GLACIER at Nome , Al as ka by helicopter
on 14 Jul y. The scientists and their affiliations were:

Dr. John Newton , Naval Ocean Systems Center , Chi e f Scientist
Dr. Robert C. Paquette . Naval Postgraduate Schoo l ~NPS

’$
Dr. Robert H. Bourke , NPS
IT W . R. Loh rman , USN , Student at NPS
IT W. E. Small , USN , Student at NPS
IT P. Padilla , Ecuadorian Navy , Student at NPS t
The measurements made we re salinity and temperature profiles throughout

the entire water column at 130 stations , using the Applied Physics Laboratory-
University of Washington (APL-UW) portable , hand-lower ed CTD. One hundred
and si x stations were occupied f rom the drifting shi p w h i l e  74 l owerinqs
were  made f rom a hovering helicopter. The helicopter l oweri rn s were a useful P

ad j unc t as they could be used to extend survey lines relatively quic kl~~.
They were especi a lly useful in the ice where reduced icebrea ker speed would
have caused delays . However , the helicopter is so rest ic ted to periods ~ t
good v i s i b i l i t y  that i t  is d i f f i c u l t  to p lan i t s  use ’. A l s o , onl y faur stat ions
typically can be occiipp ied during one f l i g h t .  The l owering rat e of the
C TO rom the ship was about Im Sec 1 result i nq in a data rate ~ t approx i ma tel v
three poin ts per rwter. Lowerin g f rom the ht’l o p t e ’ was usual l~ fas ter .

_ _ _ _ _ _ _—

~~~~~~ 

- —- - . ..--- — - . —
~~

-- -- 
~~
— . - . ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— -
~~~~~-



___________________ ~~
- . ‘

~~~~~ 

‘

~~~

The CID was checked systematically with Nansen bottles l owered on a
second wire. Prior to leaving each station , the temperature and salinity
were p lotted util i z i n g  a Hewlett-Packard 9100 series computer/plotter
system . These rough plots were used to make I mmediate assessments of the
presence of fines tructure and to aid in the decision of where to make the
next few stat i on s . They also became va l uable when it was later discovered
that due to a variety of prob l ems some d i g i ta l data could not be recovered
from the casse tte tapes. Cross-sections of temperature were constructed
along transects rorma l and parallel to the ice front to aid in the identifi-
ca t ion of fronts.

Navigation was by visua~ pi~ otInq and radar when within range of land .
The nav i gation satellite system was the princ i pa l position l ocater when
well away from land , but due to equipment malfunctions most station
positions were determ i ned by the Omega system , cons i dered to have an
accuracy in these waters of + 5 km.

Current measurements were intended to be made for periods up to an hour
using a Savon i us type meter moored just above the sea floo r and with
the ice breaker lying to in the near vicinity. This procedure was
adopted due to previous experience wherein over-the-side measurements
were rendered nearl y useless due to deviation of the magnetic direction
sensor by the shi p s  i ron . However , due to poor seamanship, the i n i tial
attempt at mooring the current meter caused it to be fouled in the screws .
The meter was recovered but the prospect of continu i ng so risky and time-
consum i ng an operation appeared unprofitable and no further moorings were
made.

Dissolved oxygen and gas samples for carbon diox i de and methane were
drawn at three stations : outside the ice , in a region of intense fine-
structure , and beh i nd the ice. Samples were drawn from depths above , be low ,
and within a lens of temperature finestruc ture. The gas samp l es were analyzed
throug h the courtesy of Dr. John Kel Icy of the Navel Arc tic Research
laboratory. Neither the oxygen nor the gas samples revealed any salient
featur es characteristic of finestructure activity. If there is a correlat ion ,
much more intensive sampling would be required to demonstrate it.

The original cruise p lan was oriented toward sampling in the relatively
unstudied western Chukch i Sea. However , denial of permission to go west
of the Treaty Line forced a las t -minute  change of plans to one s imi lar
t o  MIZPAC 77. More emphasis now was to be put on phenomena in the ice bays
and near the branches of current streams to attempt to confirm the
hypotheses regard i ng fronts expressed in Graham ( 1978) .

The first half of the cruise proceded routine ly, concentrating on
measurements in and near the large western embayment seen in Figure 1.
Observations had to be terminated a f te r  S ta t i on  58 when the ship had to
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depart for Bar ro~ o pi ck up eng i re spa t es . ihe st~ p had been liii~ i ted
to ope rat ions 0 one or ~~~ eng nes rot, the out sC 1 ~~~ .‘ ~ Jul
onward th~ shi p operated in ~ lose pro~ imi t ’, to Bar o~ • aga in ‘ s ’ s  t I
on one eng ine . ~iit ’ject to these const raints . ice ntarg~ n oss ings
and transe~ t s  e~ the Alaskan Coastal Cu rren t were side. avoi d in g areas ot
m oderate to heav~ i c cord i t i

I I I .  DA TA

The CTD is tandarj i zed by I’)CJns o~ a Nauseti hot t Ic I owered on a
F second w i re to a depth us t above the sea f loo r . I our t on uc P

compa r i sons were n s’. ~. icr ’ t I ~ unc han g ng water or el pe i at um c’

~tandardi zat ion and ~~ for Sal ri ty . Two CTD s ,  s t e ’ s  w C I  C C~~~ loved ; the l
error s tati s t is are shjwn in the follow i ng t a b l e :

Ten p~ r at nrc ~‘a Ii in t ~

Mean f r r ~~~r ~Nansen-CTD)
d O  fl -O.Ol.”C
dID ~~

. -~~.O45 ’C

Stan dar i Dev iat ion
CID ~3 ~C .L ~l 4L)”C ‘).~~l84’/,.,,
CTD :~ •~~.O3 58~ C

Th~ CID record s I t s  iata on a cassett e wh i c h i 5 e ve n tual l~ tran~~fem e’~~I

to a seven—track tape h~ \PL—UW for data edit i nq ai d anna I is at NPS
Mod if i cat ions regu i red this year to the computer .~ed edit I ng r out ne
described in soric deta i I in the M I PAC 77  repor t ~Paquet te and Bcnurke , l’~ 78’)
are presented in .\ppcn d I ~ . Noise prob I e n s  we I e cons I derab I, Is~re i gn i P i i-ant
and comples th is year requi ring a nx d i t ica t ion of the nol se
subrou t inc . Al  so , t h e  desp i k i nq subrouti ne w a s  alt e red to aLe it I~nOI C

loqic al , as indLa ted in Appendi .s ~\ .

Head i nq data f o r  each stat ion are li sted In .\ ‘c’nd ‘. ~
‘ . These ~ont a in

stat ion pos it ion and In ui’ be r , 1a tel t ire ~ f CTD low er i ng , w at er depth • t

~~ P naviga tion , ~ ind , wave , and air temperature data, et~ . •\ ppcndis B is
an es p lana t  ion of the codes used in Appe ndis C .

Plo ttin g rent i nes were used to di splay proper t\ pm e~ i I es P or each
s t a t  ion : tem nperat inre , sal in i tv , soun d speed , and LIens i t  \ L These are
compac t ly plot ted our stat ions per page and di spl .r~ ci in •\ppend i s 0.
Stat ions taken i i the deep water of the Bar r o~~ Ca nyon are show n twn~ p e r page .
The helicopter station s are p lotted sepama tei~ at the end of Appe ndi s 0.
Plots of 4 stations do not appear in Append is 0, hut th e ir p ropert y p r o f i l e s
are ava i lab 1 e f ro n the o r ig i na l  at sea p lot s . Due to sCI)sOT 1 1 .1 I uric t i~~~s

the data f rom fi v e helicop ter statio ns were unrc~ o~~’rable.

IV. RESULTS

The am ray of st a t ions occupied i5 shown in I gur~’ I together w i t h  a n
ic e—mar g in pos t I L  kised p ri n c i pal I’, upon ohs~~i ~at io ns inade at the t I C S

stat ions were oc up led . ‘I he i c C  — am g I in i s t bus not .i s i ng 1 e s~ nop t ~ ~ i
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F igure 1. Stat ion 
~ 

lot ~~t M I ZPAC 78. The po s i t  ion of the i c e
margin at the ‘‘n ’ of observa t ion is .11 so showrn . The 1 oca t  ion
of temperatu m n’—sa 1 in i t~ c m  oss— sec t ens corn s t ruc ted b~ SIIIJ II
(1979) are I nil i c a ted by the ~~ Id l i nt ’s between stat ions . Only
C rossing No. ~ I ’. shown in thi s report.
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but a progress ive ly d i s t o r t e d  one wh ich  is  more usefu l  in de s c r i b i n g
ice-rela ted phenomena. Synoptic views are also ava il ab le. Figure 2
is a computer-drawn , expanded view of the cru ise  t rack part i t ioned
in to an eas t e rn and a wes t e rn sec t ion . Fi g u re 1 , taken f rom Small (1979)
also shows transects for wh i ch temperature and salini ty cross-sections
have been constructed. Onl y Crossing 2 is shown in this report.

A~ seen i n Fi gure 3, Cross ing 2 cuts across the war m , current branch
that flows northwestward to Herald Canyon . The warm wa ter of the centra l
Chukchi is isolated Prom the colder waters below by an extreme l y sharp
thermocllne , of the order of 5° to 70 C/rn . The warm water extends w i t h i n
5 km of the ice causing a sharp upper-lay er front to be fo rmed i n  bo th
temperature and salinity. Because the wa rm water f rom the south is the
p r inc i pal agent in melting the ice , an upper-la yer fron t close to the
ice is a widespread phenomenon of the MIZ.

Even more striking in F i g ure 3 is the l ower-layer front , coi nc iden t
or nearly so with the upper-layer front. This frontal Situation has
also been observed i n 1975 and 1977 in almost the same geographic position
and ice edge pattern. Although fou r co i nc i dent fronts were found in
MIZPAC 78, t hese have bee n ra rel y observed on other cruises perhaps because
we did not sample in the areas conduc i ve to their formation. Al l  of these
co inc i dent f ronts are associated with regions of slow ice-edge recession
where the upper and l ower-layer currents from the south are assumed to flow
more or less parallel to the ice edge and the lateral current shear to
e rode away t he cold , relict under-ice water which  o t herw ise  would exten d
out beyond the ice edge. Other coincident fronts were observed at
Cros si ngs 8, 9, and 14 (Fig ure I). Contrary to previous find i ng s ,
fi nestructure Is found south of this coin cident front but at such large
distances from the ice as to suggest some other cause than simple interleaving
of transition water and northern bottom water.

The larqe ice embayment seen in Fi gure I centered at 166° W is an
annua l feature observed in all the M IZPAC cruises . Figure 4 and Cross incn s
5 through 8 indicate that the embayment is melted out by a l et-like core
of warm water . The current pattern of Fi gure 4 has been derived f rom the
ice melt-back pattern and the sea floo r bathymetry. Because this embayment
recurs year after year in nearl y the same geographic position , we believe
that bathymetric steering of the warm southern water down the 25 fathom trouch
must account for its formation . In addition to the western embayment ,
other examples of bath ymetric steering are evident. The ice melt-back
pa ttern and temperature cross-sections indicate that the Alaskan Coastal
Current bifurcates at topographic junctures (Fi gu re 4) to cause the large
enbayrnent northwest of Barrow and the smaller embayment west of Wa i nwr i qht.

Thi s was the first year that observations were taken w i t h i n  the embayment;
p rev i ously we had tended to sample along its peri phe ry. Figure 5, which show s
the distribution of finestructure coded according to Table I , indicates
rather large areas of moderate to strong fine structure. An examp le of
t his f ines tr uc tu re is shown in Figure 6 as nested temperature pro files
taken along the axi s of the embayment. These and al l other finestructure
areas were loca ted in the reg i on of transition water between the northern
and southern bottom water.

L 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -



-~~~ ‘ --—

~~

--- ---

7Z° N 
H

*14
-- - - -50 - - - — - - - -

-

0

+ 

~~~ 

71

4. 
+ 70+ f f ’  1~~N T  + +

- 3a.ut 2/
2$

Is-

690t 70° 168 166 16 4 °W
Fi qu r~ 2A. Compu ter-drawn , expanded_ scale
s tat ion pl ot of M IZPAC 78.

6

- -



- --~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _Pr -- ---- . -
~~~~~~~~~

-

H

-io
-- - 

- - 

~~ \ ~~~~~~~~~~~~~~~~~~~~~~~ 18° /\_—4___ 
~“ ~\ ~~~oe - - -

~~~ Ie_
_
~. ._ ~~

IrS [ ~r. e4a*,aow

4- fl

1 +
‘I fl

40 
+

+ 

.

C

~Q0\

700

- - . -

( 6 1 0  (590 I 5 7 ° W
Fi gure 28. Computer-drawn , expanded-scale station
plot of MIZPAC 78.

L
_ _  

_

-

~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~



— - -wr ~ 
‘ - - .- -—--

~~~~
-

~~~~~~~~~~~~~
- . -

~~~~~~~~~~~ 

—--: ,“

I I 1 Z

:~~~~~~~j~o - r.-----
~~~~~~~~~~~~~;~

-..x~~ ~~~~~~~~~~~~~~~~~~

• ;~ ~~
—

~kN -

\\\~\•• 
-‘.-..-

~~
-

~~~ 

•• ~~~~~~~~~~~ 
N

-
‘ 

.c~~~~

\\‘~\\• 
-

~~~~-- 
~- 

‘ a —

5
N\\

\

~~~~~~~~~~ 

-“.-S-~~~ ~ w -o
\ ~~

—
~- r 0

\N 

,‘.l. -

~~~~~~~~

o~~~~- ~~. ~~~~~

• 

5
~~~
’ 1 .~~~ - 8
\\ N

•
•

•
• 

— 50

— ,-
It’ —:
S 

L) 4.I 4~
• I- .O L)

N Q 0 ~~n

• 
-

~~~~~~~~

•
• o o c

•
•_SS~ S 0 — ‘a

• 
— 

~~ E ~~~0!- ) A ‘ 

—
~~~~~~~ ~~~~~~

I •
~ 

m n l ~
/ •. I~~ 

. u.I u~~— C

/ ~ .L1.5 ‘ ~~~on ••••••~~~~• - 
U W ~

V 
— 

~~~

• C J \
// • I • ~~~~~~~~~~~~~

•

0~~~~- \\ : . 

-

•/ Jfl 
S

S I 
L Q ~~~

• ••. ‘
~~~~iII - 0 15

~~~~~~~~~~~~~~~~~ I

(S~~313l’~) 14 J.d 30

8

—5--- -- .—--.- -- --



I I m —  I — I ‘, m

‘N 
/ ‘

~~ 
-

‘ ‘
I 

~~~~~~
/ J —

- .

- S

- 
/ 

~~~ 

~~~~~~ •__ ~~
_%

~ 

-
,, , ‘

~~~
., . ,  ‘k%~ •\ t~ .\ ~ K .\

~~~~~~~ 

~~~~~ ~~~~~~~~~~~~~~~~~ 
~~
, ~~¼. 

— — ~~ .‘s jut,

N I n

i i ’  ~

‘
~~
‘
S )

--1 ~ - APt PKSNCt C’I *41 S
I L I I I I I  , , f l . f l , . , f l s f l , t  I J

I In~
4 5 Inst ~’ l 4 ~ In ~.’ It~O’ I5~~’ I~ 6~ W

Figure 4. Schematic of uppe r leve l currents inferred from
the Ice melt-back pattern , temperature core analysis , and
bottom ba thymetry . Bottom contours are i n  fathoms . The
solid and dashed lines indicate the position of the ice
edge from aerial and sa tellite observations on 17-18 Jul y
and 25 Jul y 1978 , respectively.

9

_ _ _ _  

____________



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ___ *-- — -

I 1 I I I , 73

~ 

~:~~~
“ 

5

” 
‘5

~~ “ b” i
~~~~~~~~ ~ / ~ 

.

~~~~~~~~~~

0

o t A L A S K A

° ::
~i\~ 

“j 
~~~~~~~ 

PRI~ CI WAUS 
I - I - I72° I 70° 680 166° I64° 162° 160° 158° 156°w

Fl gure 5. Distr ibut ion and intens i ty of fine-
structure during MIZPAC 78. Symbols are described
in Table 1 .

10



TABL E I

FINESTRUCTURE CLASSIFICAT I ON SYST EM

SYMBOL CATE GORY PEAK -TO-PEAK FLUCTUAT ION

Open c i rc le Non existent  <0 .2° C

C i r c l e  w i th  dot Weak 0. 2 to 0.5° C

C i rc le  w i t h  cross Moderate 0.5 to 1.0° C

So l i d  c i r c le  Strong More than 1.0 °C

Open tab on c i rc le Nose w/o structure

Sol id tab on c i rc le Nose w i th  structure

I I
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Thoroughl y systematic exploration for f ronts and finestructure in
the extreme eastern Chukchi was inh ibited by Ice breake r limitations ,
i.e., the shi p was reduced to short daily excursions on one screw .
Nevertheless , finestruc ture was found northwest and east of Barrow .
The deepest structure to date was found at Station 77 over the Barrow
Canyon . It shows intense structure in the band between 80 and 100 m
undoubted l y formed on the marg ins of the Alaskan Coastal Current where
i t  has submerged in the Barrow Canyon . The notable lack of finestructure
i n  the embayment northwest of Barrow , in  contrast to the plentiful
structure found under simi lar conditions the previous year (Graham , 1978),
may have occurred because the ship did not sample the near-ice areas
where P i nestructure activity could be expected .

Readers interested in further detail are referred to Small (1979).
Furthe r analyses based upon the entire series of MIZPAC cruises are in
progress and wi l l  be published i n  the near future.
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AP PENDIX A
DESPI KING AND DATA EDITING

Introduct ion and Modification to the NOISE Routine.

A few changes were made in the data-editing routines described by
Paquette and Bourke (1978) partl y to make the despikin g routine more
log ical and partl y to handle the manifold increase i n  the numbe r of widely
aberrant data points th~s year. A consequence of the latter situati on
is that two bad points could be adjacent. This destroyed the onl y
r~ 1iab le criterion useabie for automatic noise rejection : that aaolse spike
differ from the preced i ng poin t by more than some minimum and that
the curve return to the vicinity of the projected curve within some max i mum
toIc r~ rc e orithe next follow ing point. It also led to some serious
feedback problems wh i ch it is unimportant to describe here . Low-level
noise was more prevalent this year and Noise Spike-i not uncomonly
failed to be recognized because the 3 + I -th point was outside the
projection through points 3-2 and 3-I by more than the usually accepted
tolerance . The noise-rejection routine was modified to partl y handle
these problem s but considerable human inspection and intervention was
required to get the bad points out of the data.

Mo dif ication of the Desp i kin g Routine.

Previousl y, we had comb i ned in a lag constant, k , the effects due
to digita l samp ling lag , physL’al disp lacem ent of the Cse nso rs from each
other and the flushing lag of the conductivity cell. T hk  was reasonably
satisfactory . Although the first two effects are similar in nature ,
th~ th ird can be treated as s imil a r  to the first two onl y if all the
change i n  electrical conductivity is due to temperature. When the salinity
changes rapid l y, thi s cannot be true and some error in the correction must
result. This difficu l ty was removed be deriving a correction f rom the
slope of the conductivity curve .

The new correction procedure s as follows.

1. Correc t the thermometer for a time constant, LT. (about 0.05
sec on the down trace) by the equation

T — T + dT /dt

where T is the corrected temperature , T is the observed temperature ,
k1 is the time constant and t is time . The correction usually is smal l.

2. Correc t for the fact that the conductivity is samp led before the
temperature and tha t there is a small physica l vertical disp lacement
between the two sensors . Bring the thermometer into effecti ve
coinc i dence with the cell by the algorithm

TLG . — (l-LG)T . + LG . 1.

where h G  is the corrected temperature and IG is a lag constant
approximatin g 0.30 but vary i ng from about 0.17 to o. c .

14
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3. Calculate the temperature ot some therma l mass in the
conductivit y ce ll which is buffered from TIC by a therma l
resistance correspond i ng to a time constant K3, approx i mately
sec . Call thi s temperature T .

4. Add fraction F of I - TIC to TLG to obtain the effective cell
temperature , TE F . F va~ ies from about 0.06 to 0.22.

5. Correc t the conductivity ratio , c , as though the cell had a
time constant rather than a length constant (assum i ng constant
l owering rate ’

~ h~ the equation

— c + k dc /dt

in analogy to temperature . Here , k approximates 0.20 sec .

6. Use the 5orrected conductivity ratio from Step 5 and the
temperature P rom Step 4 to recompute the salinity and the
derived variables , sound ve l ocity and siqm a-t. We used
the Northwest Regiona l Calibration Center equations , although
recent work ind i cates that a much simpler difference equation
would be adequate.

While we fee l tha t the results of this procedure are better than
la st year ’ s , t h i s  i~. d i t f i c u l t  to prove because the constants are
not fixed . They vars , probabl y mostly due to differences in lowering
rates . Good correction s t i l l  depends upon ski l l  in ad)ustinq the constants
and i t is not much easier to do so th i s year than last year.

Some tsamp les

Some ap prec i ation of the data editin g task may he had by examining
the plotted data before editin g for one group of stations in comparison
w it h  the t ina l edited results. Fi gure 7 shows Stations l lR , 14 , 15 and
178 before editing and Figure 8 the same stations afterward . The
excursions to wi l d  points have been stopped at the graph frame . The
nrjnbe r of wild poin ts i s  fairly typica l of most of the stations. However ,
one teature not seen in mos t of the stations is the dis tortions due to
the shi p ’s roll which may be seen in Stations 14 and I~~. loops due to
rolling ot the ship are v i s i bl e in the t emperature and salinity t races
in the unedited data. They are more notable in the salinity. This is p

a situation in which desp i kin g is not ver~ successful because the spikes
are due to changes in the l owering rate and some complt’s behavior of the
thermometer , cell and pressure sensor . The cell quic k l~ shows the effects
of sel t— heati n g when stalled and the time constant ~~t the cell increases at
slow t lush ing rates. Pressure sensor hysteresis would he an add i t iona l
complicati on. On the other hand , the dom i nant spike due to the sharp
t e m p er a t u r e  tr ,~ns ie nt , w h i c h  i s  seen ‘~ost easil y in Stat ion 14 . is
ett ~ t le nt  l~ 

removed .
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The small  amount of smoothing we use , a running mea n ove r 5 points.
does not remove the noise due to rol ling of the ship primaril y because
depth changes more slow l y than norma l after the ratchet subroutine is
applied . The noise sp i kes , al though narrow in depth , represent two
or more times as many points as the usua l three per meter. This
reduces the effectiveness of smoothing over a fixed number of points.
More drastic smoothing is undesirable not onl y because of the tendency
for unre alistic b roadening of real transients and sharp breaks but also
because the noise spikes due to rolling are one-sided and drastic smoothing
raises the apparent salinity. It should be noted that temperature is not
smoothed except insofar as it is a result of the ratche t applied to the
depth.

I t should be emphas i zed that the sp ikiness evident in the ed i ted
data of Fi gure 8 is not typica l of most of the stations . An exam i nation
of the complete data in Appendix D will show that most of the salini ty
curves are relatively well behaved .
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APPENDIX B

EXPLANATION OF HEAD I NG CODES

The head i ng of the printed output uses the cod i ng and format from
NODC Publication M-2, August 19614, with a few exceptions . Heading entries
wh ich are not self-explanatory are as follows: MSQ is the Marsden Square ,
and DPTH is the water depth in meters . Wave source direction is in tens
of degrees , but the direction 99 indicates no observation . The si gnificant
wave he i ght i s coded by Table 10 (Code 2~~height in meters) and the wave
peri od i s coded by Table Il (COde -

~ 2 period in sec); in each case X
indicates no observation . Wind speed , V , is coded as Beaufort force, Table
17. The barometer is in mi ll ibars , less 1 000 if more than 3 di gits; wet
and dry bulb temperature in deg rees C. The present weather is from Table 21
with cloud type and amount from Tables 25 and 26, respective l y. The
comb i nation 14 X 9 indicates that clouds cannot be observed usually because
of fog conditions. The visi b i l i t y  is from Table 27 wh i ch is roughly in powers
of two with Code 4 = 1-2 km. The ice concentration , IC , is in oktas ;
amounts less than I okta are preceded by a pinus si gn and indicate
concentrations in powers of ten , e.g., 10” = -4 .

The entry , COD , is a code to identif y the accuracy of each station
position based upon the navigation system used. Code 1 indicates a position
determined by visua l sightings , radar or by navi gation satellite; Code 2
a position determ i ned by Omega or Loran; and Code 3 a position determined by
dead reckon i ng .

19 
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APPENDIX C

HEAD I NG DATA FOR MIZPAC 78 STAT I ONS

Head i ng data are listed on the following pages for M IZPAC 78. The-
cod i ng conventions are those described i n  Appendi x B. The CTD lowerin gs
made from the ship are listed f i rst , Station I through 106. Stations
w i th an A , B or C are replicated stations . normall y made to test the
performance of one of the CTD’s. The helicopter stations , 1H throug h
24H , are listed separately; note that muc h of the cli rna to loqica l data are
missing from the helicopter lowerings.

20
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APPENDIX D

PROPERTY PROFIL ES FOR MIZPAC 78 STATIONS

This se~~tion conta ins  p lots of temperature , salinity , sound veloc i ty
and sigrn a-t for all of the stati ons of MI?PAC 7R whi ch were succe ssfull y
recovered f rom the cassette tapes . Those s t a t i ons  taken f rom the sh ip
are presented f i r s t ;  the helicopter stations follow . Station 55 is
shown prematurel y truncated while Stations 6$ , 14-13 and 14-14 are missin g .
The origina l p lots made a t  sea are  ava Ilable for these fou r stations and
were used where necessary to cons t ruct c ross-sections. The effort to
di g itize these few stations did not appear warranted . The orig ina l plots of
Stations H-l b . 17 . and 18 are slightl y di storted in depth due to sensor
problem s, but are sufficientl y acceptable for frontal and fine st ructur e
analysis . The CTD m alfunctioned on Stations H-9 and 14-10 providing no
data for these stat ions . Replicate l owerings , e.g . • Stat ion HA and IIB ,
were generall y conducted to test the performance of a CTD which had
malfunc t io ned . ~~our such st ations are grouped together on the last
pag e of the shi pboard CTD plot s . Stations 76. 90 and 14-6 show both the
down and up trace as there was some doubt ~ss to the vali d i t y  of the near-
surface downward salini ty pro file.

The basic four-per page plot has a maximum depth of 70 m . All
stations were plotted i n  this way . In addition , deeper stations were
plotted on .~ 140 m depth scale , two per page. These are interl eaved
sequentia lly with the smaller plots. To assist in distin g uishin g between
curves t he  t emperature has been darkened three t imes  wh il e the s al i n i t y
t race onl y twice. The curves are also labeled , T for t emperature , S for
saHn ty. SV for sound ve l ocity, and ST for slgtna -t.
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