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ABSTRACT

Summaries of observations from moored stations and CTD profiles

taken during POLYMODE Array II are presented. Data series of twenty-

seven months duration at 12 locations were achieved with 3 consecutive

deployments. Current meters were set at nominal depths of 600, 1000,

1500 and 4000 meters at eight of the locations and at 4000 meters at

the remainder. Nine data series of eight months duration were obtained

at similar depths at 3 additional locations.

Low passed east and north current components, temperature and

pressure from current meters and temperature/pressure recorders are

displayed graphically and in tabular form. Spectral diagrams are plotted

for temperature and the vector components when a continuous two year time

series was achieved. Progressive vector plots are included for velocity

data.

Selected CTD data are presented as potential temperature and salinity

values plotted against pressure.
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PREFACE

Th is volume is the seventeenth in a series of Data Reports I~r~ sentin u1

moored current meter and associa ted  data collected by the W .H.O.J. Buoy

Group .

Volumes I through XVI present data from the years 1963— 1971 ,  and

f rom several  special experiments : the 1970 Pol lard  a r ray ,  the 1973 IWEX

array , the 197 3 MODE array , the MODE Site moorings, and the Saint Croix

mooring measurements .

Volume XVII presents data from POLYMODE Array II.

Volume * W.H.O.I.~ * Notes

Number * Ref. * * *year experiment r
*** * *a * *a ** *a ** * *** *** *  * * *** * * * * *a a * * ** * ***  * * *a * * * * * * * * * * **a * ** * * * * ** ** * * ** * * *

I 65-44 Webster , F . ,  and N.  P. Foforioff

II 66-60 Webster , F., and N. P. Fofonoff

III 67-66 Webster , F., and N. P. Fofonoff

IV 70-40 Pollard , R. T.

V 71-50 Tarbell, S., and F. Webster 1966 measurements

VI 74-4 Tarbell, S. 1967 measurements

VII 74—52 Chausse, D., and S. Tarbell 1968 measurements

VIII 75-7 Pollard , R. T., and S. Tarbell 1970 Array data

IX 75-68 Tarbell, S., M. G. Briscoe ,
and D. Chausse 1973 IWEX Array

X 76-40 Tarbell, S. l96°a measurements

XI 76—41 Tarbell, S. 1969b measurements - -

XII 76-101 Chausse, D., and S. Tarbell 1973 MODE Array

XIII 77—18 Tarbell, S., and A. W. Whitlatch 1970 measurements

XIV 77-41 Tarbell , S., R. Payne and
R. Walden 1976 t.~ oring 592

Saint Croix

XV 77—56 Tarbell, S., and A. W. Whitlatch 1971 measurements

XVI 78—5 Tarbell , S., and A. Spencer P171_l-)75 MOPE Site ’

vi 
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I n t rod uct ion

The POLYMODE program is an internationa l cooperative sci”ntjfjc

i n v e s t i g a t i o n  of the dynamics and s t a t i s t i c s  of the  mesoscale mot ions

in  the  sea , the en e rgy sources of these mot ions, and the i r  c o n t r i b u t i o n

to the genera l circulation of the ocean. POLYMODE includes theoretical

investigations , experiments , and field observations. Of the field obser—

vat tons , the largest is the statistical geographic experiment designed

I;’ determi;;&’ the  d i s t r i b u t i o n  of energy levels and space and time scales

o n t he  edd y f i e l d  throughout the western North  A t l an t i c  using current

mt- t e ’ r a r r a y s , SOFAR f loa t  a rrays , and hyd rographic and XBT work .

Three current meter arrays were set whose locations are shown in

Fi g.  1. Array  I was set to def ine  the s ta t i s t ics  of the mesoscale motions

to the east and north of the MODE-I site (28°N , 70°W ) and to resolve the

time length scales. Building on the results of MODE —I and POLYMODE Array I ,

Ar ray  II , whose data is described in this report , had a more closely def ined

set of goa ls , i.e . :

1. To compare the distribution of eddy statistics at 4000 m depth

with similar results along 70°W ,

2. To examine the vertical structure of the eddy field for quali-

tative difj erences in and out of the recirculation region of

the western eddy of the North At lant ic  subtropical gyre suggested

by Worthington (1976),

3. To investigate the horizontal heat advection and local temporal

changes of temperature ,

4. To estimate some of the Reynolds stress contributions to momentum

and vort ici ty bu~~ ets for the mean flow ,

5. To examine energy transfer terms ,

6. To compare the data obtained with the results of numerical models ,

7. To compare the distribution of mean velocities obtained with

the structure of the general circulation as suggested by

Worthington (1976). Some of these results are described in

Schmitz (1977).

Array II consisted of three nine—month mooring sett ings at twelve

locations (Fig. 2) between May 1975 and June 1977. The third setting

included moorings at three additional locations to better resolve, spatially,

the subtropical gyre ’s return flow.

1
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Array I I I  consisted of three clusters . Clusters A and B were on

the western and eastern sides of the Mid—Atlantic Ridge to examine

differences in the eddy field and the mean flow. The purpose of cluster C

w~i;; to Look at the baroclintic instability of the North Equatorial Current,

as an eddy-generating device.

Data from POLYMODE Array II are described in this report. Data

from Arrays I and III will be presented in-i future reports.

Moo r i ng s

T}te POLYMODE Array II mooring configuration is shown in Figure 2.

Moori ngs 1 th roug h 12 were in position from May 1975 to June 1977 with

three consecutive settings of approximately nine months duration .

Mooring positions 13, 14 and 15 were deployed on the third setting of

the array only (See Table 1). -
‘

Moorings 1 through 8, 13, and 14 , were intermediate moorings

(Heinmiller , 1976), moorings 9 through 12 and 15 were bottom moorings.

A complete list of the components of each mooring is shown on

microfiche , in-i Row A. The following abbreviations have been used :

VACM Vector Averaging Current Meter

DT-VACM A VP.CM which also measures differential temperature

850 Model 850 burst sampling current meter

T/P M.I.T. temperature and pressure recorder

3/4”;5/~)” ;3/4” For example; 3/4” line used on set 1 and 3,

5/8” line used on set 2

3/8” chain Refers to the indicated length of 3/8” chain

bolted to a 16” or 17” glass sphere in a hard

hat ( for  f lotation)

Array 2 was set as follows:

Ship &
Cru ise~~t Mission Chief Scientist(s) Date

KNOR R 413 Deployed Set 1 G. Tupper/Dr . W. Schmitz May 1975

CHAIN 129 Recovered Set 1 K. Bradley December 1975

Deployed Set 2

KNORR 60 Recovered Set 2 K. Bradley/D. Simoneau October 1976

Deployed Set 3

KNORR 66 Recovered Set 3 K. Bradley/D. Sirnoneau June 1977

2



Current Meter Types

The current meters described in this report were either Vector

Averaging Current Meters (VACMS), built by American Machine and Foundry

(AMF) or Model 850 current meters built by Geodyne , now a part of Eqerton ,

(;ermeshausen and Grier (EG&G).

The VACM senses compass and vane information and computes a measure

of east and north water current components each time a pair of rotor maqnets

passes the sensing diode, then sums these components through the entire

recording i n t e rva l , u sua l ly  15 minutes .  There a re  16 magnets  on t h e ’

r otor  so one complete rotor revolu t ion  would cause e igh t  compute c y cie s .

Temperature is derived from a vol tage-to-frequency conver ter  ( v / f ) ,

whose output  frequency is related to the thermistor  res i s tance’  at i t ; ;

i n p u t .  The v/f output pulses are sumed over the e n t i re  re-’cordiii q

i n t e r v a l  thus averaging temperature.  Al l  var iables  are recorded on a

1 cs;;et t o  tape at  the end of each recording in terval . Temperatures ~lrc

accur a te  to about ‘.01°C (Payne et al., 1976).

TemJ~~rature/Pressure Recorder

An instrument  to record temperature, pressure and t ime (T/P ) was

developed in the Draper laboratory at M . I . T .  for MOD E—i and used extent -

s i ve ly  on the post—MODE moorings . The ins t rument  stores a sample every

I ~ seconds and records the sum of 64 successive data samples every 16

minutes on a magnetic tape cassette (64 X 15 = 960 secoieds = 16 minu tes)  .

Temperatures have a resolution-i of .001°C (Wun sch and Dah l t ’n , 19 74 ) .

The’ absolute accuracy cannot be specified because the thermis tors  had

not been calibrated since the orig ina l cal ibra t ion by the m a n u f a c t u r er .

The pressure sensor is a strain gauge with a manufacturer specified

accuracy of .03% of the scale range used (Wunsch and Dahlen , 1974).

These sensors are recalibrated for each instrument deployment .

Occasionally the TIP sensors reached the l imi t  of the i r  measur ing

range. For instance, page/fiche no. l-E-9.

CTD

A device to measure conduct iv i ty ,  temperature an-id pressure , manu-

fac tured  by N e i l  Brown Ins t rument  Systems , tu ìe . (N.  Brown , l°7’ - )  , was

used a t  POLYMODE mooring sites to obtain v e r t i c a l  p r o f i l e ’s  of t he;se’

q u a n t i t i e s .  Plots of temperature and s a l i n i t y  ver sus pressure , , i tu i

0-s plots are included for most POLYMODE mooring sites . The data were
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col  loct’.sl on R. V. CHAIN cruis.’ 121) arid R. V. KNORR cruise 60. The

i ’ l ’~ t s  are  presented  in -i Row A f i che  1_ 5 a f t e r  the  mooring page except

~ I ’OI.Y MOI)E moorings 9 , 1(3 , 11 , an d  1 2 wh j ob are on f iche  5 columns
1 1  i t i l 1.

‘ l i E n ’

‘11 nn~ t FI nn ‘I/Ps , ~ 5Os end VACMs was measured u s ing  a q u a r t z  crys ta l

s;, i I t . e t  ‘n -  w i t  ii a nn~inuf1ictur .’r s specified accuracy of ‘1 second per d a y .

In  ti e i s  re~x ir t  t i me  is r ead an year—month —day hour. m i n u te .  second .

Current Motor ~~~~~~~~~~~~~~~~~

Bit .  string s from magnetic sea tapes for Model B50s (1/4” 2—track

cart ridges) and VACMs (1/8” 4 — t r a c k  cassettes) were t ranscr ibed On-ito

9— t rack C ’onfl 1tlnt or compa t i 1)11’ tape at W .11 .0. 1 . rile ti,i t a were then con—

ve’r t si t I) SI l e n t  i t i c  uui i t;; (decoded ) an-id stored on magnet ic  tape in

M il t a i n ; forma t (Maltais , 19(1’))

Edit u i 9  t h e  dat,i included selectinq start and stop times , adjusting

I ho sos isa I le ICt ie of some records to agree w i t h  i n fo rma t ion  supplied by

t i e T,’l’ ; , a pp L y  Lu ll Correct ions to temperature indicated by Post cruise

t h e r m i s t o r  c 1 i lib r 1i ti on i s , correcting the temperatures to a constant depth ,

- -ompi et 1 sq ve c t o r  av ’raqecl components for the data  from burst sampled

Mode ’ I is’ ;) i nis t rumenits , and m t  erI)oist i nq through gaps in the data caused

isv t is - ’ remova l of e’rrorie’ous records .

‘rite r e - s u l  t i n ;  in evenly spaced t ime series which is used as Lnl)ut

t ’ ’ t  t h e  l o w  }sts;; f i  I t e ’r , a symmet r i ca l  r u n n i n g  Gaussian f i l t e r  w i t h  a

h a l  I w n i t h e  , C ~~ ‘ -1 hours  m i d  a window of width 24 hours .  The f i l t e r i n g

- ;  - ‘95 - n I t  I I I  an d  t ho resul  t a n t  t i m e  series is 48 hours sh or tsr  ti -ian

l i e ,  ut I u n it ’ s r  i t ’s ( t h e  f i r s t  and last 24 hours are los t )

l i s t ‘ I ;  inui i I ly a ti~~~es’ or fout -  day qap lue tw e . ’en dat? series from

1 ’ C I ~~ ; ‘ . - ;  i t  t y e’ . ‘t  t I nqs . 9 some composite’  p lo ts  t he qap is shown . On

- C t  t e e  ~ , si i t i  IS - C 5  t n ~i mii i spat ii 1 array plots , t he  gap has been-i filled

w e t  tn m i t  ‘n i s ’ I e t  t i  p o i n t s .

is le’ 2 i nil li ui  on ; wit is d i var  jebl (’s Ire presented , w i t h  reference t o

I a t . i  i t - n e t  i t  I - m t  j e l l  nimi nnb e ’r , d u r a t i on e  .iiì.i d ep t h .  

- - - --~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~ - - ‘- - - _ _ _ _
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~~~~~~~~ ~ IiIi n e I
i t i s m i  re ’  t h a t  (‘ .mrbm da t a sor t ’;; has .m us i gum’ ident  if it’r , t h e

l ’ . I l m w i I i C ~ - ‘ -
~~s -~~,’ i n ;  m , n ; ’ I ;  t ,m ) 11h1411x;24A .

m ( itt — ‘I’hte ’ I i i  ni t  t h r ee  d ig i t  a r m ’  the  m~~ )r i  ng numb er.

— The’ r el a t ive  i n s t r u m e n t  pos i t ion  s t a r t i n g  at the t O J )

of the moorinq. One denotes the top instrument .

B — Tht’ position of the letter mi the alphabet ind icat es  t he

amount of editing that has been done. The symbo l $

means no editinq has been done.

lDGau24 — A 1—day subsampled Gaussian filtered series , the filter
11)024 

having a half width of 24 hours.

A - Additional editing has been done after the series was

filtered .

As the t ime series from thee 3 settings have been merged t o g e t h e r ,

,mel1h itio tial naminq parameters have been used; Pt40 2 ,4000m.

PM - POLYMODE Array II

02 - POLYMODE mooring position number 2.

, - A separator .

— ‘1000 in — The nominal depth in meters for the merqed ilat i ser ies.
or

4 k m

(‘u r r m ’nt me ’ter data 4uality
Overall , the data return-i from the three settings was about ~)0%.

A t o t a l  of l~~3 current meters was set. On-ic hundred had 100% data

return, eight returned no data, and twenty-five had less than 100%

return.

An unsolved problem affected several of these twenty-five. The

symptom is a sudden drop in speed to threshold or near threshold followed

by another sudden jump back to normal values . The low values usually

per sist for a few hours to a few days. Total data loss f rom t h i s  problem

is 19 days in five records. In these periods speeds have been replaced

by interpolated or averaged values. Much testing and speculating have

not yet determined the cause of the problem. Occurrences are noted on

the STATISTICS pages in the microf iche section . Other problems also

ire noted on these pages. For example , “ sticky vane” indicates tha t

the h i g h  frequency data may not be reliable durinq specified periods.

For the most part this did not ser iously affect the low-passed vers ion.

Where it did , the data have been deleted .

- ~~~~~~~~~~~~~
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I mt -j 1 9

A - - e li n l en . i n  \‘ i t - I I I l i e s  I I urns ’ i it  1 -  t i e , ;  ‘F~~Se’iit oil iii T i l t  h e ’ - ‘ . ‘l’hi i ‘a’

‘it ’ l l  i i  it ’s t i l t ’ I i ll: , be , iv , ’ I - t n t  ; e a e ’ t .  P t  t a t  i n ;  a is ’;; C c l ii ~i n  n o m e  i t t  I dept  h i ,

w i t  e l i  w a n ;  p n  oI~~~ n ; e ’ci  t i n t h e , ’ e ’xpc r i f l s ’n t t  , ins) which is used in t i t l e ’s an.!

~ - . l e ; p h m v n ; . ~ ,‘ s t t i t c l  i n ;  inc  i n at  r u me nt  i t c h - i h i wh i le we ;; cornput s ’d

i t  t s t  fist .’ I lil t sIs i’ 1 ;y r n t ’n m t  by bil ly CC)t t i~ n_ c t or p rogram N0~tC t R  , t ied wh e l i  i n ;

t i n s ’! on , t he ’ nn~ m s r i n t i .‘orn i~~ r m e ’n t .  p u t S  end for  re’coidn . trs ’rn cu t  n s u i t  flle ’t  e n  a

- - t  1~’ ’ } ~~- n t h i , e i m  l i i i )  nn, ’t ‘n - n ; . ‘h ’ h mi iii in ; a corrected slept he , w i n s ’ , ; , ’ d i r  i V i t  ion

e n ;  is - n i l  l k te ’sl t I e  .1 ss f l i t u t e ~ , u n i q n , q I e ,  en.l wit  u c l i  i n ;  used wh en s lat e l i t

t i t s l t v  t d e e , m l  n i - t o n i ; ;  i r e  pr e ’set i ted .

5.

I’i I , YMi )isI: An t ty 2 l’ e ’mj s ’n ~. e t  C i t . ’ in.) Depth Cor r ec t  toni ; ;

- i c e ; ; , ’ i f  t l ie ’  O S  ~u ; ;  l ou i a  I leigh curr.’nits seeti by t lii s a r r iv an!

t h e ’ - m s - - c u l t  i e e q  d e p t  h e va r  m i t  l o n e ; ;  of t h e  moorings (up to  hu ue d r ee in i  of nn’t era)

i t  w i a ds ’;; n m , e h  I t ’ t~ C .1 t I c’m~t t  t e l  corrv ’t to a constant dept h i t h i s ’ teml’m ’r e  t ores

I torn hot hi ‘I’/ 19; c ued  c u r ren t  meters .  To make th i s  correct ion it was n n s ’ce ’ss,i ry

t o  k nio w be t is the ds- ~ CU e of an i rid iv  idua I i u i st  rum eeet  mu d t h e  t e ’rnpe ’rat m er e

r u - t c i t  - i ni t h e e ’  w e t  or above i t  . Pns ’an ; m e m s ’n ;  f r om C1’/ICs were un ;ed t 5 t  .-ompu t e

tept 1;;. I on I t ie ’;; , ’ i n i a t  r m u n m t ’n t  . C u r r e n t  meter  dept hs were i r mte ’rpo l at e’d

t rein-c t lie’S .

I-’ I qur e  -I i S  a i l ot  s i t t. -nIp.’ t a i l  or e’  ~i i - t~l i e’nit vs. ,ehso h u t  e
t ip

‘rnpe’ra t e e  re ‘1’. Tue ,I5et a - i t s ’ f rom CTD;; t aken  at  t h e  t ime ~ t t depi oy nte’ui t

~u n e d  n a -  V i ’ FV si t each mOOF i Sq Iilsl represent  St a t  ions f rom the full n o r t h —

s a l t  I t  m ’x t  ont  of t h e ’  ,irn ey . The ’ most nor therly st iti one s wer-e in the Gul f

I rests . It n - ipp~ere ’nt  t h a t  O n e  ciii re’}trese’uit q u i t e  simp l y the i-el at  i o n —
; t e  I I 1)01 Ws’e ’ie 

‘~~~ anal T f o r  t Is’ w h o l e ’  A r r ay  2 5 t r e ’a. The’ I ~~~) ni t i i i  ‘~h t
d} C

I i n c ’s ott I’ e q .  4 re’prt’se’nmt 1 1 caIn t ;;qthe I- c ’S f t  t of t I t ’  c l i  t i  and We ’re used

tnt tic , ’ te ’rnIt, ’u i t  i c r - o m i e s t l i n e .

‘(‘he’ t o !  lowi n i ~ j- i i S ’ ’ l i e u  e’ W,t~ i 
~
S’
~ 

t t i n m e a l  ou t  t h e ’ l l ) G A I I $ 4  v , ’ t , ;  m ,ii ot

t r Ial rtim ~’n mt i s  s i t d  w i t h e a s t e s h i t  h i t t  I 500 in in shah lowe r (d1~r ~~~t1~
1 i t ilth ’ ’ ,i  t g r e - m t - u  lo l l i i )  . }-‘o r  e’, ichi  t i  he ’:

.‘ r o i t ,‘ P1)11” t m  e’ach ‘P/P im ’t ’s ;t d by ~etht rae’t tug t he e ’ mon-i t I rs ’qe ion i t

- -  . - - i c r ’ in  t he ’ rm ’i i ‘r i  f rom e’,ichi ‘tea-site) m’ va lu e  i n  t h e  t im ,~ se ’u  i t ’s.

-- 
‘- ~ --- - -- ~~- -~~~~~~~~~ ~~~~~~~~~~~~~ -
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2. Create PDIF f o r  each current meter record . This may be:

a.  The same as t h e ’ PDl1~’ fo r  a T/P i t there’ is otis’ quite’ itea r-

Ott thie’ n~x) r i ng .

b. An average of the PDIFs from nearby T/Ps if t he  current

meter is between two of them.

c. For a current meter deep on a mooring which has T/PS

only near the top , PDIF is PDIF for one of the shallow

T/Ps multiplied by an attenuation factor.

For each data point:

3. Compute dT/dp a t  the observed temperature .

4. Compute a corrected temperature’ using Phil-’ ass) s i t ’  i p .

5. Determine d’r/dp at the corre ~~~ted temperatur e .

(‘ . Recompute the ’  corrected temperature using PDIF •inid the meant

of the t’~
) dT/d~m s .

7a. For T/P records , compute a depth for each pressure by multiplying

the pressure by a fac t o r  determined by conver t ing the most frequent

pressure of the record to a depth , us ing  the method of Saunders

and Fofonoff (1976) . H

7b. For current meter records , compute i depth for  each data  cyc l e

by adding to the most frequent  depth of thie record (obtained

by toterixalation of T/P values on-i that moorin g ) the  value of

POW ( i n c l u d i n g  at t enuat  ion factor) used fo r  co r r ec t ing  the

temperature of that dat a  cycle multiplied by a conversion fac tor

obtaiiie’ii from Saunders and Fofonoff (1976) for the depth and

geographical position of the current meter.

One-’ of the results is a most frequent depth for  each record . These

depths are shown as a corrected depth for e tch record in Table 2.

The basic s t a t i s t i c s  and plots on the f iche  pages show values for

uncorrected temperature . The spectra (on the fiche) and the composite

plots following the text use corrected 
temperature.7



We.’ have j s r ’;;t ’tn t ed some d i f f e r e n t  sta t is t ical parameters in t h i s
I i~~ to r t  I s  re ’t 1 oct chi ~i i~ p’;; iii t he I echniqu es being used to m a  lyze ’ our

- ti! re ’s t fliete’ n ch i t  a.

M e-ant s of the e  s - t a t  ( c i )  and north  (v )  comixalients of ve locity  t ir e ,
to some.’ ex t  eu ct , m i s l ead ing  since or ient ing the reference f rame to the

compass may teo t shied ar t y  l i g h t  on the physics of the problem. In some

can-,es , however , we c5in choose a reference frame which may have a particular
meaning . if we rotate the reference frame by 0, then we can transform

the fluctuating parts of the u and v velocity components into

u ’
~~~~~u c o s0 + v sj n 0

v s ~~— u s j n O - i - v c o s Q .

T h e .’ t ime av n - - r a q o  of the squares of the individual components and their
product are given by

= ~-_tX._ + cos 20 + uv S in2 0

~~~~~~~~~~~~~~~~~ 
__ -v - = 

2 
- 

2 
cos2G + uv sin20

LI V = ccv cos20 — 
2 

sin20.

Now is the  cor re la t ion  between the two components and , by choosing
0 p r o p e r l y  we’ can cause u~~v = 0. This value is

tan 20 = ——-~~~~ .
N 

½ (u2 ..v 2

At 0
N ’ then , the u and v motions are e i ther  to tal ly  uncorrelated

i re t his ’ mean , or ti-icy have a constant phase d i f f e r ence  of 90° . If  they 4

have ’ a const a nt  pha se d i f f e rence  then we can describe the motion of the

v e l o c i t y  vector in u—v space as elli ptical .

I t  in ; convenient to d e f i n e  two qu ar e ti t ie s  i nva r i an t  under rota t ions
of the  coordin ate axes :

R~ = ( ,~v) 2 
+~~~ (u ~~~- v 2 )

where F: is our normal definiti e’ - of horizontal kine tic enerqy .

8
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I t  is  convenient  and cones istent with -i our Jet in  it t o ut s  of k m i t

Sot

uv H sin2O

-

= R cos2 tt
2 N

And , for arbitrary 0,

~~~~~
— E + R c o s 2 ( 0

N
_ t

~
)

v - = i’ — H c os 2(O  — 0)
N

H s i n 2 ( O
N 

—

For I n 0 ,
N

u 2 = E + R  —

V - E - K

u ‘V = 0

It we’ view t lie path of the velocity vec ton as (‘1 Ii Pt teal iii c m — v

s}~ mce there  ~ u ‘~
‘ and \ v ’

~’ are the major and m i n o m  ax e ’s and 11 i s  t h e

orientation of the major axis

In order to know i f it makes sCnse-’ to talk ~tLx~cm t pr I tic i pa I ,exen; We ’

ne’ed one mo r e’ index , cli ipt ici ty, defined by

\ T \
S u ~‘ — V v

C -— 
~~~ -

~~~

E l ii I C t  I’ i t y  v.a r t i ’S fnm 0 for cjre’cm 1~mr mot ion , i i i  wit ~c’ht s , t n;, ’ i t  m.m k , - , ;

no ae’uen ; s ’  to talk .mbout pr incip~-ml axes, to 1 for t~~t ion s I t  I c t  l y  a l~~nsi t i e , ’
5.1 I n  -ex t a.



i t  - - I c i t  e n  - e ’ 1 1 c 1 ’ t  is i t  V in -I I n ins’_ i t . t
~~’~ 

- t t lee’ l i i i  I n ’ - -  C i  -

I , ! h .  I- ’ ’n n - n o v  - p c - n t  it e ’ -s i ll ;i,’: t t ’ ,~~ n I s  it in ; n o n e -  i r i t e -n s - a t i n n
! c  -k i ’ t i c ’ - V t -  i t t  m c ;  - t  o h  I c~ t t - t t y w i t h  t e n n e - . l ) e V t I e n t l I t t , -  I C - - m d

0 ’ ’~ . ‘tIt~ ‘t el Ci i i I 1; ’  - s-i I c j  ‘t , - e I y I ,  n c - i d e I d e - i ’ . m c s l  ‘ lees aVe m aci t liii

h i e i - ?  ~~m t I t ’  ‘ I ’ ’ 1101 t i ly iev ’ - . I i . e m q C - n  m e - a r e .

0, 
- 

: ‘~ .- .~ 
- - . - - - ‘

- ‘‘‘ 1 - : : , ’  n ’ (!/n’ ~; 7 ’ s ’ )

‘PI t ,  - ~~t ’  ‘ c c  ‘-a . ~V -  V - - I s u  c i i  : ; } t l R e ’me ’rt t S a n  s ~ l ot  t i ’s!. ‘ P h t e -s~ - a re ’ I s  ‘ i i  v t ’!

it m I I e - I v i n t ’ l I I i ,  - I ~ ‘ - - m g e ’ s : - ’ -  I i re a t  C r e t e  - n v ,  t I by t h t s  - i n t l  c - n  ‘s’ m I h ’ ’ m e i t  he

C t n t  t l t ’ t  I c c - I ‘ - - m l  t r u i n ‘.5 -
‘ 

- I - - n - - b e ,  ‘, i s l —  I i — I  a t  I . ‘lit , ’ I ’  i s  C I  I ‘s ’ i  c u t : ;  w e t  h e , e n t

- 1  c - i  e - k  i ) - \ I I t C I  i t  Si C t e s t  cuis i ne  t h e  lx ’uu ec ia r  j e ’;; cr c ’  ins!  i c _ m t  s’s1 isv  t hi s ’

- ‘. : : i l.  1 — -‘ -

zr ’  ‘- n : -  ‘ . ‘ - - !~~ . - -

i t t ; i n ;  ,t  - 1 1 , 0 1 !  . 1 : 1 1  s it  c c i v  v a r i , t b l e  1 i l o t t e ’ l  as 1 t’u u e c t  ion ot  t i m e ’ .

‘[‘ he , ’ ‘ - I h u m  - t v , ’t - i ’ i c’ ,! C I t i [ ’ ’ l C s ’ t i t  S t I e ’ p l o t  t s ~~I j~~ t t i i t v i I i t . t  1 \ ‘ s ’ t c i n -

t int , ’ n ’ e l , - . Pith ’:,:. e ’l  [ I t - t W e : ; ’ i n c h - c t  s ’sl , t i c s ’ V t , 1  ,nr o r t s ’nt ~ i t  ion

- ;  att Ic t i t .  e t  c i ’ ;  a et ~ ’ .

-
, 

/ 0~~~~,~~~

ai m - It :;; ‘ t e a l  I t i t  e ’t s ’si vo l  cud i t v ~~~ - t  i n n : ;  or  I emI’er tt ma rs ’ v e  lue;; are’

n i t  l c d  t o  aic ~~w 1 [ m i t  i i i  am r ay ~it  .t  } C _ t r t  ie.’u I t r  dept h t .

‘[‘h i ,  ‘n ~~~ ca ‘I’ I Nn AN ( ‘P in e ’  t s t  i s ’ :; An~t Iv s i ; ; ) U- n e- n ; t hee ’ Fast I -our  c o n -
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‘P/I’ 500 (41 I i ;  7 ;  7 + + I [ 4 4 —1 1— + I -1
k P C I , Y M O I ) ) .  ifloli t i t e s )  ) s o a j  t iOn # 3  W . 1 I . O. I .  M o s i r i r e ’) S  #565 , #5) 12 , fl6 C)c)

t M  i - t I l l  1 ; I ; 1  4 —I - 1 I  $ I 
~~~~~ 

+ I
‘[‘/ 1’ 1) tO ,~ ;. l ,- 4 + j— —4 1— I 1 —4 4 I
- ‘5) 110 )41 ) 1; 41 ; 41 —4 I ) I I —

~ 
-4- + 1

i ’M ] 500 -1; -1 ; 4 1 ~~
- 

~~ I 1 4 I ~ + + I
i/P 30041) ‘ m ; S ; ’ ) I + + I t  —1- I 4 —1

c ’ S) . 1 ,30 ) (~ ; 4 1 , ; ’ ’ 4 4 —J ~ -4 4 ~ + + I
t t-2~ 5000 ; ; 7  ( + + ~~ 

-4- + I I  + + I
541)041) ; ; 4141 1 + I —‘i + + 11  + + I

1m/ [~ ‘ s ; I O ( I  7; 7; ’) 1 + + I F I 4- —] f —  -I- 4- ]

moor i n e q  
~~~~~~ 

i t i o n  #4 W . I L O .  I .  Moorinqs #559 , #578,  #601
‘51 4 , 1 ) ) )  I; I; I I~~ I 4 j  ~ I —

~~ 
[ + +

P/F’ -41 00 , ; 2 ; )  I + + i F  -‘— — ‘4” 1 ~— -4— — +
Ci-) 1000 41 ; l ;3 I -4— -4- Ii * • ‘ — —  4- 

~~
( + + 1

1500 ~l~;-1 ;4 1— t - - # ~~~~ ~ 4 I -4 4 1
CM - ( 0 ; 0 )  5;  1 , ;  5 f— I 4- —1 I— 4— - —4 I + + 1
*) i f l J YM QDI , moor inec ;  posit  4 - O t t  ~~ W J ( . 0 .  I .  Moor ings  #566 , #581 , #6 11

+ 0( 1 I ; 1 ; I  ~
— -+ I fl- i 1 1  + 1

5 1/ I C  43041) 2;2; 2 - 4 + 1 1 — ~~~~~~~~ t I
I ’ M  1000 3 ; 3 ; 3 f t I — —- ------———~ ———-——+—-——— H I + 1
‘ ‘51 10)0 . 1 ; - 1 ;4  H~—~~~ ~ ~ 4 4 I I  + ~ 1
(‘N) 400)) 5; 5; 5 ~ ± - I F ~ ~~~~~~~~~~
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Table 2

b. Data Duration and Depths , Moorin gs 1—5

7 c U  ( C c  I s Ds ptli~~~~~ # of D i t i  C) iya  f l i t~~~~t d & n t

* F C ()1,yM(iIII : ufls)c)t l fl(J [is)I ;it iOn) #1 W .ILO. I. M o o rin g s  #5 57 , #5141 3 , #61)8
4 , 4 1 ) 41 4 ’ ) - )  55) 5  224 7-1 75 5)  1; 1 ; 1
ao~ ~ i ‘ , 795 224 2 ’)43 241 ,1 )  _ ‘ ; 2 ;  2

1 t I l l - I  1 4 1 ) 1 7  1041) 1 224 180 259 3; 3; 3
1 20-I 12 1’)  224 2’)I41 0 4 ; 4 ;  4
1503 1501 1503 226 298 259 5; 5; 5
241 ) 02 21 ) 0& ,  2003 53 29 1 260 6; 6; 6
~~~~~ 250 1 224 0 260 7; 7; 7
3001 3011 224 298 0 8; 8; 8
350 1 3500 225 0 260 9; 9; 9
-1 001 .1;R)I 22 - 1 298 0 10; 10; 10
-14 o ’ ’ -1 ‘~~)c , - 1502 224 298 260 11; 11;  11

5011 0 298 — 12 ;  1 2;
5003 — )59 ; ; C

*I 5) J ,y M0I ) l ~ m oor it e sJ posit ion #2 W.H .0. I. Moorinqs #558, ~ 570 , #600
103 “‘0 ’ 0 2’I2 235 1; 1; 1

/141 1 7543 79(, 213 215 235 3; 2 ;
‘ 4 4 1 4 2  966 ‘)‘)(m 215 294 2.35 4 ;  3; 3

14132 14613 149413 215 294 235 5; 4; 4

7;
.1 05) .m “) ‘ e) 3001 219 294 235 8; 5; 5
3977 3955 4002 218 294 235 9; 6; Im

10;
.(‘)41~4 - 1 ) 1 4  5006 218 294 235 11; 7; 7

*1)C)LYM( )1)F’ moor ing  I~~s L ti on  #3 W . f l . O . I .  Moorinqs #565, #582 , #609
( i - I C )  698 720 219 300 257 1; 1; 1
8-1 0 219  C) 0 7; 2 ; 2

1 0-141) 1121) 219 0 257 3; 3; 3
1 , 1 0  1 4 0 5  1e20 219 284 257 4; 4; -1
4 1 0 ) m  3 10 13 3117 220 300 258 5; 5; 5

4030 41 41 )6 4000 219 300 257 6; 6; (~
; 7

5128 — — 255 ; ; 8
“021 5095 512~) 219 300 258 7; 7; ‘1

*I s 0LyMO[) 1~ mooring position #4 W .1l O.I. Moorings #559, #578 , #601
4 ’O l  54410 603 217 246 234 1; 1; 1
802 7941) 217 246 0 2; 2 ;  7

‘) ‘) l 1003 0 246 2 3-1 3; 3; 3
1501 149-1 1503 217 246 2 14/234 4;  4; 4
-1 001 3~)96 4003 177 246 234 5; 5; 5

* 1CO [yM ~~C)I,’ moor ing  posi t ion #5 W .H.O.I. Moorings #566, #501 , #6 11
( ( ) ( s  ( ‘ 3 3  596 219 301 204 1; 1; 1
807 835 796 219 301 204 2;  2 ;  2

1 41 ) 41 ) 4 )  1036 9i)(~ 219 301 204 3; 3; 41
— I ‘ i t O ,  1540 1498 2 1~) 71/301 204 4 ;  4 ;  4

-100 404 1 219 301 0 5 ; 5 ; ‘ m
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Table 2

c . Data Variables, Moorings 6—15

1 s t  - S’sti t e ie - e I Ic - el .e V , ’ I u s ’i t i~~s Tempera ture  Pre-ssure
‘ I _ _

i_ i ”  H ~~ t k i  l l ’ - t , t  I 
- -

(n i . ) l ’ s . tO 1 :1 
— / 1 2 3 / I 41

* ‘1 I I  ‘m M ’  t o t :  in . -‘ - s i so  i’ ~~ i ‘‘~~ #41 ’ - W .11. 0. I . moor togs ~41 51041, #5 1414 , # ‘ s O) )

( 5 1  t O t ) 1 ; 1 ; I  + 4 — II I + —I~ + 4-

1 1 ) ) , )  7 ; 2 ; I + + ] [ I I + ~ I
ci - ) I ;  1 0 )  3 ; 3 ; 1 I 4 ~ I I I + 4
151 1 50’; - 1 ; - l ; - l  I [ 4 11 + I
CM -1 );;;) 5; 5; 5 f ~~~ + I ~~ ~ 1 F + + 1
*Il () ; VSI , sot - :  moor i i q  ~toS i t  ion #7 W. 11.0 .1. moor ings  #567 , #580 , #612
‘51 4 , 0 ; )  1; 1 ; l  I + I F  4 + I F  + + I

s M  -4100 ; ; 1 [ + I 4 [ + I ) [ + + I
‘1/1’ 1)00 2 ; 2 ; 3  [ + + 1 1  I I I F  4 +- 1

‘51 I i ; )  ; ; 4  [ + 4- H + I 
~~ + + I

c M  100 41 )  3; 1 ;5 F— I I ~~ 4 4 I F  + +

~ i-I 1 0) 1)  4 ; - 1 ; 6  f- I 4 ] f —  + + i F  + + I P
‘51 2010) ; ;7  [ 4 I 

~ + -
~~~~~~~ I t  + +

2500 ; ; 8  I + -
~~ II + I 

~~~ + + 1
CM - 1 )00 5; ‘ i ; 5) + + j  F- + + I [ + 4 1
*P0I , YMOI ) 4 -  moor in c3 pot; iti on t #8 W. 8.0. 1. moor inq s  #5 ) ’-) , #577 , #606
s M  f~ 1.O) 1 ;  1; 41 1 + I I I ~ 

[ + + I
‘P/P 1300 2 ;  2 ; 2 [ + 4 I I I

~i-) 1000 1; 3 ; I -~~~— 4 $ I I  + + II + +

1 511 (1 -1 ;  ‘ 1;  -I  I I I 1— 4- + 1 I 4 + I
CM -1 ;  0) 0  5 ; 5; 5 I f I ~f I I I 1 4 1
* l m ) ) L , y 5 ) , , I s I .  (1101)1 jt I ’~ ~m0S t I c o n e  #~

) W . l I . 0 .  1.  m o or i n e q s  #‘ m ( ,  41 , #5/; , #~~O5
-0 ) 1 0 )  1 ; ) ;  1 F— -4- 1 l—— ”,————- ————,-’— -—————l 1 + + I

‘1/1 ’ - 1 0 0 )  _ 1 ; 2 ; 2  I + + II 4- 1 I ÷ —4-- I
-

- i ’M i~ _~ 5;~ ; ; ‘, I + I ~ [ + 4 H + + 1
‘1/  I’ 5250 ; ; -1 I + + + 4- 1 I + -I-—-— -I
* ) , , ) I v M , m I t I . : moor I n e c ;  

~~
‘ - e t ion #10 W. 11.0.3 - m o or i n eq s  #5 ( 2 , # 57 s , #604

‘i-I - I c  I ; ) ) I ; I ; I I $ I ~ f I + j  + + I
‘ I / I ’  -0’ ; ) ) )  l~~~’ ;l  I 4- + 

~~~ 
4 I I 4

I’ ; I ,y r- IoI t f - ;  m; m , m i  U1~~ j )O 0 i t  ion # 11 W. 8 ,0 .  1 . moorinqs  # O s ’ l  , # 574 , #603
sM -100;; 1 ; l ;  1 I I ~ 4- 4- II + + I
T/I’ -1 , 5 ) ; )  2 ;  2; 2 [ + + I I  — 

~ I I  I

*Ii~)I,yM, ,D(: moorjneq ;‘cm ; ;it i one #12 W .H.0. I. moorinqo #541,0, #573 , #si 0/
I’M - I ’  cR ) 2; 1; 1 $ I ; + ~ I
‘r/ P - 100, ; 1 ; 7 ; 2  1 4- I F — ~ I l  -~ 1
* I’ , 0,Y i-iooi- : uflo() i III, 

~
‘s so i t  1(1!! # I 41 W . 11. 0 . T . m oor ing ’;

i i - )  ~~0 ; ; I  1 f 4— I I  ‘—— II ‘ 4— I 8

100( 1 ; ; , ‘ 1 11 4 4— I I  I I
s M I’ ,)))) ; ;~~ I + -I—-- — I t  4-- II I I I
‘‘-l - 1 1 ) 1 ) ) ;  ; ;4 I + -4-~~~~ I I  4- -i-- I I ~ I

* 1 - c ‘ I  ,)‘ Nl( C I iI - iTE5)~~ i i ; ’ ;  it l o l l  #14 W. 11.0. 1 . moor i ne c; ) ;  #4,10
( ‘51 4 ,)))) ; ; 1  1 4 -4-— f ~ + I ~ f ~ -4- I

1 1 ) 4 ) ) )  ; ;- ‘ 1 $ —I I  + I I I  + + 1
4 1 5 1  t OM) ; ; F -I- -4-— 1 1 + -

~~~ 
—1 1 + + I

-1000 ; 4 1 + 4 ] ( + 4- 1 4 + I
* S I t ) - ) ;  I i i )  - tnis s s s i  t sq i t t  t j o i n  #15 W .1I .1) .I . in, i on -  e n t ’ ; a  0 ) - I

(7-1 - l o s e  ; ;1 1 + -n- — 1 .  + I ~[ + + I

L
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Table 2

4 .  D at a  L)ur at  ion and Depths , Moorings 6— 15 
- 

-

1 s ’ c - t  t’I1 Dep t  I t s  ( i n)  # of Data  Day s Dat , ,  l t l i ’mi t  —

I t 1 41 I-Jo

* l ’ s )  .\‘ Nlc ) I m I - :  IfloOr i nec; 5s~~~ it ion $4 ’ W — i i . ) ) . 1 . Moon nec ; ; ;  #5 41 , 441, #51414 , if ‘CI )-)

‘ I I  6L3() 21 ’ s 1) 4 , 4  1; 1; 1
1) 1 3 41 3 1-) — ‘1 5 IR Is 0 2 ;  2 ;  2

1 1 ) 1 3  14 ) 15  1000 215 286/198 235 3; 3; 3
I 5 1,  l ’ s 1 4141 1 50)) 215 24116 23 1’ 4 ;  4 ;  4

- I s i s ) ,’ -101 ’)  - I s ) 0 c )  83 286 235 5; 5; 5

*3 . , t I , \ ’ M i )[’ft m o or e  ne q posit ion #7 W . I I . 0 .  1. Moorings  #5o7 , 414 580 , #617
II 587 — 213 167 0 1; 1; 1

I1C 41 2-1 . 41 ; ; I
t I l l  ;0)_ ’ 76 41 21 3 764,, 7-1 41 - ‘ ; -

, 
; I

9 13 243 ; ; -I
1 4 1 ) 4 1  5 ) 5 ) 4 )  ‘M s ’’ 21  I 30+’ 7-1 41 3; 3 ;  ‘ s
[ ‘ , i I  1- I t - !  147(3 3 7 + 1  .‘i) 31)4 2-1 3 - I ;  4 ;  4 ’  , -

10 _ / t ,  7’) I ; ; 7
7-183 7- 1 3 ; ; 0 - 

-) ‘
~~

‘
~~

‘ - 11 ) 4 ) 1 2 1 3  304 , _ ‘ -l 41 5 ; 5 ; ‘4

*Pefl,V1 Im m oI: mom-Ills) 41so ;; i t  ion #8 W . I L O .I Moorings  #564 , # 577 , i f eOo - ‘

- i -/ ‘ 0 4 1 3  r,85 ,‘12 30-1 :‘~ 3 1; 1;
t i _ S i  7)4’, 1411 ’ ’ _) 17 410-1 71-  2 ;  ,‘ ; -

, I

1 Ole , ‘o;ss 212 30-1 3; 3 ;
l ’ s - ’’ ’ 1-1’ ~0 1_ ’’ o) 7 1 2  _304 7+i 41 . 1;  1 ’  4

- I c )  14 1, 4 ’ ) ; )  -11) 1 3 2 17  304 7(~ 41 5

*0 5 5) ,iMs~)Y0 moor im ec ; posit ion $‘) W .11.0. I - Moorings  #563 , #576, #605
I ’ ) ’ O )  I ’) ’) ! - Ic )  15 2 1 7  304 2t~5 1; 1; 1
3 ’’’’ 1 3 ’ ’ m Il -)c ) 4 ’l  7 1 2  304 I t m ~ 7 ;  _ ‘ ;

5 ’ .! t ,  21,5 ; ;
“7-17 _ ‘4 i ’’ ; ; -1

* I s t l j ’ l’Ms il )) .’ r i t s iom e r i c ;  ; s o o e t  ion  # 1 )  W . t I . 0. 1.  Moss r- i nqs #562 , fl’~75 , #1~))-)
) I  / 4 1  i ’ 4 ’ O )  - 10 1 / _ 5~ C 10-I 2 + s 7  1; 1; 1

-I- I / I - lI’ () C 17 _ 1 
—

C 4 1 0 1  •‘4~ 4l 2; 7; 2

iit~ ’
, i ,  e m i t ;  } ‘ c s t l l t j O I l  #11 W .II.s ). 1. M o c s r i m e q s  # O ’ I ,  # 57 - I , #6 03

‘ i )  i ’ 4 4 1 ’ , -1 (1 3 ’) 2 1 1  4 1 0 1  24 ’ ’) 1;  3 ;
4h- ’~ -1105 -17 1 ’ ) 211 10_ I 2/0 ‘ ; 7;

*!5( ) 1 y I -M ) I )j .~ nfl c m o n m et ; posi t  c o m e  # 1 2  W .l1.0. 1. Mooninqs #‘oO), #5741, #t ’0.’
1 4 - 1 4 4 1  1 ) O’ s ) ‘ 1 4 I _’ 2 11 341 ) 2  2 7 2  2 ; 1; 1
41 ’ ) .1 4  I ’ ) ’ ’ &, 3’)R .I 21 1 3 0 3  772 1; ‘; 2

*I C t, ’t I ,YM I , ’)IM.: mrk ) s) r inc 1 posit ion #13 W .II .0. 1. Moor; ris
~s ‘4607

1’S-I 12 1/261 ; ;
I t ) ’ ’-! C 51 ; ; 7
I 553 _ ‘$i 1 ; ;
-1 0-10 ~‘ C I ; ; -1

*I s c ) I X M ( S I ) I . ’ m o c ) r i m e q  l ’n s i t io n i  #1-1 W . I I . c ) . I. M o m l i e ’ ; ; ,  fl(iI ()
l’ s / ; ; I

, 4 1 5 ) 5 )  C ‘ ‘~/ 
; 

— ‘

1-198 7’ , / ; ; 41

7 5 7  ; ;

*;C () 1,Y M OI ) I . :  moo r i sq posit  ion  #1’ ’ W .  11.0. I .  Moom i n O t ;

- ‘ 1’ , ; , I
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