
7AA096 461 WOODS HOLE OCEANOGRAPHIC INSTITUTION MASSF/83
COMPILATION OF MOORED CURRENT METER DATA AND ASSOCIATED OCEAN-ETCIU)

SEP 80 S A TARBELL N00014-76-C-0197
UNCLASSIFIED WHOI-80-40 NL

m'nmnnEEnnnEEEEEEInn
lEll~llEEllllI

Eh~hhEhhEOhh
EEEEEE~hhhEEE



Al

I 'P

Vt

AAn



UNCLASSIFIED 9/80
SECURITY CLASSIFICATION OF THIS PAGE ("ont Date Entered)

BEFORE COMPLETING FORM-' REPORT DOCUMENTATION PAGE REDST TALONS-uM
REPORT NUMBER T ACCESSION NO. 3 RECIPIENTS CATALOG NUMBER

WHI-8W-4p i7 &'J
4 TITLE (nd SubjtJe) 5 TYPE OF REPORT A PERIOD OSFNEO

-A COMPILATION OF MOORED CURRENT METER DATA AND .
ASSOrIATED OCEANOGRAPHIC OBSERVATIONS o-VOLUME IJrechnical

I(POLYMODE RRAY III CLUSTERS A, B AND SITE 6 -E0FOMING ORG. REPORT NUMBER

OORJNdS) 1977-1979, P -
7- NTHOR(f.) S>. ONTRACT OR GRANT NUMBER(o)

N09j14-76-C-0]97t,'
0Susan A./Tarbell 

-0CE-76-24232

9 PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASK
AREA 6 WORK UNIT NUMBERS

Woods Hole Oceanographic Institution NR 083-400
Woods Hole, MA 02543

11 CONTROLLING OFFICE NAME AND ADDRESS " ,\1.-EPORT DATE

NORDA .4, 11Sepber 198,
National Space Technology Laboratory ?ER OF PAGES

Bay St. Louis, MS 39529 59
74 MONITORING AGENCY NAME & ADDRESS(If different from Controlling Office) 15. SECURITY C.ASS. (of thl report)

Unclassified
IS- DECL ASSIFICATION DOWNGRADING

SCHEDULE

16. DISTRIBUTION STATEMENT (of thl Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abetract entered in Block 20, i1 different from Report)

18 SUPPLEMENTARY NOTES

19 KEY WORDS (Continue on reverse side If neceesay lid Identity by block number)

I. Current meter
2. Ocean current
3. Moorings

20 ABSTRACT (Continue on reveree side if neceeeary aid Identity by block number)

Summaries are presented of current, pressure and temperature measurements
from clusters A and B of the POLYMODE III experiment. These clusters had five
moorings apiece and were deployed for 11.5 months. With a few exceptions,
current meters were set at nominal depths of 200, 1500 and 4000 m and temper-
ature/pressure recorders at 400 and 2800 m on each mooring. A site mooring
was deployed at both cluster locations for an additional 17 months.

Displays include time series, histograms, progressive vector diagrams,
scatter plots, spectra, and statistics.

DD , JAN U 1473 EDITION OF I NOV 65 OBSOLETE U S9 , ( K
S/N 0102-014-6601

SECURITY CLASSIFICATION Of THIS PAGE (When Date nieed)

o..



W1lO$-8o-40

A (OMPILATION OF' MOORED CURR]'NT METER DATA
AND ASSOCIATED OCEANOGRAPHIC OBSERVATIONS,

VOLUME XXII (POLYMODE ARRAY III CLUSTERS A, B AND SITE MOORIN(;S)
1977-1979

by

Susan A. Tarbell

WOODS HOLE OCEANOGRAPHIC INSTITUTION

Woods Hole, Massachusetts 02543

September 1980

TECHNICAL REPORT

'P, , i r ,z fi , ' ( ) ,-f' of Nuval ,cscarch un,!c'P
(',oryz1.,a.{ !M)&4-7-C-0197, NIP 083-400 and f'or --.- I Por
twe Nqtonal ,';cience Foundation under Grant

i:' ,, I, " :', b:, . ' .& ,: oC' :rj 7 (rt / pe'rmi/t t ,! j.

I .; . . d(, !Ll 1) cite'd aIs: Wood., HoZ"
. ; 't. ttioau Teehn oeel Report

P 'd l release; distribution

Approved for Distribution: . ___C_
Valentine Worthington, Chairman

Department of Physical Oceanography

1-A-I



2

ABSTRACT

Summaries are presented of current, pressure and temperature

measurements from clusters A and B of the POLYMODE III experiment.

These clusters had five moorings apiece and were deployed for 11.5 months.

With a few exceptions, current meters were set at nominal depths of

200, 1500 and 4000 m and temperature/pressure recorders at 400 and 2800 m

on each mooring. A site mooring was deployed at both cluster locations

for an additional 17 months.

Displays include time series, histograms, progressive vector

diagrams, scatter plots, spectra, and statistics.
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Organization of Fiche and Printed Pages

The complete report is produced on four fiche pages. The text

and some composite figures of variables plotted vs. time as horizontal

or vertical arrays are printed. The first fiche includes the text and

composite plots from Clusters A and B. Fiche #2 and #3 contain various

displays of the basic data: STATS, SPECTRA etc. from Cluster B and

Cluster A respectively. Basic data displays and composite plots for

both Cluster A site and Cluster B site moorings are presented on fiche #4.

Diagrams of Fiche Organization

Fiche #1 Composite plots Cluster A & B
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PREFACE

This is the twenty-third volume in a series of Technical Reports

diplaying data recorded by moored instruments.

Volume XXIII presents data from POLYMODE Cluster A, Cluster B and

the two Cluster site moorings. Data collected at the POLYMODE Cluster C

location is presented by C. J. Koblinsky et al. (1979), Oregon State

University Reference 79-12, OSU Data Report #75 entitled "A compilation

of observations in the Atlantic North Equatorial Current".

W.H.O.I. Technical Report 79-88 contains an index of the data

recovered by the Moored Array Project between 1973 and 1978, a biblio-

graphy of papers written by associated scientists, and diagrams of

mooring locations and durations.

Vol ume W..O. I. Notes
# ref. # year expt.

1 65-44 Webster, F. and N. P. Fofonoff
I 66-60 Webster, F. and N. P. Folonoff
ft 67-66 c ter, F. and N. P. Fofonoff
[V 70-40 Pollard, R. I.
V 71-50 Tarbell, S. and F. Webster
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 1973 IWEX Array

and D. Chausse

X 76-40 Tarbell, S. 1969a measurements
Xl 76-41 Tarbell , S. 1969b measurements
XII 76-101 Chausse, D. and S. Tarbell 1973 MODE Array
XLII 77-18 Tarbell, S. and A. W. Whitlatch 1970 Measurements
XIV 77-41 Tarbell, S., R. Payne and 1976 mooring 592

R. Walden Saint Croix
XV 77-56 Tarbell, S. and A. W. Whitlatch 1971 measurements

XVI 78-5 Tarbell, S. and A. Spencer 1971-1975 MODE Site
XVII 78-49 Tarbell, S., A. Spencer 1975-1977 POLYMODE

and R. E. Payne Array II
XVIII 79-65 Tarbell, S., M. G. Briscoe 1978 JASIN

and R. A. Weller
XIX 79-34 Spencer, A., C. Mills 1974-1975 POLYMODE

and R. Payne Array I
XX 79-56 Spencer, A. 1974 Rise Array
XXI 79-85 Mills, C. and P. Rhines. 1978 W.B.U.C.
XXII 79-87 Tarbell, S. and R. Payne. 1973 measurements

1 - A - 7



INTRODUCTION

The POLYMODE program is an international cooperativ scientifi-

investigation of the dynamics and statistics of mesoscale mot ions in

thu sea, the encergy sources of these motions, and their contributio n

to the general circulation of the ocean. POLYMODE includes theoretical

investigations, numerical experiments, and field experiments. The

L[rgest element of the field program is the statistical-geographical

experiment designed to determine the distribution of energy levels

and space and time scales of the eddy field throughout the western

North Atlantic using current meter arrays, SOFAR float arrays, and

hydrographic and XBT work.

Three current meter arrays were set. The locations are shown

in Fiqure 1. Array I was deployed to define the statistics of the

mesoscale motions to the east and north of the MODE-I : ite (28 0 N,

7()'W), and to resolve the time and length scales in that rmuion.

Data from Array I were described in a previous report (Spencor, et al.,

i 19) .

The goals of Array II were more closely defined. They involved

a comparison of the eddy statistics in a reqion further to the north

and east with those from the first array; an examination of the vertical

.tructure of the eddy field, the contributions of the Reynolds stress

to momentum and vorticity budgets for the mean flow, horizontal heat

advection, and energy transfer terms; and a comparison with numerical

models and ideas about the general circulation. The Array II data were also

described in an earlier report in this series (Tarbell, et al., 1978).

A - 8
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Array III was composed of three clusters. Cluster C was designed

to look at the baroclinic instability of the North Equatorial Counter-

current as an eddy-producing mechanism. The moorings in this cluster

were set and retrieved, and the data processed by Nova University personnel.

Clusters A and B, the subject of this report, were located on the

western and eastern sides of the Mid-Atlantic Ridge. They were designed

to examine differences in the eddy field and the mean flow on either

side of this mid-ocean feature, and to compare the eddy statistics in

this region with similar statistics in previously studied regions.

The complete clusters were set for 11.5 months. One mooring in each

cluster was redeployed for an additional 17 months (site moorings) to

gain additional information on long period statistics. We might add that

the 17 months is the longest mooring duration that the Buoy Group has

attempted.

Locations of the moorings in clusters A and B are shown in

Pigure 1, relative mooring positions in Figure 2. Mooring details are

given in Table 1.

A
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TABLE 1

Mooring and instrument information, denth measured in meters,
data sampling measured in seconds (5.27/3600 is a burst sampled

series with bursts of data every 3600 seconds). Variables
include East component, North component, Direction, Speed,

Temperature, Pressure and Time.

,M [, 'P Iret, -. .-. .-. .-. .-. .- - . .- . .- . .- . .- -. . -

CC.* IPF*DEPIHT*LAI11 TUL LCNu. *LAYS* SLT /tI.LC6VEPE[P * LCMPENTS

NC. (,EPh#INSTR.* SAMPLING *LAYS* VAKIAeLES*

n4 3 I'T 4?51 21 24.8v 41 07.7W 349 77- VI -11/78- V -26 CLUSTER 'A

6231 128 V-5113 900 346 ENDSTT
6232 496 TP4O 1923 34d TPT

6233 843 TP#44 192j 145 TPT

6?34 1426 M-142T 5.27/3600 345 ENDSTT

6235 2801 TP#07 1920 295 TPT

6237 3927 M-256T 5.27/3603 345 ENDSTT
6?38 4307 TP#62 1920 345 TPT MOUNTED JN R[L A-3i

24 INT 4372 27 17.54 40 45.5W 347 77- VI -12/78- V -25 LLUST',
6741 214 TP$27 !9?'0 344 TPT
6242 529 M-198G 5.27/3603 34.4 ENP STT
t243 1528 M-2071 5.27/3600 344 ENOSTT
6244 2829 TPi28 1920 344 T PT
62 4 4028 M-260OT 5.27/3600 175 I NOSTI CIIAN'N[L A ONLY

"I" I NT 412 1 21 14.:'4 40 21. I, 347 77- V1 -14/18- V -?b L UI,
f,,?S1 189 V-0lUo 900 34 I N!)ST T
6'5? ',83 TP'N5 1921 34 TP'T
6253 1488 '-206C 5.27/:600 343 LNO)STT
6254 2807 TP#29 1920 343 IPT P
6255 3990 M-261T 5.27/3600 343 ENr)STT

',25 IYT 4315 26 52. IN 41 12.8w 346 77- VI -13/18- V -25 CLUSTer< t,

6261 215 V-0434 90 101 ENI)STT MOTCR DRIVER BUARD
6262 507 TP937 1920 153 TPT

6263 1514 M-212T 5.27/3600 342 ENO3STT
6264 2821 TP#45 19?') 342 TPT
6265 4015 M-227C 5.27/3600 342 FNPSTT

,17 !NT 3357 26 09. d 41 40.7W 344 77- VI -14/78- V -24 CLUST. ,

6271 20 V-0iL 900 341 ENDSTT

6272 531 TP#54 1920 341 TPT
6273 1505 M-213T 5.27/3603 341 ENQSTT
6274 2800 TP 1 I 1920 190 TPT
6275 3407 M-2o9C 5.27/3600 341 FN7-STT WATEl IN CASE

1 - A - 12
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Table 1 (cont.)

'?8 NT 4961 27 25.64 47 50.O0W 34o 77- VI -16/78- V -? CI-IST ' A

6282 505 M-240T '.?7/3600 3' L 4STT RO(TGR tJUIT A RIL 1V)

6283 1489 M-271T 5.27/3600 300 :N2)STT
67'I4 '807 TP#10 1920 331 TPT

6285 1994 M-272C 5.27/3600 337 F DSTT NO R AT(R AJ(.It T ; J A,.jj

-29 TNT 4954 28 01.J4 48 03.3W 339 77- VI -17/17- V -2L CLuSTV< A

6291 203 V-0435 900 336 EN)STT
6292 505 TP#47 1023 336 TPT
6293 1500 M-257T 5.27/3600 336 FNSTT
6294 '807 TP#11 1920 273 IPT
6295 4006 M-273T 5.27/3600 336 ENI)ST CLOCK 0fIFTS 13H.

630 TNT 4895 27 51. 71 48 39.4W 338 77- VI -11/78- V -21 CLUSTt . A
6301 200 V-0184 900 335 EN DSTT
6302 542 TP#50 1920 335 TPT
6304 1498 M-215T 5. ?7/3600 335 EtEDSTT
6305 2800 TP#i7 1920 335 TIPT
6306 3498 TP#6 1920 335 TPT

6308 4908 TP#61 1920 335 Tf)T

631 TNT 5106 27 55.84 48 5?.1W 337 71- VI -18/7d- V -1C CLuSTfR A

6311 212 V-5105 900 334 ENDSTT
6312 546 TP#13 1920 334 TPT

6313 1510 M-276T 5.27/3600 334 EN,)STT NO COMPASS VALUES
6314 2857 TP#3 1920 334 TPT
6315 4016 M-262T 5.27/3600 334 ENOSTT

632 TNT 4881 26 51.8"4 49 13.5w 336 71- VI -18/76- V -20 CLUSTrR A

6321 190 V-0436 900 334 ENO STT
6323 1488 M-2641 5.27/3600 165 ENO STT NO RJTOR VALUES AFTeq )EC. 2
6324 2796 TP#24 1920 333 TPT

6325 3993 M-266T 5.27/3600 333 ENI)STT

'.48 TNT 4813 27 51.4N 48 40.8w 515 78- V -22/79- X -l6 CLUSTtR A SiTE
6481 178 V-0109 900 513 ENDSTT
6482 478 TP#73 1920 513 TPT
6483 823 TP#35 1920 513 IPT
6484 1479 V-0117 900 513 ENDSTT
6485 ?779 TP#39 1920 513 TPT
6486 3478 TP#46 1920 513 TPT

6487 3978 V-0118 900 513 FNBSTT

64-1 INT 4268 27 25.61 41 09.4vw 513 78- V -26/79- X -20 CLUSTFR 8 SIT

6491 216 V-0108 900 511 ENOSTT
6492 516 TP#74 1920 512 TPT
6493 86b TP633 1q20 512 TPT
6494 1517 M-175C 5.27/3IO3 Flooded

6495 2818 TP#40 1920 512 TPT

6496 3417 TPU81 192( 512 IPT
6497 4018 V-01J8 900 511 VNI)STT

1-A- 13
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i n. trumentat ion

The instruments represented in this data report are the Vector

Averaging Current Meter (VACM), the EG&G Model 850 and the Temperature-

Pressure Recorder (TP).

Both current meters use a Savonius rotor to measure water speed and

a vane and internal compass to measure direction. In the VACM, east and

north components are calculated from the compass and vane values 8 times

per rotor revolution. The components are accumulated over the recording

interval resulting in vector averaged velocities. In the 850 a series

of 5.27 second samples of speed and instantaneous direction samples are

recorded at the beginning of each recording interval. The VACM and 850

have a thermistor embedded in their end caps just above the vane. Tem-

perature accuracy is approximately .010C (Payne et al., 1976). Resolution

i!; .07 x 10- 3
OC for the VACM and 3.6 x 10- 3oC for the 850 current meter.

Th . -,uffix "t" on an 850 instrument designation (M-261t) means

thit tYht inr;trument has been modified to measure temperature. The

:,,ifl fix "c" (M-2U(,) mearns that it ha- had complementary metal oxide

semic' ndu(7tor (WM():;) circuitry installed and also measures temperature.

Th,. f' wa'; devloped at the Draper Iboratory of M.I.T and has

b- --r ,,ln xton!; v,.ly ;ince 1973. Temperatures have a resolution of

i .ini an .iccu'racy of .01 0C (Wunsch and Dahlen, 1974). Pres:.urvs

.)r,. j(:,:tjrat,- to ahout .03% of full scale for each sensor.

All thre types of instruments contain crystal oscillators with

iri ac'cura1cy ,of I second per day to set the time base. The VACM and

TP record on Phillips-type cassettes with Sea-Data recorders. The

5)50 records on endless loop magnetic tape cartridges.

1 - A - 14
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Data Processing

Current meter data processing was done at Woods Hole OceanographiL-

Institution (W.H.O.I.), TP data processing by Prof. Wunsch's data pro-

cessors at the Massachusetts Institute of Technology (M.I.T.).

The data on the current meter cassettes and cartridges were trans-

cribed to 9-track computer compatible tapes, converted to scientific

units, edited to remove launch and retrieval transients, and linearly

interpolated across missing or erroneous data cycles.

The data are identified by a mooring number (here 623-632, 648,

649), a sequential instrument position numbered from the top of the

mooring down (e.g., 6481 is the top instrument on mooring 648), a letter

to indicate the data version (e.g., 6481B has been through two editing

steps; $ indicates the record required no editing), and a number to

indicate the data interval in seconds for that version (e.g., 6481B900

is the 15 minute (or 900 second) basic data series). 1H after the letter

would indicate a one-hour averaged version, 24 GAU indicates a 24 hour

subsampled version of a Gaussian filtered (24 hour half width) series.

1-B
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Data Quality

Table 2 contains a list of record numbers in which the instruments

malfunctioned and an indication of the problem.

In general the VACMs behaved very well. Out of 13 instruments

there was only one malfunction, a tape recorder failure.

Out of 23 850 current meters, 10 returned good records. The other

13 experienced a variety of problems, a few of which resulted in complete

loss of data.

A total of 34 TPs was deployed; 15 of these returned good data;

8 appear to have a long term drift in pressure over the length of the

record although 6 of these remain within sensor specifications. In

two pressure records the drift rate changed rather abruptly part way

through the record. A variety of problems was involved in the other

eleven malfunctions.

1-B- 2
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TABLE 2

INSTRUMENT PROBLEMS

Data Name Instrument Problem

(1235 TP Minor Ipr-,ssur(e drift

6236 TP No data

6237 850 Short, bad temperature

6238 TP Minor pressure drift

6245 850 Short-channel A

6252 TP Minor drift in pressure

6255 850 Clock lost 3 hours, temperature malfunction

6261 VACM Short-tape recorder malfunction

6262 TP Short

6274 TP Short, temperature only

6275 850 Temperature only, water in case

6281 TP No data

6282 850 Clock malfunction-record split into 2 pieces

6283 850 Water in case-rotor stopped 15 April

6284 TP Minor pressure drift

6285 850 No rotor values 15 August-15 January

6294 TP Minor pressure drift

6295 850 Clock fast, temperature bad from 1 March

6303 TP No data

6305 TP Temperature only

6306 TP Minor pressure drift, rate decreases

6307 850 No data

6308 TP Minor pressure drift

6313 850 No compass entire record

6314 TP Minor pressure drift, rate decreases

6315 850 Bad temperature

6322 TP No data

6323 850 Short record-rotor died 2 December

6325 850 Very low speeds

(483 TP Minor pressure drift

6485 TP Short record

'4,4 850 Flooded, no data

6491 TP Short record

TP Almost no data, not included in this report

1- B - 3
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Dita Pres('ntat ioln

'Ihe presentations in this report are time series, progressive

vI.c-tor plots, spectra, mean statistics, histograms and scatter plots.

Additional details are below. Presentations for individual data files

are presented only in the microfiche portion.
, .j,

The presentations use either the basic series or a 24 hour series.

To make the 24 hour series, the basic series is first filtered usinq

a symmetrical running Gaussian filter with a half width of 24 hours. The

filtering is sequential and the resultant time series is 48 hours shorter

than the input time series. A simple running hat filter is then applied to

form a series with one data point per 24 hours, the interval centered

on noon.

Variables versus time and current vectors ("stick plots") versus

time are presented. The former are based on the basic series, the latter

on the 24 hour series.

There art, several composite plots containing all the data of a sin1qe

variabLe, temperature, for example, from a single moorinq or a particular

1 (vei. The units for ea(ch plot are specified in the title. On thes,

(ompo: o- e lots the numbers which appear in several places on the y

, clt Ire the reference points for each successive plot. Fach occurrence

:;ets a re'ference for one of the curves with successive appearances of the

number refvrrinq to the curves in the iame vertical order.

Based on the basic series, the current vectors are placed tail-

to-head s-;o as to show tho path that a perfect particle in a rfet ,'"

hlomojp-In otu5 fluid would have traveled. Ilh,. rlots are usetful f.,r ,iivTi

in ide,, of flow regimes and low freioey Ic tehavior. :ymbels jeit t t

hrqinninq of a month.

. , P

'iw h,,rizontal kinet i ner(ly (FIrlF ) ind (wh'r ivil1 , .t t ,

eritatir,, s,r o !; ,art- displ,ty,.t ,is !;poctli copnuited from tiht' 1,i- t, ,,I

'ii'h, horizontal kin-t ic en(,rqy sp, it ruil 1 half t he, sulm of t 11 Set I a

,)f th. ,.7t ,id north componenti:: it ha,; the advIni q age t ,t tf t l.i

t- i p icul,tr coordinate system.

1 - IP - ,
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The HKE and temperature spectra have units of (cm 2 /sec' )/cph or

(OC) 2/cph, respectively. The spectra are all one-sided, i.e., the area

under the spectrum is equal to the variance of the original record. The

spectra are presented as log-log plots ("not variance preserving").

The VACM spectra are all calculated based on averaging across four

data segments of 4000 points each, followed by frequency-band averaging

across three frequencies with a recording interval of 900 s. This lives a

lowest frequency of (666.7h) and a highest frequency of (0. 5h) The

850 spectra are based on averaging across a single data segment of up to

4000 points, followed by frequency band averaging across eight frequencies.

With a recording interval of 1800 s this gives a lowest frequency of as low

as (500 h) and a maximum frequency of (1 h) No data windowinq or

prewhitening has been done on the initial cluster setting but data from the

site mooring (648, 649) were prewhitened.

TIMSAN, the W.H.O.I. program (Hunt, 1977) used to produce the spectra,

additionally averages the spectra in increasing groups at the higher fr,-

quencies to prevent having to plot thousands of points; this lives few

degrees of freedom (d.o.f.) at the lowest frequencies, many at the highe st

frequencies. For spectra calculated from 4 pieces with 3 frequencies averaged,

there are 24 d.o.f. in the 30 lowest frequencies and 1200 d.o.f. in the two

highest frequencies; the 95% confidence limits corresponding to thes;C two

extr mes are (.61, 1.94) and (.97, 1.03).

The statistics for each variable for the time perioi !;heWTI a.

,livn for the basic series, also the east and north covarl(In-,, COrre lIt ion,

and vector statistics.

For reference note that a Gaussian random vari.l, wulil v,

kurtosis of 3 and a skewness of zero.

1 - 0 -
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EAST COMPONENTS AT 200M. DEPTH. UNITS OF 10 CM/SEC

JUL SEP NOV JRN MRR MAY

631IOGRU24
Ito Ai 0

630 1B10GRU24i
200om 0 0

CLUSTER B

6271 RI 0GRU24

6261 Ri GRU24 1n
215 M 0 C

6251 RI 0GRU24~

6231 RIOGRU24

JUL SEP' NOV' JRN MAR MAY
77 78

1 -c - 11



NORTH COMPONENTS RT 200M. OEPTH. UNITS OF 10 CM/SEC
23 1-

JUL SEP NOV JRN MAR MAY
77 75

CLUSTER A

632 1RA1IOGU24 o

531 1 A IDGRU24 0 0
212 M

6301810GRU24 a 0
200 

0

5291IlOGRU24i 0 0
203 M

5271RI0GRU24,3 0
200 MN

6?U61ROGRU24 oa-~-------~ 0

5231lR10GRU24(y 0

JUL SEP NOV' JN MAR MAY

77 78



TEMPERATURES AT 200M. DEPTH UNITS OF .5 C.

2. 'JUL 'SEP 'NOV JAN MAR 22.5
77 78

21.5 21 .5

20.5 CLUSTER A 20.5

19.5 19.5

18.5 j18.5
632 lRIOCRU24i

iam 17.5 17.5

631 1RI0GRU24
212 K 17.5 17.5

530 1810GRU24
20 17.5 17.5

5291 RI OGRU24i
23A 17.5 17.5

CLUSTER~ B

5271 RIDOGRU24I
208 A 17.5 

1.

215 "17.5

6261RIOG0RU24
to 17.5 117. 5

6251 RIOGRU24I

17. 5 17.5

175 JUL SEP NOJN MAMY
77 78

1-C 1 13



NORTH IS UP 200M. OEPTH. UNITS OF 10 CM'/SUC

" 7UN RUG OC T DEC FEB RPR
77

CLUSTER R

6321 RI DGRU24

212 m

63018IDGRU24 vF

6291IDWGRU24

CLUSTER~ B

6271 RIDGRU24 
I

62321PIDGAU24
215 N

RUG OCT DEC ~~
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TEMPEHATURES PT 5O00M'. DEPIH U1417S C, 1

CLUSJER A

Jul SEP NOV URN MRR MR'r
7 78

11.0

62 72101GRU24~

6262RI0GRU24
50519 11.0 1.

11.0 11.0

6242RIOGRU24
Sze1 11.0

6232RIDGCRU2L4
49631 11.0 1.

s~sii 11.011.0

11.01 J~~ SEP' NOV' IN11R .0

1-D 1 3



27 PRESSURES PT 500M. DEPTH UNITS OF 4 OBS.

CLUSTER A

JUL SEP NOV JRN MRR MRY
77 78

6312R 1GRU24
5 4 6 m

570L J570

6292RIGGRU24 F

528 L J528

CLUSTER 8

6272RIOGRU24
531 m

6262RtGRU24 550 -550501 ii

6252RI0GRU24 525 525
413 fl

505 1505

6232R1 ORU24

5(5 JUL SEP NOV' JRN 7MR - - 477 78

1 -D -14



ERSI COMPONENTS Al 150OOM. OEP-TH, UNItS OW 2,.b CM/it-L.

JU EP NOV JAN MRR MAY
47U. 78

CLUSTER P

6323RI OGRU24I
14g 0 0 0 -L

6313RIOGRU241

63O0iP10GRU24 0 -v 0

6283GI1 fGRU24 0LI

CLUSTER 8

62 73PAIGRU24~
%gsOI 0

6263RI0GRU240
14 A

6253R410GAU24 0 0

1520 M

6234P1IQGAU240

JUL SEP NOV' JAN MAR MAT
77 78



NORTH COMPONENTS RT 1500M. DEPTH. UNI 115 UV 2.b LM/bLL

29 JUL 5EP NOV JAN MAR MAY
77 78

CLUSTER A

6323RIOGRU24
0 0

0 o + ..
6313RIOGRU24

150 6

6304RIOGRU20 4 0

6293RIOGAU24 0 r' -.

6283GIOGRU24 0 ""

CLUSTER 8

62 73RI1 GRU2'4
I SOS 0 0

6263RIOGRU24 0
15)4 N

6253AI0GAU24 0 0

6243RIOGAU24 0 Z v • -,4 0
1528 N

6234R1 GGRU24& ,~ --c-~IA
1426 0 0

'JUL SEP NOV' JAN MAR MAY
77 78

1 - E - 12



30

r1 CLHF HrRt 5 A T 150DM. DEPTH UNITS OF .,' C.

WIj Nov -U-RN 'MR m MRr
5. 3 /-7

CLij5~ A

6323P I 5JRU24 .4.9
1488 N

4.5 14. 5

63: 3R1 00RU24 . ... .1510 A

4.5 .......... 5

6304R1 OCRU24

4.5 4l.5

6293RI OGRU24

4.5 4.5

6283GI DG24DT

4.5 J4.5

CLU51ER 8

6273RIDGRU24
1505 N 

',I4.5 4.5

62 63 RIDGRU 24 P
1514 A

4.5 4.5

6253RI1 GRU24
148a

4.5 .

6243RI OGRU24
15t8 II

4.54.

62314RI 0GRU24
14ZO N

JUL SEP NIOV JRN' MRR' '
77 78

E- - 13
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NORTH IS UP I5OM. DEPTH. UNITS OF 2.5 CM/SEC

' N" A:LUG ' OCT L DEC" F17" AR

CLUS PI A

6313RIQGRU2"

630QRIGGRU2.4

6293RIQGAU24-

CLUSTER B

6273R I GRU2U4
1505 A

6263910GRU24
IS14 A

6253R1.QGRU24
LSae m

5253R IGRU21 ,

I, RU e ,I,

523L4RIOGRU2'4A

7 U RG OCT DEC FEB APR

7 -78

1-E- 14



TEMPERATURES AT 3000M. DEPTH UNITS OF .05 C.
3.15----- --- -3.15

3.5 JL SEP NOV JAN MAR MAY
-7 787

3.05 3~ 3.05

2.95 CLUST' I 2. 95

2.85 -2.85
632t4RIOGFU24

2.75 -2.75

6314RIL0GRU2I42.5.6

630SR10GRU24 2.65  -2.65
2000 A

6294RIOGRU24 2.6 5  2.65
2801 A

6284IOGRU24~ 2.52.65
280) A .6

2.65 CLUSTER B 12.65

5274RI10GRU24(
2800 M

5264PIOGRU24 2 .65 2.65
2821 M

6254RI0GRU2'42 52
2807 m .52 6

62414RI0GRU2142 .5.5

6235RIOGRU242.5.6

Na AAR 2.65 2.6s

4LL SEP NOVN MAMY

1 - F - 13
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PRESSURES AT 3000M. DEPTH UNITS OF 2 085.

CLUSTER A

JUL2 'SEP 'NOV' 'JAN 'MAR 'M R 23

~R3R -- 2836
632L4RI0GAU24

2840 - 2840

5294RI1 DAU24

2 8 5 2 ........................12 8 5 2

6284A1 00AU24

2852 J2852

CLUSTER B

626L4ARIGRU24&
2021 A 

0

2865 -2865

6254RIOGAU24
267R 2855 ....... ..... 4 % ....... 2855

62144AIDGAU24

2 875 2875

6235Fi I GAU2h

JL SEP NOV JA MAR MAY 84

1-F- 14



34 EAST COMPONENTS Qr 4000M. DEPTH, UNITS O 2.5 CM/SEC
j-r- -J--N -- R -MRT-

77 78

6325qloGqJ24 0 V0
3953 .9

6315EIDGRU24

6295C10GRU24 %A-Pt=de l7402AZ

40690 0

62850 10GRU24&
3364 A

4015 4 w

0 0
6255 1 OGRU24 Ayv

624A5RIOGRU24 04

623'7RIDGPU2A

SEP NOV I MARl MAY

i7 - ;-i



NORTH COMPONENTS RT 4000OM. DEPTH. UNITS OF 2.5 CM/SEC

JUL SEP NOV JRN MRR MRY
77 78

6325F IOGRU24 0-Vj

62395EC OG RU 2 4

6285BI0GRU24 0 10

CLUSTER 8 i

o A0

6255RI0GRU24

588 0

62L45RIOGRU24i 00"
'4028

6237RI0GRU24 A

JUL SEP NOV JRN' MRR' m Ry
77 78

1-G -12
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TEMPERRIURES RT 41000M. DEPTH UNITS OF .05 C.

CLUSTER R

JUL SEP NOV JRN MRR M
2.410 77 78

6325R I DRU241 2. 302.

2.20 ~2. 2
635EI1 GRU24i

4019It I

2.20 J2.2

5285B1 OGRU241.
33314 It

2.20 -CLUSTER B -2.2

6275R106G240T
31407 M~

2.40 2.11
6265RIOGRU241

6255R1 OGRU24 .4 
2

2.110 2.11

2.110 2.11
623-IR I GRU241

2.110 JUL~ SEP NOV JRN MR19 MRY-~---21
77 76

1 3



37 NORTH IS UP _4000M. DEPTH. UN1. OF 2.5 CM/.

Ap4 UG OCT GEC FR PR

CLUSTER A

6325RIDGRU24 "AIAI _ 7... .

6 1 EI OGAU2AI-1 'P.r

5315 01" N-" ")\-

6295CIRDGRU2

Al I

CLUSTER B

6265R IOGRU21&

0 11

6255P0GRU2-4 -"W- --Aj" "tw' K"

621&5AIOGAU21 -- 1.

6237RI0GRU2k
Ml N

AUG OCT DEC ~ 'APR



ppp-4

MOORING 623 VECIOR UN'ITS OF 10.2. CM/SEC

% SEP NOV -T~N MA~R MA

5231PIDGRU24

6234.10 GAU24

6237PIDGRU24

PRESSURE UNITS OF 2 DECIBARS

'V 503

6232RIOGRU24Il
496 m

6233RAIJGAU24
S'~3 N859

5235RIOGRU24
~6Qt N 2844

-4378

6238RIOGRU24

L4384

*J) SEP 'NOV MAR 'MAY

1 -no-1



MOORING 623 VER'TICAL DISPLAY TEMPERTUR4ES

22.0 L E O R R 22.0

20.0 -20.0

6231AIDGAU24 18. 18.0

16.0 16.

cc Go
62i2AlDGRJ24 L3 14 .0 14. 0LJ

j12. .0 12.Ow

6233ROGU24 cr Io 0 10. o cl

Ll-8.0 
. 1-

6234~RIOGRU24 6.0 16. 0

-4. 0

Li)

)5.7
b234HI DGAU24 a a

S~ 4,

0. o . L

t~~A- 2.925u

6235RIOGRU24 L

m 2. 8 2. 8
w ui

6237P100RL64 m 2.7 2. 7'

CC a:
62J8RIOGRU24 w2. .6 2. 6w

.7L SEP NOV .4NM RMAY 2
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MOORING 624 VECTOR UNITS OF 10.2,1 CM/SEC

.7P IN MR M~R

6242RI OGRU24

6243RIOGRU24ILL
1523 M

6245CIDGAU24

pFESSUME UNITS OF 2 OEC BARS

.. . 217

1 ,, I a

6241RIDGPU24 ,..AD
£?14 M •223-u

229 229W

c: a:

rL 23S 235 L

2862 2862

6244PIOGRU24

2874 2874

2880 'SEP NO lol MR m--2880

-2
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MOORING 6241 VERTICAL DISPLAY TEmPEHATURES

22.0 7-7- 8N 1R 22.0

20.0 20.0

6241I1OGRU24 18.0 
1.

16.0 16.0

624~2RIOGRU24 14.0o

12.0 -12.0

S2~P1jR~4 10.0 - 10.0

8.0

62143RIOGPIU24 LLr .

2.8 2.8
524L4R'IOGRU24

2629 M 2.7 2.7

2.6 .2.6

6245C'IOGRU24 2.5 2.5

2.4 2.4

2.3 2.3

2.2 .~ O' ~2.2

1 F- NVMA2A
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MOORING 625 VECTOR UNITS OF 10.2.1 CM/SEC

'SEP7  'NOV I~N 'MRp

525iRlDGRU24

6253R'I0GRU24IL-1

l111 M , =

6255SRUGRU24 4

PRESSURE UNITS OF 2 DECIBARS

- 487

6252PI OCU24

493 4.93 u

1J 93 L &9 L.

t Jt

(- SOS SOS a-
2842 2842

2848 2848
6254Rl OGRU2PL

flO7 pg

205- 2854

2860 r "NOV " MAR MAY "2860

1 - E - 3



43

MOORING 625 VERTICAL DISPLRY TEMPERATURES

220 JLj. SEP NOV I~N 'MRR MAY'-2.

20.0 .20.0

18.0 -18.0

6251AIDGRU24

L3 1L4. 4. 0L:3

6252AI0GPU24 c3c
14 J12. .0 12. Ow

cr0 l.0o 10.0m

6253R10DRU24 fi. w.
m 8.0 8.0 I

-6. 0 6.0-

Ca4.0 j L.0o)

tI-

0- a_

6253RIDGAU24 UL
Iwo ~4. 5 .-

2.9 -2.9

2.8 a.......2.8

6254RIOGRU24 u
2907K H t 2 . 7 2. 7(n

L32. 6 2.6 L-
0i w

6255RIDGAU24I C3 ____

3940K uj2 .5 2.5Su

00.

ux:2. 3 2. 3

SEP No I-p N A-AY
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MOORING 626 VECTOR UNITS OF 10.2.1 CM/SEC

5" P NOV 4fN 1n MAY

6261SI0GRU24 f

6263RIOGRU24

6265RIOGRU24

PRESS RE UNITS OF 2 OECIBRRS

502 502

c.

6262IOGRU24

S14 514Li

L.

S20 520 -

2852 28S2

2858 28SS

6264RIOGAU24

2864 J2864

2870 ;2870 SEP NOV AMt "AYR 28,70

i i1-E -4E
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MOORING 626 VER~TICAL DISPLAY TEMPERATURES
JUL 5 E" N MAR MARY

22.0 77 "78 .22.0

20.0 -20.0

6261IGAU24 18.0 18.0

6262AIDGRU24 L314. 0 14t.0

ucj12. 0 12. 0~

6263R10GRU24 cc0. 10. o.ow

~8.0 B. cu
a-r

-6.0o6

S. 7~
fLU m:L

w s 7 . ........... ..... s l
a: - a_

6263AIDGAU24 x:
4.1' S .

2.9 -2.9

2.8 -2.8

6264R~IfGpU24 u
tn'2. 7 2.7Lm

L32. 6 2.
6265RI0GRU24 0

4D114 2. 5 2. SLU

M2.4 2.4m
Lu Lu

~2. 3 2. 3 r

2.2 JU SEP' NOV IOU MAR MY 2.2
147

1 -F-4
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MOORING 627 VECTOR UNITS OF 10.2? CM/SEC

SP NOV MARi MARY

6271810GRU2'

6273R IDGAU24

PRESSURE UNITS OF 2 DECIBARS

532 .532

ui38 538

6272RIDGAU24

L.Du 54454

uJ

550 1550

.9. SEP NOY MA 'MAY

-E-
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MOORING 627 VERTICAL DISPLAY TEMPERAPTURES

220 JUJL SEP NOV IJjN 22.0MA

20.0 20.0

6271IlOGRU24
18.0 18.0

16.0 1.0(

6272R1 DGRU24
sit 14.0 14. o L

12.0 12. OU

10.0 lo. 0w~

8.0 -6.0

6.0 6.0-E
6273FAl0GSU24 ~

41.0 .4.0'-

5.7 A.7

6273AIl0GAU24 5

2.9 -2.9

6274AIOGAU24
nt 2.8- 2.8

2.7 -2. 7m

6275 PID G2'QT C

2.S 2. S'

2.4 2. 4 c

2.3 .2.3E

2.2 ~ SEP NOV' MAR, MAY 2.2

1F-5
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MOORING 628 VECTOR UN ITS OF 1 0,2. 1 CM /SEC

41. SEP NOV .41TN MAR 14AY

6262DIOGRU24 -

6283GI1 GAU24A

6285BI1 GRU24I
3m NNN x\

28142 28142

cr.

28148

6284AI10GRU24
2007 H

W28514 2854

(L 2660 SEP NOVMAR MA 2860

4)9E NO
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MOORING 628 VERTICAL IISPLAY TEMPERATURES

22.0SEP NOV 41N MR MAY 2.

20.0 .20.0

18.0 m8.

16.0 16. 0 c

6202010GAU24 cn
SuN 14.0 14. 0-1

12.0 Ia. OU

10.0 1.oC

8.0 -8.0

6283GIOGAU24 c
8.0 6. 0-1

4.0 40

628301 DGAU244.

2.95 -2.95

2.85 2.85L5

828 w10Am2 2.75 2.75W

L2
2.55 -2. 65u

2.55 2. 5
6285B0DGAU242.5

2.35 2.35uj

2.25 SEP' NOV MAR MY 2.25



MOORING 629 VEC10R UNITS OF 10.2.1 CM/SEC

J 7 J SEP NV -el MAR M

6291R1 OGRU24

6293RI0GAU24

6295C lOGRU24

PIRESSUfRE UNITS OF 2 0 C BRS

512 S S12~

Li

S8 S18 C:

6292RIOGRU24

5214 5214
Ln

530 530
28142 -28142

28148-28140

629'4RIOGRU24

2854 .2854

2860 SE o fl A 2860

1--7



51

MOORING 629 VERTICAL DISPLAY TEMPERATURES
220SEP' NOV' JN~ ~MAR

78. 22.0

20.0 .20.0
6?9!R'IDGRU24

isA 18.0 1 ,

16.0 1.
629291 0GAU24 

1.

Sol" 14.0 14.0

12.0 12.0

10.0 .10.0

8.0 .8.0

6.08.
6293AI 0GAU241 6_________________0________

'4.0 4.0

5.7 15.7

5.15.
6293A 1 00U24 S.514

3.0 3.0

B24~GU42.9 
2.9

2.8 2.8

2.7 2.7

2.6 2.6

2.5 2.5

2.4 2.4

2.32. JUL SEP' NFOV .1fN MAm MAY 2.

F - 7



MOORING 630 VECTOR UNITS OF 10.2 CM/SEC

JL SEP NOV J N MR MAY

63018 10GAUN24A

63O0iRlDGRLJ?4

PRESSURE UNITS OF 2 DECIBARS

S42 S42

548 - '4'f

6302RIOGRU24

3554 3554

6306PI1OGPU24

3560 3560

4998 _____________________________49

630BAlDGPU24

5004 5004

s010 S3EP* NOV *11n9 'MAY' s010

1- E -8
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MOORING 630 VERTICAL 015PLAY TEMPEBiPTUFRE5

JL SEP NOV IJN MRFR *RY
22.0 77822.0

20.0 -20.0

63oiBiDGPU?4 1.
too~ 18.0 1.

16.0 .16.0

6302RIGGPU24 1.
Wit 14.0 1 .

12.0 .12.0

10.0 .10.0

8.0 .8.0

6.0 16.0

6304PIOGPU24
Ass m 4.0 1.

6304RI OGRU245.[

3.0 -3.0

2.9 - 2.9

630BRIOGRU24
'~o~ 2.8 - 2.8

2.7 .2.7

2.6 -2.6

2.5 2

6306R1IOGRU24 12.4
2..4

2.2 2.

2.2R ORU' SEP NOV MAR~. MP 2.2
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MOORING 631 VECTOIR UNITS OF 10, 1 CM/SEC

No vJ) MAR MAY

5315logRU24

PRESURE UNITS OF 2 OCBR

6312 IOGU -

$5-9 5s9

28a8 .- 2896.\

2892 V'i;%& .282

6314910GAU24

•RSUE NT -F 2"OECIBR

1 - E 9
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MOORING 631 VERTICAL DISPLAY 7EMPEHATURFS

22.0 .~j~.. EP NOV .JAN MRAH 1422.0 122.0

20.0 20.0

6311RIDGAU24 18.0 18.0

"16. 0 16. 0(n

6312RIOGRU24L3 4 4L

LcJ12. 0 12. 06J

Isla5R2L m 1oCC 10. 0 cr

0- C-
S8.0 8.0 r

6314AI0GRU24 2--6.0 6.022S57 H (I

u 4A. 0 4. 0 u
Li UJ

cL C

2.9 2.9

.2.8 2.8

In2. 7 2. 7c

L32. 6 2. 6L-

~2. 3 2.3m

2.2 S EP, NOV 4PN -MR MRT- 2. 2

1-F -9
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MOORING 632 VECTOR UNITS OF 10.2.1 CM/SEC

.9.). 'SEP 'Nov MA%?R ~ MAY

~~IN

63231IGRU24al I -. !.

6325A1 0GAU24I

PRESSURE UNITS OF 2 IJECIBA S

2832 .2832
V)

r.

u 2838 2838
0

6324FU GRU24

u28114 28144

2050.) 4?SEP NOV MAR~ ''MAY' 2850

I-E -10
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MOORING 632 VERTICAL DISPLAY TEMPESIATURES

JL S NOV JAN MRH mo22.0 77 5E ~76

20.0 -)C. 0

6321AI0GAU24 .... .

18.0 18.0

16.0160

14.0 J14.0 -

12.0 12. OuJ
I-

10.0 10. 0C
a-

5.0 8.0

6.0 
Lr

6323RI1OGRU24
1%6 1.0 4

5.7 . 7

5.1 a:

a_

45
2.9 2....4.95

6324RI OGAU242.

vi" 2.8 .2.8

2.7 2. 7

2.6 2.o

2.5 2. SL
X.4:
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