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ABSTRACT 

2 
Summaries of Neil Brown Instrument System (NBIS) CTD/O measurements 

recorded on five cruises during 1979, a description of the acquisition and 

processing systems, and a discussion of calibration techniques are presented. 

The major portion of these data were collected along longitudes of 105°W and 

1100 W between 15°N and 5 0 S. Additional casts in the vicinity of 0°, 1530 Ware 

also presented. Station locations, meteorological conditions, and profiles 

of temper,ature, salinity, sigma-T, and oxygen are shown for each cast. In 

addition, T-S diagrams for each cast and section plots of oceanographic 

variables are given. These measurements were made during the Equatorial 

Pacific Ocean Climate Study (EPOCS) program of NOAA. 

1. INTRODUCTION 

The primary objective of the Equatorial Pacific Ocean Climate Study (EPOCS) 

is to study the coupling between oceanic and atmospheric variability in the 

equatorial Pacific. A major focus of the study is an understanding of 

large amplitude, low frequency sea surface temperature (SST) variability. 

Among the possible causes of these SST anomalies are a) advective heat trans-

port, b) locally inhomogeneous heating, c) vertical mixing, and d) upwelling at 

the equator. To understand these and other processes, it is necessary to estab-

lish a time series of hydrographic measurements which define the seasonal, 

annual, and interannual characteristics of the water masses and baroclinic 

circulation. The data presented here are the results of the first year of 

observations. Annual data reports will be issued to update and continue the 

records begun here. 



During 1979 five EPOCS CTD cruises were conducted and a total of 300 CTD 

casts were collected. The general sampling pattern is summarized in Figure 1. 

A total of four sections along 1100 W and two sections along 10SoW were occupied. 

In addition a group of casts were collected near 0°, 153°W as part of NORPAX 

(North Pacific Experiment). The detailed sampling on each cruise is shown in 

Figures 2-6. The cruises are designated by EPx-79-yy, where x is the cruise 

number (1-6) and yy is the ship code (either DI for NOAA Ship DISCOVERER or 

OC for NOAA Ship OCEANOGRAPHER). No CTD data were collected on EPI-79-DI. 

Measurements on all legs, except EP3-79-0C, were made with a Neil Brown 

Instrument Systems (NBIS) Mark III CTD equipped with a Beckman dissolved oxygen 

probe. This system sampled the four parameters (pressure, temperature, con-

ductivity, and oxygen) at a rate of 30hz. Least count resolution of the system 

was: temperature, .0005°C; conductivity, .001 mmho/cm; pressure, .1 dbar. The 

digital data were recorded using a LSI 11/03 online computer. Normal lowering 

rates were 45 m/min until 200 m depth and then 60 m/min below this depth. 

On EP3 a Plessey 9040 CTD was used. Data processing and calibration tech-

niques for this system are described in Holbrook and Halpern (1974). 

2. NBIS CTD DATA PROCESSING 

2.1 Shipboard Data Acquisition and Processing 

A block diagram of the hardware for the CTD/02 and LSI 11/03 data acquisi-

tion system is shown in Figure 7. Essentially the CTD/02 fish digitizes five 

variables (P, T, C, Oxygen current, Oxygen probe temperature) and telemeters 

these data up the sea cable in FSK format. The NBIS deck unit powers the CTD 

fish, passes the FSK signal on to an audio tape recorder, and also converts this 

signal back into 16-bit natural binary words. An analog output from the deck 

unit permits plotting of the raw data on the XYY plotter. The 16-bit data ,. 
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words are sent in real time into the LSI 11/03 via a parallel interface (DRV-11) 

and the system's interrupt facility. The data are buffered and recorded on a 

9-track digital magnetic tape (Digi-Data Corp. Model 1730). The VT-55 CRT 

console is used to direct the acquisition software and to display plots of 

temperature and salinity. In addition the line provides data listings. 

The shipboard £TD ~cquisition and ~rocessing ~ystem (CAPS) software is 

shown schematically in the flow diagram in Figure 8. All main programs are 

written in FORTRAN and run interactively. A number of the subroutines are 

written in MACRO. The basic functions of each program are described below. The 

Appendix contains a brief description of the capabilities of the tape and plot

ter handling subroutines. 

2. 1. 1 LOGGER 

LOGGER is the real time data acquisition program. It acquires data from 

the NBIS CTD or an audio tape recorder through the NBIS CTD deck unit; assembles 

the data in software buffers; inspects the data for certain kinds of errors; and 

proceeds to log the data in labelled blocks on a 9-track digital tape. It will 

also display the raw data or computed values by either a console listing and/or 

a plot of T and S versus P on the VT-55 screen. 

LOGGER initializes the VT-55 plotting routines, the tape drive (either 

drive may be selected for logging), and the NBIS CTn handler subroutines. 

Appropriate default or user specified transfer functions, to convert the mea

sured parameters to engineering units, may be selected. The user may also 

specify the number of parameters per scan and the number of scans per tape 

record. The user enters CTD cast number and header information. After LOGGER 

writes the header (Table 1) to tape, it waits for a carriage return before 

starting to log data. The program then loops until receiving an indicator 

(IBKRDY) from the CTn handler that one of the two buffer storage blocks is full. 
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LOGGER immediately logs the block on magnetic tape (Table 2) and will then 

respond to any display function which has been selected. It will not re-examine 

IBKRDY until it has completed all logging and display tasks. 

The display functions possible are coded with the letters: P, D, S, K, H 

and L. Their meanings are as follows: 

P Plot Temperature and Salinity versus Pressure. 

D Display data directly from the CTD, one scan per record. 

S Display data from the CTD in engineering units (i.e, transfer func

tions applied): Record#, Data Index, Frame sync word, P, T, C, S, at' 

K Kills P, D or S option. 

H Halt logging and displays, can restart logging if desired. 

L Resumes logging after H command. 

When the logging is halted at the end of a cast, 2 EOFs can be written to 

tape and a finished copy of the VT-55 console plot will be made. 

2. 1. 2 READER 

Program READER is used to read a 9-track LOGGER tape on either tape drive 

and make a listing and/or a VT-55 plot of the data. Header information is 

printed on the line printer (or any output device assigned to be logical unit 

number 6). Default parameters may be selected or the number of words per scan 

and the block size can be specified. Parameter transfer functions may be taken 

from the tape header, or the user may specify new values. 

If the listing option is selected, the user may specify the number of scans 

to list every record. The values listed are pressure (P), temperature (T), 

salinity (8), potential temperature, sigma - T, dynamic height, oxygen current 

(oxe), oxygen temperature (OXT) and dissolved oxygen (ml/l). A T and S versus P 

plot or a T-8 plot can be made on the VT-55 console. 
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2.1.3 ELAGAV 

Program ELAGAV is the first step in editing and processing the CTD/02 data. 

Basically it edits the data for obviously erroneous points; it corrects for the 

time-constant mismatch between temperature and conductivity sensors; and it then 

averages the data into 1 dbar blocks which are stored on floppy disk files. The 

time-constant correction is necessary because the platinum temperature probe has 

a response time of about 200 ms while the conductivity probe has a time constant 

of 30 ms (Brown and Morrison, 1978). In the NBIS Mark III CTD an attempt is 

made to correct for these different response times by electronically adding the 

signal from a fast response themistor to the signal from the platinum wire 

probe. Our experience indicated that, due to difficulties in properly adjusting 

the time-constant matching system, better data quality was obtained without the 

fast response thermistor signal. Thus, in all data presented here the fast 

response thermistor circuitry has been disabled. With this modification the 

NBIS CTD is virtually identical to the WHOI/Brown CTD discussed in Fofonoff, et 

a1., (1974). The temperature response time (i.e., lag) correction applied is 

similar to the technique described by these authors, and is summarized below. 

Program ELAGAV reads data from the logger tape and writes out the 1 dbar-

averaged data, with salinity computed, on floppy disk files. The program first 

ini tializes the tape and disk files. Two records of input data (normally 120 

data scans) are then read into a buffer array. The first two "goodl! data scans 

are selected by comparing pressure, temperature, and conductivity values with 

preset windows. Subsequent data pOints are then edited by calculating the 

difference between adjacent scans (~., ~T= Tn+1 - Tn) and comparing this dif

ference with preset maximum allowable differences (~., ~T < ~T ). If a data max 

scan fails to satisfy this criteria then that scan is rejected and the next scan 

is subtracted from the previous value (~., ~T2 = Tn+2 - Tn)' This difference 
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is now compared to twice the maximum allowable difference (AT2 < 2AT ). This max 

technique continues until a good data scan is found or until 5 bad scans are 

rejected. In the former case, bad points are replaced by linear interpolation 

and the interpolated points are flagged on the output file. In the latter case, 

the program assumes a gap in the data has been discovered. It then flags the 

location of this gap on output file and proceeds to edit from the new location. 

The temperature time-constant correction algorithm is described in Fofonoff, 

et al., (1974) and Scarlett (1975). It requires three data scans to estimate 

both the measured temperature, T , and the local rate of change of the measured 
m 

dT temperature, m 
dT 

The true temperature is then estimated as 

T = T + t dTm 
o m dT 

The time-constant, t, has been determined empirically from the coherence between 

temperature and conductivity measurements (Horne and Toole, 1980) on numerous 

casts to be 7 data scans or 210 msec. This lag correction is applied immedi-

ately after the data passes the edit criteria. The resulting lag-corrected 

temperature and the measured values of conductivity, oxygen, and oxygen 

temperature are placed in appropriate 1 dbar averaging bins. After 110 dbar-

averaging bins have been used, the first 100 values are then written out to 

disk. The remaining data are shifted in the averaging array and averaging 

continues. Thus maximum vertical excursions of the eTD fish of 10 mare per-

mitted without data loss in the averaging process. 

In using ELAGAV, the operator specifies appropriate transfer functions for 

the eTn parameters which reflect the latest calibration information (note: 

uncalibrated oxygen values are averaged and stored). Since both salinity and 

conductivity are written on the 1 dbar-averaged disk file, subsequent processing 

may be used to modify conductivity calibrations, and salinity may be recomputed 
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if required. The user supplies editing parameters or default parameters 

(AT = .07°C, AC = .07 mS/cm, 6P = 0.7 dbar) may be used. In all data max max max 

processed here, default edit criteria were imposed. 

2. 1. 4 CTDPtT 

Program CTDPtT plots NBI8 cm data from the 1 dbar-averaged disk file 

written by Program ELAGAV. The plotting library developed to handle the HP9872A 

plotter is briefly described in the Appendix. CTDPtT is used for quality con-

trol and preliminary data analysis. Options exist for several types of plots 

including (1) a standard T-8 plot, (2) T, S, at' O2 versus P plot, or (3) a var

iable NX versus variable NY plot. For the NX versus NY plot; the following vari-

abIes may be selected: 

1. Pressure (dbars) 

2. Temperature (degrees C) 

3. Conductivity 

4. Salinity (ppt) 

5. Oxygen current 

6. Oxygen temperature 

7. Sigma-T 

8. Potential temperature (degrees C) 

9. Sigma-theta 

10. Not implemented 

11. Sound velocity (calculated from P,T,S,) 

12. Oxygen 

The user can select default ranges from the plot or specify new ones and has the 

option of applying additional calibrations. 

2.1.5 DSKTAP and RDAVTP 

Program DSKTAP writes a Control Data Corporation (CDC) computer compatible 

magnetic tape (9-track, 800BPI, NRZI, and odd parity) containing the data from 

the 1 dbar-averaged files written by ELAGAV. All subsequent processing is 
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performed on a CDC computer. Encoding is used to write four 56-character header 

records. These header records are followed by data records containings P, T, C, 

S, OXC, OXT, FLAG, NPTS (format F7.1, 5F7.4, 2I7). Program RDAVTP reads and 

checks the CDC compatible tape. 

2.2 Final Processing and Calibration 

The 1 dbar-edited, lag-corrected, and averaged data produced by ELAGAV 

all from the data set used in subsequent processing is performed on the CDC 

computer system at the University of Washington (dual main frame system with 

a CYBER 73 and a CDC 6400). The first step is to check the calibration of 

the CTD sensors by comparing pre- and postcruise laboratory calibrations 

(conducted at Northwest Regional Calibration Center (NWRCC) Bellevue, WA) 

and water samples collected at sea. On each cast, 3-5 Niskin bottles are 

collected using a rosette sampler. Immediately prior to tripping the sampler, 

three values of P, T, C, OXC, OXT are read from the CTD deck unit. The averages 

of these data are combined with the shipboard determination of salinity which 

uses a Beckman model RS7B salinometer to check the performance of the CTD. 

Dissolved oxygen is determined at sea using a modified Carpenter-Winkler method 

(Carpenter, 1965). Temperature calibration is crudely checked by the reversing 

thermometers; however, the CTD temperature stability, as determined by repeated 

laboratory calibrations (Figure 9), appears to be better than 5 mOC/12 months. 

Thus, the CTD temperature is more accurate than the reversing thermometers. 

Details of the conductivity calibration checks are as follows: The pre

and postcruise (if available) laboratory calibrations are compared. For the 

data considered here, the laboratory conductivity calibrations are shown in 

Figure 10. Based on available laboratory data a transfer function of the form 

CTrue=CCTD* a + b is computed. This function is applied to the deck unit data 

collected during the casts. The bottle calibration data is edited by comparison 
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with the historical TIS curves and other station data. Then the conductivity 

calibration transfer function is recomputed by comparing CTD conductivity and 

bottle conductivity. The bottle conductivity is, computed using the CTn 

temperature, the bottle salinity, and the salinity algorithm of Fofonoff et al. 

(1974). In establishing this new transfer function more weight is given to deep 

water samples (if available) and the data are checked for cast, pressure, or 

temperature dependence in the computed transfer function. The proposed final 

transfer function is then applied to all the CTD casts and the deep water TIS 

relation is checked against available historical data. Since most casts are 

relatively shallow (~1000 m), this check is only adequate to establish agreement 

to about ± .02 ppt. The average standard deviation of all bottle- and CTD

determined salinity for the data presented here is ±.012 ppt. 

Oxygen calibration was done by comparison of CTD and bottle data. The CTD 

measurements of oxygen current and oxygen temperature were converted to dissolved 

oxygen using subroutines supplied by Woods Hole Oceanographic Institution 

(R. C. Millard, Jr. personal communications). The CTD-determined oxygen was 

then fit to the bottle data using a second-order polynominal. CTD oxygen deter

mined in this fashion had a standard error ± .16 mIll for the data presented 

here. No lag correction has been applied to the 02 data although its time 

constant is - 20 sec. 

3. DATA PRESENTATION 

The final calibrated data were run through a standard set of computer 

programs described by Holbrook and Halpern (1974) to produce the summary pro

files, listings and TIS plots which follow. The shallowest and deepest 1 dbar

average values of each set of CTD measurements are shown in the listing. When 

the uppermost depth was not equal to 0 meters, surface values of temperature 

and salinity were computed from a least squares fit of data recorded 10 m below 
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the surface. All oceanographic variables (salinity, sigma-T, dynamic height) 

were computed using WHOI subroutines provided by R. C. Millard, Jr. 

Tables 3-7 contain the abbreviations and units used to describe the CTD/02 

data summary. 

Section plots of the four major equatorial transects (February (2), June, 

October) are presented in Figures 11-15 as a quick summary of these data. 

Sections for temperature, salinity, sigma-T, and oxygen are present. These 

plots were produced using a contour plotting program developed by H. P. Freitag 

(private communication). Figure 16 shows the dynamic height of the surface 

relative to 500 dbars for the four sections along 110oW. 
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APPENDIX 

PDP 11/03 SOFTWARE LIBRARIES 

The tape input/output and plotter handling subroutines are general purpose 

utilities which have been developed to facilitate programming on the LSI 11/03. 

They are briefly described here to indicate their capabilities and general 

operating functions. 

1. TAPLIB 

The software subroutines developed to handle the Digi-Data tape drives on 

the LSI 11/03 system are described below. These routines are a general purpose 

tape input/output system which can be incorporated in other programs. The 

library TAPLIB contains the MACRO tape handler TAPEIO and the FORTRAN tape 

handling subroutines. The MACRO listing of TAPEIO contains a description of the 

routine and its FORTRAN callable entry points. Entry points to TAPEIO are 

INITAP (in initialize the tape mount selected), REDTAP and WRITAP (to read and 

write), SPCTAP (to skip forward or backward a given number of records), REWTAP 

(to rewind), EOFTAP (to write an end-of-file mark) and STATAP (returns a code to 

indicate status of tape and determine cause of command failure, e.g., tape not at 

beginning-of-tape). For some error conditions, the Digi-Data users manuals must 

be used to interpret the bit patterns returned by STATAP. 

FORTRAN subroutines INIIO and IOSTAT allow the user easy access to TAPEIO 

to initiate tape reading or writing and to handle error returns from STATAP. 

They print informative comments on the console and allow the user to respond to 

the error condition. The TAPEIO entry points INITAP and STATAP are generally 

accessed by calls to the FORTRAN routines INIIO and IOSTAT. 

The other FORTRAN subroutines are SKPFLE to skip files, EOITAP to position 

the tape after the last end-of-file mark on the tape and TAPCPY to copy files 

from one tape to another. 
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2. lIPLIB 

Library HPLIB contains the FORTRAN subroutines which produce plots on the 

lIP 9872A plotter. The plotter performs plotting moves in response to instruc

tions in the form of strings of ASCII characters. Subroutines INIHP, BCDHP and 

HPRDY handle direct communication between the plotter and the computer. INIHP 

initializes the plotter, leaving it ready to receive the first instruction, 

BCDHP transmits a string of ASCII characters to the plotter, and HPRDY deter

mines when the plotter is ready to receive another character. Subroutines IBCD 

and EPBCD prepare integer and floating point numbers for transmission to the 

plotter by filling an array with ASCII characters representing the number. 

FORTRAN plotting programs call a set of CALCOMP-like subroutines named 

PLOT, NEWPEN, NUMBER, SYMBOL. Plotter response to these subroutines is very 

similar to that of a CALCOMP plotter. Subroutine AXLAB draws an axis in the 

desired position and orientation, with or without labels and function ISCALE 

scales any value to be plotted from engineering units into plotter units. The 

preceding routines were all written for general purpose plotting. Subroutines 

RANGE, CALC, and CALIBD are specifically for use with program CTDPLT. They 

establish axis ranges and lengths, apply calibration data to variables read from 

the disk file and calculate values (such as potential temperature) which are not 

written on the disk file. 

12 
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FIGURES 

Location of Major CTD/02 sections during 1979. 

CTD/02 stations occupied during EP2-79-DI. 

CTD stations occupied during EP3-79-0C. 

CTD/02 stations occupied during EP4-79-0C. 
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CTD/02 stations occupied during EP6-79-0C. 

Block diagram of the NBIS CTD/02 and PDP LSI 11/03 hardware 
system. 

CTD Acquisition and Processing System (CAPS) flow diagram. 

Temperature calibration results from laboratory calibrations con
ducted at the Northwest Regional Calibration Center (NWRCC) dur
ing 1979. 

Conductivity calibration results from laboratory calibrations 
conducted at NWRCC during 1979. 

Temperature (OC) sections along 1100 W in 1979. 

Salinity (°/00) sections along 1100 W in 1979. 

Sigma-T sections along 1100 W in 1979. 

Oxygen (m1/1) sections along 1100 W in 1979. 

Comparison of temperature sections along 1100 W and 105°W in 1979. 

Dynamic height of surface relative to 500 dbar for four sections 
along 1100 W in 1979. 
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Figure 1. Location of Major CTD/0 2 sections during 1979. 
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NBIS CTD DATA ACQUISITION SYSTEM 
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Figure 7. Block diagram of the NBIS CTD/02 and PDP LSI 11/03 hardware 
system. 
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TABLE 1 

LOGGER Header Record Structure 

1. The first record of each file is a header record, and is 380 [440]* 
(16-bit) words long. 

2. Tapes may have one or more files with each cast being one file. 
3. The header record has 2 distinguishing characteristics which data 

records do not share: 
a. Word number 1 is zero on the header record and non-zero (1) 

on data records. 
b. Word number 7 is blank on data records and is the cast 

number on the header record. 
4. The header record is structured as follows: 

Word 
1 
2 
3 
4 
5 
6 
7 

8-10 
11,12 
13,14 
15,16 
17,18 
19,20 
21,22 
23,24 
25,26 
27,28 
29,30 

31-380[440] 

Contents 
Tape block number (equals 0 on header record) 
Number of words per block (IBKSIZ, default is 380 [440]) 
Number of data words per scan (INRWRD, default is 6 [7]) 
Time} 
T. Converted by CVTTIM, a system program J.me 
Date - Converted by GETDAT, macro subroutine 
Tape Identification (cast number), print in 15 
Blank 
Pressure slope (32-bit REAL*4 word)** 
Pressure intercept " 
Temperature slope " 
Temperature intercept " 
Conductivity slope " 
Conductivity intercept " 
Oxygen current slope " 
Oxygen current inter. " 
Oxygen temperature slope " 
Oxygen temperature inter " 
Header comments - grouped as 80 character lines 
Print out in (40A2) format 

* Modifications for 7 data words including fast response (i.e. P,T,C,Sign, OXC, 
OXT,TFR) are included in [ ]. 

** Note - on LSI 11/03, a l6-bit INTEGER*2 word will hold exactly 2 characters. 
A 32-bit REAL*4 word will hold exactly 4 characters. 
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TABLE 2 

LOGGER Data Record Structure 

1. Each data record consists of 380 [440] (16-bit) words. 
2. Each data record has 20 (16-bit) words of general information 

followed by 60 scans of data in 360 [420] (16-bit) words. 
3. The twenty (16-bit) words of general information is given below: 

Word Contents 

2 
3 
4 
5 
6 

Tape block number, greater than 0 on all data records. 
Number of words per block (IBKSIZ, 380 [440]). 
Number of data words per scan (INRWRD, 6[7]). 
Time} 
T' Converted to actual time by CVTTIM, a system program. l.me 

7-17 
18 
19 
20 

Date - converted to actual date by GETDAT. 
Blank 
Neil Brown block number 
Number of data errors 
Number of sync errors 

4. Each scan of CTD data is 6[7] (16-bit) words. They are given with 
their locations in the data record 

Word 

2 

3 

4 

5 

6 

[7] 

P T C 

~'--
20 
words of 
general 
information. 

Data 

0 0 S 
C T P T C 

Contents Location in 60-scan data 
Pressure IBUF(2l+J*6) J=0,59 

[IBUF(2l+J*7) J=0,59] 
Temperature IBUF(22+J*6) J=0,59 

[IBUF(22+J*7) J=0,59] 
Conduc ti vi ty IBUF(23+J*6) J=0,59 

[IBUF(23+J*7) J=0,59] 
Sign* IBUF(24+J*6) J=0,59 

[IBUF(24+J*7) J=0,59] 
Oxygen Current IBUF(25+J*6) J=0,59 

[IBUF(25+J*7) J=0,59] 
Oxygen Temp. IBUF(26+J*6) J=0,59 

[IBUF(26+J*7) J=0,59] 
[Fast resp. temp.] [IBUF(27+J*7) J=0,59 ] 

Record Structure 

S 0 0 P T C S 0 0 
C T C T 

----- ----- ------60 Scans of data 
360 words 

-

record 

* Note - Sign word contains sign information for pressure, temperature. All 16 
bits of the words for temperature and pressure are used for data and not 
for sign information. In the sign word: if the 28 bit = 1, pressure 
should be multiplied by -1; if the 29 bit = 1, temperature should be 
multiplied by -1. 
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SALINITY 

TEMPERATURE 

CAST EP4-79-0C-007 

DATE 

TIME 

LAT 

LONG 

WEATHER 

SEA STATE 

BAROMETER 

WIND DIR 

SPD 

VISIBILITY 

CLOUD 

AMOUNT 

DRY 

WET 

DEPTH 

Code 

o 
1 

2 

3 

4 

5 

6 

7 

8 

9 

TABLE 3 

Abbreviations and Units Used to 
Describe Each Set of CTD Measurements 

Salinity, parts per thousand (0/00) 

Temperature, degrees Celsius (OC) 

CTD measurement station 007 made from the research 
vessel OCEANOGRAPHER during EP4-79. 

Day, month, year 

Hours and minutes, Greenwich Mean Time (GMT) 

Latitude, degrees and minutes north 

Longitude, degrees and minutes west 

Present weather conditions (see Table 4) 

Present sea state conditions (see Table 5) 

Sea level atmospheric pressure, millibars (mb) 
over 1000 mb 

Wind direction, degrees True from which the wind blows 

Wind speed, knots 

Visibility (see Table 6) 

Cloud type (see Table 7) 

Amount of cloud cover (see Table 8) 

Dry air temperature, degrees Celsius 

Wet bulb temperature, degrees Celsius 

Depth to the bottom, meters 

TABLE 4 

Weather Condition Code Used to 
Describe Each Set of CTD Measurements 

Weather Condition 

Clear (no cloud) 

Partly cloudy 

Continuous 1ayer(s) of c10ud(s) 

Sandstorm, duststorm, or blowing snow 

Fog, thick dust or haze 

Drizzle 

Rain 

Snow, or rain and snow mixed 

Shower(s) 

Thunderstorms 
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Code 

o 
1 

2 

3 

4 

5 

6 

7 

8 

9 

Code 

o 
1 

2 

3 

4 

5 

6 

7 

8 

9 

TABLE 5 

Sea State Code Used to Describe 
Each Set of CTD Measurements 

Height (meters) 

o 
o - 0.1 

0.1 - 0.5 

0.5 - 1. 25 

1.25 - 2.5 

2.5 - 4 

4 - 6 

6 - 9 

9 - 14 

> 14 

TABLE 6 

Visibility Code Used to Describe 
Each Set of CTD Measurements 

Visibility 

< 50 meters 

50 - 200 meters 

200 - 500 meters 

500 - 1,000 meters 

1 - 2 km 

2 - 4 km 

4 - 10 km 

10 - 20 km 

20 - 50 km 

50 km or more 

38 

Description 

Calm-glassy 

Calm-rippled 

Smooth-wavelet 

Slight 

Moderate 

Rough 

Very rough 

High 

Very high 

Phenomenal 



TABLE 7 

Cloud Type 

Code Cloud Types 

0 Cirrus 

1 Cirrocumulus 

2 Cirrostratus 

3 Altocumulus 

4 Altostratus 

5 Nimbostratus 

6 Stratocumulus 

7 Stratus 

8 Cumulus 

9 Cumulonimbus 

x Clouds not visible 

TABLE 8 

Cloud Amount 

Code Cloud Amount 

0 0 

1 1/10 or less but not zero 

2 2/10 - 3/10 

3 4/10 

4 5/10 

5 6/10 

6 7/10 - 8/10 

7 9/10 

8 10/10 

9 Sky obscured or not determined 
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CAST EP2-79-DI-OOI DATE 31 JAN 79 TIME 1733 GMT 
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