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NOTICE: The project which is the subject of this report 
was approved by the Governing Board of the National 
Research Council, acting in behalf of the National Academy 
of Sciences. Such approval reflects the Board's judgment 
that the project is of national importance and appropriate 
with respect to both the purposes and resources of the 
National Research Council. 

The members of the committee selected to undertake this 
project and prepare this were chosen for recognized scholarly 
competence and with due consideration for the balance of 
disciplines appropriate to the project. Responsibility for 
the detailed aspects of this report rests with that committee. 

Each report issuing from a study committee of the National 
Research Council is reviewed by an independent group of quali­
fied individuals according to procedures established and moni­
tored by the Report Review Committee of the National Academy 
of Sciences. Distribution of the report is approved, by the 
President of the Academy, upon satisfactory completion of the 
review process. 

Available from 
Ocean Affairs Board, National Academy of Sciences 
2101 Constitution Avenue, N.W., 
Washington, o.c. 20418 
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CHAPTER 1 

INTRODUCTION 

The development and refinement of numerous types of 
instruments that are capable of yielding continuous or near­
continuous, records of basic oceanographic parameters have 
challenged the oceanographer to interpret the many newly 
observed fine- to middle-scale features. He hopefully will 
understand these features and their relation to large-scale 
phenomena. An increased use of such instrumentation which 

1 

has already produced a large quantity of data and has mag­
nified greatly the problems of archiving and of distributing 
this data to secondary users is expected. The secondary user 
is the person who uses the data but does not collect or process 
it. Traditionally, he had added much information to the field 
of oceanography and should have these new types of data available 
because he lacks the resources to collect it. The availability 
of the continuously recorded data in an accessible form is 
essential. In this report a method for archiving and distribu­
ting such data is suggested. Implicit in these suggestions 
are recommendations to collectors of these data on the infor­
mation required by the secondary user. 

The principal source of this data explosion is the in situ 
recording electronic sensors of temperature, salinity or~ ~~ 
conductivity, and pressure (or depth) designated as the STD. 
A survey was conducted to determine the methods and instruments 
presently used in the collection of STD data. The results of 
this survey are given in Chapter 2. 

The Ocean Science Committee, at the request of the 
National Oceanographic Data Center (NODC), organized a task 
group chaired by Drs. Amos and Gordon with the following terms 
of reference: 

1. to describe the various techniques which are used to 
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obtain high resolution, digital STD output; 

2. to recommend those thechiques which yield results 
suitable for secondary users; 

3. to group, if possible, the various techniques into 
sets which yield comparable results and make recom­
mendations regarding the interfiling of these data; 

4. to recommend filtering and/or compression methods 
which should be applied by NODC after initial data 
reduction and quality control; 

5. to recommend to NODC the types of quality control 
procedures which should be applied after receiving 
these data; and, 

6. to recommend to NODC the type of information needed 
by users of STD data with regards to methods used to 
collect the data. 

To meet these objectives, the task group first outlined 
the methods and their limitations which are presently used 
for collecting and processing STD data. Then, the obvious 
needs of the oceanographer and secondary user of these data 
were listed. Once this was accomplished, the task group set­
out to suggest standard procedures for collecting and 
reporting of data which would be helpful to the secondary user. 
They also considered methods of archiving STD data at NODC to 
meet most demands. Hopefully, the procedures recommended 
for the collection of data will also be useful as a guide to 
the primary user for obtaining maximum accuracy of the STD 
system. 

As a basic philosophy, it was assumed that little is under­
stood about the details of the ocean, therefore "correcting" 
STD data should not be done in haste. The user of the data 
can be subjective in correcting the data, but the data filed 
at NODC should be corrected only by removal of obviously 
outrageous data. 

Classical oceanographic data was chosen as the basis of 
at-sea calibration, assuming it was carefully collected. 
Classical data is reversing thermometer and deck salinometer 
data. Three or 4 reversing thermometers should be placed at 
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each level sampled and should be carefully calibrated. 
The salinometer should be calibrated using standard sea­
water. The aim is to have classical data-point accuracy in 
the STD data. The secondary user should judge the quality 
of the data on the basis of the number and depths of the 
classical data points, and the times of collection relative 

3 

to the STD values. This would be the most meaningful quality 
code. Secondary users would be guided by the classical 
data-points and primary users should be certain that their STD 
is standardized by the classical data-points. 

The STD not only provides information on the macrostructure 
of the ocean as is the series case, but it also shows the 
presence of a complex structure of temperature and salinity 
versus depth on a variety of scales. While most of these 
structures have limited horizontal extent, a number have very 
large lateral extent with very limited vertical expression. 
These features often separate zones or layers of differing 
water masses or dynamics, and so are significant to general 
circulation problems. The STD also shows structures on a 
scale approaching the distance traveled in a period close to 
the time constant of the sensors. Therefore, the exact character 
of these featrues is likely not to be portrayed accurately. 
These features, often called microstructure, may not be success­
fully studied with the standard STD. As an estimate, 1-2 
meters were chosen as the smallest scale which the standard 
STD can study with a slow lowering rate (30 m/min). Certainly 
standard STD data may be used to study features of less than 
1 or 2 meters vertical extent, but this should be done at the 
user's risk and taken from the high resolution data file 
(Section4). Special STD systems have recently been constructed 
which can observe structures on a vertical scale of centimeters. 
Data from such instruments would be stored in the ultra-high 
resolution file. The wiggles on a scale of over 5 meters are 
a significant part of the standard STD record and must be 
retained in NODC files. The many users of the STD data on a 
vari~ty of scales provide a problem in that some users may want 
to see only equivalent Nansen data. Thus, some may want to 
use only a few of the STD data points and others may want to 
employ them all. 

A single filing system would unlikely work for everyone. 
Hopefully the number of formats can be minimized to achieve 
a simple archiving system. One simple form capable of 
satisfying the great majority of secondary users would be 
included. 
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The measurement of T and S by in situ electronic sensors 
will eventually replace entirely the series cast and should be 
filed in a compatible format. At-sea standardization of the 
electronic sensors with classical data points will probably be 
necessary in the foreseeable future; especially in the salinity 
and pressure sensors. The deck salinometer is standardized with 
a known seawater sample (Copenhagen Water) before, after, and 
during each run of unknowns. It is unlikely that the in situ 
salinometer will be perfected beyond that point in the---n~ 
future. 
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CHAPTER 2 
SURVEY ON THE USES OF STD SYSTEMS 

A questionnaire was sent to 150 users of STD equipment 
in November 1972. The objective of the questionnaire was to 
discover what systems, methods of data collection, storage, 
and reduction were being used throughout the oceanographic 
community to facilitate recommending standardized procedures 
to NODC. Letters were sent to various national data centers 
to request assistance in locating STD users in foreign coun­
tries. The response was very gratifying: 66 questionnaires 
were completed and additional letters were received from non­
users or potential users expressing interest in this project.* 
There is considerable concern throughout the community with 
regards to the problem of STD data storage,access~ and stan­
dardization. 

Questions in 6 categories were asked of each user: 

1. What STD system(s) are you using? 

2. How do you record the raw data? 

3. How do you calibrate the STD? 

4. What techniques do you use in making an STD lowering? 

S. How do you reduce, process, and store the STD data? 

6. Do you submit STD data to NODC? And how? 

5 

Charts 1-6 summarize the data obtained from the question­
naires. A few comments about the statistica1 validity of the 
survey must be made. The specific amount of STD-type instruments 

i In addition to the U.S.A., replies were received from 19 
foreign countries. 
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that are in use or have been manufactured is unknown. Plessey 
Environmental Systems Inc., who make the majority of STDs 
in the United States, have sold approximately 450 units in the 
last 10 years. An estimate of the total number of STDs would 
be 1000 units, that would include a considerable number 
of estuarine, water-quality type instruments for which few 
responses were received, and which produce data that would not 
generally be submitted to NODC. 

Information was received for approximately 104 systems 
(perhaps 10 percent of the total STD-type instruments which 
have been used). A large-scale user is the u.s. Coast Guard 
Oceanographic Unit which operates 35 systems, but they have 
been treated as a single system not to bias the results.* 
The data presented here accounts for a significant percentage 
of the active users of STD equipment and is a valid reflection 
of current techniques. 

* The U.S. Coast Guard is an important contributor of data to 
NODC and we do not intend to minimize their effort, rather, the 
survey was conducted with the aim of determining the variations 
of usage techniques among a large group of different users. 
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GENERAL NOTES TO THE CHARTS 

1. The words (number of systems) "in use" refer only to 
data obtained from the responders to the questionnaire. 

2. All the instruments are referred to as STDs although 
there are many combinations of sensors in use (CHART lC) . 

3. The numerical data may not always equal the total number 
of ·instruments in use as many categories can have re­
peats (i.e., recording may be made in both analog and 
digital form.for one instrument), and not all users 
responded to all questions. 

4. Detailed notes that pertain to the individual charts 
follow each section of charts. 
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A WHAT STD svsrn.s ARE IN USE? 

MANUFACTURER 110DEL 

PLESS EV 9006 
PLESSEY 9040 
PLESSEY 9060 
GUILDLINE 8101A 
HOWALDT BATHYS!NlE T81 
EG & 6 775-24 
MRTEK INSTRIJENT MRK I 
TSURUMI PRECISl<Xt PllDEL 111 
BECI01AN 
HYDRO LAB TPVO 
INST. OCEANOL. AKAD. 
SCI . USSR AIST-2 
NUS TR-4 
OCEAN INDUSTRIES 
PLESSEY 9007 
PLESS EV 9070 
RAPMY SVTD 
WHOl/NEIL BRM #2 
YELLOW SPRINGS INST. -
TOTAL: 

8 IS SALINITY OR COOJCTIVITY RECORDED? 
0 10 

-1 
SALINITY 
CIJCDUCTI VITY 
BOTH 

CHART 1 

INSTRIJENTATl<Xt 

IUllER 
0 10 20 30 40 50 60 

• • • • • I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

104 

20 30 40 50 60 70 80 

I I I I I I 
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C WHAT CCll!INATIOO OF SENSO~ ARE IN USE? 

C S T •o •p 0 N S/V AIL PH EIF c/1 
0 10 

~ • CONDUCTIVITY 
• SALINITY 
• TEMPERATURE 
'" DEPTH 

I 
I -I 
I 
I • 
I • -• I • • 
104 

i • PRESSURE 
• OXYGEN 
• NEPHELOMETRY 

/V • SOUND VELOCITY 

CHART 1 CONTINUED 

NlftER OF SYSmtS 
20 30 40 50 

~L • AMBIENT LIGHT 
• HYDROGEN ION CONCENTRATION 

F • ELECTRICAL FIELD 
c/1 • CHLORIDE ION CONCENTRATION 

9 
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D llHAT SENSOR RANGES ARE USED? 
• SALINITY RANGES (0 /oo) 

0 - 30 
0 - 40 

25 - 35 
26 - 36 
27 - 37 
27.5- 40 
28 - 36 
28 - 38 
30 - 36 
30 - 40 

' 33 - 41 

• CClfDUCTIVITY RANGES CIWIO/CM) 

0 

I • -I • • I 
I 
I 

• 
0 - 60 • 
o - 65 I 
0 - 80 • 
o -100 I 
5 - 60 I 

10-60 -
~-~ . 
30-80 • 

• TEl'IPERATURE RANGES C "C> 
-5 +50 
-2 +19 
-2 +30 
-2 +32 
-2 +35 
-2 +40 
-1 +30 
0 +32.8 

• I • I 

I 
I 

CHART 1 CONTINUED 

NIJIBER OF INSTRllDTS 
10 20 30 40 50 60 

I I I T I 
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• llPTH RANGES (M) 

0 - 100 
0 - 200 
0 - 300 
0 - 500 
0 - 1000 
0 - 1500 
0 - 2000 
0 - 3000 
0 - 4000 . 

0 - 5000 
0 - 6000 
0 - 7000 

• PRESSURE RANGES (DBARSl 

0 - 700 
0 - 1500 
0 - 2000 
0 - 2500 
0 - 2600 
0 - 3000 
0 - 6000 
0 - 6500 

e SOIJCD VELOCITY RAflGES C.1/ml 

1400 - 1600 
1400 - 1650 
1450 - 1550 

e OXYGEN RANGES (ML.Al 

0 - 10 

0 - 10.5 

0 - 14 

0 10 

I 
I • • ---I 
I 

I 

• I 
I -
I 

I • • 

11 

CHART l CONTINUED 

NIJllER IJ= I NSTRUPEl'ITS 

20 30 40 50 60 
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NOTES TO CHART 1 - INSTRUMENTATION 

A. Number of instruments in use by manufacturer 
and model number. 

B. All STD instruments sense conductivity. This 
chart indicates the breakdown of those instruments 
that record conductivity directly (internally or 
transmitted to deck equipment) and those instru­
ments that compensate for temperature and pressure 
effects in situ and record salinity. The great 
majority record salinity. 

C. Breakdown of what individual sensors are in use in 
the STD systems. All systems sense pressure as a 
measure of geometric depth. The chart shows how 
the user interprets the difference between depth and 
pressure (D and P). 

D. Indicates the ranges of the sensors used. Most 
users have·30-400/00 salinity sensors, -2 to +35°C 
temperature sensors, and 0 - 6000 m depth (pressure) 
sensors. 
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RAW DATA RECORDING CHART 2 

NUMBER OF USERS 
A IKJf IS THE RAW DATA RECORDED? 0 10 20 30 40 50 60 

ON SHIPBOARD 

I SELF-CONTAINED RECORDING 

• TYPES OF SHIPBOARD RECORDING NUMBER OF INSTALLATIONS 
STRIP CHART 
PIAGNETIC TAPE <DIGITAL> 
PAPER TAPE 
PIAGNETI C TAPE <ANALOG> -FLATBED PLOTTER • 00-LINE C!Jl>IJTER • ON-LINE TELETYPE I 
PRECISION GRAPHIC RECORDER I 
VISUAL DIGITAL READOUT I 
PIAGNETIC DISK I 

e TYPES OF SELF-CONTAINED RECORDING NUMBER OF INSTRUMENTS 
STRIP CHART 

~ 
PIAGNETIC TAPE CDIGITAL) 
MAGNETIC TAPE <ANALOG> 
PAPER TAPE 

• BREAKOOl'N OF DIGITAL PETHODS OF 
RECORDING RAW DATA 

PIAGNETIC TAPE 
PAPER TAPE 
NO DIGITAL RECORD 

B WHAT TYPES OF DIGITAL DATA LOGGERS ARE USED? 
• PIAGNETI C TAPE SYSTEPIS 

MANUFACTURER MODEL 

PLESSEY 8114 
PLESSEY 8114A 
HEWLETT-PACKARD VARIOUS -DIGITAL EQUIP. PDP8/DEC RECORDER • DIG I DATA 4300 • KENNEDY • SEL 810 • AGODDS SYSTEfll I 
BECKMAN 210 DATA SYSTEM I 
HONEYllEU 316 I 
PLESSEY 8030 I 
RECORDING DESIGN 10510 I 
SIEPENS T-100 I 
SONI CRAFT S-10165-01 I 
USERS OWN DESIGN - -
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CHART 2 CONTINUED 

NIJIBER 

• PAPER TAPE SYSTEJIS 
0 10 20 30 40 50 60 

MANUFACTURER ~ 

HEWLETI-PACKARD VARIOUS -AGODDS SYSTEl1 • VIDAR 5400 SERIES • FACIT 4070 • ADDO 7 I 
SIEIENS TELETYPE - I 
T.J.T.N. I 
USERS ~ ~SIGN - • c WHAT RECORDING INTERVALS ARE USED? 

30 MSEC I 
50 I 
.12 SEC I 
.2 
• 35 • .5 -1.0 

1.25 • 1.5 I 
2 • 5 • 10 I 
6 MIN I 
VARIABLE -D IS THE RECORDING INTERVAL VARIED? 

(E.G. AS A FUNCTlllt OF LOCATJIJt, 
~PTH. TYPE OF STUDY. ETC.> 

YES 
NO 
SIJUll'ES • 

E IS Tll'E RECORDED? 
YES 

NO 

F WHAT UNITS ARE RECORDED? 
PERIOD 

FREQUENCY 

ENGINEERING UNITS 
WLTAGE 

CO~<?> I 
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CHART 2 CONTINUED 

NUMBER 

G WHAT FORMATS ARE USED FOR MAGNET! C 0 10 20 30 40 50 60 
TAPE RECORDS? 
• DENSITY (BPI) 

200 
556 -800 

• NUMBER OF TRACKS 
7 
9 

10(1) I 
e CODE USED 

BCD 
BINARY 

A.5CI I • tlRZI I 
• 111.JtmER OF CHA.'ltlELS RECORDED 

1 I 
3 

4 

5 I 
7 • 8 I 

10 • 12 I 
25 I 

VARIABLE I 
NOT STATED 

H WHAT FORMATS ARE USED FOR PAPER 
TAPE RECORDS? 
• TAPE WIDTH (INCHES) 

LL 0.69 

0.75 
1 
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CHART 2 CONTINUED 

NUl1BER 

e CODE USED 
0 10 20 30 40 50 60 

TELETYPE • ASCII 

IBM • BDOC • PTT CB I 
KDF9 I 
STANDARD ISO I 
MZ I 
cm I 
NOT STATED • e NUMBER OF OIANNELS RECORDED 

1 I 
2 I 
3 • 4 • 5 • 8 -VARIABLE I 
NOT STATED -
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NOTES TO CHART 2 - RAW DATA RECORDING 

A. Comparison between shipboard reaording (data trans­
mitted to shipboard, usually via a aonduating sea­
aable) and self-aontained reaording systems in the 
instrument housing. Most users reaord on shipboard 
using strip-ahart reaorders (usually an X-Y type 
reaorder). Frequently, more than a single type of 
reaording system is used with any one installation, 
i.e., strip-ahart and magnetia tape. 

B. Digital reaords are of greatest interest in dealing 
with the aontinuous nature of STD reaords. C through 

17 

H examine the details of various systems and the methods 
of digital data logging. A great variety of magnetia 
and paper tape systems are in use, with Plessey being 
the most often used. Eaah system has its own reaording 
format (reaord lengths, reaording densities, eta.) 

C. Generally, digital data is reaorded sequentially 
(although all data ahannels may be saanned simulta­
neously J at a aertain time interval per saan. Trans­
lated into data ahannels reaorded per meter this 
represents a huge variation among users. Data ahannels 
reaorded per meter is, of aourse, also dependent on the 
lowering rate of the instrument through the water aolumn 
(CHART 4B, CJ whiah varies tremendously. 

D. Many users vary the reaording interval depending on the 
type of study, depth, area of the study, eta., and most 
users vary the drop-rate of the STD as a funation of 
the gradients enaountered in the water aolumn. 

E. Shows how many users reaord time (from a digital aloak) 
direatly on their raw data tapes. 

F. Most systems that transmit data to reaording equipment 
as an FM signal will reaord frequenaies or periods on 
the raw data tapes whiah are aonverted to parameter 
("engineering") units at a later stage in the data 
proaessing. Some digital data loggers aonvert to engi­
neering units and reaord these direatly. 
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NOTES TO CHART 2 - RAW DATA RECORDING (continued) 

G. Formats used for magnetic tape records. Most users 
record their raw data on ?-track tape at 200 BPI in 
binary form with four data channels per scan. The 
tables show some considerable variation in recording 
formats, however. 

H. Formats used for paper tape records. Most paper-tape 
users record their raw data on 1" tape in ASCII code, 
with 8 channels per scan. 
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HOW IS THE STD CALIBRATED? 
AT SEA 
BY THE KANUFACTURER 
AT USER's OWN FACILITY 

/ti.. CALIBRATION AT SEA 
e WHAT SAl1PLING PUHOD IS USED? 

NANSEN-MISKIN BOTTLES 
CCX'IWID SAl1PLER 

NANSEN-MISKIN BOTTLES 
•HOW f'1AHY BOTTLES ARE USED FOR 

CALIBRATING THE STD? 
1 

2 

3-10 

11-19 

UP TO 24 

•ARE THE BOTTLES ATTACHED TO: 
THE STD SEA CABLE? 
A SEPARATE CABLE? 

• HOW FREQUE:my IS CALIBRATION DONE? 
EVERY STATION 

" 4-5 STATIONS 
" 20 STATIONS 

2 TIMES/DAY 
EVERY OTHER DAY 
2-3 TIMES/CRUISE 
VARIABLE 

COltlAND SAl1PLE RS 
• WHAT TYPES OF COlt1AND SAl1PLERS ARE 

IN USE? 
GENERAL OCEAIUCS 
LAMONT 'SAMS' SYSTEM 
HOWALDTSWERKE 
OWN MANUFACTURE 

CALIBRATION 

0 

• • 

-• I • • • 

-I 
I 

10 20 

NUf1BER 
30 40 50 

I 'J 

CHART 3 

60 
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:2 0 

CHART 3 CONTINUED 

NIJIBER 
0 10 20 30 40 50 60 

• HI* MHY SNl'LE BOTTLES PER SNl'LER? 
2 • 6 • 9 • 10-12 

e HI* OFTEN IS THE CIJIWID SNl'LER USED? 
EVERY STATllJC 
FREQUENTLY • IJCLY FOR CHEIUCAL SNl'LIN6 I 

•ARE SNFLES COLLECTED DURING: 
DOllNTRACE IMLY a.. UPTRACE IMLY 
BOTH 

B CALIBRATllM BY IWIUFACTURER 

•HI* FREQUENTLY? 
ANNUALLY 
OCCASllJCALLY -AT TllE OF PURCHASE IMLY • BIANNUALLY • EACH CRUISE • 3 TllES/YEAR I 

c CALIBRATllJC AT OWN FACILITY 

e HI* FREQUENTLY? 
EACH CRUISE 

'1 ANNUALLY 
OCCASllJCALLY 
BIANNUALLY 
EVERY 2 IUTHS 

•WHAT SENSORS ARE CALIBRATED AT YOUR 
l*N FACILITY? 

TElffRATURE 
PRESSURE 
SALINITY 
CIMDUCTIVITY -SOUND VELOCITY -
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NOTES TO CHART 3 - CALIBRATION 

Three methods of calibrating the STD are in use: at-sea, 
at the user's own facility and by the manufacturer. Many 
users employ ·all three methods. 

A. At-Sea Calibration: "Calibration" is defined here to 
mean "standardization." By collecting samples of sea­
water and using deep-sea reversing thermometers, 
comparisons can be made between the "classical" method 
of measuring the physical oceanographic parameters 
and the sensed output of the STD. The STD may then be 
corrected to the classical data obtained if statisti­
cally enough comparison points are made. This tech­
nique aids in keeping track of drifts and shifts 
in the instruments' output and most users agree that 
this is an essential part of STD data collection 

21 

(CHART 6D). Two methods are used to perform the at-sea 
calibration: (1) Nansen or Niskin sampling bottles 
with reversing thermometers, attached to the STD sea 
cable or to a separate cable (e.g., doing a complete 
hydrographic station at the same location as the STD 
station); or (2) command samplers with the STD that 
collect a sample (after receiving command from the 
deck control equipment) in the same physical environ­
ment as the STD sensors while the STD output is being 
monitored for direct comparison. 

With Nansen or Niskin bottles, most users put 2 
bottles (1 at the surface, 1 just above the STD) on the 
STD sea-cable at every station. With command samplers, 
10-12 bottles are used on every station by the majority 
of users. Frequently additional sampling programs are 
carried out using command samplers to augment the STD 
program (CHART 4D). In using a command sampler there 
is a problem with whether to sample on the downtrace 
(shallow samples are taken down to deeper levels after 
collection and then brought back to the surface); 
uptrace (more comparable to standard hydrographic tech­
nique); or on both traces. Most people use samples 
collected during both descent and ascent of the STD. 
However, this raises the problems of which trace is 
used in the final data (CHART 5F) and whether uptrace 
(or downtrace) command samples are used to correct 
downtrace (or uptrace) STD data, etc. 
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NOTES TO CHART 3 - CALIBRATION (continued) 

B. Calibration by Manufaaturer: Probably all STDs are 
aalibrated in preaise environmental tanks against 
known standards by the manufaaturer before being 
sold. Most respondees to this question have their 
instruments reaalibrated annually by the manufaaturer. 

C. Calibration at Own Faaility: A large number of users 
have their STDs aalibrated at frequent intervals at 
their own faailities. 
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OPERATING TEOINIHS 

0 10 

A WIAT ARE THE MXllUI IEPTHS TO lftllat 
STDs ARE ROOTllELY LI*ERED? 

200 KETERS -500 -1000 
1500 
2000 
2500 I 
3000 -5000 -OCEAN BOTilll • VARIABlf • 

B lftlAT '-'*ERIN& SPEEDS ARE USED IN REGIONS 
OF Hl6H PARNETER GRADIENTS? 

0.2 - o.8 "'"1" -5 - 10 • 15 - 30 -20 - 30 
30 
30 - 60 • If() - so • 60 -10 - 60 I 
80 - 95 • 100 I 

c NHAT LIM:RIN6 SPEEDS ARE USED IN REGllltS 
OF LOii PARAIETER GRADIENTS? 

0.8 lllKIN I 
1 • 20 I 

30 - 60 
40 I 
60 

60 - 90 -60 - 120 I 
UP TO 80 -80 - 990 -100 • 180 I 

(FOUR USERS DECOUPLE THE STD FROK 
SHIP'S KOTION AND THREE USE THE 
STD IN A FREE-FALL MODE) 

20 

NllllER 
30 so 

23 

OIART 4 

60 
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0 
0 WHAT ADDITIONAL SAMPLING IS ROUTINELY DONE 

AS PART OF USER' s STD PROGRAM? 
SALINITY 

TEMPERATURE 

PRESSURE 

DISSOLVED OXYGEN 

NUTRIEfHS 

SUSPENDED MATERIAL 

TRACE ELEMENTS • RADON • AMBIENT LIGHT I 
E JS THE STD USED FOR NON-STATION WORK? 

<E.G. TIME-SERIES MEASUREMENTS 
FROM FIXED OR FLOATING PLATFO~l 

YES 

SOMETIMES 

NO 

10 20 

Nllfl.BER 
30 40 

CHART 4 CONTINUED 

50 60 
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NOTES TO CHART 4 - OPERATING TECHNIQUES 

A. Most of the STD users work only to intermediate 
depths ranging from 1000 to 1500 meters. 

B & C. Because of the long time constants of most STD 
sensors, it has become praatice to use a slower 
instrument lowering rate through regions of high 
parameter gradients (particularly temperature). 
An incredible range of drop-rates is used, varying 
from 0.2 to 100 m/min in regions of high para­
meter gradients (BJ, to 0.8 to 180 m/min in regions 
of low parameter gradients (CJ. The most frequent 
drop-rate employed is 30 m/min for (BJ and 60 m/min 
for (CJ. To exemplify what the extremes mean in 
terms of station time, an 1800-m station would take 
20 minutes (round-trip) at 180 m/min and 210 hours 
at 0.2 m/min. 

D. Most people do some additional sampling as part of 
their STD program with salinity, temperature, 
pressure, dissolved oxygen and nutrients being 
the main parameters sampled. 

E. Quite a few people use their STDs in other ways 
than vertical profiling from a ship on-station 
(e.g., time-series measurements, "yo-yoing" confi­
gurations), all of which present problems for 
archiving data collected in such ways. 

25 
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DATA REDUCTION. PROCESSING & STORAGE 

0 10 20 
/;... WHAT IS THE SOURCE OF YOUR FINAL RECORD? 

Nl!!1BER 
30 40 

DIGITIZED STRIP-CHART ~=======~·-··· DIGITAL MAGNETIC OR PAPER TAPE I 
NO RESPONSE 

B WHAT COMPUTERS ARE USED FOR REDUCING 
STD DATA? 

MANUFACTURER MODEL 

IBM mo 
HEWLETT-PACKARD 21168 
18M 1800 
DIGITAL EQUIPl"ENT CORP. PDP-8 
CDC 
18M 

CDC 
CDC 
1811 
IBM 

SEL 
UNIVAC 
CDC 
Cl! 
HEWLETT-PACKARD 
Al ELECTRIC CO. 
8ESl1 
CDC 
CDC 
DATA GENERAL 
ENG . ELECTRIC 
HEWLETT-PACKARD 
HITACHI 
HONEYWELL 
ICL 
18M 

1811 

MINSK 
PHILLIPS ELECTRIC 
XEROX DATA SYSTEMS 

6400 
370 

3600 
6600 

360/50 
360/65 
810A 
1108 

3300 

10070 
2115 

AICOM-04 
If 

3100 
3150 

NOVA 1220 
KDF-9 
9100A 
10 
632 
1902A 
360/40 
7094 
2.22 
Xl-X8 
SIGMA 7 

-
-----• • • • • • • • • I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CHART 5 

50 60 
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CHART 5 CONTINUED 

NIJIBER 
0 10 20 30 qo 50 60 

c ARE SHIPBOARD CC'ft>UTERS USED FOR FINAL 
DATA REDUCTION? 

YES 
SMTllES • NO 

D WHAT TYPES OF SHIPBOARD ClllPIJTER ARE 
USED? 

MANUFACTURER llODEL 

IBP! 1130 -IBP! 1800 • DIGITAL EQUIPIENT CORP. PDP-8 • HEWLETT-PACKARD 2116A • DIGITAL EQUIPIENT CORP. PDP-9 • SEL 810A • DATA GENERAL NOVA 1210 I 
DATA GENERAL NOVA 1220 I 
HEWLETT-PACKARD 2115 I 
HEWLETT-PACKARD 21168 I 
HONEYWELL 516 I 
MINSK 2.22 I 

E WHAT PROGRAMMING LANGUAGES ARE USED IN 
STD DATA REDUCTION? 

FORTRAN 
I ASSEl'l!LER I 
ALGOL • PDP FOCAL • 'MACHINE' • ASP-4 I 
COBOL I 
CODED ASCII I 
CIJll>ASS I 
EGDON I 
PAL Ill I 
PLAN I 
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CHART 5 CONTINUED 

NUl1BER 
0 10 20 30 40 so 60 

F WHAT PART OF THE STD TRACE IS RECORDED 
ON FINAL RECORD? 

DOWNTRACE ONLY 
DOWN- AND UPTRACES 

G AT WHAT INTERVALS ARE FINAL DATA 
RECORDED? 

0,1 - 1 II I 
0.7 • 1 
3 I 
5 • 10 • STANDARD LEVELS 
CRITICAL POINTS I 
VARIABLE 
0.1 DECIBAR I 
1 I 

20 I 
0.05 SEC I 
0.20 I 
0.25 I 

H ARE CORRECTIONS APPLIED TO STD DATA 
FRO/'I BOTILE DATA? 

YES 
NO 

I ARE THESE BOTTLE DATA RECORDED ON 
FINAL RECORD? 

YES 
SOfUIPES I 
NO 

J ARE THE FINAL DATA 5"00THED? 
YES 
SOl'ET I PES • NO 
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K WHAT IUHODS ARE USED FOR SPmTHING 
DATA? 

RUNNING PEAN 

0 

Sill'LE AVERAGE -
PIANUAL CDURIN6 DIGITIZING> • 
PEAN OF FI VE SAll'LES I 
3-POINT RUNNING IEAN ON IDl'ERATURE I 
DOUBLE RUNNING JIEAH ON PRESSURE I 
LINEAR REGRESSION I 

l ARE 'DESPIKING' ROUTINES USED? 
YES 
SMTIIES 
NO 
PLAH TO 

•WHAT TYPES OF DESPIKIN6 ROUTINES ARE 
USED? 

SALINITY CORRECTION BASED ON 
TEll'ERATURE CIJIPENSATION TllE-LAG 

-• 
- "1\NUFACTURER'S ALGORITH" 11111 
- OWN ALGORITH" ... 
REJECTION OF DATA FALLING OUTSIDE 
DATA WINDCM 
HAND-SPmTHING -
RUl'llt I NG JIEAH • 

M ARE THE FINAL DATA ROUNDED? 
YES 

NO 

10 20 

I I 

NUPIJER 
30 40 

29 

CHART 5 CONTINUt.D 

50 60 
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30 

OIART 5 CONTINUED 

NlllllER 

0 10 20 30 40 50 60 

N WHAT IS THE PRECISION OF FINAL DATA? 
e SALINITY (0 /oo) 

0.001 
0.01 
0.02 I 
0.05 I 
0.1 I 

• TEllPERATURE C "C> 
0.001 
0.0018 I 
0.005 I 
0.007 I 
0.01 
0.02 I 
0.05 I 
0.1 • 

•DEPTH Cid 

0.01 I 
0.1 -0.3 • 0.75 I 
l 
7.5 I 

10 • 
• PRESSURE (DBARS) 

0.01 I 
0.1 • 0.5 • l • 1.5 I 

• SOUND VELOCITY CMISEc) 

0.01 • 0.05 I 
0.1 • 

•CONDUCTIVITY (11VtO/cH) 

0.001 • 0,()()lj I 
0.012 I 
0.02 I 

-~------~-
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OIART 5 CONT I NUEJ> 

NlllBER 

0 10 20 30 40 50 60 

0 WHAT IS USER'S ESTIMTE OF THE ABSOLUTE 
ACCURACY OF FINAL DATA? 
e SALINITY C0 /oo) 

0.005 • 0.01 -0.015 I 
0.02 
0.03 
0.04 • o.os 
0.1 -0.2 I 

• TEll'ERATURE C"C> 
0.005 • 0.01 
0.015 • 0.02 
0.03 -0.05 -0.1 -0.15 I 
0.2 • o.s I 

e DEPTH (M) 

0.3 I 
0.5 -0.75 I 
1 • 1.5 I 
2 
2.5 • 3 • 5 -7.5 • 8 - 10 -
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l ) 

CHART 5 CONTINUED 
NU..SER 

0 10 20 30 40 50 60 

e PRESSURE (DBARS) 

1 I 
3 I 
5 -e DISSOLVED OXYGEN (PPM) 

0.1 I 
0.15 I 
0.2 I 

e CONDUCTIVITY (MMHOICM) 

.01 I 

. 02 • 
e SOUND VELOCITY CM/SEC) 

0.1 • 0.5 • 5 • 
p HOW IS THE FINAL DATA STORED? 

MAGNET! C TAPE 

I I I 

PUNCHED CARD 
PAPER TAPE 
CMUTER DISK -BREAKDOWN OF MAGNETIC TAPE RECORDING 

Q WHAT FORMATS ARE USED FOR FINAL 
MAGNETIC TAPE RECORDS? 
•DENSITY CBPI> 

200 • 556 
800 

1600 • e NU..SER OF TRACKS 
7 
9 

•LENGTH OF FILE CWORDS> 
120 I 
128 • 200 I 
320 I 
325 I 
900 I 

1.536 I 
45.375 I 
2 x 106 I 
VARIABLE 
CARD IMAGE I 
ENTIRE CRUISE I 
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• NlllBER OF SCANS PER Fllf 
Cl SCAN • DEptH. TSIPS SALi DEPTH. 
TSIP. SAL. s/v. ETC. 

l 
3 

32 
64 

200 
256 
500 

1.000 
UP TO 3.000 
ss.ooo 
VARIABLE 
CCIRETE STATICll 
CIJl>LfTE CRUISE 

• NlllER OF CHANNELS PER SCAN 
3 
4 
5 
9 

12 
VARIABLE 

R lllAT PARAPETERS ARE RECORDED? 

SALINITY. TElffRATURE. IEPTH 
SALINITY. TElffRATURE. IEPTH. TllE 
SALINITY. TElffRATURE. IEPTH. OXYGEN 
SALINITY. TElffRATURE. IEPTH. CJt 

0 

I 
I • I 
I 
I 
I 
I • I 

• I 

• I 
I • 

SALINITY. TEflPERATURE. IEPTH. SOUND VELOCITY 

10 

SALINITY. TElffRATURE. IEPTH. NEPHELil£TER, TllE 

SALINITY. TElffRATURE. IEPTH. CJt. SOUND VELOCITY 

20 

SALINITY. TElffRATURE. IEPTH. Oj. OXYGEN. SOIMll VELOCITY 
SALINITY. TEJllERATURE. IEPTH. NUTRIENTS. MBIENT LIGHT. BIOMSS 

NllllER 
30 

CHART 5 CONTINUED 

40 

0 

• I 
I 
I 
I 
I 
I 
I 

so 

NllllER 
10 

60 

20 

33 
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34 

SALINITY. TEMPERATURE. PRESSURE 
SALINITY. TEMPERATURE. PRESSURE. TIME 

SALINITY. TEMPERATURE. PRESSURE. OXYGEN 

SALi N ITY. TEMPERATURE. PRESSURE. a, 
CONDUCTIVITY. TEMPERATURE. DEPTH 

CONDUCTIVITY. TEMPERATURE. DEPTH. SOUND VELOCITY 
CONDUCTIVITY. TEMPERATURE. PRESSURE. OXYGEN 

CONDUCTIVITY. TEMPERATURE. PRESSURE. Oj 
CONDUCTIVITY. TEMPERATURE. PRESSURE. SOUND VELOCITY 

CONDUCTIVITY. SALINITY. TEMPERATURE. PRESSURE. TIPE 

CONDUCTIVITY. SALINITY. TEMPERATURE. PRESSURE. SOUND VELOCITY 

SALINITY. TEMPERATURE. PRESSURE PERIODS. CORRECTED & UNCORRECTED VALUES. 
e.ae 

SALINITY. TEMPERATURE6. OBSERVED & CORRECTED DEPTH. MEASURED & CCW'UTED 
SOUND VELOCITY. o,. 

CHART 5 CONTINUED 

NUPIBER 

0 10 20 

I 
I 
I 
I • I 
I 
I 
I 
I 
I 

I 

I 
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NOTES TO CHART 5 - DATA REDUCTION, PROCESSING & STORAGE 

A. The finaZ reaord of an STD station, suitable for 
submission to a data bank, wiZZ vary in quality 
depending on the sourae of the data. Users without 
shipboard or seZf-aontained digital reaording 
generaZZy digitize their strip-ahart analog reaords. 
Digital reaords aan be operated on direatZy to per­
form the nezt stage of data reduation, normally a 
aonversion to oaeanographia units, foZZowed by 
aorreation to at-sea or other aaZibration standards, 
smoothing and "despiking." 

B. Not Zess than 30 different aomputers are used by STD 
people to reduae their data. The most frequently 
used aomputers are various models of IBM, CDC and 
HewZett-Paakard. 

C & D. A number of users do their finaZ data reduation 
aboard ship with "mini-aomputers" generaZZy being the 
most popular for this job. 

E. Fortran is the most frequently used programming lan­
guage for STD data reduation. 

F. Most users feet that the downtraae of an STD reaord 
is the most representative part of the reaord to use 
for their finaZ data (quite frequently due to time 
aonsiderations, the STD is turned off during the 
uptraae so that it aan be raised at mazimum speed). 
Many people use both downtraaes and uptraaes for their 
finaZ reaord. 

G. FinaZ data is usuaZZy reaorded in the form of tempera­
ture, salinity, eta., at aertain depth inarements, 
muah Zike standard hydrographic-cast data. One ZeveZ 

35 

of data per meter is the most often used interval, but 
the range varies widely with some users reducing their 
data to standard ZeveZs and others to "observed" ZeveZs 
whiah wiZZ vary due to changes in droprate and reaording 
rate. 

H. Almost aZZ users apply aorreations to raw STD data from 
at-sea aaZibration data. 
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NOTES TO CHART 5 - DATA REDUCTION, PROCESSING & STORAGE (continued) 

I. Less than half the responders record correction data 
on their final record - an important piece of infor­
mation that is required to evaluate the veracity of 
the STD data (CHART 6D). 

J. Smoothing techniques are frequently employed, a 
running mean being the most frequently used method. 
Various types of noise appear on STD records: 

(1) transients (spikes) in the salinity trace 
caused by the long time constant of the 
compensating thermistor as the STD is 
lowered through a strong temperature 
gradient; 

(2) various types of electronic noise caused 
by slip-rings, sea-cable, vibration, 
underwater connectors. These are occasional 
spikes that can occur anywhere in the record 
on any or all parameters, usually tending 
towards zero; 

(J) noise introduced by inadequate digitizing 
techniques, e.g., counting too few periods 
of a sensor's output frequency. Many users 
either do not want all the data on their 
raw-data record in the final record, or 
want their final record in even increments 
of depth or pressure. 

K & L. Despiking routines to eliminate noise from sources 
(1) and (2) are used by over half the responders. The 
routines used to-date for correcting for (1) are not 
accepted by all users and this problem constitutes 
one of the most serious types of error occurring in 
systems that compute salinity in situ (and to con­
ductivity systems when salinity is to be computed for 
the final record). Several users employ a sliding 
data "window" which will correct for spikes of type 
(2), but this too is difficult to apply as genuine 
gradients in the ocean may well be as great as the 
"gradients" of the spikes. Hand-smoothing is often 
employed, particularly in digitizing analog strip­
chart records. 
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NOTES TO CHART 5 - DATA REDUCTION, PROCESSING & STORAGE (continued) 

M. Most users round-off their data to a significant 
decimal digit for presentation of their final record. 

N. The precision of the final data varies considerably 
among users - somewhat reflecting the precision of 
the particular instrument used to generate the data, 
the number of significant digits to which the data 
is rounded, and the limitations of digitization 
techniques (e.g., a 0-6000 m depth sensor digitized 
to 1 part in 10 4 wilt have a precision of 0.6 m no 
matter how finely the data is sampled). 

O. The users estimate of the absolute accuracy of his 
final data is of great interest to NODC to evaluate 
and code archived data. The shape of the histograms 
show somewhat less than Gaussian distribution. For 
salinity, the very wide "skirts" of the histogram 
curve reflect the general Zack of confidence in STD 
salinity data. The slightly better shape of the 
temperature histogram shows a distinct peak at 
to.02°c, white the complete Zack of shape to the 
depth histogram is caused by the large variation in 
ranges covered by different users' pressure sensors. 
Of course, att these curves are affected by some 
STD systems being, by design, less accurate than 
others. 

P. The method of storing final data by the user is of 
prime interest to NODC in converting STD data to a 
standard format for archiving. Most people use 
digital magnetic tape as the physical mode of 
storage. But, approximately one-half again use 
punched card data which form represents about the 
easiest way of transferring data from user to NODC, 
in a format sense, although many hundreds of punched 
cards may be necessary for each STD station. NODC 
prefers magnetic tape to punch cards. Most of the 
questions here were directed to magnetic-tape users 
although quite a few people use paper tape. 
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NOTES TO CHART 5 - DATA REDUCTION, PROCESSING & STORAGE (continued) 

Q. Magnetic-tape formats: most data is stored on ?-track 
tape at 800 BPI, but an incredible variety of methods 
is employed for arranging files, channels of data, 
stations, and cruises within the data tape. The 
length of file which (unless the question has been 
misinterpreted) would create some difficulties for 
NODC if it exceeds 35k bytes in length. Within each 
file of data there may be several scans (depth inter­
vals) of STD information, i.e., a user may record 32 
levels of depth, temperature, salinity, etc., within 
one file. The answers varied from 1 to 55,000, to 
one station to one cruise per file. Again, the 
majority of people said the number of scans per file 
was variable. Within each scan there wilt be several 
channels (e.g., depth, temperature, salinity, would 
be 3 channels). This varied from 3-12 channels, with 
3 and 4 being ~ost often used. 

R. A great variety of parameters is recorded by different 
users on their final record, with salinity, tempera­
ture, and depth being by far the most frequently re­
corded. 
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SUB'11SSION OF STD DATA TO NODC 

A DOES USER SUBl11T STD DATA TO NODC? 
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PLAN TO 
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BODS 
NDC 

NO 

8 I F NOT. WHY NOT? 
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SOFTWARE PROBWIS 
IN-HOUSE USE OF DATA 
STD IN DEVELOP!f:NT 
STD CALIBRATION PROBWIS 
DO NOT KNOW HOW 
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PERSONNEL SHORTAGE 
INFREQUENT STD USER 

0 

---I • 
--• • • • • • • I 

C: WHAT COltlENTS DOES USER HAVE ON SUB'11SSION 
OF STD DATA TO NODC? 
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e NODC ARCHIVED DATA SHOULD INCLUDE: 

SMOOTHED DATA AT 1-211 INTERVALS • 
INFLECTION POINTS I 
STANDARD DEPTHS C99 OR LESS> -RAW DATA • 
TEMP. TO o.001·c: SAL. TO 0.001°1001 
TEMP. TO 0.01 "C: SAL. TO 0.001°1001 
SUPPORTING DATA & ORIGINATOR'S 
COMNTS -• ORIGINATOR'S ESTIMATE OF ACCURACY 
ORIGINATOR'S STD PROGRAMS I 
CONDUCTIVITY DATA CONVERTED TO I 
SALINITY 
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D 
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e NODC SHOULD NOT ARCHIVE: 
STANDARD DEPTHS I 
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PROVIDE STANDARDIZED RECORDING 
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WHAT ARE THE MINIMUIVOPTlllJll CONDITll*S 
THAT WOULD HAVE TO BE MET/SPECIFIED 
BEFORE YOU WOULD TRUST SOMEl*E ELSE'S 
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RESEARCH? 
•WOULD REQUIRE KNOllLEDGE OR 

DOCUMENTATII* OF: 
CALIBRATll* <PARTICULARLY AT-SEA 
CALIBRATION> PERFORMED 114 DATA 
DATA REDUCT!!* TECHNIQUES 
SCIENTIST RESPl*SIBLE FOR COLLEC- -TING DATA 
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NOTES TO CHART 6 - SUBMISSION OF STD DATA TO NODC 

A. Presently, the majority of STD users do not submit 
STD data to NODC. Foreign users submit data to 
their own data centers (CODC = Canadian Oceanogra­
phic Data Centre, BODS = British Oceanographic Data 
Service, NDC = DOD (National Data Centre, Hamburg). 

B. Users which did not submit their data to NODC, 
explained that it was mostly due to computer soft­
ware problems, Zack of knowledge, funds, or capable 
personnel to put the data into some form suitable 
for submission. 

C. When asked for general comments on submission of 
STD data to NODC, most users declined to comment. 
Of those that commented, there seems to be a diver­
sity of opinion as to how and what data shouZd be 
stored at NODC and what NODC should provide to aid 
the STD user in submitting his data. 

D. The question, "What are the minimum/optimum condi­
tions that would have to be met/specified before you 
would trust someone else's STD data enough to use it 
in your own research?" produced the overwhelming 
response that information on what calibration, 
particuZarZy at-sea calibration, was performed on the 
data would be necessary before other people's data 
wouZd be used. This was foZZowed by inquiries about 
what data reduction techniques were used and which 
scientists were responsible for coZZecting the data. 
Two responders said they wouZd not accept other 
people's STD data at aZZ. 
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CHAPTER 3 

SURVEY OF STD SECormARY USERS 

A number of potential secondary users of STD were asked 
about their requirements for STD data. Nearly all reported 
that the quality of the STD data strongly depends on the 
collector. 

*Credibi Zity may be characterized by the reputation 
of the experimentaZist in the scientific community, 
by the reasonableness of the experimental set-up, 
by the Peputation of the pPimary sensoPs used and 
by the PeasonabZeness of the prepPocessing tech­
niques appZied to the acquiPed data. Documentation 
concerning each of these four points must accompany 
the data. 

Documentation is always necessary in any data collection program 
for proper evaluation of data, but it is especially true when 
collection and processing methods vary such as with STD data. 

Many of the secondary users want an NODC or collector's 
evaluation of the data. 

*I might suggest that aZong with the digitaZ file 
containing the station information you include a 
quality index: on a scale of O to 5 for instance. 
Thus, the researcher would have some idea of how 
weZl the STD matched or was "massaged"·to coin­
cide with independent observations at various depth 
intervals (i.e., a Niskin sampler), just at the 
surface or not at alZ. 

* Individual replies to the questionnaire 
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However, the basic information to permit data evaluation 
should be supplied to the secondary user. 

*It is that user's responsibility to apply further 
filtering with regard to time and space (structure) 
intervals consistent with his own analysis. The 
use of the classic depth spacing of ZO, 20, 30, 50, 
?5, ZOO, etc. meters as standards seems to be 
irrelevant to STD observations. 

The ability of the STD to define features of little 
vertical extent in the water column which may be significant 
processes on a wide range of scales requires special atten­
tion by NODC. Also, NODC must permit much flexibility in the 
formats used in supplying STD data. 

*Because it is sometimes hard to decide which 
maxima and minima are major (the decision will 
vary from problem to problem), we should be 
able to call out data digitized at quite close 
intervals - down to a meter, I suppose, in the 
good records. But printing these out and 
looking at the columns is expensive and time­
consuming. This is where a xerox of the indi­
vidual records would be useful. This may be more 
expensive than tape but may serve far better for 
searching. 

Some general remarks that were made regarding the needs 
of the secondary user follow. 

Many of the secondary users of STD data require equivalent 
series-cast data, as may be needed in the case of preparation 
of standard oceanographic atlases or for large-scale water-mass 
distribution studies. The standard-level listing would be 
satisfactory. Some users, however, may use the STD's special 
capability by requiring data points at maxima or minima in the 
temperature and salinity distribution within the water column, 
by noting the depth of abrupt gradient changes, or noting the 
thickness of various layers. In this case, the secondary user 
requires the standard-level data points to be expanded to 
include not only the standard-level data but also extrema, 
inflexion, and gradient change data points. Such an expanded 

* Individual replies to the questionnaire 
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standard-level data listing will meet the requirements of 
the great majority of secondary users. 

Many of the primary collectors of STD data have as their 
research objective the study of the fine structures and mixing 
processes rather than larger-scale thermohaline structure. The 
data are carefully collected to meet the requirements of the 
collectors. The secondary user interested in such studies 

I 

usually contacts the collector directly to learn about the 
details of the data collection and processing. The accumula­
tion of high quality STD data which could be used for fine 
structure work suggests that NODC should archive and supply 
the secondary user with closely spaced data points for such 
data. When such data is used by a secondary user, heavy docu­
mentation with regard to methods of collection and processing 
are necessary. The number of secondary users requiring closely 
spaced STD data may at first be limited but as STD operations 
become more routine, and the records become more noise-free, 
the use of closely spaced data-point listings will increase. 

The secondary user requires data in a number of formats. 
Magnetic tape or cards with a listing is generally required. 
In the case of closely spaced data points, an analog trace 
would be desirable. A cathode-ray tube display capability 
would be useful. 
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CHAPTER 4 
RECOM.MENDATIONS 

This chapter outlines specific recommendations to NODC 
with regards to: techniques which yield results suitable for 
secondary users; interfiling of data collected using different 
techniques and recording systems; filtering and/or compression 
methods to be applied after receipt of STD data; and, infor­
mation needed by secondary users of STD data regarding data 
collection methods. 

RECOMMENDED TECHNIQUES WHICH YIELD RESULTS 
SUITABLE FOR SECONDARY USERS 

At-Sea Standardisation - For at-sea standardization, it 
is recommended that: 

1. Sufficient classical data points be collected at sea 
with all STD stations to achieve Nansen-bottle accuracy at all 
points. This should require at least 6 (but preferably 10) 
classical data points throughout the water column for a deep 
(surface to 4000 m) STD station; and 2 or 3 data points for a 
shallow (less than 1500 m) STD station. 

2. Classical data points be taken in close proximity to 
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the STD sensor package so that the effects of temperature and 
salinity gradients are slight when compared to the accuracy of 
the classical data points. This is best achieved in homogeneous 
zones, where the ship's motion will not cause large variations in 
STD output when transmitted to the sensor package during 
collection of bottle and thermometer data. 

3. Classical data points be obtained at a sufficient 
number of depth levels to define correction curves which are 
often non-linear (Figure 1). 

4. Each STD station, if possible, be standardized to 
correct for temporal drifts of sensor output. 
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Figure 1. STD calibration data from 40 stations taken on 
R/V ATLANTIS II Cruise 68, 1972. (a) Difference between 
thermometric depth from SAMS thermometers and STD depth 
from manufacturer's linear depth/frequency relationship 
(~D) plotted as a function of thermometric depth. (b) 
Difference between SAMS salinities (determined with lab 
salinometer) and STD salinity from manufacturer's linear 
salinity/frequency relationship (Lls), plotted as a function 
of STD depth. 
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5. Classical data points used in standardization be 
obtained during the profile which is being standardized, e.g., 
data points collected during the descent of the sensor package 
through the water column (descent profile) be used to correct 
the descent profile. 

Data CoZZeotion Teohniques - For data collection techniques, 
it is recommended that: 

1. The lowering rate of the STD sensor package be slow 
enough to enable definition of structures in the order of meters. 
This is dependent on the time constants of the sensors, the 
motion of the ship, and the thermohaline gradients. However, 
the lowering rate must not be so slow as to degrade the resolution 
by poor flushing of the conductivity sensor. 

2. As a general rule, a rate of 20 to 30 m/min be used for 
high gradients (as thermocline zones), 40 to 60 m/min for moderate 
gradients, and 60 to 80 m/min for low gradients (the desirable 
lowering rate will depend somewhat 9n the type of sensor used). 

INTERFILING OF DATA COLLECTED USING DIFFERENT TECHNIQUES AND 
RECORDING SYSTEMS 

STD Data FiZes at NODC - It is recommended that a file of raw 
data .from the originators' digital data acquisition systems not 
be maintained at NODC, but that files of STD data that fall into 
the following categories be archived at NODC: 

1. Ultra-High-Resolution Data File. This is a specialized 
category which contains data collected by microstructure probes that 
record on digital magnetic tape with data intervals less than 1 
meter. Since the usefullness of such a file is not clear and the 
potential size of storage facilites is so great, it is recommended that 
only a listing of the availability of such a file, by the originator, 
be maintained at NODC. 

2. High-Resolution Data File. Data falling in this category is 
obt~ined from STD systems that record eith on-deck or internally on 
digital magnetic- or paper-tape (preferably on magnetic tape). Depth 
intervals will range from 1 to 5 meters. 

3. Low-Resolution Data File. Data falling in this category is 
collected form systems that record on-deck or internally on strip­
chart analog records. The data submitted to NODC is digitized from 
these analog records at variable depth intervals, usually in excess 
of 5 meters. 

Allocation of data to a particular file depends on the resolution 
of the data collected. Resolution is a function of the interval to 
which the data is, or can be, digitized and hence is a function of 
recording method and type of sensor used. 
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Therefore, it is not always possible to rigidly classify all 
types of STD data in this manner: e.g., with careful 
digitization techniques, strip-chart analog records could be 
digitized at sufficiently close intervals to enable their inclu­
sion in the High-Resolution File. 

The accuracy of the data in any of these files will be 
dependent on the techniques used to collect the data, the 
quality and quantity of at-sea standardization of data 
collected, and the type of sensor used. 

Two other important files will be maintained by NODC: 

4. Expanded Standard-Level Data File. Data in this file 
may be gleaned by NODC from any of the foregoing files and is 
compatible with the serial hydrographic data already archived 
at NODC. The originator may interpolate in-house and 
submit only the standard-level synopsis of his STD 
data. The depth interval is similar to NODC's standard levels, 
except that, due to the continuous nature of the original 
record, the maximum interval will be no more than 100 meters. 
This file may well be that most frequently requested by the 
secondary user and it is essential that it be incorporated 
into NODC's serial hydrographic cast files. The expanded 
standard-level data from most STD stations will be of comparable 
length to the serial-cast data as there will be no regular 
"observed levels" to file with them. It is important, however, 
that observed data from bottle samples collected with the origi­
nal STD station for standardization or other purposes, be con­
tained in the Expanded Standard-Level Data File and indicated 
as such. Any chemical data obtained this way should also be 
included. 

5. Compressed Data File. It may become impractical for 
NODC to maintain all of the data submitted for the Ultra-High, 
High- or Low-Resolution Files. Some method of compression will 
be necessary in the interests of economy and space. Some 
originators will already have compressed their data by digitizing 
analog records to include only inflection points. 

Format of STD Data Submitted to NODC FiZes - It is 
recommended that: 

1. The preferred source of the STD data be that obtained 
from the descent profile. 
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2. Representation of STD data submitted to NODC be in 
character form, either on 7-track BCD (binary coded decimal) 
or 9-track EBCDC (expanded BCD). This applies particularly to 
high-resolution data. 

49 

3. Digitized analog records or expanded standard-level data 
interpolated by the originator may be more easily submitted on 
punched cards in the usual NODC serial-cast format. 

0 
4. Units used be degrees centigrade ( C), parts per thousand 

( 0 /oo), meters (m), meters per second (m/sec), milliliters per 
liter (ml/l), millimho per centimeter (mmho/cm), and microgram­
atoms per liter (Ug-at/l) for most chemicals. Pressure units 
(decidar) may be used rather than depth (meters). If meters are 
preferred the values used in the conversion of pressure unit must 
be given. 

5. Temperature be reported to o.001oc, salinity to 
0.001°/00. Although the last place may not be compared with 
other stations' data it would have some internal precision 
significance. 

6. Calculated parameters be sigma-t (at)' sound velocity 
(V), specific volume anomaly (6), dynamic depth (D), and 
potential temperature (Tp>· 

Documentation Submitted by Originator - It is recommended 
that documentation supplied by the originator, in addition to 
the usual header information (station location, ship, cruise, 
time, etc.) to NODC include: 

1. Source of data (digital magnetic tape, digitized 
analog record, etc.). 

2. Type of STD instrument~ type and number of sensors and 
serial numbers. 

3. Profile submitted (descent or ascent profile). 

4. Lowering rate(s). 

S. Number of classical standardization points collected. 

6. Methods of collecting standardization data (multi­
sampler, Nansen-bottles on same/separate cable, etc.). 

7. All classical data collected with the particular 
station by multi-sampler, Nansen-bottles, etc., including 
chemical data. 

8. Corrections applied to the final data. 
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9. Methods of smoothing, "despiking," filtering. 

10. Any unusual circumstances that may have a bearing 
on the accuracy of the data. 

FILTERING AND/OR COMPRESSION METHODS TO BE APPLIED TO STD 
DATA BY NODC 

FiZtePing - Filtering generally implies a removal of 
certain parts of the data. In the case of STD data, spikes 
that may be caused by instrumental "noise" or mismatch of sensor 
time constants are removed. Included under this heading may also 
be smoothing and interpolation techniques which many col­
lectors apply to their raw data to produce final data at even 
depth increments. For filtering it is recommended that: 

1. Filtering to remove spikes caused by instrumental 
"noise" or mismatch of sensor time constants be performed 
by the originator and not by NODC. 

2. Interpolation and smoothing techniques applied 
to raw data to produce final data at even depth increments 
be applied by the originator and not by NODC. 

NODC has had much experience in interpolating serial 
hydrographic data using Lagrangian techniques to produce 
standard levels. In general, STD data submitted to NODC to be 
placed in the Expanded Standard-Level Data File will have 
data points close enough to allow a linear interpolation method 
to be used· However, Lagrangian methods may still be necessary 
in dealing with digitized analog records whose intervals will 
not be evenly spaced. Therefore, it is recommended that: 

3. Data coming from Ultra-High or High-Resolution Files 
be linearly interpolated by NODC for inclusion in the Expanded 
Standard-Level File. 

4. NODC apply Lagrangian techniques where necessary in 
dealing with digitized analog records whose intervals will not 
be evenly spaced. 

CompPession Methods - Data compression means the elimina­
tion of data points that fall between maxima and minima in the 
original data record. This method enables NODC to efficiently 
store large volumes of STD data. The criterion that determines 
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the compression method to be used is that the original record 
can be reconstructed from the compressed record without intro­
ducing errors more significant than the precision of the original 
data. Therefore, it is recommended that: 

1. NODC apply the compression method that was recommended 
by the NODC/NASCO STD Workshop of September 16-18, 1968, and 
subsequently the ICES Recommendations. 

2. Compressed data be separately filed, as explained in 
the section on Compressed Data File. 

TYPES OF QUALITY-CONTROL PROCEDURES TO BE APPLIED BY 
NODC AFTER RECEIPT OF STD DATA 

For quality control procedures, it is recommended that: 

1. Quality-control procedures be applied by the originator 
of the STD data and not by NODC. 
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2. NODC develop a quality-control indicator system. This 
system should be based on information supplied by the originator 
as listed in the section on Documentation Submitted by Originator; 
such as, if no classical data points were collected, or if the 
data points were obtained from bottles on a cast separate from 
the STD or during a different profile from that being corrected, 
the STD data will still be archived, but with appropriate quality 
indicators. These data-points are still of value; although it 
would be the secondary user's responsibility to judge the suitability 
of the listing in regard to his own needs. 

INFORMATION NEEDED BY SECONDARY USERS OF STD DATA REGARDING 
DATA COLLECTION METHODS -

It is recommended that the secondary user be supplied by 
NODC with all of the pertinent documentation submitted by the 
originator of the STD data. This will allow the secondary user 
to evaluate the data's suitability for his own needs. 
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