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Chapter 4 Hydrographic Data Formats

4.1 Data Files

Each expedition participating in the WOCE hydrographic programme should produce three
to five data files documenting the water sampling. Additional files containing the underway
data sampling are also needed, and these are described in Chapter 5. These files are requested
from the chief scientist six months after the end of each cruise:

Final Cruise Report

The first file is the cruise report text (—.DOC) documenting the events of the cruise,
including an expanded and completed version of the previously submitted chief scientist's
report, station inventory, a description of problems encountered during the cruise, and sections
from all the various investigators describing their techniques and instrumentation, constants
used, calibration and blank data, and pertinent references including the underway data. Chief
scientist’s reports are described in Section 3.2.2 on page 27 and an outline for the —.DOC file
is given in Table 3.4. A sample —.DOC file is provided as Appendix C. A standard reporting
protocol for measurements is given in Appendix D. Thorough and consistent documentation is
considered an essential part of every WOCE cruise and it is requested that the outline in
Table 3.4 on page 28 be followed.

It is suggested that much of the —.DOC file information be assembled during the cruise.

Station Positions

The second data file is an updated and corrected station summary (—.SUM) file as
described in Section 3.3 on page 29. An example of a —.SUM file is given in Table 3.5. All
station location and time information is contained in the —.SUM file.

This file should be assembled as the cruise progresses.

Bottle Data

Normally, the third data file (—.SEA) contains the results from al/l the small volume water
sample measurements made during the cruise. The format for the water sample data is
described in Section 4.3. Columns, and a quality flag, for every WOCE parameter measured on
the cruise should be included in the —.SEA file even though some of the data may be delayed
(quality flag = 1). Parameters other than the WOCE ones may be included in the —.SEA file at
the option of the chief scientist. That option is recommended if the WOCE parameters, for
example, salinity and temperature, are necessary to evaluate the supplemental measurements

S0 as to provide all the available data in a single file.
Quality flags are optional for non-WOCE parameters.
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A template for the —.SEA file should made before the cruise and the data added as
cruise progresses. The WHPO can provide such a template after receipt of a cruise plan.

All participating Pls should be given a copy of the preliminary — .SEA file at the end of the
cruise.

CTD Data

The fourth set of data files, described in Section 4.4, contains the CTD data from the cruise
as well as a quality word for each record showing the investigator's evaluation of their dat,
quality. It is expected that CTD data will be reported in a uniform pressure series in order of

increasing pressure with a pressure resolution of 2 dbar. Quality flags are required for )
WOCE CTD parameters, but are optional for others.

Due to the volume of the CTD data, it is a fairly common practice to record the CTD data
from a single station on a single file. If the CTD data are sent to the WHPO on tape it may be
possible to fit" all the individual CTD data files from a cruise on a single tape or, alternatively,
floppy disks containing the CTD data for a small number of stations may be submitted. Data
may also be sent to the WHPO via ftp (see Appendix A).

CTD data are also subjected to the DQE process.

Software programs are necessary to format CTD data. Please contact the WHPO for help if
you don’t have them.

Data from Large Volume Water Bottles

If large volume sampling is done on the cruise then a fifth data file is expected from the
chief scientist, or designated individual, containing the data from the large volume water
samples. The format for the large volume water sample data is described in Section 4.3.1 on
page 42.

As with the —.SEA file, a template should be made before the cruise and data added as the
cruise progresses. An inventory of samples is necessary in the —.LVS file as well.

Underway Data

Additional files for any underway data should also be submitted following the guidelines
given in Chapter 5.

Data Quality

Investigators are expected to evaluate the quality of their measurements and record their
assessment in a quality flag as part of the data record (see Section 4.5). The data are later
independently evaluated by data quality evaluators (DQEs), who assign a second quality flag
to the record for each measurement. The DQE quality flags are made available to the Pls
involved with the data, but are not released with the final data set. A summary of the DQE
findings are published with the data report.

1. Data compression and transmission programs the WHPO can decode are listed in Appendix E.
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4.2  Water Sample Identification

If a u.mform, global hydrographic data set is to be compiled during WOCE it is axiomatic
that the ime al?d physical location where every sample in the data set was taken be accurately
known and uniquely identified. In order to accomplish this we have evolved the following
scheme:

First, each cruise in the data set is given a unique identifier, the EXPOCODE defined in
Section 3.3 on page 29. The EXPOCODE must appear in every file [DOC (Section 3.2 on
page 27), —SUM (Section 3.3 on page 29), —.SEA and —.LVS (Section 4.3 on page 38),
—.CTD (Section 4.4 on page 49), and etc.] submitted to the WHPO or other WOCE Data
Assembly Center (DAC).

Secondly, each station on a cruise must be given a unique (alphanumeric) identifier. Repeat
and time series cruises often use the same station number (STNNBR) on sequential cruises and
that presents no difficulties as long as each cruise is given a unique EXPOCODE. In order to
gauge the accuracy of the station position we ask that position, time, and the uncorrected depth
be given in the—.SUM file for the beginning, bottom, and end of every hydrographic cast.
That allows an estimate of the drift of the ship and whether or not the ship drifted across
significant topography during the station. When unique coordinates are required for the station
position the bottom time is normally used.

The third identifier in the string is a cast number (CASTNO). For the sake of uniformity we
ask that at each station on each cruise the cast numbers begin with 1, and each over the side
operation be given a separate cast number. If a station is reoccupied later during the same
cruise, and the same station number is used, the cast numbers should increment upward from
the last cast number at the same station. In no case should the —.SUM file contain the same
STNNBR and CASTNO on the same cruise. STNNBR and CASTNO appear in all —SUM,
—SEA, —.CTD, and —.LVS files submitted to the WHPO and must be used consistently in
each file in which they appear. For purposes of the WHP database the —.SUM file is used as
the key and the other files are tied to that key by EXPOCODE, STNNBR, and CASTNO.

The fourth identifier in the string is the sample number (SAMPNO). Many groups use the
sample number to identify the rosette position of the bottle from which water samples are
drawn while on deck. Other groups are using schemes where unique and consecutive sample
numbers are printed on sticky labels before the cruise. For each bottle sampled, an identifying
number is assigned and identical multiple labels are printed beforehand to allow this same
number to be attached to each and every subsample drawn from the bottle and, thus, track the
sample collection bottles as well. Other schemes are possible and useful. Whatever scheme is
used it is critical that the same numbering scheme be used by all participants on the cruise.
Great confusion arises if one group uses one sample numbering scheme and another group uses
a different one on the same cruise (as has happened). Water samples are analyzed at various
times and places, sometimes years after the cruise, as is the case with AMS '*C and
helium/tritium samples, for example. Inconsistent identification of the bottle from which the
sample was drawn can make it difficult, if not impossible, to merge the various measurements
into the database when the data are finally assembled either by the chief scientist or the
WHPO.

In summary, each bottle sampled should be identified by a combination of EXPOCODE,
STNNBR, CASTNO, and SAMPNO. This combination must be capable of uniquely
identifying every water sample collected throughout WOCE. Also, for uniqueness, these
identifiers must be composed only of numbers and UPPERCASE letters and cannot contain any

embedded blanks.

4 WOCE
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For —.SEA and —.LVS files the bottle number (BTLNBR) is also required in order tq
uniquely identify the particular device used to collect the water sample. The bottle numpe, is
defined as: (1) the permanent, unique serial number (alphanumeric) stamped or engraveq on
the barrel of the bottle from which the water samples are drawn or, alternatively, (2) as 4
unique alphanumeric identifier assigned to only that device over the duration of the expedition
A unique serial number can be useful because it allows a group to track repairs and parts
replacement for individual bottles. Note that for every water sample, the BTLNBR has gy,
associated quality flag in the WHP data format to indicate problems associated with the
sampling device that were noted either at the time the samples were drawn, or found during
later analysis. The combination of BTLNBR and its quality flag allows ‘problem’ bottles to be
identified and tracked. For example, individual bottles may leak chronically, may contaminate
the samples being taken, e.g., chlorofluorocarbons, or may consistently mistrip or otherwise
malfunction. Such bottles are usually discovered early in a cruise and replaced on the rosette
for that cruise. However, the defective bottles may subsequently be reused on following legs
with different personnel, but using the same equipment, if a replacement bottle is needed.
Hence, users are urged to maintain a tracking capability transferable to other cruises. If no
manufacturer’s serial number is available for the sampling device, identifying numbers may be
stamped on the bottle.

4.3 Water Sample Data Format (—.SEA and —.LVS)

In order to assemble a uniform global data set it is essential that all data be reported in
consistent units to uniform standards with records containing the same information and
following the same naming conventions. In order to approach that goal it is requested that
standard formats be used.

The following formats are the end result of considerable debate within and external to the
WHPO and the WHP Planning Committee. They are unlikely to satisfy everyone, but should
provide the WHPO and, hence, the WOCE Hydrographic Programme with reasonably
consistent data sets from a diverse community. The — SEA and —.LVS files defined here are
basically a list, or matrix, of all parameters measured from the water bottles and indexed by the
quality flags, which define what is measured from each bottle and how well it was done.

It is the responsibility of the chief scientist for each cruise to assemble and submit all of the
data from a WHP cruise as only they know what measurements were made and where they
were made. Most WHP data should be sent to the WHPO (see Table 1.1 on page 4). The
WHPO will gladly provide any advice or assistance within our power to help in cruis
documentation and data assembly.

The WOCE water sample data format is not intended to be storage efficient, but, rather, (©
be portable and self-documenting. Cruise and position information for each cast are given 1
the —.SUM file and are cross-referenced with the — SEA and —.LVS files by station number
(STNNBR) and cast number (CASTNO). One water sample record is required for each bottle
on each cast. Table 4.1 shows the format for each individual small volume water SamPle
record. A column for every parameter (and error estimate if applicable) measured on the cruise
must be included in the —.SEA (or —.LVS) file. The process seems to work best if a template
with all of the requisite columns included is prepared prior to the cruise and as much data a3
possible from each station is added to the file during the cruise.
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TABLE 4.1: WHP small volume water sample record format description
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Parameter
Number*

0O O\ B W —

[ S
oo

10
11
12
13
15
17
20
n+14
n+x

10
11
12
13
17

Column Headings

Parameter
Mnemonic

STNNBR
CASTNO
SAMPNO
BTLNBR
CTDRAW
CTDPRS
CTDTMP
CTDSAL'
CTDOXY'
THETA
SALNTY!
OXYGEN
SILCAT
NITRATS
NITRITS
PHSPHT
CFC-11I°
CFC-12°
CFCI113
CCL4
REVPRS
REVTMP?
TRITUM?
HELIUM
DELHE3?
DELCI4*
DELC13?
ARGON
NEON?
018/016°

1

l

Mnemonic

DBAR
DBAR
ITS-903
PSS-785
UMOL/KG
DEG 3
PSS-785
UMOL/KG
UMOL/KG
UMOL/KG
UMOL/KG
UMOL/KG
PMOL/KG
PMOL/KG
PMOL/KG
PMOL/KG
DBAR
ITS-90
TU
NMOL/KG
PERCNT
/MILLE
/MILLE
UMOL/KG
NMOL/KG
/MILLE

Additional parameters may be added as needed. If a parameter number and mnemonic
are not given in Appendix G please contact the WHPO for the appropriate number in
order to avoid possible conflict with other investigators.

Units
Scientific

character
integer
character
character
decibar
decibar
°C (ITSgqp)
PSS-78
umol/kg
°C (ITSqq)
PSS-78
umol/kg
umol/kg
umol/kg
umol/kg
umol/kg
pmol/kg
pmol/kg
pmol/kg
pmol/kg
decibar
°C (ITSgp)
TU’
nmol/kg
o

0/00

0/00
pmol/kg
nmol/kg
per mille

Parameter
or see note no.
(Note 1)
(Note 2)
(Note 3)
(Note 4)
(Note 5)
Pressure
Temperalure3
Salinily]
Oxygen
(Note 6)
SaliniryI
Oxygen
Silicate
Nitrate®
Nitrite®
Phosphate
Freon-11™
Freon-12™
Freon-113™
Carbon tetrachloride
(Note 7)
(Note 8)
Tritium?
Helium?
Helium?
4Carbon 2
Bcarbon 2
Argon

Neon?
180/10 ratio?

Reporting Precision

Range

0,11000
0,11000
-2,35
0,42
0,500
-2,35
0,42
0,500
0,250
-0.1,47
-0.1,15
0,5
-0.1,15
-0.1,15
-0.1,1.5
-0.1,20
0,11000
-2,35
-1,100
1,3
-10,100
-300,250
-5,5
5,25
0,10
-5,5

Parameters requiring conversion factors or expected error data column

TRITER?
HELIER?
DELHER?
CI14ERR?
CI13ERR?
NEONER?

QUALTI
QUALT2

TU
NMOL/KG
PERCNT
/MILLE
/MILLE
NMOL/KG

2

TU’ Tritium
nmol/kg Helium?
% Helium?
0/00 Y4Carbon?
0/00 Bcarbon?
nmol/kg Neon?
Quality Words
none (Note 9)
none (Note 10)

FORTRAN
Format

A8
5X,13
1X,A7
1X,A7
1X,17
F8.1
F8.4
F8.4
F8.1
F8.4
F8.4
F8.1
F8.2
F8.2
F8.2
F8.2
F8.3
F8.3
F8.3
F8.3
F8.1
F8.3
F8.3
F8.4
F8.2
F8.1
F8.1
F8.2
F8.3
F8.2

F8.3
F8.4
F8.2
F8.1
F8.1
F8.3

mll + 1
mll + 1

Include a column for every parameter measured (or sampled for) on the cruise, including an error column
if applicable. Omit those parameters not measured on your cruise. One record is required for each water bottle
sampled on each cast. The individual water sample records are then compiled into a —.SEA file for submittal
to the WHPO. All WOCE parameters printed in BOLD require a quality flag in the quality word. BTLNBR,
CTDSAL, and CTDOXY also require quality flags in the quality word but the definitions for these quality
words differs from the water sample flags. Quality flags are optional for non-WOCE parameters. The first
data record in the —.SEA file is preceded by four header records defined in the formatting notes.

-

e —————
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7. Pressure as measured by reversing thermometers if used.
8. The temperature measured by reversing thermometers if used.

9. The quality word (the string of quality flags is referred to as a quality word) identifies the quality of the

10.The quality word used to define the quality assurance suggested by the DQE. The DQE quality word
(QUALT2) is the last variable in the final data set and is added by the WHPO after submittal of the —.SEA
file. The DQE quality assurance is independent of the chief scientist or cruise participant. QUALT? is only
used internally and is dropped from the data reports and the data sent to the WHP-SAC.

" CTD salinity and oxygen require quality flags whose definitions are given in Table 4.10.

- A sequential station number (alphanumeric). Station numbers must be unique for a cruise but may repeat on

- The cast number: 1 = Ist cast; 2 = 2nd cast on a single station. Every over-the-side operation on a station is

. The sample number assigned to all water samples drawn from a bottle (alphanumeric). Sample numbers may

. The permanent, unique serial number of the bottle (alphanumeric) from which the water samples are drawn.

. Optional: The nominal CTD digital pressure in decibars recorded at each bottle closure. When transformed

. The potential temperature at the time each bottle is tripped. At present it is necessary to calculate initially as

Data Formays

TABLE 4.1: WHP small volume water sample record format description

Footnotes

The parameter number defined here and in Appendix G is used in the station summary (f.SU-M file,
Table 3.5) to identify the measurements made at this station. If no parameter number is defined in
Appendix G for a measurement you wish to include please consult with the WHPO.

Temperature on IPTSgg scale must be used for calculating CTD Practical Salinity Scale (PSS-78) until a new
algorithm is developed.

This parameter usually requires shore-based analysis that may take up to 18 months or longer.

Temperature should always be reported using ITSg, temperature scale. If, however, the ITSq scale has not
yet been adopted at your institution then it is permissible to report temperature using the IPTSgg scale and
the WHPO will convert your data to the ITSg scale. If [PTS4q scale is used, change the mnemonic in the
header record to IPTS-68 rather than the default ITS-90.

Additional variables may be added. Units, precision, reproducibility (or accuracy if known), range, and
format must be included in the —.DOC file.

This mnemonic includes a hyphen (-). Some PIs report machine-dependent problems with the use of
hyphens. The WHPO will accept the data with or without a hyphen.

TU = Tritium units. 10'® times ratio of tritium atoms to hydrogen atoms.

Many investigators report the sum of nitrite plus nitrate. While it is preferred that they be reported
separately, the sum is acceptable if clearly labeled as such by the mnemonic NO2+NO3. The required
precision for the sum is 0.2% and the reproducibility is 1%. Range is —0.1 to 47 and units are pmol/kg and
the format is F8.2.

Notes on Table 4.1
subsequent cruises along the same section or to the same station for time series.

given a separate cast number. Cast numbers should start at 1 the first time a station is occupied on a cruise but
are not reset if the same station is visited more than once on the same cruise.

be unique for a cruise or reflect the position of the bottle on the rosette from which the samples were taken.
Sample numbers are usually sequential on a cast from the deepest bottle to the shallowest bottle. In any case
all groups must use the same sample numbering conventions.

Unless a bottle is changed on the rosette these numbers usually repeat from cast to cast and station to station.

by the pressure calibrations this number would yield the CTD pressure (CTDPRS) if no mistrip occurred.
However, CTDRAW is invariant regardless of calibration updates.

theta (IPTS4g) then convert to theta (ITSq).

measurements as defined by the investigators. All mnemonics printed in bold and assigned a parameter
number require one quality flag in the quality word for a total of m flags, or bytes. The analyst's quality word
(QUALT) always appears as the last variable on the record in the —.SEA file as sent to the WHPO. Note
that the bottle number (BTLNBR) also has its own independent quality flag defined in Section 4.5.1 on page
52, Table 4.8 and the bottle quality flag is always the first byte of the quality word. Also, definitions for
quality flags for CTD (Table 4.10) and water sample (Table 4.9) data differ.
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For each of the groups whose data were not incorporated during the cruise, it is suggested
that after the cruise the chief scientist provide a template with all of the requisite columns and
available data included, and padded with ~9s where data are missing and the quality flags set to
I (sample taken) or 9 (sample not taken from this bottle) initially. These groups are then to fill
in appropriate columns with their data and update the quality flags. The individual water

sample records for all the groups on the cruise are then compiled into a single (—.SEA) file for
submittal to the WHPO.

JGOFS parameters associated with the measurement of carbon dioxide, or other variables,
in sea water may optionally be included in the —.SEA file. The standards for CO,
measurements are presented in Table 4.2. Additional parameters are defined in Appendix G.
Quality flags are optional with these parameters but their use is recommended. The definitions
given in Table 4.9 should be used if quality flags are included.

TABLE 4.2: JGOFS carbon dioxide record format description for —SEA file

Column Headings Units Reporting Precision
Parameter Parameter Parameter FORTRAN
Number* Mnemonic  Mnemonic Scientific or see note no. Range Format

23 TCARBN! UMOL/KG  umol/kg Total Carbon Ct 1100,2600 F8.1

24 ALKALI? UMOL/KG  pmol/kg? Total alkalinity A 100,2800  F8.1

25 PCO24 UATM patm?’ Partial pressure of carbon 50,2000 F8.1

dioxide
PCO2TMP DEG C °C (ITSgq) P(CO,) equilibration F8.2
Iemperalure
26 PH none® pH: —log,o{ [H*]/(mol/kg)} 7.6,8.3 F8.4
PHTEMP DEG C °C (ITSgp) Meémuremem temperature for F8.2
pH
Notes

* The parameter number defined here and in Appendix G is used in the station summary (—.SUM file,
Table 3.5) to identify the measurements made at this station. If no parameter number is defined in
Appendix G for a measurement you wish to include please consult with the WHPO.

1. Total carbon, total CO,, and dissolved inorganic carbon (DIC) are equivalent. Current precision is
1.5 umol/kg.

2. Current precision is 2.5 pmol/kg.
3. Units of umol/kg of sea water are equivalent to the now obsolete microequivalents per kilogram of sea water.

4. Partial pressure of carbon dioxide in air that is in equilibrium with a sample of sea water. P(CO»,) is
calculated as the product of two meas_u!'ed terms: mole _frac_llon of carbon dioxide in air and the total pressure
at the time of equilibration. An additional complication is whether or not the mole fraction used in this
calculation refers to dry or to wet air. Usage her; implies wet air. It is also essential to report the temperature
of equilibration. In revision 1 of this manual this parameter was reported as fugacity, fCO,, and is changed
here at the request of the JGOFS community. Current precision is | patm at ~350 patm.

5. 1 patm = 0.101325 Pascal (N/m?)

6. pH is a dimensionless quantity. The pH scale preferred for oceanic measurements refers to moles of total
hydrogen ion per kilogram of sea water at a specified temperature. Thus, the temperature at which the
measurement is made must also be reported. Current precision is 0.0010.







