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ABSTRACT

A program has been written in Fortran and Compass for the re-
trieval of environmental data from a compacted version of the
National Oceanographic Data Center tapes. The tape file currently
contains the results of approximately 361,000 Nansen casts. Each
cast (or station) has such data as sound speed, temperature, and sa-
linity recorded at various depths. The information retrieval program
has five modes of operation to serve a variety of user needs. This
report includes a complete description of the program, explains the
five modes, and gives examples of each.

Manuscript submitted July 9, 1973
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RETRIEVAL PROGRAM FOR ARCHIVAL NANSEN-CAST DATA

INTRODUCTION

The advent of the large computer has been accompanied with the problem of accessing
selected data points in a large data bank. Such a bank might consist of data that spans a
long time period, covers an extensive field of information, and is stored on a variety of
devices that might include cards, magnetic tapes, disk files, and drums. Those who need
data from such large systems must develop efficient programs of storage and retrieval so that
they can quickly extract the particular kind of information they require.

An example of a data bank is the collection of Nansen cast tapes at the National
Oceanographic Data Center (NODC). The original series of tapes contained about 350,000
Nansen stations and was stored on four reels of tape [1]. The second edition of tapes
contains approximately 361,000 stations. Each data entry or station contains the depths,
which consist of observed and interpolated or "standard depths" (in meters), temperatures
(CO), salinities (parts/1000), and the sound speeds (m/sec.). There are other variables, i.e.,
water depth, which are also packed with each station, but only the above quantities are
available to the retrieval program. Since the temperature, salinity, and sound speed are
functions of depth, these data as taken on a particular cast are often referred to as profiles.

A computer program, SEARCHSF (Search Sound-Speed File), written in Fortran, was
developed to retrieve the above quantities and put them into an acceptable format for input
into acoustical ray-trace programs. The correct sound-speed profiles are very essential for
use in such programs. The basic concept for SEARCHSF originated at Hudson Laboratories
[2]. A profile sorting scheme and random access capability were added, and the Marsden
square routine was written and tested. The data-tape-retrieval portion of the program was
written in COMPASS, an assembly language of Control Data Corporation (CDC), by Dr.
Walter E. Yergen of NODC [3]. The final result is a data-retrieval program with a wide
range of applications.

The unit of global area identification for most environmental data is the Marsden square,
which is 10° on a side. The earth is divided initially into such squares, starting at the Green-
wich Meridian and the equator. Figure 1 illustrates the 100-Marsden-squares system. The
Marsden squares beyond 80° south latitude on up to 900 are not shown. These range in
value from 588 to 623 corresponding to those southernmost 36 squares, 80° to 900. The
100 squares are subdivided into 100 10 squares. Figure 2 illustrates the construction of 10
squares around the Greenwich Meridian, and Fig. 3 shows the 1 squares around 1800
longitude.

As an example of 1 square nomenclature, number 12 in 100 square 148 would be
designated 14812 and would identify a station at 410 35'N latitude, 320 49'W longitude.

The stations are placed on the NODC tapes in order of increasing Marsden-square
number from 1 to 936, rather than in increasing order of latitude or longitude. They are
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Fig. 3 - Marsden squares around 180 longitude at the equator

packed by 100 squares and then within each of these by 1° squares 0 to 99 and by months.
The squares in the northern hemisphere occupy three tapes and a portion of the fourth; this
indicates that there are not too many observations of the southern hemisphere available.
The first tape contains Marsden numbers 00100 to 12844, including the month of May in
12844. The second tape starts at 12844, May, and continues to 16608, August. The third
tape starts at 16608, August, and includes through 25206, July. The fourth tape starts at
25206, July, and goes through 93699, September.

RETRIEVAL MODES

The retrieval program has five chief modes of accessing data from the data bank. These
are (1) track, (2) rectangular area, (3) individual Marsden-square number, (4) "bulls-eye,"
and (5) "bulls-eye" with Marsden square input.

1. Track Mode

The track mode is used to access data along a desired track such as the course of a
ship or aircraft. The desired data can be specified and accessed in the following three ways:

* By two points. The starting and ending points of the track, each identified by
latitude and longitude, are given. This method can be represented as follows:

LAT1 , LONG1
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LAT2, LONG2
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* By point bearing input. The point of origin, the starting bearing, and the track
distance are specified. This method can be diagramed as follows:

0 v

X-_
LAT, LONG

* By point-extended input. The latitude and longitude are given for a starting point
and for a second point that establishes the direction of the track; then the distance one
wishes this track extended along the great circle route is indicated. This variation can be
represented as follows:

R
A .X ------ -- -- --X-- ---- a

LAT, LONG LAT, LONG

To retrieve the precise information desired, the user should also specify the following:
The months of interest, the swath radius (the desired distance in nautical miles or kilometers
on either side of the track), the minimum cast depth, and the earliest date for which data
should be accepted.

The program, in the track mode, performs the following operations sequentially:

A. Computes the great circle distance (nautical miles or kilometers) between the
starting and ending points in specified increments, and tabulates the data;

B. Computes great circle tracks on either side of the initial track at the specified
swath distance;

C. Selects the Marsden numbers along the tracks;
D. Sorts the Marsden numbers in an increasing order and discards redundant squares;
E. Sorts the Marsden numbers into sequences which are acceptable to the tape re-

trieval segments;

F. Selects the desired tape from the four in the data bank;
G. Searches for the first station that meets both the Marsden number and the months

specified;

H. Reads in the coordinates of the accepted station, and if the final observed depth
is greater than the minimum acceptable depth as specified, and if the date is not earlier
than the year the data were taken (specified on the input card), the program will accept the
profile;

I. Then computes the great circle distances from the origin to this station and from
the track to this station and stores them in two arrays. Each profile receives an assigned
relative disk address and is written on a magnetic disk file for random access.

J. Sorts the ranges and puts them in an increasing order. If there is a duplication in
range to origin, the profiles are sorted by distance from the track and thus put in increasing
order. The profiles are then randomly retrieved from the disk file and placed into core
memory one at a time. A generalized flow chart of this process is presented in Fig. 4.

5
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NODC TAPES

TAPE

Fig. 4 - Retrieval flow chart for
Modes 1, 2, and 4

2. Rectangular-Area Mode

The rectangular-area mode retrieves all profiles which exist within a rectangular area
defined by latitude and longitude and then accepts all the profiles which meet the monthly,
depth, and year requirements within the Marsden squares included in the area. The input
for this mode includes a starting and final latitude and a starting and final longitude, which
can be represented as follows:

FINAL LATITUDE

FINAL
LONGITUDE

STARTING
LONGITUDE

STARTING LATITUDE

The months of interest must also be specified. The program computes the Marsden squares
within the rectangular area, arranges them into sequences, and goes through the computation
sequence as discussed under Mode 1, except that no great-circle calculations are made.

I
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3. Individual-Marsden-Square-Number Mode

The third mode is for the user who wants to abstract only by squares and specifies
the Marsden-square numbers, in sequence.

4. "Bull's-Eye" Mode

When the "bull's-eye" mode is used, the computer abstracts all the profiles within a
specified radial distance (in nautical miles or kilometers) of a given point of origin. Accord-
ingly, Mode 4 provides a circular or bull's-eye type of area coverage. The Marsden squares
included within the designated circle are calculated, and the profiles are abstracted from all
these squares. This mode differs from the previous mode in that here the great circle distances
from the origin to each station are computed and the profiles are placed in order of increasing
range from the origin; then if the range is greater than the specified radius, the profile is
rejected.

5. "Bull's-Eye" Mode with Marsden-Square Input

In this variation of Mode 4 the latitude and longitude of the origin and the surrounding
Marsden squares are specified.

OUTPUT OPTIONS

The output in response to the various input requests is produced in three forms, either
a printplot, a recording on magnetic tape, or a punched card. Each of these forms is discussed
below.

1. Printplot

Figure 5 is an example of a printplot. In the profiles, V denotes sound speed (velocity),
T represents temperature, and S represents salinity. Here are explanations of the headings
across the top of the printplot:

INDX - Index number of the tape (1, 2, 3, or 4).

SE - Season, a number code associated with the monthly sequences called
for. Thus, if one had two sequences of months, 2 to 4 and 5 to 6, and a profile was
retrieved from months 2 to 4, then SE = 1.

MSQR - 100-Marsden-square number (three digits).

DEG - 10-Marsden-square number (two digits).

MON - Month in which this profile was taken.

LAT H - Latitude in degrees and minutes and compass quadrant.

LON H - Longitude in degrees and minutes and compass quadrant.

DATE - Date the data were taken.

TIME - Greenwich mean time the data were taken.

7
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NO. OF POINTS - Number of points in a profile. If standard depths were requested,
this represents the number of standard depths only.

RANGE - Range from the origin to the point where a profile was taken.

D. TO RAY P - Distance to the great circle track from the location of the profile.

CTR - Number code for country [4]; tells which nation took the data.

SH - Ship code [4]; tells which ship took the data.

REF - Internal NODC number to identify the cruise.

By a suboption, illustrated in Fig. 6, the plot can be limited to the sound speed versus
depth only. An asterisk represents the sound-speed values at the specified depths. If any
of the parameter values exceed the print page width, the value is printed but not plotted.

The printplot is a convenient way to display tabular data and is inexpensive, since the
cost per page is small and the user is charged by the line, not by the number of characters.
The printplot also affords the user an opportunity to review data quickly prior to making
selections for other programs.

2. Magnetic Tape Recording

The magnetic tape output contains an identification number in front of each profile
so the user will be able to select only the profiles he needs. Such selection requires a
separate processing program, which is being prepared.

An index to the profiles extracted is generated for each of the output options. This
consists of the range to the profile site from the origin, the distance to the profile site from
the track, the 100-Marsden-square number, 1-square number, latitude and longitude of
profile, maximum depth, number of points in a profile, disk address, and identification
number. The indexes for Modes 2 and 3 do not have the two distance calculations or the
disk address.

3. Punched Cards

A punched card output is also available.

INPUT CARD DECK SETUPS FOR SEARCHSF

This section gives information concerning setups of punched card decks to run
SEARCHSF programs. Figure 7 is a CDC FORTRAN coding form illustrating a sample
card deck setup for such a program. Figure 8 shows two data deck input formats represent-
ing generalized data inputs. Filled-in FORTRAN coding forms showing sample case decks
are illustrated in Fig. 9. This figure covers all the five modes and the two variations of
Mode 1 that are available for accessing information.

The glossary that follows explains the input data deck codes and parameters that are
used on Fig. 8.

9
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B.G. ROBERTS

Number of data sets

Logical unit number

Logical unit number
Logical unit number

Logical unit number
Logical unit number
Storage facility used

-1 for disk;
>0 for drum.

Depths desired:

to be executed.

of drum or disk file.

of first NODC tape.

of second NODC tape.

of third NODC tape.

of fourth NODC tape.

for random access:

-1 for observed and standard depths;
>0 for standard and last observed depths.

Water parameters desired:
-1: temperature and salinity desired in addition to

sound speed;
>0: no temperature and salinity.

Minimum acceptable depth (meters).

Specifies mode:
-1 for rectangular area (or Marsden-square input);

0 for bull's-eye area;
1 for track retrieval.

(up to 6 alphanumeric characters punched on output cards);
optional, may be omitted.

Directs card punching:
-1: cards to be punched;
>0: no punch.

Logical unit number for output tape.
Directs printing:

-1: data to be printed as generated;
>0: no printout.

Directs production of output tape:
-1: tape to be produced;
>0: no tape

Number of files to skip on the output tape before
commencing to write. NSK should be 0 for a new tape.

Directs punching of water parameters:
-1: temperature and salinity as well as sound speed to

be punched;
>0: no temperature and salinity.
IPUNCH must also be negative for cards to be punched.

Marsden squares:
If IOPT = 1, then IMAR must equal -1; if IOPT •0 and

if IMAR = -1, the Marsden squares will be calculated. If
IMAR >0, Marsden squares must be input.

NDATS

IDSK

NINPUT 1

NINPUT 2

NINPUT 3

NINPUT 4

IDOD

IOB

IOTS

MDEPTH

IOPT

TITLE

IPUNCH

NOUTPUT

IPRINT

ITAPE

NSK

IOTSP

IMAR

16
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ITF Specifies system of units:
-1: metric input and output;
>0: input and output in nautical miles.

IPB Point bearing:
-1: point bearing input desired - latitude and

longitude of initial point, starting bearing in degrees, and
total track distance are required.

>0: no point bearing input.
IYR Specifies earliest year for which data will be accepted.

ISP Specifies grouping of output data:
-1: data printed in monthly groups;
.O: data printed continuously without special grouping.

IPEX Point-extended input:
-1: point-extended input desired; two points and total

track distance must be specified;
.,0: no point extended input.

DIN Distance increment in nautical miles or kilometers (used in
track option to obtain points at DIN intervals along great
circle track).

MA Full title (up to 63 characters).

WID Swath radius in nautical miles (or kilometers) or radius
of bull's-eye area desired.

( BDA Latitude of starting point (degrees).

BMA Latitude of starting point (minutes).

BSA Latitude of starting point (seconds).

( BDO Longitude of starting point (degrees).
BMO Longitude of starting point (minutes).

BSO Longitude of starting point (seconds).

(EDA Latitude of final point (degrees).

EMA Latitude of final point (minutes).

ESA Latitude of final point (seconds).

( EDO Longitude of final point (degrees).

EMO Longitude of final point (minutes).

ESO Longitude of final point (seconds).

MON Month(s) of interest; must be first word on card.

NMS The number of sequences of months desired.

FS 1 First month of first sequence.

FS 2 Final month of first sequence (must be FS 1).

SS 1 First month of second sequence.

SS 2 Final month of second sequence.

TDSA Starting latitude in degrees for Mode 2.

TDSO Starting longitude in degrees for Mode 2.

17
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TDFA Final latitude in degrees for Mode 2.

TDFO Final longitude in degrees for Mode 2.

DSA Latitude of central point in degrees for Mode 5.

DSO Longitude of central point in degrees for Mode 5.

LUN Indicates a logical unit designation input card for Modes
3 and 5; must be first word on card.

Ni Logical unit number for input tape.
ERMO Erases previous monthly limits (used on Modes 3 and 5

only).

ERMS Erases previous area limits (Modes 3 and 5 only).

IDEG Defines area limits for 1 squares; must be the first word
on the card.

NSS 100-Marsden-square number.

NDS Number of sequences of 10 Marsden squares.

FD1 First 1 Marsden square of first sequence.

FD2 Final 1 Marsden square of first sequence.

SD1 First 1 Marsden square of second sequence.

SD2 Final 1 Marsden square of second sequence.

MSQR Defines 100 squares; must be the first word on the card.
The rest of the card is similar to the IDEG card except
values apply to 10° squares and are shifted over to the left
so as to eliminate IDEG.

GO Begin execution of program in Mode 3 or 5.

END End of program in Mode 3 or 5.

NDATT Current number of data case; this is computed in the
program and therefore is not required as an input.

The following conventions for the use of plus and minus signs should be noted: the
negative is used for south latitude and east longitude, and the positive for north latitude
and west longitude.

SAMPLE RETRIEVAL CASES

The following seven sample cases represent the use of all five modes and variations.
Typical initial conditions for each case are given.

Case 1: Mode 1 (Track). Starting latitude = 30N, starting longitude = 30W, final
latitude = 5N, final longitude = 50W, swath radius = 25.0 nautical miles, month of interest
= 3 (March), and distance increment = 20.0 nautical miles. The following data are desired:
standard (or interpolated) depths, observed depths (actual data points), temperature, and
salinity.

Case 2: Mode 2 (Rectangular Area). Starting latitude = 1N, starting longitude = 1W,
final latitude = 3N, final longitude 3W, month of interest = 3. Only standard depths,
last observed depth, temperature, and salinity are desired.

18
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Case 3: Mode 3 (individual Marsden square number). LUN (logical unit) = 21, month
of interest = 3, 100-Marsden-square number = 1, number of sequences of 1° Marsden squares
= 2, first square of first sequence = 11, last square of first sequence = 12, first square of
second sequence = 21, last square of second sequence = 22. Standard and observed depths
desired, but no temperature and salinity.

Case 4: Mode 4 ("bull's-eye"). Point latitude = 50N, point longitude = 5W, radius of
bull's-eye = 25.0 nautical miles, months of interest 2 and 3. Data will be grouped by the
month on printouts.

Case 5: Mode 5 ("bull's-eye" with Marsden square input). Point latitude = 4N, point
longitude = 4W, radius of bull's-eye = 25.0 nautical miles, months of interest = 1 and 3,
lun = 21, 100 Marsden square = 1, first square of first sequence = 33, final square of first
sequence = 34, first square of second sequence = 43, final square of second sequence = 44.
Print standard depths with last observed depth only, no temperature and salinity; print data
for each month separately.

Case 6: Mode 1 variation for point bearing input. Starting latitude = 1N, longitude
1W, total track distance = 200.0 km, starting bearing = 3150, swath radius = 25.0 kilo-
meters, month = 4. The program will supply, in metric units, standard and observed depths,
temperature, and salinity, but no printout of profiles. An output tape will be written on
LUN 35.

Case 7: Mode 1 variation for point-extended input. Calculations for this case will be
in nautical miles. The starting latitude and longitude are the same as for Case 6, the
second point latitude = 2N, longitude = 2W, and total track distance = 200.0 nautical
miles.

For all cases we assume a minimum acceptable depth of 10 meters (data rejected if
last observed depth is less) and a starting date of 1900 (no earlier data accepted).

We will assume the following initial conditions: NDATS = 7 (number of cases), disk
random access of LUN = 20 = IDSK, first input tape is on LUN = 21 = NINPUTI, second
input tape is on LUN = 22 = NINPUT2, third input tape is on LUN = 23 = NINPUT3,
fourth input tape is on LUN = 24 = NINPUT4, IDOD =-1 = disk file.

SAMPLE OUTPUTS

Figures 10 through 16 are the outputs that resulted from the data inputs for the seven
cases described in the preceding section. Thus Fig. 10 shows the output data called for in
Case 1 (track mode), Fig. 11 shows the data for Case 2, etc.

SPECIAL PROGRAM REQUIREMENTS

The user of the SEARCHSF program should be aware of the following limitations and
special requirements of the program:

0 The input latitude should not exceed 89057' or be less than 003'. If input values
are outside these limits, the great-circle calculations will be incorrect.
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B.G. ROBERTS

* When Mode 2 (rectangular area) is used, there should be at least a 2° spread in
latitude and in longitude; otherwise, extraneous squares may be introduced. If the desired
area is less than 20 in either dimension, Mode 3 should be used. Also, the starting and final
latitudes and longitudes should be input as explained for retrieval Mode 2.

* The NODC tapes must be mounted in the correct order; that is, the tape titled
C8177-1-128 must be first, C8177-128-166 must be second, C8177-166-252 must be third,
and C8177-252-936 fourth.

* When using the option to print separately by months, one must have a 79 equip,
MO = PR card for each month you desire, where MO = the number of the month. If a
MO = PR card is omitted, you will lose the printout for that month. There must be a 79
equip, 13 = PR card to obtain the index for Modes 2 and 3.

* The bank card (see Fig. 7) must always be included; otherwise the program will
abort.

* The tape-reading section of the program is written in Compass 13]; accordingly, any
prospective users with computers other than CDC 3800 will have to convert that portion of
the program.

* Logical units numbered 30, 31, 32, and 33 should not be used for any tapes.

* It is suggested that any punched cards desired should be punched from a magnetic
tape output.

* Operation of the program requires a minimum of five tape drives and a random
access device such as a drum or disk file. The disk file is preferred because of its larger
storage capacity.

* Memory storage requirements for the program are 101, 117 octal locations or 33,359
decimal locations, plus space for system functions.

REFERENCES

1. "NODC Computer Archive Ocean Station Format," IR No. 69-61, Naval Oceanographic
Office.

2. "The Hudson Laboratories Ray Tracing Program," Technical Report 150, Hudson
Laboratories of Columbia University, Dobbs Ferry, New York.

3. W.E. Yergen, "The Limits Retrieval Functions," IR No. 69-59, Naval Oceanographic
Office.

4. "NODC Code Tables," March 26, 1970, "Country and Ship," by alphabet and code.
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