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ABSTRACT

This report presents a series of coﬁputer programs used to
display bathymetric and oceanographic data during thé editing stage
of the data as well as during the final file copy stage. The data
editing programs of the data use line printer plots, while the calcomp
plots are used for final display of the data. Program examples in this
report uée oceanographic and bathymetric data collected in Hudson and

James Bays.
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1.  INTRODUCTION

When a gridded depth file (or bathymetry) is created for a selected
area, the gridded depth values have to be checked to ensure their validity.
This can be simplified by preéenting the data in map form by use of either a
line printer or Calcomp plotter. A line printer map of the depth values is
produced by program MARR, while a Calcomp plot is produced by program GE@BAT.
Oceanographic éruise sounding data or individual soﬁndings located in the same
area can also be used to verify or check the gridded depth values. The
"General Cruise Surveillance Program' (GENCRUS) will perform that task. In
the majority of cases gridded depth values for a selected area, for which only
oceanographic data is available, will have to be subdividéd into smaller areas
or zones. The bathymetry thus obtained, or zone bathymetry, can then be used
with program "Heat and Freshwater Budget" (SALT) (S.J. Prinsenberg and R.
Gottingér, 1978) for volumetric calculations. Program Z@PNSEL will add a zone
number to each cell dépth in order to more easily keep track of the cell
distribution. Apaft from checking sounding and cell depths, program GENCRUS
also writes disc files of station or profile patameteré suitable for plotting
with the charting sub-system (Gottinger, 1978). Upon request, a map may be
printed showing the influence of each station of a cruise on the entire survey
area. For oceaﬁographic profile data, the programs will disblay station or
ﬁrofile data on the line printer as well as on the Calcomp plotter.

Program-PLTPR@ was written to display oceanographic profile data
and gives the user the option of displaying either sigma-t or conductivity
apart from temperature and salinity. The line printer display of this program
is mainly used to edit the data after it has been placed on the data base. - A
common 'scale for each of the parameters may be chosen for all the profiles,
or the program will choose a scale for each 'individual profile based on the
range of available values. Edited profiles‘may be displayed for publications

on the line printer or Calcomp plotter.



2. BATHYMETRIC FILES |

Oceanograpnic surveys were conducted in the Hudson/James Bay
region to study the effects of hydroelectric development on the aquatic -
environment. Some surveys cover the entire Hudson Bay region, while |
others study sections of the area in more detail. In order to display
the survey results, different display files were created which contained
| the bathymetry of the particular area to the same spacial detail as the
oceanographic data. : \

The first bathymetric gridded data file created was for the
whole of Hudson Bay. Contour charts from GEBCP and individual soundings
from Hydrographic charts covering Hudson Bay were used. A grid size of
25 km was used and the origin was established at 50°06'45" and 94°47'30"
by varying the bathymetry origin (constants C; and C;) to get the best |
possible fit along the shorelines. The grid size varies with latitude but
is 25 km at latitude 57°50'. This file is called 003/096,HUDSPN-ZPNE-
BATHYMETRY,01 ,R@BT,I and was used for program SALT, which calculates the
salinity and heat content of particular oceanographic data files.

The second bathymetric file created includes James Bay in its
entirety and the southern part of Hudson Bay north to latitude 58°
west to longltude 86° Depths of the gridded cells were created from a
.tape containlng soundings of James Bay which were obtained during the
Hydrographic winter surveys of 1975 and 1976. This tape, was obtained from
the Canadian Hydrographic Service (CHS), Central Region. The grid size is
11.27 km at latitude 61°10", giving an average grid size of 12.5 km. fhe
common row of this file and of the Hudson Bay file is located at latitude
55910' with an overlapping cell at 81°45" longitude. This file is called
003/096,JAMES—Z¢NE—BATHYMETRY,01,R¢BT,I. ‘

The two files have. cell centre lines at some common latitude and
longitnde which will be needed when the bathymetric files are used in future
modelling studies. Although a cell centre may have the same 1atitude\and
longitude values in both files, it may not have the.same depth value, as
a cell in the Hudson Bay file represents an area four -times larger than

that of a cell in the James Bay file.



‘'The procedure of the common row alignment and cell size deter-
mination for both bathymetries follows.

Chart 5000 covers the entire Hudson Bay and sets mid-latitude
at 57°50'. Latitude 55°10' was chosen as a common row for both bathy-
metries. The scale factor at latitude 55°10' with respect to 57°50" mid-
latitude is 1.07274, giving an actual grid size of 25.0 X 1.07274 = 26.82 km
at that latitude. | ) | |

Looklng at chart 5003 (m1d latitude 61 21'), the scale factor at
latitude 55 107 (common row) is 0.8401. 1In order to obtain a grid size
of 26.827 km on chartl5003 (1:1,000,000) at latitude of 55010i, the grid
size should be 26.82 X 0.8401 = 22.53 km.

| As a check on the procedure: on latitude 57°50" (mid-latitude
of chart 5000) the scale factor of 1.10960 should give a grid size of 25 km.
It givés 22.53 X 1.10960 = 24 999 km. The two files thus have a common row
of cells at latitude 55°10' with the cell size of 26. 82 km for the Hudson
Bay file and half of 26.82 km for the James Bay file.

The James Bay portion of the foregoing bathymetric file was used
to obtain a "25 km grid" of depth values and merge it with the Hudson Zone
Bathymetry. The file created by program GE@BAT is 003/096,HUDS@®N-GRID-
S@UNDINGS,01,R@BT,I and is used for display purposes only. Another file,
for just the James Bay region, was also created by program GE¢BAT-(OO3/096,
JAMES-GRID-S@UNDINGS, 01,R@BT, I). |

Lastly, a bathymetric data file for the area of the northeastern
corner of James Bay was created using a 5-km grid size. The same Hydrographic
sounding data tapes mentioned previously were used to create this file
(003/090, GERGE-Z@NE-BATHYMETRY, 01 ,R@#BT,I) with some additional soﬁnding

values obtained from harbour charts.



3. DISPLAY OF BATHYMETRIC AND OCEANOGRAPHIC DATA

In order to display, check, and_subsequéntly edit bathymetric
data, the following programs were written; Program GE@BAT writes a perman-
‘ent bathymetric data file and, in conjunction with the charting sub-system, a
Calcomp plot showing the gridded depth values (Figﬁre 1) is produced. Sub-
routine MERCAT is needed to convert the Mercator coordinates to geographics.
The equivalent 1ine'§rinter plot.(Figure-Z) was produced by program MARR,
using the zone bathymetry card deck produced by GPCP (Gottinger, 1978).

Row and column numbers are displayed and used to identify each individual
sounding: Tﬁe gridded depth values répresent an approximate area of 12.5
x 12.5 kilometres, although the actual magnitude changes slightly with
latitude. - '

A total area covered by the two above display programs can be
split up into zones so that averaging of oceanographic paraméters can be
done for each zone. The cells will thus, in addition to a row and column.
number, also have a zone number. ProgramvszSEL performs this function.
Figure 3 shows a line printer plot of a zone laygut‘fbr James Bay. Program
ZPNSEL will handle complicated zone layouts, while program ADDZPN may be
used for zone boundaries which follow meridians and/or parallels (Gottinger, .
1978). Z@NSEL can handle up to 18 zones, but every row of the bathymetry
and their respective end points has to be listed.

‘The bathymetric soundings obtained during an oceanographic;survey
can be checked (sub-program SCAN) against the gridded cell depth for the
same area as obtained from Hydrographic charts. The_oceanbgraphic data is
stored on a data base which contains location, time, and depth (profile,
sounding, ice) information. Each station can be called up by using the
record number of the data file. Each station also has its particular-
"station number" but, when the sounded depth or the position is found to
be in error, the station is‘flagged by the record number so that the
data base can be more easily‘updated. Table 1 shows an example of the
output of program GENCRUS. Position errors were found for consecutive
stations 9 and 10 in the James B?y Winter 1975 File; these stations

can be found on this file at record numbers 20 and 26, respectively.

|
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Figure 1: Calcomp'Plot of the Bathymetry of James Bay
and the Soythern Part of Hudson Bay. : )
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Diagnostics of Oceanographic Stations
for the James Bay Winter 1975 Survey

Table 1



Similarly, the soﬁnding depth of consecutive statién 23’atlrecord
number 185 was_found to be in error. The position check provided in
program GENCRUS only checks if the station lies in the specified
survey area. Small errors in position are not detected. However, a
Calcomp plot produced by program GENCRUS and the charting sﬁb-syétem
will plot the station number or any parameter value from the data base
for that station at its true position (Figuré 4). In order to preview
the influeﬁée of the individual profile stations on the entire survey
area, a‘map'showingvthe nearest station for-each cell may be printed
(Figure 5). Table 2 shows the‘consecutive station number used in that
map. In case the influence of a cell has to be over-written, its

input cards can then be changed before they are used with program SALT.
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Table 2

Oceanographic Station Listing used in
the Station's Influence Figure 5



4, DISPLAY OF PROFILE DATA

Program PLTPR@ was written to display and edit oceanographic
profile data aftef it has been placed on the data base. Subroutine SETDAT,
when called, returns a complete profile from the 0&AS data BaSe, and the
program is set up to give the user the choice of diéplaying either conduc-
tivity or sigma-t with temperature and salinity (Figure 6). For the first
run it has been found best to let the program choose its own scale. After
editing individual profiles, the arrays may be grouped and a common scale may
be chosen, so that they can be difectly compared to each other (Peck, 1977).
Since the data base provides réndom access, very little effort is needed to
accomplish this. PLTPR¢‘uses scaling factors and base values (subroutine
RANGE) to place curves relative to each other to avoid interference. If
other parameters are to be displayed, subroﬁtinelRANGE has to be modified

or bypassed.
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5. CONCLUSION ,

The ten programs and sub-routines described and listed in
this report are used to display bathymetric and oceandgraphic data
files during the editing process. The line printer'plots'are used
primariiy for editing, while the Calcomp plots are used in addition for
display purposes in the publication and analysis of the data. The
programs were designed so that future numerical modelling, as well as
the Heat and Freshwater Content Program (SALT), can easily be adapted

to the format of the oceanographic and bathymetric data.
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APPENDIX

N

This appendix contains the program subroutines and their

general descriptions and listings of the following programs:

A1)
A2)

A3) .

A4)
A5)
A6)
A7)
A8)
A9)
A10)

PROGRAM GE@BAT (p. 19);
PROGRAM Z@NSEL (p. 21);
PROGRAM MARR (p. 23);

PROGRAM GENCRUS (p. 27);
PROGRAM PLTPR@ (p. 33);
SUBROUTINE SIGMAT (p. 38);
SUBROUTINE MERCAT (p. io);
SUBROUTINE SCAN (p. 42);
SUBROUTINE RANGE (p. 44); and
SUBROUTINE FILLA (p. 46).

A general flowchart (Figure 7) shows the order by which the

programs are

‘13

2)

3)

5)

used. The input and output symboislused are:

cards,

disc,

printer, and i:::::::::::::}

data record.
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PROGRAM GE@BAT

The purpose‘of this program is to display bathymetric values on
the Calcomp plotter, which is very useful in developing new bathymetries
‘when the plots are to the saﬁe scale as the original char;. By varying
the bathymetry origin~(consﬁants C: and C;), it is possible to place the
origin and thus all cell centres of the chart to get optimum coverage of
shorelines and islands.- If plottedEat scale with ah outline of an existing
chart, it is very easy to add or correct exisﬁing cell depths. There is also
a 3-colour display routine available for easy contouring and display of
basins and shallows.’ Subrbutine CATMER is a straightforward ConVefsion
from Mercator coordinates to geographics. Cell numbers are converted to X
and Y before entering subroutiﬁé CATMER (Goftinger R.rand A.C. Zingaro,
1978). Chart and bathymetry parameters are the same as in program PERMA,

except for the opposite signs of C; and C:.

Input

Disc file containing the zone bathymetry.

Outgut )
Disc file suitable for plotting with the charting sub-system.

Main Parameters

GX = Geographic coordinates of a cell in decimal degrees;

GY '

FB) = deptﬁ of cell;

ZB$ = two-dimensional array containing both cell depth and cell

number for ‘every cell of the bathymetry (cell number is

removed in Do Loop 300); and
Vd

= Mercator coordinates of the center of the cell at scale.

Note

The limits for each binary write are the maximum number of cells

per row.
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PROGRAM Z@NSEL -

C The purpose of this program is to add’zdne numbers to an
existing bathymetry. For boundaries following meridians and/or parallels,
program ADDZPN may be used (see Gottinger; 1978). Program Z@NSEL will
handle any zone .configuration; however every row of the bathymetry and
their respective end points for each zone (maximum 18) have'ﬁo be listed.

Figure 3 shows a sample zone layout for James Bay.

Main Parameters

"ICADE = Not used presently;

IMAX = number of cells per column;

JMAX =  number of cells-ber TOowW;

IZMAX = makimum number of zones;

DLAT = cell size in km at mid-latitude; p
ZB@ = one-dimensional array (IMAX) containingvone

" row of the'bathymetry;

KB® = current cell.depth;
IZ o= one-dimensional array containing the zones per row;
IST = one-dimensional array containing the end points of

each cell (in cell units) of the current row; and

ISQ = reference number of the row.

Note

If 2 cards per row are used, both cards must have the same

sequence number.
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PROGRAM MARR

;
The purpose of this program>is'to display the zone number and

' depth of each cell on the line printer for a given bathymetric file. This
is a general display pfogram and will accept a bathymetric card file with
up to 4 cards per row and up to 3 blank spaces between the rows. Sequence
numbers for both rows and columns are also displayed. Since bathyﬁetric
values are conventionally read starting from the bottom, one row at a

time, the entire array has to be stored to display the map (see Figure 2).

¢ ’

Input » .

- Card deck containing zone bathymetry.
Output N \
Line printer map of zone laybut and cell depths for the zone
bathymetry. ' '

Main Parameters

IDEPTH = Two-dimensional array containing zone bathymetry;
. IZPNE = two-dimensional array containing zone numbers;
’ IRGW = one-dimensional array containing sequence numbers;
IBUF =. one-dimensional array containipg(the current card
image of the bathymétry;
ID = npumber of cards per row;
IS8 = number of blank spaces between rows;
KP = page number;
KL = row identifier; and
LIMIT = number of lines peripage.
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PROGRAM MARR
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PROGRAM GENCRUS

This program is‘a general(surveillance program and can be used
either to check the station paraméters of oceanographic surﬁey data files
or write permanent files to disglay various parameters_with the charting
sub-system (R. Gottinger and A.C. Zingaro, 1978). ‘

_ | The progfam will perform the following tasks:

 3 1) List station number, date, position, and cell‘number for all

or non-repetitive profiles (switch 1). :

2) List sounding depths and cell depths for each station and, if
both depths are not within a certain tolerance, a message will
be written. A position check is also included.

3) Write permanent files (or data files) for up to 3 surveys in
a format suitable to display various parameters on the Calcomp
plotter for part of or the entire cruise. Also, more thaﬁ one
permanent file for a singie cruise can be written.(pre—selected

L profiles). ‘

4) Display a .line printer map of the entire area to show which of
the included profiles influenced each gridded cell of the
entire survey.afea (switch 2).

5) Allow the user to override the influence array (up to 16 cells).
The input cards can then be used with program SALT. '

6) List the last depth at which both temperature and salinity, or

whichever second parameter is retrieved, were measured (profile
: \ depth) .
5" In conclusion, it should be noted that a maximum of 9 output files

may be written. The data set identifier of the first output file is 31, and

S
IR

they are incremented by 1 and will only interfere at 40 with the first input

“file. (Two data files with the same identifier are illegal in computer work.)

,Main Parameters
ZB@
T

Two-dimensional array containing the zone bathymetry;

one-dimensional array containing the profile temperatures;
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.= one-dimensional array containing the pfofiles depths;

P = oné-dimensiénal array containing the other parameter to
be retrieved; ) | ,

SND = one-dimensional array containing sounding depthédof the

. profile stations; |

NSTAT .

= one-dimensional array containing profile station numbers;
ISTAT . . iy v . .

= one-dimensional arrays containing X and Y coordinates in
JSTAT cell units of the profile stations; and
CX l = one—dimensional-arrays containing geographic coordinates
GY of the profile stations.

Note

Parameters in commbn block'SET'l, SET 2, and SET 3 are part of
sub-routine SETDAT of the O&AS data base. Parameters in common block MER
are constants unique to the bathymetry‘and are described in subroutine

MERCAT.
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PROGRAM GENCRUS
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/

PROGRAM . PLTPR@

)

This program writes out on the line printer the complete data

profile returned by subroutine SETDAT. Subroutine SETDAT is part of the

O&AS data base, and, when called, returns one complete data profile of a

cruise. The user has the option to specify a scaling factor for some or

all of the three parameters. Either sigma-t or conductivity may be dis-

played apart from temperature and salinity. The program is used for editing

only and is thought to be a forerunner of program PUBPR@, which is used for .

displaying profile data in publications.

Main Parameters

A

DEP
TEM

SAL )

CON
SIG |
NFLAG

NARR

Note - ,

1l

One-dimensional array containing the distinguishing

" number for each parameter in the proper location for

a scale of 80 characters; ‘ "

one~dimensional arrays containing measured and derived
parameters of the O&AS profile data baség depth,

temperature, salinity, conductivity, and sigma-t;

control parameter giving the choice of plotting either

. conductivity or sigma—t;‘and

one-dimensional array containing the unit length of
the parameters plotted, represented by a string of’

asterisks.

Parameters in common block SET 1, SET .2, and SET 3 are part of

subroutine SETDAT of the 0&AS data base.
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PROGRAM PLTPRO
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";' SET

THE‘SURFACE VALUE FOR EACH PARAMETER
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SUBROUTINE SIGMAT

_ This function subroutine computes sigma-t of sea water
using Knudsen's modified formula and is referenced in program SALT

(Prinsenberg, S. and R. Gottinger, 1978).

Main Parameters

XT, XS = Input values of temperature and salinity;
XSP = sgigma-t value for zero temperature value; and
XST = output sigma-t value.
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L2 X
L2 X J

L 2 X ]

L2 )

SUBROUTINE SIGMAT (XTXSsXSO0,XST) |

THIS FUNCTION SUBROUTINE COMPUTES SIGMA-T OF SEA WATER

USING KNUOSENS MOOIFIED EQUATION.

REF.$ MANUSCRIPT REPORT SERIES NO. 15 (OCEANS IV) BY

HeE. SHEERS, MARINE SCIENCES BRANCH, EMR. o

XSO0 = (46.,76786136E-6*XS~h.82496140E-4)*XS+0,814876577)%XS=0.
B AR5 4 3803061E-7%XT-1.9824 8399 E-3) $XT=0.545939111) *XT+4
$E3168456) %1 * - °o *
Bl = ((=1,0843E-6%XT+9,8185E=-5) *XT~4,7867E=3) *XT+1.0

B2 = ((1,667E-8*XT~8.164E~7) *XT+1,803E-5) ¥XT .

E2 = (B2*XS0+B1)*XSO . : :

XSY = E1/(XT+67.26) +E2

RETURN

END
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SUBROUTINE ' MERCAT

This subroutine is part’of the charting sub-system and is used

to calculate Mercator coordinates X and Y of a sample position from its

geographic coordinates with respect to chart scale M and brigiﬁ @L and ON.

Subsequently; it can be used to assign cell numbers to those Mercator co-

ordinates. The cells are numbered starting from the lower left-hand corner

of the bathymetry.

This corner is located C; cell units up (or down) and

C, cell units right (or left) from the chart origin, the‘intersection of

reference latitude and reference meridian.

For theory and documentation, see the charting sub-system.

Main Parameters

XY

10,30
LAT,L@#NG
M

@L, PN

Mercator coordinates of sample position at chart
scale;

cell numbers of sample position;

geographic coordinétes of sample position;

chart scale; and

!

latitude and longitude of chart origin.
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SUBROUTINE SCAN

N
This subroutine is included mainly ‘to provide .a more efficient

check on the validity of a SOQndiﬁg depth. Since a céll depth represents

the average depth of an entire cell, it happens’fhat, despite the allowed

tolerance, both depths from a bathymetric file and from an oceanographic

stafion can differ considerably. This may be due to a rough bottom topo-

 graphy or a station situated close to a cell boundary (Gottinger, 1978).

If one of the adjoining cells is deep enough to accommodate the sounding,

the program will proceed with the calculations. Otherwise, the station

will be flagged, and a check of either the cell depth or the sounding depth

is needed.

Main Parameters
II =
JJ

ISPUND=
IMAX =
JMAX =

one-dimensional arrays containing parameters to be
added to the current cell coordinates to obtain the
adjoining cell coordinates;

sounding of the current profile station in meters;

;

‘number Qf cells per column; and

number of cells per row. -
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SUBROUTINE RANGE

.This subroutine establishes a scaling factor for each profile
if no scaling factor was specified in the main line (left blank). The
constants and limits of the plots have been chosen to place the parameter
curves of temperature, salinity, and conductivity (or sigma-t) relative to
each other in the best possible way. For different paraﬁeters, or if only
a certain part of the curve is to be emphasized, the subroutine has to

be modified.

Main Parameters ' o ‘

VAL = One-dimensional array containing the parameter value;
XMIN o .. " : '
= minimum and maximum value of the parameter;
XMAX
DIFF = difference between/minimum and maximum value of the
parameter with an appropriate percentage added; and
S = gcaling factor.
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BROUTINE RANGE (VAL +S,.B)

su
s¥3 THIS SUBROUTINE ESTABLISHES A SCALING FAGTOR_FOR EAC
ss» PROFILE, IF NO SS§LING PRETOR RRS-SMECTFTE0 TROFHE MAIN LINE.
INTEGER 8
DIMENSION VAL (104)
XNIN = 10000, l
XMAX = -10000.

FIND THE HAXIHUH "AND MINIMUM VALUES OF THE PRRAHETER.
DO 10 L=1,104 v
#8% IF A VALUE IS ~10.0, IT IS IGNORED

IF (VAL(L) eLEe=10.0) GD TO 10
XMIN = AMINl(XHIN,VAL(L))
XMAX = AMAXL(XMAX VAL (L)

10 CONTINUE }
*sv FIND THE DIFFERENCE BETMEEN THE MAXTMUM AND HINIHUM, AND
#s» AQD 30 PERCENT

DIFF = (XMAX=-XMIN)*1.2

% DETERMINE THE SCALING FACTOR FOR A RANGE OF 100
S = 100.0/D1FF '

IF(S.GT.80.0)S = 80.0 :
sa% THE nrnxnun VALUE IS SCALED DOWN
svx IF TH nz NIMUM VALUE IS POSITIVE, i1 PERCENT IS SUBTRACTED, SO THAT
s VALUES WILL NOT BE ON THE EDGE OF THE PLOT ~
ssy IF IT N%?ATIVE 32 PERCENT IS ADDED, TO BRING THE VALUES
ves Turo aYPoNTFIVE RANCE. >
IF(XMIN«GTe0s0)8 = IFIX(S*XMIN®,99)
IF(XMIN.LE. 0. 008 = IFIX{S*XMIN®1,3)
ggsvau ‘
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’

- . SUBROUTINE FILLA

This subroutine is a modified version of subroutine FILL used
in—program SALT. Cbntrary to subroutine FILL, the entire bathymetry is
stored to enable the user'toAprint an influence map (maximum of 44 cells
per row). There is no limit to fhe number of cells that can be overwritten.
However; program SALT will limit that number to 20. The main parameters . ’

are the same as in suﬁroutine FILL and are described in program SALT.

Main Parameters

ZB® = Two-dimensional array containing the station number for

~each cell by which it is influenced;

IT | = one-dimensional arrays containing the coordinates of -the
JJ cells (in' cell units) which are to be overwritten; -
KC = one-dimensional array containing the corresponding station

numbers to be inserted into those ceils;

IV = control parameter indicating that the array is to be
overwritten; and

MAP' = a positive value will print a map showiﬁg the nearest

station for each cell.
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