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ABSTRACT 

This report describes a number of computer programs which 
provide a means of converting a random set of sounding data in any 
given area into a file containing depth values for specified gridded 
Sub-areas. The original sounding data can be provided by Hydrographic 
charts or tapes, or by a combination of both. Editing and displav 
r0utines are'included as well as a complete listing of the programs. 
Examples of the bathymetric outputs for the James Bay and Hudson Bay 
areas are shown. 

The gridded bathymetric data of Hudson Bay and James Bay are 
obtained in order to calculate the freshwater and heat content for dif— 

ferent salinity and temperature cruise data. Future uses of the gridded 
bathymetry computer program will be the tidal and estuarine modelling 
of these areas.
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1. INTRODUCTION 

The method described here consists of obtaining a tape contain: 
ing positions and soundings of the area in question, creating a suitable 
data file, and using the "General Purpose Contouring Program" (GPCP) to 

) compute gridded depth values. Another method, of course, would be to 
digitize depth contours on a chart and, at pre—set intervals, compute 
positions of those depths in appropriate coordinates. Also, individual 
soundings can be digitized from an existing chart where no data tapes are 
available and used as input for the GPCP program. 

I 

Although all three methods have been used to create bathy— 
metries (gridded depth values for specific areas) for Hudson Bay and 
James Bay, only the method of using an existing sounding tape Will be 
dealt with here. ' 

-Since rather large-areas encompassing up to 1000 km are to 
be considered, a scale factor has to be introduced. ’The scale factor 
simply represents the ratio of true (geodetic) distance and the map dis- 
tance between_two points and is calculated for each row-of the bathymetry. 
The Mercator projection is used as a base.

‘ 

Since the GPCP program only accepts a Specific number of data 
points, the total area may have to be divided into smaller parts with an 
adequate overlap provided for each area. Due to storage capacity 
restraint on the CDC 3170 computer used at National Water ReSearch Insti— 
Ltute (NWRI), separate sub-bathymetry gridded areas_cOntaining 16 x 46 cells 
were used.‘ The depth array, or bathymetry, thus obtained has to be edited 
and updated as more information is made available. The prOgram has a, 

provision which enables the user to specify the number of neighbouring 
sounding points to be used for calculation of the depth at each grid 
point. (It is up to the user’s judgment to specify the number of neigh— 
bouring points and is dependent largely on the density of the soundings 
and the bottom topography of the area. Furthermore, a zero depth is an

> 

acceptable value and designates land. In some cases, it may be advane 
tageous to add zero depths (islands, etc.) to obtain better boundary con— 
ditions.



As far as Hudson and James Bays were concerned, a common row 
for both bathymetries was chosen, and the cell size of any sub—bathymetry 
was made a multiple of the original cell size. It should be kept in mind 
that a certain depth value of'a bathymetry represents an average depth of 
the entire cell. Subsequently it Will_happen that sub-bathymetry depth 
values will vary considerably, despite the fact that they appear in the 
same position but will influence a smaller bottom area. 

The method described here produces good results for a set of 
input data points with a rather uniform distribution and is used as a 
basis for volumetric calculations. However, in areas with inadequate 
coverage, additional data points have to be incorporated either before the 
data is gridded or prior to the gridded data being edited. 

For the general description and philosophy for creating' 
gridded depth values for an area (bathymetry), the reader is referred to 
an unpublished technical report of NWRI, "Digital Bathymetry of Lakes 
Ontario, Erie, Huron, Superior and Georgian Bay", by D.G. Robertson and 
D.E{'Jordan.



2. CREATION OF THE BATHYMETRY FILE FOR 
’ 

THE NORTHEAST CORNER OF JAMES BAY 

In the second part of this report, the listings of the programs 
discussed below are included; here their general application for a partic- 
ular area will be discussed. The area in question is the northeast corner 
of James Bay where oceanographic research to predict changes caused by the 
hydroelectric development of the La Grande River is in process. 

A tape (RDOll) containing soundings of James Bay, obtained during 
the winter surveys of 1975 and 1976, was obtained from the Canadian Hydro- 
graphic Service (CHS) of Central Region, Ocean and Aquatic Sciences. 
Depths were in decimetres and positions in UTM coordinates, zone 17, with 
a central meridian of 810. Program JAMES was written to convert the UTMs 
to geographic coordinates and to write an input disc file for program 
GE¢RGR. 

‘

‘ 

Program GEORGR was written mainly to select part of the total 
sounding area and delete those soundings which might introduce false data 
(nearshore, inlets, etc.). 

Program CREBAT was used to modify and complete the file created 
by program GE¢RGR. It combines those values retrieved with soundings from 

I 

other sources (ship soundings, charts, etc.). 'This is necessary especially 
where soundings are not dense enough from any one source to obtain good 
gridded data (nearshore, islands, and channels). Output of program CREBAT 
is a tape in card image form, with a format specified by the GPCP program. 
Sounding values are in metres and their locations are given in X and Y 
coordinates in inches relative to the bathymetric origin. This program is 
used for updating and supplementing the individual soundings. It has been 
found to be impractical to plot the soundings at this stage for visual 
inspection (time factor). However, the printed output of the following 
program (GPCP) is usually adequate to inspect the gridded data and make 
further decisions as to the number of neighbouring points, additional 
soundings, etc. 

The GPCP program was used to calculate a gridded depth array by 
choosing the proper dimension and grid intervals for the area concerned

3



and using the individual soundings as data points. Figure 1 shows the lay— 
out of the two Hydrographic charts covering Hudson Bay; #5003 for the 
southern half and #5549 for the northern half. A sample area contained 
within latitude YMAX and YMIN and within longitude XMAX and XMIN is shown 
with a bathymetric sounding at point P(X,Y). All positions are referenced 
to the reference latitude and reference meridian and are in Mercator coord— 
inates for the corner points of the bathymetry and subsequently its dimen- 
sion. It should be emphasized that program CATMER was written as a mere 
convenience for the user in order to eliminate the task of scaling the 
coordinates by hand from an existing chart. For an explanation or for 
documentation of this program, the reader is referred to either the charting 
sub—system or some reference quote therein. 

The card output (depth array) of the GPCP program was converted 
and sequenced to a suitable card format by program INTDEP. This was necess- 
ary to convert the output cards to a standard format (also used by NWRI) 
since the output format of the GPCP program cannot be altered. 

In order to calculate volumes and their specific contents for 
selected areas, a zone number had to be added to each cell. Program 
ADDZ¢N was used for this purpose. Figure 2 shows the partition of James 
Bay into 6 zones used by other scientific programs which calculate geo— 
strophic currents and variations in the salt and heat content of each zone. 
It is evident that ADDZ¢N will only be of use if the zone layout is 

geometrically simple. In more complex layouts, program Z¢NESEL 
(Gottinger, 1978) has to be used. In this case, each row of the bathymetry 
and its starting and end points for each zone have to be listed. 

I 

The card deck thus obtained is the final form of the bathymetry 
data and is written onto a permanent file with title information and the 
scale factor. In the present implementation, all changes and updates are 
made on these card decks, and the permanent files are simply re-written. 

INo other update routines are available. 
'

‘ 

i 

The general card deck structure for Hudson and James Bays and 
their associated display routines will be discussed in another user's 
manual.
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Figure 1: Geodetic Reference Layout of the 
Selected Bathymetric Area.
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3. CALCULATING THE SCALE FACTOR FOR A GIVEN BATHYMETRY 

As previously mentioned, the scale factor represents the ratio 
of map distance and actual (geodetic) distance between two points. On 
the Mercator projection at the reference latitude (mid latitude), the 
scale factor is equal to unity (1.00). Since the projection is confor— 
mal, the scale at any point is the same in any direction. With the 
parallels and meridians represented by lines mutually perpendiCular, the 
scale is the same along the meridians and parallels at a given point. 
Applying the foregoing to a bathymetry, it can be seen that a scale 
factor is easily determined for each row by measuring a distance along 
the center of the row and comparing it with the true distance. 

One approach would be to calculate, by geodetic inverse, the 
distance between two points along the mid latitude and compare that dis- 

- tance between the same two points along the center latitude of-each row. 
On the other hand, a distance obtained by using polyconic tables (or 
equivalent) would be sufficient for the accuracy required. The follow- 
ing example will demonstrate the use of those tables. 

Assuming the mid latitude of 58°10' (see Figure 3) with a 
scale factor of 1.00, the Polyconic Tables (U.S. Department of Commerce, 
1946) give the arc of the parallel for 5 minutes as 4905.0 m. Similarly, 
at latitude 54°40', a value of 5377.2 m for 5 minutes of arc is obtained, 
giving a scale factor of 0.912185 at that latitude. At latitude 61°12', 
a scale factor of 1.094671 (K = 4905.0/4480.8) is obtained. Using

I 

inverse computation, scale factors of 0.912129 and 1.094747, respectively, 
are obtained.

4 

In conclusion, it should be mentioned that it is not necessary 
to calculate the scale factor for each row.‘ Interpolating between sev? 
eral rows is sufficient.
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4. CONCLUDING REMARKS 

This completes the creation of a zone bathymetry card deck. It 

is a simple matter to re—run the entire sub—system, using different areas, 
specifying different cell sizes, or re-creating the source bathymetry with 
updated or revised sounding tapes. All depth changes, shoreline correc— 
tions, and minor zone changes are usually done on this card deck, using the 
line printer plot or a Calcomp plot as a guide. 

In general the card deck and file structure of the bathymetric 
data is the same as those files used by the Applied Research Division, 
NWRI, and allows the interchange of existing programs with only minor mod—- 
ifications. 

As an example, line printer plots as well as a Calcomp plot of 
the Hudson/James Bay region are included in this report (Figures 4, 5, and 
6). The line printer plot was produced by program HUDMAP. Program GE¢BAT 
produced the Calcomp plot and is to be described in a subsequent report. 

I 

The line printer plot (Figure 4) shows the zone layout of the 
cells for the Hudson/James Bay region. The entire James Bay region is 
contained in zone 6. For the same cell layout, Figure 5 shows the line 
printer plot of the individual cell depths. This plot is used as 
an aid to update and revise bathymetric depths if new soundings become 
available. A final display of the bathymetry shown by the line printer 
plot (Figure 5) is obtained by the Calcomp plotter and is shown in 
Figure 6. 

I 

‘ I 

d 

This set of programs was specifically written to create gridded 
depth values for large geographic areas. They can be modified to obtain 
gridded (physical or chemical) parameter values such as salinity using 
randomly—located parameter values from existing data bases.
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Figure 6; Calcomp Plot of Hudson Bay and James Bay 
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APPENDIX 

This Appendix contains the program subroutines and their 
general descriptions and listings of the following programs: 

Al) Program JAMES; 
A2) Program GE¢RGR; 
A3) Program CREBAT; 
A4) Program CPL¢T; 
A5) Program INTDEP; 
A6) Program ADDZ¢N; 
A7) Program PERMA; 
A8) Program HUDMAP; 
A9) Program CATMER; and 

A10) Subroutine MERCAT. 
A general flowchart (Figure 7) shows the order by which the 

programs are used. The input and output symbols used are: 

1) cards,

~ 

2) disc, 

3) tape, 

4) printer, and 

5) data record.

~
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Figure 7: System Flowchart. 
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Program JAMES 

This program converts hydrographic sounding data in UTMS to 
geographic positions, sequences the.printed output, and writes a disc 
file. A subroutine converting UTM coordinates to geographic coordinates 
can be obtained from the Nautical Geodesy Section, Hydrographic Service, 
Ottawa. In JAMES, a similar program (B51211) was used and is available 
through the NWRI computer library. 

Input 
Hydrographic tape containing soundings in decimetres and UTMs 

in Zone 17. 

Output 
Listing with added sequence numbers and a permanent file 

(003/096 JAMES BAY S¢UNDINGS,01,R¢BT) written in binary with 25 sound- 
ings per record. All disc files written for either this system or the 
charting sub—system will have essentially the same format. 

Main Parameters 
ICM = Central meridian in degrees; 
IK = sequence number of individual soundings; 
X,Y = northings and eastings (UTM); 
FLAT = latitude of sounding (dec. degreeS); 
FL¢N = longitude of sounding (dec. degrees); and 
1B = one—dimensional array containing sounding values 

and their respective coordinates (UTMs).
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Program GE¢RGR 

This program selects the soundings located in the area for 
which the gridded depth values are required, deletes soundings, and 
writes a permanent file to be used as input for program CREBAT (003/090, 
GE¢RGE—RIVER—S¢UND—MERC,01,RwBT). Soundings to be deleted are physical- 
ly set to zero and eliminated in program CREBAT. 

Input 
Permanent file written by program JAMES. 

Output 
Listing of soundings and their respective Mercator coordinates 

and a disc file (binary) in standard format.
\ 

Main Parameters_ 
M = Chart scale; 
DL,¢N = reference latitude and longitude of chart in decimal 

degrees; and ' 

IDEL = oneedimensional array for soundings to be deleted 
(max.l6). 

Note 
Parameters C1, C2, and DLAT, in common block MER, are constants 

unique to the bathymetry and are not used in the foregoing calculations 
(left blank).
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I 

Program CREBAT
I 

This program writes a tape in card image format to be used 
as input to the GPCP program. Additional soundings may be added to 
this tape in Mercator coordinates (see program CATMER). 

Input
, 

'Permanent file written by program CE¢RGR and cards containing 
additional soundings (optional). 

Output
_ 

Card image tape With soundings to be used as input for GPCP 
program and line printer listing of the-Soundings. 

Main Parameters 
Control variable for additional soundings; ISUPP = 

XBASE _ " 
' 

. _

‘ 

IYBASE 
— Mercator coordinates of bathymetry origin, 

IDUM .= one-dimensional array (blank), specifying l3‘quan- 
tities as required by GPCP program; and ‘ 

IC =1 total number of points (used for planning the GPCP 
input). 

Note 
This program eliminates zero values created by program GE¢RGR. 

However, these zero values are not "genuine" because they do not desig— 
nate land. If some true zero values are to be added, it can be done at 
the end of this program.
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Program CPLQT
' 

The program name is used only on the job card of the GPCP 
program. All input parameters are described in the manual "GPCP. A 
'GENERAL PURPOSE CONTOURINC PROGRAM" (see NWRl Computer Applications 
Library). The reader is referred to sectiOn 2 "GPCP FORMULATION" with 
special emphasis on "Map Format" and "Contour Generation". 

Input 
Tape written by program CREBAI.. 

,Output
‘ 

Card deck with gridded depth values in Erformat. 

Main Parameters 
XSCALE,YSCALE,x¢¢,Y¢¢

. 

XMIN,XINC,XMAX Described in GPCP Manual, 
YMIN,YINC,YMAX 

Note 
XINC = YINC = cell size. XMIN, XMAX, YMIN, and YMAX determine 

the dimension of the bathymetry area (see Figure 1).
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.-; Program INTDEP 

The purpose of this program is to convert the card output of 
the GPCP program to integer format and sequence the cards. The card 
format is the same as that used by NWRI with no zone numbers added. 
Since the card format of the GPCP program cannot be altered, it was 
necessary to write this program to enable the user to display the bathym— 
etry obtained on the line printer for editing, zone layout, and.depth 
checks. 

Input 
Card deck produced by GPCP program. 

Output 
Card deck with integer depth values and sequence numbers. 

Main Parameters 
Self-explanatory. 

Note 
For the time being, the limits of the Do Loops have to be 

changed within the program.
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Program ADDZ¢N 

The purpose of this program is to add zone numbers to an 
existing bathymetry. 

Input
H 

Card deck produced by program INTDEP; 

Output 
_ _ _

‘ 

Punched card deck with integer and zone numbers. This card 
deck is in the proper format to create a permanent file for the bathy- 
metry, except for header records and scale factors. For zone boundaries 
following along meridians and/or parallels; program ADDZ¢N can be used. 
In more complicated zone configurations, program Z¢NSEb has to be used 
(see Inroduction). Figure 2 gives an example of a aone layout of the- 
northeast corner of James Bay (George River) that was used by ADDZ¢N. 

Main Parameters 

IDEP = Two—dimensional array for bathymetry; 
Do Loop 20 limits the numbEr of rows; and 
Do Loop 10 reads one complete row (12 depths at a time) of the 
bathymetry. 

I I I 

I I I 

l I I
' 

I I I 
"

. 

bb5018bb5042bbq088: 144 
I I . I 

,
, 

zone depth sequence 

Input Card for A Bathymetry
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PROGRAM ADDZON 
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,Program PERMA 

The purpose of this program is to create a bathymetric disc 
file for a particular area (zone) from a card deck. ‘There is a program 
attached to each card deck, and all of these programs are essentially 
the same, except for the area limits. As mentioned earlier, all updates 
and changes are made on these card decks and any sub—bathymetry created 
will reflect on these decks. 

Main parameters 
IC¢DE 
IMAX 
MAX . 

IZMAX 
DLAT 
SCALE 

Not used presently (reserved for multiple input); 
number of cells per column;

' 

number of rows;‘ 
‘

_ 

maximum number of zones; 
cell size in_km at mid latitude; 
one—dimensional array (JMAX) with a scale factor for 
each row;-and 

V 

’

' 

chart scale. 

Output of these programs is‘a binary disc file having a header 
record and one row of bathymetry Values per binary Write,
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Program HUDMAP 

The purpose of this program is to display the zone number and 
depth of each cell for a given bathymetry‘on the'line printer; The 
dimensions of this program have been set for the James Bay‘Hudson Bay 
zone bathymetry, and the program is used in this repert as an example 
only. There is another display program of this nature available, to 
be presented in another report, which Will display a bathymetry by 
specifying the number of cards per row and the number of blank spaces 
between the rows. Sequence_numbers for both.rows and columns are also 
displayed. Since bathymetric values are conventionally read starting 
at the bottom row, one rom atia time, the entire array has to be stored 
to display a map (see Figures 4 and.5). 

Card deck containing zone bathymetry. 

Output
, 

Line printer map of zone layont and cell depths for the zone 
bathymetry. A 

-
I 

Main Parameters 
IDEPZ = Two-dimensional array containing zone bathymetry; 
NZ = two-dimensional array containing zone numbers;' 
ND = two—dimensional array containing depths; and 
L = row delimiter.‘

I

'



CONTAINS IT READ IN.S
L 

K,N).MW (IUEDZTi.L).I4 

3). NZTQE.63).‘ND(AE.63)E 

UCEE BY ppocnn. BETH AND 70Nr 

HQEE DIGITS CONTAIN THE IGNE AND THE LAST THREE UEDTH r , 

*IEp7(H89
J 

T%Iu 

cent 

PPOGQAM HunMAD' 
444 

C ¥¥4 

fi ##4 TH 4¥¥

c
c

C

V 

.

A

S

B 

T.

N 

1H. 

E

0 

«UT 

sun

N 

DT.

T 

A
O

E

N 

LD 

SC.

I 

E 

90 

Du 

ST

E 

D. 

EN 

VD 

TI 

CLO 

0
. 

. 

AR 

RT 

.1 

CD 
LT. 

Err.

E 

.ON 

3H

D 

. 

NE

T 

I
A 

,.IH

T

N

S 

UT. 

0 

E. 

I

M 

nu 

T: 

H 
9

. 

H. 

T.

N 

TO 

PUT

.

I 

0 

ptT. 

S

T

R 

90 

,DT.

I 

P. 

05 

«KO

T 

.

1 

QB

T

S 

S. 

I.

I

I 

T 

.NC.

.

,

O 

09 

OH

E 

, 

D 

\: 

HT 

0n. 

PT 

T 

,.C‘ 

T 

.fl 

.5 

\1 

T. 

30

. 

u

N 

0. 

.1 

.H,

5 
.D

T 

00 

.EM. 

I~ 

I

. 

3

. 

9, 

n.J, 

FCC. 

11

. 

H0 

9 

‘S

v 

H

1

0 

Us

. 
T 

TQH

1 

1, 

T

2 

1
. 

.

, 

F. 

=

H 

: 

D. 

__ 

.U 

9 

FE

/

:
= 

K

n 

K 

F.

K 

RU) 

H 
n.»

T 

In. 

. 

c.

. 

DP

9 

hum.

9 

UL 

TA 

)) 

.UA 

.) 

EU 

_)

T 

1.. 

I
‘ 

LI. 

:2: 

L

T 

.L 

5. 

L 

). 

,K 

DxH 

Q9 

TD\ 

‘9 

NT 

0

. 

H‘ 

.9 

.. 

)u‘ 

.)T 

0T. 

KK

N 

Kynu 

IT. 

K 
ad

T

K 
nw

. 

.91 

L7. 

.0. 

(4‘ 

IE

( 

.5 

9L 

1‘ 

at 

.( 

7

) 

IF. 

90 

FE“ 

7” 

R?

Z 

PD.

0

F

0 

.w 

0? 

VF. 

ND 

NN 

PF.

N 
0 

S

N 

n 

0‘ 

N 

C 

T. 

)3. 

(3 

0 

))

, 

N

(

T 

S

T 

T

( 

T.

n 

3vX 

ZI 

7DS 

00 

Q. 

I9

T 

X 

IXG 

D 
l. 

N... 

o

- 

IS 

)I. 

n. 

T. 

\I) 

D; 

3‘ 

T) 

0, 

,u 

#51. 

CR” 

C._A 

.W 

and 

PO 

9 

00 

G
A 

3:“. 

G 

I. 

‘4 

I.

9 

Hum... 

H 
r: 

EC.

9 
C 

Di 

AT 

07.. 

D 

03 

)5) 

93h; 

T..Ml 

TCHC 

O

I 

A3. 

11.1 

\r 

idol.- 

11 

\l 

11. 

\’ 

OIirUHH 

NU 

)xl 

MI. 

9! 

0 

99 

U 

n 

9 
0. 

AJ 

HACHHli 

:._nkCDw.LL 

c.” 

11

u 

H.. 

11

. 

N 

11

o 

11Tfil/ 

EZC 

soFE 

EH 

66

T 

TF 

66 

T

C 

86 

T 

(((((( 

)) 

H 
.r 

KKHfiu 

NT 

((4?» 

PG 

((1fib 

C 

I)\IG 

LL 

TEP 

((NN

O

3 

.. 

EA

3 

.. 

E 

3 

.. 

TTTTTT 

9
9 

IH. 

7.3T.I 

7...: 

BCEHLL 

DD 

6851.... 

.8 

SPELL 

QQAAAQ 

KV\ 

FTL 

NNTT 

C 

TT. 

4‘ 

T7: 

:1 

TT 

Tn.» 

M,M,.u.‘.MMM 

(T 

L 

((NH 

EN 

= 

II:

. 

EF. 

:II:

E 
: 

II: 

0 

3..D§..Q.P.D,D 

Znu 

Prov; 

FE.F_C 

HT. 

«10..

C 

HN 

93‘.

F

H 

D\D..

C 
vl 

CCCCAJCM. 

MN 

.1SH 

,;IPKM 

Tc 

.wrtz 

Tn..LNNI:l

T 

wCLIcn 

FrcklkFF 

x. 

a. 

x. 

fiupU 

4
4 

nu 

1. 

¥

0 

¥ 

n1. 

«uOaJCC 

x. 

8. 

4

7 
u 

1.

¥ 

E‘ 

4 
¥ 

.m.

l 

w: 

2.V3,G1.7_73 

n. 

I 
u. 

n, 

n. 

n. 

x. 

a. 

111.1 

CCFELC 

ALFPJF 

CCFF." 

Pu

34



Program CATMER 

This program converts geographic coordinates to Mercator 
coordinates at scale. 

Ingut 
Cards with geographic coordinates. 

Output
V 

Listing of geographic_coordinates (input) and their respective 
Mercator coordinates at'scale. 

Main Parameters 
LAT,LATM = Degrees and minotes'of mid latitude; 
LGNG,L¢M = degrees and minotes bf reference longitude; and 
X,Y = Mercator coordinates at scale in metres. 

For theory and documentation, see the charting sub—system;
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SUBROUTINE MERCAT 

This subroutine is part of the charting sub-system and is
I 

used to calculate Mercator cOordinates X and Y of geographic coordinates 
with respect to chart scale M and origin ¢L and ¢M. 'Subsequently, it 
can be used to assign cell numbers to those MercatOr coordinates; The 
cells are numbered starting from the lower left—hand corner of the 
bathymetry. This corner is located C1 cell units up (or down) and‘C2 
cell units right (or left) from the chart origin, the intersection of 
reference latitude and reference fieridian.

‘ 

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