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CONTOURING OF LAKE ERIE WATER QUALITY DATA
BY COMPUTER GRAPHICS

INTRODUCTION
Purpose

The purpose of this project was to develop a system that could
accurately construct a large number of illustrations of water quality
data in a short period of time. On each of nine separate cruises the
Center for Lake Erie Area Research had collected data from Lake
Erie on approximately sixteen physical, chemical, and biological
parameters. Before most of the data could be effectively analyzed,
it needed to be illustrated or presented pictorially, such as by
contours,

Background

Physical Description of LLake Erie. l.ake Erie, the shallewest
of the Great Lakes, is located at 42°15' north latitude and 81°15'~"
west longitude. It is approximately 386 kilometres long and 80 kilo-
metres wide, with the major axis oriented in a northeast to southwest
direction along an azimuth of approximately 70 degrees.

Natural barriers divide the lake into three basins. The large,
flat bottomed Central Basin is separated from the small, shallow
Western Basin by a chain of islands and a pointed peninsula. On the.
other end it is separated from the Eastern Basin by a low, flat r‘idg'é}
The average depth is 9 metres in the Western Basin and 18 metres
in the Central Basin. In contrast to this, the maximum depth of the
Eastern Basin is 84 metres. The Central Basin has a surface area
of approximately 14,900 square kilometres and fifty nine per cent of
the total lake wvolume (Figure 1).

The Eastern and Central Basins undergo thermal stratification
from mid~June to mid-September, but the Western Basin is shallow
enough to remain mixed all year. Dominant southwest and hortheast
winds freguently cause the lake surface to tilt along its major axis
and create internal seiches or rockings of the thermal layers.

Dur‘ing the last few years the lake level has been approximately
one metre above normal which has caused occasional severe flooding
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along the southwest shoreline. These physical characteristics of the |
lake create some of the conditions which lead to its water quality |
problems. ‘

Thermal Stratification. As applied to lakes, thermal stratifi— |
cation is the formation of two or more distinct layers of water at
different temperatures. In most lakes, this phenomena produces a
warm layer over a cold layer during the summer and possibly the
reverse during the winter. In the spring, the sun begins to warm
the upper part of the lake. Turbulence from wind stirs up the lake to
replace the warm water with cooler water from below. However, the
cool water is heavier than the warm water and the turbulence is
frequently not strong enough to stir up the cold water from the bottom
portion of the lake. This creates the condition of a freely circulating
warm upper layer, called the epilimnion, over-riding a stagnant cold
" layer, called the hypolimnion, separated by a thin zone called the
mesolimnion, where the temperature changes drastically. This is
depicted in Figure 2. This condition usually exists from early summer
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FIGURE 2. Thermal Profile of a Stratified Lake.

to early fall. In the fall the cold air cools the surface of the lake.
Since this cool water is heavier than the water just below, it begins
to sink causing the mixing of the layers called the fzll overturn.
Occasionally a stable cold layer can be created during the winter
causing an inverse stratification which becomes mixed by a spring
overturn. In some very deep lakes the stratification can become
very complex with three or more layers forming such as in the
Eastern basin of Lake Erie.




The nature of these layers can cause severe water guality
problems. Because the cold hypolimnion lays the bottom of the lake
stagnat, it does not get reoxygenated by contact with the atmosphere. .
Only limited oxygen comes from interface mixing with the mesolimnion,
Therefore, normal biodegredation on the lake bottom as well as
consumption by animal life depletes the oxygen in the hypolimnion. If
the biodegredation is severe enough, as would be the case after a
large algae bloom sinks to the bottorm to rot, the hypolimnion becomes
anoxic, ie. without oxygen.‘ This kills or drives.away the oxygen
dependent organisms and stimulates the activity of anaerobic organisms
which can cause the production of the foul-~smelling hydrogen sulfide
and turn the water black. h

For this reason, the extent and duration of thermal stratification
is an important item of consideration in environmental lake surveys.

| ake Erie Pollution Problems. Over the years Lake Erie has
been subjected to an increasing load of municipal, industrual, and
agricultural wastes, Detroit, Toledo, and Cleveland have been the
major sources of the municipal and industrial wastes, while the
agricultural activities around the shoreline have been sources of
nutrients from fertilizer runoff or animal wastes.

The result of these nutrient loads has been increased phyto-
plankton activity and more extensive oxygen depletion of the water,
especially in the hypolimnion. This has reduced the quality of the
water, impairing sports activities, such as fishing and ‘swimming, and
eliminating some areas as drinking water sources.

If the condition of the lake deteriorates to a certain point,:
anoxic areas may cause nutrients to be released by the sediments
creating a self-fertilization process leading to worse conditions.
Thus, the pollution of Lake Erie is not only a problem, but one of
increasing concern and in need of an urgent plan of control.

Recent Research on Lake Erie. In response to increasing
evidence of premature eutrophication of Lake Erie, Canada and the
United States signed an agreement in 1970 to conduct studies to
determine the causes of the increasing pollution of the Great Lakes,
These studies were to be supervised by an International Joint Commis—,
sion to coordinate the data. From 1970 through 1872 a scientific .
team from the Canadian Centre for Inland Waters collected and analyzed
data from Lake Erie. During 1873 and 1874 the Center for Lake Erie
Area Research (CLEAR) collected data from the Central and Western
Basins of Lake Erie while the Great Lakes L aboratory of the New York
State University College at Buffalo Collected data from the Eastern




Basin. Both will also be collecting data in 1975. ‘ .

CLEAR is an environmental research organization affiliated
with The Ohio State University. They have offices and labs at the
main campus in Columbus, Ohio and the Stone Lab branch on Gibraltar
Island on Lake Erie. Their primary function is to collect and analyze
data from Lake Erie and the surrounding area. Most of this work
is funded by the United States Environmental Protection Agency as part
of the joint agreement. '

The data that was collected by CLLEAR was obtained during a
series of nine cruises from June to December. Using a research
vessel, CLEAR collected samples from fifty stations in the Western
and Central basins (see Figure 3) analyzed them for sixteen physical, _
chemical, and biological parameters. These included temperature,
_dissolved oxygen, alkalinity, soluble and total phosphate, nitrate and
nitrite, chlorophyll, methane production, benthos. Once the data was
analyzed, it was recorded on data sheets according to sampling depth
and parameter name, one station per sheet. Dissolved oxygen and
temperature were measured every metre from surface to floor while
other parameters were only measured at the surface, the lower inter-—
face of the epilimnion, the upper interface of the hypolimnion, and the
fleor. '

To evaluate the data CLEAR was interested in illustrations of
the parameter values at the lake surface, the lower epilimnion surface,
the upper hypolimnion surface, and the floor, or just at the surface
and floor during unstratified periods. For ten parameters from nine
cruises this amounted to 200 to 300 diagrams. In addition, the areal
extent of the hypolimnion and the anoxic zone, the volume of the thermal
layers, and the average heat and dissolved oxygen contents in the
thermal layers was important for quantitative calculations of the changing
condition of the lake. Since this work presented a formidable task
by conventional hand methods, the project detailed in this report was
established to .develop a high speed system, possibly by the use of
computers, to produce the desired diagrams and accessory information.

.CONCEPT FORMULATION

. Goals and Objectives

Since this project was somewhat unique, it required a significant
amount of original design. Therefore, the work was broken into three
phases. These phases were the formulation of the initial concepts,
the development of a procedure from the selected concept, and, finally,
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the testing and improvement of the procedure. This and the following
two sections cover these three project phases. '

To effectively analyze a collection of water quality data from
many sampling points and detect correlations, one must present the
data in a fashion that links together the results from the scattered
points. Contouring, the process of constructing lines of constant
value between locations assigned differing values, is one of the most
satisfactory methods of accomplishing this goal. For this reascon it
was selected as the means of presenting the CLEAR data from Lake

Erie.

Before ideas could be evaluated, the objectives of the project

had to be established. An examination of the data, the goals of CLEAR,

and the time and budget constraints yielded the following basic objectives
- for the final solution.

use survey data in its existing recorded form

be fast

be simple to set up and operate

have a reasonable cost (approximately $2 per diagram)

To work for all types of parameters - phys1ca1 chemical,

and biological

6. To produce contours at a constant depth or varying depths
below the lake surface

7. To produce diagrams that are sufficiently clear, accurate,
and complete to be used without retouching

8. . To have the flexibility of producing different scale diagrams
and different contour intervals

9. To compute volumes, -areas, and volume weighfed averages.
(A volume weighted average is an average of values which
were weighted according to the volume of water registering
each value.) |
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General Approach

with the knowledge that extensive computer facilities were
available, three options were considered. One was to draw the con—
tours by hand from blank maps of the lake marked with the appro-
priate parameter values at the sampling- station locations. The se¢ond
was to draw the contours by hand from a computer printout of a
closely spaced network of parameter values interpolated from station
values, The values would be printed on a scaled lake outline at the
locations where they were calculated. This method was used by the
Canadian Centre for Inland Waters in some of their studies on the
Great Lakes. The third method was to have a computer both calculate




and draw the contours. From the standpoint of objectives 2, 4, 7,
and 9, the third option was the best approach. All three methods met
the other objectives equally well, so, the complete computer analysis
method was selected. '

Equipment Plan

The Ohio State University has one of the largest research and
instruction computer facilities in the United States. Their equip-
ment included large, late model computers such as the IBM 370,

4 remote job submittal terminals, over twenty IBM 29 keypunch
machines, magnetic tape, disc, and card input devices, small com-
puters, such as the IBM 1130, to control auxiliary equipment, and
others., From the counseling of computer course advisors and facility
directors, the equipment considered most applicable to the problem was
the IBM 370 computer using either batch-type job submittals or time-
share job submittal on a typewriter (IBM 2741) terminal and the small
IBM 1130 or 16820 computers in conjunction with the drum plotter or
cathode display screen. Since objective 7 stressed the importance of
clarity and perminence of results, the various means of computer
graphic display were evaluated in the light of this objective as well

as objective 4 (the cost). The Omnitab language had several package
programs that could construct plots on the printer from original data
input to the program. However, these plots were not as smooth and
neat as those produced by the drum plotter and the cathode display
screen. The cost of the screen displays as well as the inconvenience
of having to be at the computer center to study the displays dictated
the final selection of the drum plotter. This drum plotter, the IBM
1621, consisted of a drum over which passed a long roll of paper
mounted like a scroll. A pen was mounted to travel along a rod
parallel to the centerline of the drum. The pen shifted laterally in
response to changes in x coordinates, and the drum rotated in response
to changes in y coordinates., '

The IBM 1620 computer directing this plotter did not contain
sufficient storage for the analyses required to calculate the contours

. for this problem. Therefore, the plotter commands had to be generated

by another computer doing the contour calculations. The IBM 370
computer had the most storage and was the least expensive. Also,
batch-type job submittal was less expensive than typewriter terminal
input, even though the latter was faster. These considerations led to
the adoption of the basic plan depicted in Figure 4. As shown, data
is inserted to the 370 via a program containing the proper algorithms
for contour calculations and data manipulations. The computer outputs
the result of the data manipulations as well as a set of commands for
the plotter. With these commands, the 1627 directs the drum plotter
to draw the contours. ' B '
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Program Framewori

Once the equipment plan was established, the scheme for
setting up the algorithm was developed. Some extensive research
turned up two readily available programs for calculating contours.
The first was a Fortran program called CNTOUR which was part of
the General Plotting Package (GPP) stored in The Ohio State
University Fortran Library. The second was an unpublished Fortran
program called CGTOUR written by John W. Snowden. Unfortunately,
neither program could be easiiy revised to compute areas enclosed.
within the parameter contours, which was a necessary step for figuring
volume weighted averages, areas, and volumes (data manipulation).
Therefore, the first idea considered was to calculate the contours
segment by segment on a grid superimposed on the lake. These
segments were to be calculated in sequence along the contour trace.
From the end point coordinates of all the segments, the area could be
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calculated by the surveyors technigue of double meridian distances.
Thus it was important that all contour traces form a closed tract.

" All calculations and plotter instructions were to be generated by one
praogram, After several weeks of development this approach had become
a complicated, storage-consuming mess and was discarded in favor of
a new approach. This new approach, born from ideas brought forth
in a discussion at the Canadian Centre for Inland Waters, centered
arocund a concept of prismatic unit cells. If the area and volume
could be calculated from a sum of whole and partial unit cells created
by a grid, the existing contour programs would be used to calculate
the contours. A volume weighted value could also be computed by
multiplying the unit cell volume by the value assigned to the center of
the cell location. From this evolved the three program concept.

For area and wvolume calculations the first program would figure out
the number of unit cells in each layer of depth., Since the sampling
station locations were too sparse to compute more than rough contours -
the second program would interpolate the given parameter station
values onto a smaller grid. These grid points would coincide with
the cell locations in Program 1 to produce a data format suitable for
use by the third program, the contouring program. The ‘contouring
program would then produce the plotter command cards for the plots.

A preliminary study indicated that this would be a reasonable
approach, and it was pursued successfully through the development and
other remaining stages.

PROGRAM DEVELOPMENT - :

Selection of Contouring FProgram

Once the three—-program concept was selected, these programs
had to be developed to satisfy the requirements of the most suitable
existing contouring program. Both the GPP and the Snowden contour—
ing programs required an input of a three dimensional array containing
the two coordinates of each point location and the parameter value
assigned to that point. In the GPFPP the points could be located at
random, but in the Snowden program the points had to be divided into
rows containing equal numbers of points. However, these rows did
not have to be straight or uniformly spaced. Figure 5 shows an
example of this warped grid. Both programs were written as sub-
programs and both produced the command cards which directed the
1621 plotter to draw the contour diagrams.

From conversations with advisors and graduate students at the
computer center it was determined that the Snowden program produced
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FIGURE 5. Warped Grid for Snowden Contouring Program

f : -
more accurate contours in less time than the GPP program and would,:

therefore, be the better one to use in this project. :

Establishment of Grid

Since a more uniform point distribution produced better plots,
a rectangular grid of points was the optimum arrangement. This fell
right in line with the grid requirement for volume and area calculations.
Hence, a three~dimensional rectangular grid was constructed on an.
outline of the Lake Erie floor. Since the major axis of the central
basin of the lake runs from southwest to northeast at an azimuth of
approximately 63 degrees so that the X axis coincided with the major
axis. This reduced the size of the grid required to enclose the lake and,
thus, reduced the number of grid points to be processed. Since the
average sampling point spacing on the CLEAR study was twenty to
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twenty~five kilometres, five kilometres was seleéted as the initial

grid point spacing. This produced a grid of 55 units by 23 units to
enclose the central and western basins. However, the option to change
the grid point spacing was designed into the program should further
experimentation have indicated that a larger or smaller grid would

have been more appropriate. Figure 6 shows a ten kilometre grid
similar to the five kilometre grid actually used.

Development of Program I — The Boundary Program

Definitions. Once the grid was established, a sequence of
calculations was laid out and nomenclature assigned to the lines and
volumes used most frequently. A cell was a block of the grid having
a length of one unit along each edge and centered around a grid point.
A partial cell was a cell within the lake whose Y dimension (NW to
SE) was cut short by a strip boundary. A strip was a row of cells
running northwest to southeast along a horizontal grid line, and a series
of strips side by side made up a layer. The total number of cells.
and partial cells within a certain boundary was used to approximate
the area or volume within that boundary. This was calculated one
strip at a time and one layer at a time, moving from south to north
along each strip. The repetitive nature of these computations made it
ideally suited to a computer analysis. A strip boundary was a point
where the grid line along the center of a strip intersected the lake
floor. These boundaries were designated as minimums when the floor
depth was increasing while moving northward, or as maximums when
the depth was decreasing. A diagram of these items is shown in
Figure 7. -

Computation of Strip Boundaries. Strip boundary wvalues were
necessary to calculate the number of full and partial cells in each
strip. This task was assigned to Program I. From a recent
Canadian Nautical Map, floor depths at 916 different locations were
recorded on data cards. These lake floor data points were then used
in this program to compute probable depths at each of the grid points
by interpolating between the three data points closest to the grid point.
This interpolating was an application of the concept of a line inter—
secting a plane defined by 3 points. As each new grid peoint in a
strip was assigned a value, that depth value and the previous depth
value in the strip were compared, and the locations of any inter—
mediate integral depths were determined by simple interpolation.
These locations were the strip boundaries for the depth that equaled
the contour value and were stored by grid coordinates. Figure 8 shows
a typical cross—section of a lake strip and the locations of the strip
boundary wvalues that would be calculated. To compute boundary values
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for an irregular surface such as the floor this program reguired the
input of the depths to the irregular surface measured from a
horizontal plane. Therefore, strip boundaries for a layer between
two irregular surfaces such as the upper hypolimnion and lake floor
were calculated by inputting the layer thickness. As shown in
Figure 8b these boundary values were just as suitable for computing
volume as the boundary values calculated for the two irregular sur—
faces defined by depths below the lake surface. When all grid points
had been processed, the strip boundary values were outputted on cards
in groups according to depth. Figure 9 is a sample of this output

in printed form and Figure 10 shows a block diagram of the program
logic. '

Development of I-';’r*ogr‘am' 11 -~ Grid Value Program

] . Computation of Grid Values. The second major program, the

grid value program, was developed as a modification of the boundary

program. Since the Snowden contouring program required a grid

containing rows with equal numbers of points, the- raw lake data which

was scattered over irregularly distributed stations had to be inter-

polated to the grid points. The sequence of steps to find the three

stations nearest to each grid peoint was duplicated for Program II, : |
but, the sampling stations were not broken into zones since there were o
only fifty stations. To keep storage requirements at a minimum,

these grid point parameter values (hereafter referred to as grid values)

were only stored long enough to accumulate sufficient values to fill

an 80 column card, whereupon they were punched on card output.

Figure 11 is a printout of a typical set of grid values.

Computation of Cells. In addition to this interpolation routine,
a section was developed to calculate areas, volumes, and volume
weighted averages. As the computer processed each grid. point in
_a strip, it compared the grid point coordinates to those of the minimum
and maximum strip boundaries read in from the boundary data cards.
Partial and complete cells inside the boundaries were counted toward
the total area and volume, and each cell was multiplied by its assigned
value and added to the previous sum of these products. The total
number of cells in a layer divided by the layer thickness produced the
area, and the total number of cells in all layers divided by the unit
cell volume produced the volume. Also, the sum of the cell-value
products divided by the number of cells yielded the volume weighted
average (VWA) value. Thus, the computation of area and volume
depended solely on the boundary values calculated by the boundary
program, whereas the VWA values depended on the boundary values
as well as grid values. The final output preduced by this program
consisted of cards containing all the grid values at each depth considered
for contouring. -
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FIGURE 10. Block Diagram of Boundary Program.
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- Establishment of Horizons. Further studies of the objectives of
the project indicated that the grid value program needed more flexi-
bility in the selection of contourable surfaces called horizons, for
which grid values could be calculated. Contours at a uniform depth
below the lake surface were not sufficient since contours on typically
irregular lower epilimnion and upper hypolimnion surfaces were '
desired. This flexibility was added by incorporating a section which
would accept the input of a specified depth at each sampling station.
These specified depths were the depths to an irregular surface such
as the lower epilimnion or the upper hypolimnion and designated which
parameter wvalue at each station was to be used in grid wvalue calcula-—
tions. See Figure 12 for a block diagram of Program II.

Development of Program III — Contouring Program

Once the systems to compute cell strip boundaries and grid
values were developed, the Snowden contouring program was modified
to suit the needs of this project. The contour program in its raw
form calculated contours to the extreme edge of the grid system with—
out regard to any intermediate boundary limitations. The boundary
cards were added to the program data and used to blank out contours
that fell outside the boundaries specified.. The application of these
boundary cards was similar in concept to the employment of picture .
matting over a picture to blank out unwanted portions when it is
framed. Before this idea was conceived, the possibility of using a _
real matting frame to screen out unwanted contours was actually con-
sidered. The computer screening was accomplished by following the
trace of each contour as it was computed. The Snowden program in
its natural form computed all trace points for a contour sequentially

for each individual contour line. To take advantage of this character—

istic, a point location routine was written as a subprogram to this
program. As the trace progressed, the location of each successive
point was compared to.the mininmum and maximum strip boundary
segments formed by the two nearest strip boundaries. When the trace
crossed either of these segments, the plotting pen position indicator
was reversed (from write to no—write or vice-versa). In addition to
this routine, a section was written to receive and store the input of
grid values and to call the Snowden program (a subprogram also) at
the appropriate time. ‘

Development of Accesscory Programs

Since the contouring program only computed the plotter commands
for the contours, a separate program was written to compute plotter
instructions for the drawing of the lake shoreline, meridian lines, and
a graphic scale. This set of plotter cards was used over again for

e e epetma D TP T e
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FIGURE 12. Block Diagram of Grid Value Program.
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each plot since the information did not change. A completed contour
plot was produced by superimposing the contour lines on the shoreline
plot. :

PROGRAM IMPROVEMENT.

Initial Debugging

Once the first versions of the programs were completed, a
cruise of data on dissolved oxygen concentrations was selected as
test data. L_anguage errors and major logic were debugged in approxw.—
mately one and one half months. Most of the problems were en—
countered while correcting and adjusting the logic in the point location
subroutine used in the contouring program. The first routine written
_became too complicated to debug as additions were made to correct
exceptions in logic. The same happened with the second attempt, but
the third routine was fast and accurate.

Streamlining of Production

An immediate goal of the project was to produce 200 plots of the
most critical parameters from the major cruises. Eventually 400 to
500 were to be required, so the programs had to be studied and im-
proved to handle a large volume of plots. In the course of producing
one plot, Program II produced 103 cards containing grid values to be
used in Program III. Program III, in turn, produced an additional
75 to 150 cards depending on the complexity of the contours. Thus,
production of the 200 urgent plots would have generated from 36,000
to 50,000 cards. The logistics of handling this volume of cards, as
well as the cost, would have overshadowed the benefits of the computer
solution. To overcome this problem, Programs II and IIl were tied
together as one program. Instead of being outputted on cards, the
grid values went directly to the array used by the contouring subprogram
for storage. :

A second major area of streamlining plot pr'oduction was on the
plotting machine itself. Each new plot required the operator to shift
the pen manually to a new origin location, mark that location, and
start the second plot., Before the second stage of the plotting could:
begin the pen had to be returned manually to the same origin in order
for the plots to superimpose correctly. This was very time consuming,
so additions were made to the contouring program to automatically
shift the plots as each successive plot was calculated. This was
accomplished by adding an offset value to the plotting coordinates that
depended on the number of the plot being calculated. This reduced
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the manual shifting of pen position to two operations no matter how
rmany plots were being constructed. This shift was added to the shore-—
line program as well. Initially the operator wet the pen and marked
the origin, then as many shoreline frames as required were genherated.
The pen was then returned to the origin and the contours added, in
succession, to esach plot.

Elimination of False Contour Gradients

Description of Problem and Likely Causes. After the first plot
was produced, the contours were compared to the station values con-
toured. The contour plot had more contour fluctuations and sharper:
contour gradients appeared to fall along the shoreline areas, although
there were also some of these areas in the middle of the lake (see
Figure 13). '

A closer inspection revealed that all of these guestionable areas
fell in large open areas between stations. The grid value program
always used the three stations nearest to a grid point to calculate a
parameter value for that grid point. This was reasonably accurate _
whenever the grid point was surrounded by the three station values, so
that the grid value was calculated by interpolation. However, when the
three closest stations fell to one side of the grid point, the parameter
value was calculated by extrapolation. In some cases, this grid point
was located two to three times as far away from the nearest station as
the average distance between the three stations. This condition caused
extremely high or low values to be extrapolated from minor variations
in parameter station values. As calculations progressed down a strip
of grid points the same 3 stations would be used until a new one
becarme closer. If values were extrapolated over a large distance the
new station sometimes drastically changed the grid parameter value
compared to the value at the previous grid point. '

Solutions. To correct this problem, the weighting of the stations
used to calculate the grid values was altered to give more weight to
the closest station's parameter value. When this new procedure was
employed, the sharp gradients were reduced, but the ghost fluctuations
were still present (see Figure 14). If the computer solutions were to
be comparable to earlier hand solutions by other scientists, the com- .
puter plots had to produce interpretations that were reasonable and )
fairly consistent with interpretations produced by hand. Thus, it was
important to eliminate as much as possible the logic errors causing '
the ghosts. For all practical purposes, the problem was eliminated
by changing the algorithm to a "trap" routine to find the three closest
stations which straddle or trap the grid point. This was accomplished
by first finding the eight closest stations. The six furthest stations of
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the eight were then surveyed to find the closest additional station which
enclosed the grid point. If none of the six trapped the grid point, the
grid point parameter value was calculated as an arithmetic average of
the eight values. This procedure was highly effective and gave very
reasonable interpretations oF the data (compare Figure 15 to the two
previous figures).

Reduction of Data Requirements

In its original format Program II required considerable data
aside from the strip boundaries and station parameter values. The
preparation and assembly of this data was complicated and required '
some extensive pre-calculations. To meet the objective of simplicity,
some of the pre—calculations and data were eliminated by reducing the
program flexibility in areas where it was not greatly beneficial. For

.example, initially the input required a specification of contour interval,

contour label spacing, number of label digits, and minimum allowable
contour value. Experimentation yielded the best label spacing as well
as contour interval. The spacing was incorporated as a constant, and
the contour interval was program calculated to produce an average
range of six contours per plot. When labels were plotted with three
digits and a decimal point the plot became very cluttered, so labels

“were plotted only as integers and the appropriate label magnification

factor listed in the title block. A minimum allowable contour value of
zero was incorporated into the program to prevent the plotting of
negative parameter levels which resulted from extrapolation errors.

In actuality, this guard became unnecessary when the trap routine

was added,

" Reduction of lLooping Problems

Occasionally the.computer would get caught in a closed loop

because incorrect data was submitted or correct data was submitted in-

'_ an incorrect fashion. In these situations the computer would repeat

calculations until allotted time expired or an erroneous condition such
as overflow was created. To reduce this hazard, special error
statements coupled with stop commands were added at areas of likely
trouble.

Compression of Storage

Some of the program job.costs were based on the storage
required for compilation and execution of the program. The storage

was allotted in 126,000 byte blocks and with cost based on the number

of blocks required. For this reason it was advantageous to keep the
storage at or just below a multiple of 126,000 bytes. The original
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design of the programs required less than 126,000 bytes, so when
programs were combined or expanded, as much storage as possible was
shared by different segments of the program to keep storage to less
than one block. 7

Packaging of Common Data

Finally, because of the great similarity in the program data
required for each of the 200 plots, a subroutine was added to the grid
value—contouring program. The subroutine included four different pack-
ages of values for the common variables which varied with the nature
of the lake stratification. By specifying one certain package number,
the program automatically selected the appropriate values for grid
limits, contouring option, volume option, chart factor for plot size,
other miscellaneous plot factors, options to print or punch grid values,

. as well as the number of plots.

As the programs were run, more improvements were added to
yield the final product shown in Figure 16. As written, the pro-
grams worked quite well and produced the contours desired, provided
the correct data was submitted.

PROGRAM EVALUATION

Advantages

“The final two programs accomplished nearly all objectives set
forth initially and provided some extra flexibility. The plots that
were produced were detailed, accurate, neat, and of good reproducible
quality. The time to produce the plots was less than expected which
made the cost lower. The programs produced contours for the two
major types of horizons — a flat plane at a uniform depth below the
lake surface and a warped surface at varying depths below the lake
surface. Input was fairly simple, especially when the package values

were used, and the original data from the data sheets was transferred .

to computer. cards in an easy, logical, and compact manner without
the need for alterations or convérsions. The contour plots could be
produced at any scale greater than fifteen kilometres per inch, but
only the scales for three sizes of paper, g8 1/2" x 11", 18" x 11",

and 24" x 11", had the multiple plot capability incorporated by an
automatic shift of the plotting pen on the plotting machine. In addition,
the grid value program computed volumes and areas as accurately as
could be checked. '

 Beyond the original objective, some additional features were
incorporated. Major analytical groups, such as contouring, package
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L

values, grid value calculations, and others were constructed as separate
subprograms or main programs to facilitate additions or changes.

The program could printout the grid values used in the contour
calculations to produce likely parameter values in small areas of the
lake not having a sampling station. Provisions in the strip boundary
program produced boundary values which could designate contours

to be plotted in only one basin or area of the lake if so desired.
Changes in the volume of water in the lake were handled. With a few
modifications the contouring program could produce contour plots of
‘cross—sections of the lake.

Disadvantages

The results of the 'project were hot without shortcomings, however.
The major point of inconvenience was a data requirement for Program
II. As a result of efforts to keep computer storage at a minimum
every plot required the input of its own strip boundary deck. Even if
several parameters were contoured within the same set of boundaries,
the boundary deck had to be duplicated and read in for each plot.
Additionally, the program generated 75 to 100 cards of plotter instruc-—
tions for each plot. If the plotter instructions were kept for future
recall, the large number of boxes of cards became a storage problem.
On the plots themselves, only a few problems could not be resolved.
One of them was the inaccurate plotting of contours around islands and-
peninsulas whose widths were less than the grid spacing. A second
problem was the occasional overlap of contour labels onto nearby
contour lines. Only a larger scale seemed to help this.

Other problems and limitations were minor compared to the
ones above, and, on the whole, it was felt the final design met and
exceeded the project objectives satisfactorily. -

PROGRAM INPUT AND OUTPUT.

Boundary Program

Required Input Data.

Length of a grid unit

Grid coordinate limits in X-direction

Special grid limits for basin (if desired)

Take floor depth below chart datum lake level (locations
of data points and depths)

Designation of depth data stations included in each zone
Option designations for output desired -

BN -

o
.« .




7.

gl
10.
11.
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Sampling station locations 7 ‘
Minimum and maximum depths for which boundaries are
desired

Boundary area name and date

Measured lake floor depths at stations (if option requlr‘es)
Grid values of depth to lower and upper surfaces of a
layer (if option requires)

Possible Output Data.

Grid Value and Contouring Program

Strip boundary values (printed and/or .punched)

Floor depth grid values (printed and/or punched)

Layer thickness grid values (printed and/or punched)

At each sampling station, difference between measured floor
depth and chart datum floor depth.

Required Input.

OO o=

10.
11.
12.

Possible Qutput.

.Number of parameters to be contoured

L ength of grid unit
Number of warped surfaces on which to be contoured

'

Sampling station locations (longitude and latitude)
Depths to warped surfaces at stations

Plot title information:

parameter name

contoured surface name

date

contour units {
Number of stations of parameter data _ il
Maximum number of data values at any station :

Sampling frequency (every metre of depth or just at i

selected interfaces) 'l
Magnification factor for plotted contour labels l
Strip boundary values

Option designations for output desired l

Contour plots of parameter wvalues

Area within specified boundaries

Volume within specified boundaries
Volume weighted average parameter values
Parameter grid values or warped surface depth grid values f
(printed and/or punched) '
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CONCLUSIONS

Applications

As a result of the large amount of flexibility built into the
programs, this system could easily be expanded to handle all three
pbasins of Lake Erie. For that matter it is also applicable to data
from any other lake or general volume where there were enough
sampling points to construct contour plots. The grid layout and the
lake floor or physical boundary location data are the only major items
that change from one situation to another. :

The major benefit of this system to any lake is the wvast amount
of data that can be illustrated in detail in a short period of time.
Once the grid is set up and lake floor location data prepared, a dozen
. plots or more can be constructed in the same amount of time con-
ventional hand methods produce one plot, and at less cost. With this
great time advantage, more aspects of the data can be examined than
under other methods.

In addition to the plots, this system can also generate other
information of value in lake water -quality analyses. The volume of the
hypolimnion can be calculated as well as the area of the anoxic region
within this area. With the volume weighted average option, the
average disso'lve.d éxygen content in the hypolimnion or the heat content
can be calculated to determine changes over a season or a number of
years. .

With some minor changes, the programs could also be .used to
produce cross—sectional contours or to determine optimum sampling

point locations based on contour gradients.

Areas of Improvement

Aside from the wide range of applications, there are some areas
where the programs could be improved. A great deal of the dupli-
cation of data could be eliminated if strip boundary information that is
used more than once could be stored in Program II, at the expense of
storage. Handling of the program and final output could be eased by
placing these items. on magnetic tape. The operation of the programs
could also be simplified if the two programs could be combined or run '
together and if some of the input requirements could be incorporated as
constants in the programs. However, the final system more than
adequately met the goal and objectives of the pboject and the appli—
cations and improvements are almost unlimited in the field of water

quality.
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APPENDIX A

LAKE ERIE TEMPERATURE PLOTS
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APPENDIX B

LAKE ERIE DISSOLLVED OXYGEN PLOTS
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APPENDIX C

LAKE ERIE CONDUCTIVITY PLOTS
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APPENDIX D

LAKE ERIE ALKALINITY PLOTS
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APPENDIX £

LAKE ERIE NITRATE-NITRITE PLOTS
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APPENDIX F

LAKE ERIE TOTAL INORGANIC NITROGEN PLOTS
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LAKE ERIE TOTAL PHOSPHORUS PLOTS
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APPENDIX H

LAKE ERIE CHLOROPHYLL PLOTS




-d ~d (43 [4:] o o0 =] (== m
o Ly 2 3 - a wp _L u
.D (5] = wr ot ~ e =] 13
I N
_ f ) . = 3 CREY
) I 1 = TEAYIINT ERALNED _ ”U%
£L61 2 JSRA0Y - L1 ATAC 2 35/N]

23H4UNS 3497 #ET38 s3diad 0L

(1/3n)
031334803 8 ITLHJIOHOTH)D

MW:\.\ ﬂ/.fl\\ IIJ\.\\_ﬂ 0°2h.

97

L0

\\3 nvig
SN
o° |
Ly )

SMLFHRTIY s 3wIs

| T 1 T ¥ T T T T
gt 29 ok 02 g um

—~




CPRUBL

BT

o'os

w
1=
L

bER

S'Z8

"ER

5°e8

J- — ._.._.;lj:]__:.__...__“

Hu mm@u g 44»2&@&@4:@

- L<,J‘ awh‘

1an.

. N = THAHSINT HOOLNAD
gLE1 ‘g Fm:wﬁm = &Y AIne 2 3slagd
i zﬂhzz—qmmw H3anG -ANead

(/2

0°eh

2

§3HL3UETIN 48 3H3IS

[
08

T
og

G SN S S|
on oz

| RRALES Bl

0

§°2h

e
4




18

= =+ == @ @
- [t} ny - L G
it =] ftn (=] I

ATEL
£ 8L
‘fﬁ;ns
&ns

_ B/OM 0 1= THAHILNS HNELNOD
E4BL "2 LSAAE - L1 A0F 2 38fndl
- NPINAIT8dxH H34dA ONDTH
N U A e 1
11334883 5 TTAHJIBHETHD

=

5"2h

$3ULINDTIN 3B 336
T TS TR I I B G A i S
gm_mm_azm cam




‘D
t9e
i

R

.wicﬂ

a

g

R T . 571k
o _Jm = Jn_bzm.ﬁ [ U130
@hmw gl _tétmmi i _LQDDE £ J35INE3 .
wuxmﬂmm wzma.xequ$ nmzwuﬁ g ‘w
” (1790} .
¥ mm@u a JbI&BmDAIJW
ia3'en
f o )
57 &h

mmeMEEJﬁM 3@ ATHIS
._|4|1.|._|_

1785




fu's]
N i=a
£}

i

S - Yred
ChE E e
nﬂ 2

Fianial
'L--l

e
. < TAHItHT 4NBEDD.
m,mmp gl _LJ.”:.E.. w L5nAg € w.u:._.ﬁ.
| “ Hhahza___pw 520079018

(1/9n)

W.__,mkummamu H AFI&BEDJIU

&
&
1%
|

SIHLIWDIIN 30 37835

A [+

S Sl S SRS W A S B
as-

ok ne

—yTrrr reee]

a N

10}




AL

- Ltug

TE

If:]

A2

N

I

CAANAY

w_‘__.

4 Amoaww £.= ATV, UIALEET
ks au:ml bolennag,
ROTHUETGdE d3ddT INgTW

‘£ 3610 ¢

u_\u:w

Bt

g M

n'ex

L2

mumhwzmqwx 40 3738

E T A

F

ag o

]

ok

aE

T T

na2

T
-
o

T

ng-

S'¢h




n

L

T
€ = TEAUBLEL YOI
#2139 6T O v
o oame
THABEOTHD,

7 a8indar .

=

CEFILIWDIIA 29 3G

£

% T T
. R ae

-

fr—

J




. i TN 6 = THAUILIT 6ngLEDD
mﬁaﬂ zuu_u_,wn - .62 rLJu:m o9 3803
FHEINME TR BTG uzaqu :

o T yam
muﬁumwmapwﬁg_fzm@mDAIg,f

2

tndd

UM SR WIS

S3¢LE
Y SR CEREY IVREN R L Y R UM Rk s
‘u,m. um E,...‘an c :_.

it R TR




(e

: ,,,Lu..".q.. —
SR 2 e ARl (RS X

LA

STin

SRIFNTRVEN AL S

SR [T
IHHAD: Y TAHIRDTHDY

w. v
v <
2 |
L0 B m
.
E |
|
57 2h !

SIIMQTIN B 3YIS
AL I L P L N A A
o, e B A




Beiaias <02 s 3 it
SO THSOTAIANYT AR G3ULRRILE

‘gh

CEIMAMOTLY B WIS . :

>

i1




