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ABSTRACT

Due to severe erosion problems encountered at the
Northeast Beach Point Pelee, Canada, Parks Canada and the
University of Windsor jointly initiated a shoreline moni
toring program. Every six months and after every major
easterly storm, detail topographic and bathymetric surveys
are made, and the data are then subjected to computer map
ping and analysis. The automated nature of the computer
mapping has allowed the University of Windsor team to com
plete the analyses within ten days of the survey's incep
tion, and this has allowed Parks Canada more lead time in
responding to the survey results.

Since the establishment of a national park at Point
Pelee, Ontario, recurring episodes of severe beach erosion
has been cited as a major threat to the resource value of
the National Park. According to East (1976), severe beach
erosion has plagued the park since 1918, and in the early
1970's severe erosion opened a large breach in the North
east Beach. This constituted a major problem in the manage
ment of the marsh and water levels in the farm lands to the
north. In response to this threat, Parks Canada has estab
lished a program of shoreline monitoring emphasizing beach
dynamics at the Northeast Beach. In addition, Parks Canada
closed the breach by constructing an artificial beach and
berm complex, and emplaced a series of erosion control
crosses along the northernmost 280 meters of the Northeast
Beach.

As part of this program, a research team from the Uni
versity of Windsor was entrusted with the task of monitoring
shoreline changes in the Point Pelee system. Basically, the
University of Windsor team performs the following functions:
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1. provide Parks Canada with data on the nature of shore
line dynamics to be used in periodic revisions of park
management plans; 2. provide data on shoreline problems
prior to the development of crisis situations; 3. assess
the effectiveness of Parks Canada erosion control struc
tures on the Northeast Beach. The monitoring program was
initiated in the Spring of 1978 and since that time five
separate surveys have been made of beach erosion and accre
tion patterns. Based on the findings of these surveys,
Parks Canada was able to adjust their shoreline management
plans in response to these observations.

According to Shaw (1975), Point Pelee is a partially
inundated peninsula that was formed over 4000 years ago.
Trenhaile (1978) suggests that longshore sediment flows may
not have been important in the early formative stages of the
Point's development, but longshore sediment flows have be
come very important factors in determining the later devel
opment of the Point. If this hypothesis is true, then any
factor retarding the longshore movement of sediment along
the Northeast Beach should contribute to beach degradation.

The Northeast Beach is located in the extreme northeast
corner of the Point Pelee National Park, and the coastline
of Lake Erie north of the Park is characterized by a rela
tively high frequency of groynes, breakwaters, and a signif
icant pier development at Wheatley. These structures quite
possibly contribute to the inhibition of longshore sediment
flows moving southward to the point. Just north of the park
boundary, a rather large groyne was present up until June,
1979, but at that time it was removed. Also the northern
most 260 meters of the beach was covered with a line of ero
sion control crosses. Careful monitoring of shoreline
change before and after the removal of the Marentette groyne
should provide some insight into the effects of groyne sys
tems on the beach dynamics. Overall, there is a strong
probability that the Northeast Beach is a sediment starved
system, and effective beach management programs should be
designed with this in mind.

Since Point Pelee is a highly dynamic open landform
system that is sensitive to the vagaries of complex coastal
processes, a program of constant surveillance of changes in
shoreline morphology is necessary to establish an effective
program of shoreline management. In order to develop an
effective program of shoreline monitoring, the following
steps were taken: 1. a standardized program for topograph
ic and hydrographic survey was developed, which was amenable
to computer analysis; 2. a standardized set of survey
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stations were chosen as a base for all mapping programs;
3. using standard leveling methods berm and beach topo
graphy was surveyed along 18 profile lines twice annually
as well as after each major easterly storm with winds ex
ceeding 40 km/hr.; 4. using standard survey methods the
bathymetry of the nearshore zone was assessed; 5. computer
programs were adapted to reduce the raw survey data to com
puter generated profiles and maps; 6. between each of two
successive survey periods comparative hydrographic and topo
graphic profiles depicting net changes in sediment elevation
were drafted using a modified CALCO II program and a CALCOMP
plotter routine; 7. using a SYMAP mapping routine, topo
graphic and bathymetric maps were constructed after each
survey; 8. using the data describing net accretion and ero
sion derived from the comparative profiles, SYMAP was
employed to generate maps of net sediment flux for a period
spanning two surveys; 9. the maps of net sediment flux were
subjected to trend surface analysis using a SYMAP subroutine.
The results of the trend surface studies were then assessed
relative to shoreline sediment character, proximity to man-
made shoreline protective systems, and shoreline wave sys
tems. These procedures were carried out for the following
periods: 1) May, 1978 through November, 1978; 2) November,
1978 through April, 1979, following a major easterly storm;
3) April, 1979 through June, 1979 when the large groyne just
north of the park was removed. These data were supplemented
by data on shoreline sediment characteristics, vegetation
patterns, and microtopography. The combination of all the
data and the observed relationships were then utilized in
formulating recommendations governing shoreline management
at Point Pelee.

Prior to the establishment of an artificial beach and
berm across the breach in the Northeast Beach in May, 1978,
a complete topographic and bathymetric survey of the study
site was run. In October, 1978, the breach in the central
part of the Northeast Beach was filled with an artificial
beach-berm complex. In early November, 1978, the beach and
nearshore zone was resurveyed using the same baselines and
monument stations as the preceding survey. These data were
then taken by the University of Windsor team and subjected
to the computer mapping and analysis procedures (see Figures
1-3).

In order to assess the nature of the coastal conditions
that were imposed on the new berm structure, the first com
parative analysis of Northeast Beach dynamics was made for
the period May, 1978 through November, 1978. For this time
period 18 comparative profiles were generated using the
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plotter subroutine, (Figure 1) and then these data were used
to generate the net sediment flux map. In addition, a topo
graphic map was made for November, 1978 (Figure 2). If one
examines the November, 1978 topographic map, (Figure 2) one
will note the existence of deep nearshore depressions in the
northern and central sectors of the study area. If one
examines the map of net sediment flux based on the compara
tive profile studies, (Figure 3) one will note that the
areas of maximum erosion coincide with these nearshore de
pressions on the topographic map. Also it can be noted that
some rather steep slopes separate the beach area from these
depressions which are probably associated with the high ero
sion rates observed in the northern and central sectors of
the net sediment flux map. A trend surface analysis of the
net sediment flux map disclosed the fact that 47 percent of
the spatial variation in net sediment flux was accounted for
by a sextic order trend surface fitted to the data. An
examination of this trend surface revealed the importance of
the development of the troughs in the nearshore zone sug
gesting that trough generation is a major aspect governing
the area's erosion pattern. Thus measures designed to re
tard nearshore trough development should be associated with
the reduction of erosion levels found in the area. Examina
tion of the trough locations relative to the existence of
the Marentette groyne to the north of the study region, the
existence of the line of erosion control crosses in the nor
thern sector, and their possible effects on wave refraction
patterns, as well as longshore flow patterns, led to the ad
vancement of several recommendations. These were then

passed on to Parks Canada for their consideration.

Since 26000 cubic meters of material were lost to the
area between May, 1978 and November, 1978 in spite of the
construction of the artificial beach-berm complex, it was
suggested that a sediment renourishment program be institu
ted (see Table 1). It was further recommended that the re-
nourishment sands be graded on the lakefacing side such that
steep slopes are not presented to wave attack. Thirdly, it
was suggested that the groyne off of Marentette Beach be re
moved to reduce the sediment starvation of the beach as well
as cut down on wave refraction effects associated with the

presence of the groyne. Of these recommendations only the
sediment renourishment program was instituted prior to the
Spring of 1979. The emplaced renourishment sands were lo
cated very close to the shoreline in piles characterized by
very steep lakefacing slopes that exceeded 45 degrees.
Parks Canada was then warned that this might reduce the
effectiveness of the renourishment program.

Part of the shoreline monitoring program involved
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TABLE I

NORTHEAST BEACH NET SEDIMENT FLUX BY BEACH SECTOR

Sector Nov.*78 Apr.'79 Jun.'7'

Northern -1670 -11000 +10900

Northcentral -13600 -13000 +240

Southcentral +1700 -11000 +900

Southern -13150 -24000 -4800

Total -26720 -59000
+7160

TABLE II

TREND SURFACE ANALYSIS OF NET SEDIMENT FLUX

COEFFICIENTS OF DETERMINATION

Source Surface Nov .'78 Apr.' 79 Jun.'79

Linear .09* .02 .03*

Quadratic .14* .03 .08*

Cubic .20* .11* .09*

Quartic .37* .15* .11*

Quintic .43* .21* .12*

Sextic .47* .26* .14*

* = significant at 0.05 level
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assessing the effects of easterly storms with winds exceeding
40 kilometers per hour on the status of the Northeast Beach,
and in early April, 1979 such a storm battered the Northeast
Beach. This led to the resurvey of the shoreline system.
Again the survey data were used to generate a topographic
map of the area using SYMAP. At the same locations used in
the previous survey, 18 comparative profiles were generated,
and another net sediment flux map was drawn for the period
November, 1978 through April, 1979. Examination of the maps
and profiles disclosed the fact that erosion rates during
•-he November-April period were nearly double those of the
May, 1978-November, 1978 period. If one looks at the map of
net sediment flux (Figure 4) and the map of April topography
(Figure 5), one will note an enlargement of the areas domi
nated by high erosion levels which also tends to be located
in close proximity to zones dominated by the growth of near-
shore troughs. Overall 59000 cubic meters of sediment were
lost from the Northeast Beach during this period, (Table 1)
and much of this loss was concentrated in the northern and
central sectors of the study area where nearshore depression
development was evident. However, a sextic order trend sur
face fitted to the map of net sediment flux only accounted
for 26 percent of the spatial variation in the erosion pat
tern (see Table II). This situation may be associated with
the fact that at the time of the survey the beach was still
in a state of flux, and the haphazard manner in which the
renourishment sands were emplaced may have contributed to
the random noise effects present in the net sediment flux
surface. In spite of this situation, the sextic order sur
face again described a situation where nearshore trough de
velopment tended to be systematically associated with high
erosion levels.

In response to the observations made in the April sur
vey, a number of recommendations were made. The plea for
the removal of the Marentette groyne and the grading of
beach slopes where sand renourishment took place was re
iterated. While the sediment renourishment program was not
a total success, it was suggested that it be continued with
more care given to the manner that the sands were emplaced.
It was further suggested that the effects of winter ice on
the beach system be more closely monitored in future
studies, because the effects of winter ice action may have
been another key factor in the erosion of the beach. These
suggestions were then forwarded to Parks Canada who pro
ceeded to implement them.

In late May, 1979 through early June, the groyne off
of Marentette Beach was removed, and three weeks after its
removal, another survey of the Northeast Beach was made.
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Again a topographic map, 18 comparative profiles, and a net
sediment flux map were generated for the April, 1979 through
June, 1979 survey period (Figure 6-7). If one examines the
net sediment flux map for April through June, 1979, (Figure
6) one will note a wave of sediment accretion that seems to
have been moved in from the north. Elsewhere the shoreline
system seems reasonably stable or enjoyed slight accretion
except for the southern sector where the effects of groyne
removal have not been felt. While this accretion episode
evident in the northern part of the Northeast Beach does
not constitute conclusive evidence that the removal of the
groyne will reduce erosion in the future, the release of
the wave of sediment trapped behind the former groyne has
enhanced the sediment budget of the study site. If con
tinued accretion is observed in the November, 1979 survey,
then the removal of the groyne shall be more fully justi
fied. When the net sediment flux map of the area was sub
jected to a trend surface analysis, a sextic order trend
surface accounted for only 14 percent of the spatial varia
tion in net sediment flux, which may be evidence of the pos
sibility that the site had not adjusted fully to the new con
ditions promoted by the absence of the groyne at the time of
the survey. Also local random noise effects seem to be more
important at this time.

Based on the results of the June survey, it was recom
mended that the renourishment program be continued in the
winter of 1979-1980, and that the emplaced material be
properly graded. In August of 1979, a grading program was
instituted by Parks Canada, which should inhibit accelerated
beach erosion. However, the full effects of this grading
program will not be evident until the November, 1979 survey.

Since our survey to report production time span is
roughly eight to ten days, the computerization of the sur
vey data, cartographic analysis, and statistical analysis
has enabled the University of Windsor team to file reasonably
complete reports to Parks Canada in time spans that would be
impossible using other methods to obtain the same detail.
With the advent of our new WYLBUR system, we can now inter
act with the computer through a terminal, and shortly we
hope to have our digitizer hooked up with the terminal as
well. These innovations should reduce the survey to report
production time span to less than a week. The advantages of
such an approach to shoreline managers is that it would give
them more time to respond to emergencies generated by dras
tic coastal events. It will allow them to assess shoreline
changes over larger areas in greater detail and at more fre
quent intervals than would be possible with other methods.
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Also the use of the computer systems helps to lower labour
costs as well. It has been our experience that such a sys
tem permits a more complete analysis of shoreline dynamics
to be made in a short span of time, which of course cuts
into the delay between a coastal dynamic event and the
shoreline managers response to this event. Thus we have
the capability to move rapidly respond to coastal
emergencies involving coastal erosion.

REFERENCES

1. East, K.M. (1976) Shoreline Erosion Point Pelee
National Park: A History and Policy Analysis. Ottawa:
Parks Canada

2. Shaw, J.R. (1975) Coastal Response at Point Pelee,
Lake Erie. Burlington: Ocean and Aquatic Sciences
Manuscript Reprint Series #4

3. Trenhaile, A.S. (1978) "The Georaorphology and Origin
of Point Pelee, Southwestern Ontario," Canadian Journal
of Earth Sciences, vol. 15, no. 6, pp. 963-970

LaValle



PART IX

SHORELAND PROTECTION & RESOURCE USE I

Moderator: Bruce Hayden


