APPENDICES:

127 |Page



Appendix A: ABCA SMP Update Steering Committee Terms of
Reference

128 |Page



Ausable Bayfield Conservation Authority

Shoreline Management Plan Update

Steering Committee - Terms of Reference

Dated: August 6, 2015

Updated: 1 Revision
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Approval Statement

The attached Terms of Reference describe the role and mandate of the Shoreline Management Plan
Steering Committee. These Terms of Reference describe the role, mandate and responsibilities of
the Steering Committee with respect to the update of the Ausable Bayfield Conservation Authority
Shoreline Management Plan.

Alec M. Scott, Project Manager Date
Ausable Bayfield Conservation Authority
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1.0 Purpose & Background:

The Ausable Bayfield Conservation Authority (ABCA) has a long history of commitment to effective
shoreline management that can be traced back to 1994 when the agency developed the first
Shoreline Management Plan. Since that time, ABCA has updated the Shoreline Management Plan to
reflect the new Provincial Policy Statement and new policies contained therein relating to Natural
Hazards. There have been many changes affecting the implementation of the Shoreline
Management Plan since adoption of the 2000 update, including the release of an updated Provincial
Policy Statement, new and more refined photography and mapping as well as the emergence of new
and some might say, increasingly challenges issues affecting the shoreline. The Shoreline
Management Plan provides the platform for the delivery of ABCA’s shoreline Regulations and
Planning programs. Keeping the Plan updated is critical for the Authority and in recognition of this,
the Ausable Bayfield Conservation Authority is updating its Shoreline Management Plan.

Given the complexities associated with shoreline management, the diversity of issues and concerns
and the range of individuals and organizations with an interest in the outcome, ABCA recognizes that
the successful development and implementation of an updated Shoreline Management Plan will
require collaboration by government, industry and community groups. The Ausable Bayfield
Conservation Authority has created a Steering Committee to oversee the development of the
updated Shoreline Management Plan. These Terms of Reference articulate the role, responsibilities
and mandate of the Steering Committee in more detail.

The Steering Committee will assist the ABCA by working with staff and members of the Consulting
Team who have been retained to update the Shoreline Management Plan. All Steering Committee
members will have an equal voice at the Committee table, recognizes that the updated Shoreline
Management Plan will be approved by the ABCA Board of Directors, and implemented by ABCA staff
in collaboration with its partners. The objective of this exercise is to work on the basis of a
consensus model of decision making, recognizing that where there are differences of opinion
regarding project focus and orientation, we will respect the views of all who participate. Final
decision making authority rests with ABCA.

2.0 Mandate

To work collaboratively with the Ausable Bayfield Conservation Authority and members of the
Consulting team to champion the development of an updated Shoreline Management Plan. To be
responsible for providing project direction and guidance and to oversee project accountability.

Membership:
A Steering Committee has been formed to provide advice and guidance with respect to the Shoreline

Management Plan update. The Steering Committee consists of a broad spectrum of ABCA partners
from government, industry and community. Confirmed representatives on the Steering Committee
include:

e Ausable Bayfield Conservation Authority (Alec Scott, Geoff Cade)
e County of Huron (Monica Walker-Bolton)

e County of Lambton (Patti Richardson)

e Bluewater Shoreline Residents Association
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e The Municipality of Lambton Shores (TBD)

e The Municipality of South Huron (Marissa Vaughan)

e The Municipality of Bluewater (John Gillespie)

e The Municipality of Central Huron (Burkhard Metzger)

e Ministry of Natural Resources and Forestry (Al Murray; alternate Rose Whalen)
e St. Clair Conservation Authority (Patty Hayman)

e Maitland Valley Conservation Authority (Steve Jackson)

e Huron District Contracting (Jim Peever)

Additional members may be added to the Steering Committee as deemed advisable and appropriate
by the Steering Committee to ensure that a diversity and range of perspectives are brought forward.

3.0 Role & Responsibilities:

The following roles and responsibilities have been defined for the Steering Committee Members:

4.0 Tasks:

To promote collaboration among the members of the Steering Committee and the
broader Project Team (ABCA Staff & the Consulting team).

To understand the delegated responsibilities assigned to the ABCA under the
Conservation Authorities Act and the Planning Act for both permitting and planning.
To contribute to the exchange of information and ideas at the Project Team
meetings.

To represent their respective constituencies with an interest in shoreline
management.

To support the shoreline management planning process and provide advice and
input relative to shoreline management issues.

To raise awareness and understanding of the importance of the updated Shoreline
Management Plan, and to this end, act as champions of the process.

To review information provided by the Consulting Team and ABCA staff.

To provide advice and guidance to the ABCA and the Consulting Team particularly as
it relates to community engagement and process.

To review the Shoreline Vision Statement as articulated in the 2000 Edition of the
ABCA Shoreline Management Plan to determine if it remains relevant or requires
revision and enhancement.

To consider the viewpoints and issues raised by other members of the Steering
Committee and to offer advice and guidance to ABCA staff and the consulting team
regarding the options to address viewpoints and issues.

To meet as required over the course of the project and to provide guidance
regarding a project meeting schedule.

To review any draft documents associated with the updated Shoreline Management
Plan.

1. To provide input to the shoreline management planning process and to offer
recommendations for community engagement (logistics, key messages, timing).

2. To act as project ambassadors to ‘spread the word’ about the updated Shoreline
Management Plan among their constituency members.

3. To provide input to the shoreline management plan.

4. To review the existing 2000 edition of the Shoreline Management Plan.
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5. To work with the other Steering Committee members to collectively develop a shared vision
and potentially a set of shared policy objectives/governing principles.

6. To make recommendations to ABCA that encourage the development of policies and
approaches that are reasonable, practical, implementable and supported by solid science
and which reflect the ABCA’s delegated responsibilities under the Conservation Authorities
Act and the Planning Act.

5.0 Meeting Procedures:

The Steering Committee will meet regularly to review progress to ensure the updated Shoreline
Management Plan develops in a coordinated and comprehensive manner.

The Steering Committee will be led by Alec Scott, and assisted by Karen Wianecki and Judy Sullivan,
as members of the Consulting Team.

The meetings of the Steering Committee will be considered open meetings. Interested members of
the public are welcome to attend. Fifteen (15) minutes will be set aside just before the end of each
Steering Committee meeting to accommodate questions, comments and deputations from
interested members of the public.

The Consulting Team will provide scientific support to the Steering Committee.

Members are expected to personally attend the meetings and fully participate in the discussion.

Minutes that highlight decisions and actions will be completed at the end of each meeting and
circulated in a timely manner to Committee members.

Decisions will be made by consensus. If consensus cannot be reached, a minority opinion will be
documented.

6.0 Timeframe:

The work of the Steering Committee will be completed when the updated Shoreline Management
Plan has been developed. The expected date of completion is October 2016.
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Steering Committee - Suggested Milestone Dates

Meeting Steering Potential Agenda Topic
No. Committee
Meeting
Date
1 July Inaugural Meeting to Review the Process & The Project Outcomes
(Organized by ABCA) — has already taken place
2 TBD Meeting Date with consulting team represented

e Review & Endorsement of Terms of Reference
e OQutline of Project Work Plan & Process
e Confirmation of Steering Committee Meeting Schedule
2 TBD — Steering Committee Think Tank
October/Nov. e Results of Background Review
The Vision & Guiding Principles
e |ssues & Opportunities
e Who Needs to be Engaged
e Considerations for Successful Engagement
3 Spring 2016 Early Findings & Results of Technical Assessment & Analysis
e Shoreline Process
e Bluff Erosion
e Shoreline Protection Works
e Updated Long Term Erosion Rate
e Harbour Dredging & Potential Impacts - Findings &
Recommendations
e Policy impacts
4 Summer — Draft SMP
Early Fall
2016
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Appendix B: Community Engagement Strategy, News Release &
Newsletters
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Community Engagement Strategy

The Shoreline Management Plan was developed with input from the broader community. This
engagement took place in a number of ways:

1.

Steering Committee representatives were selected from a diverse group of stakeholders,
including community members.

All Steering Committee meetings were deemed to be ‘open public meetings’.

Every Steering Committee meeting included time on the Agenda for deputations from
community members.

The Shoreline Management Plan commenced with a Community Survey to engage interested
community members in the process. The input secured from the community survey
provided important insight regarding the structure of the SMP Update and also the issues
that were top of mind for community members.

Regular process updates were provided to interested community members in the form of
News Releases and Community Newsletters.

The Steering Committee demonstrated a strong desire to ensure that there was ample
opportunity for community input and engagement throughout the process, including the
decision to post the draft Consultant Report on the website for a sufficient period of time to
secure feedback before proceeding.
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WEB SITE INFORMATION & LINK: http://www.abca.on.ca/page.php?page=shoreline-
management

144 | Page



145|Page



Appendix C: ABCA Hazard Maps

For reasons of file size, the draft hazard maps are posted separately on the Shoreline Management
Plan web page at abca.on.ca.
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Appendix D: Statistical Analysis of Recession Data

147 |Page



Estimating Shoreline Recession Rates 1973-2007

A description of the methodology used to determine recession rates along the

Ausable Bayfield Conservation Authority (ABCA) shoreline north of Grand Bend

Prepared by:
Adam Bonnycastle
and

Dr. Robin Davidson-Arnott
Department of Geography

University of Guelph

July 11, 2016
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The following document outlines the methodologies employed to estimate 1973-2007 erosion rates. It is
presented according to four main sections:

e |nput Data

e  Final Output Data

e  Original Proposed Methodology — Absolute positioning
e  Final Methodology — Scale based concept

INPUT DATA
e 1973 data retrieved from:
O Great Lakes Shore Damage Survey, 1973. Government of Canada Catalogue No. FS 99-
10/1975. ©Minister of Supply and Services, 1976. (Erosion Atlas)
e 2007 data supplied by Ausable Bayfield Conservation Authority (ABCA):
0 ShorelineErosion.gdb
=  Shoreline2007DerivedData
e Toe2007
e Top_of _bank
=  Shoreline_2010_Data
e TOB_2010
= Imagery: shore2007.ecw

= Other datasets in geodatabase are available
e 2007 Statistics Canada Road Network File:
0 Geography Division, Statistics Canada, 2007 Road Network File, 92-500-XWE/F. The
incorporation of data sourced from Statistics Canada within this product shall not be
construed as constituting an endorsement by Statistics Canada of such product.

FINAL OUTPUT DATA

Note - XX notation represents data taken from images 77 — 80.

e  ShorelineErosion_Bonnycastle_ABCA.gdb

0 Bonnycastle_RoadsToe_NAD83_UTM (polyline feature classes)
= ABCA_Toe_2007_GulliesRemoved_Image79Image80
= InlandRoads1973_Dissolve
=  RoadCentrelines2007_Dissolve
= Toe_lLowestContour_1973
= Toe_LowestContour_1973_ RobinEdits

0 Bonnycastle_Transects_NAD83_UTM (polyline feature classes)
= ImageXX_1973RobinEdits_Transects_RoadToeSplit
=  ImageXX_2007_1973RobinEditsJoined
= ImageXX_2007_Transects_RoadToeSplit
* Images77_80Merged_2007_1973_Joined_RobinSmoothed

0 Lake_Huron_XX_ImagelLinks (tables)
0 Lake_Huron_XX_ImageRectified (raster images)
(0]
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ORIGINAL PROPOSED METHODOLOGY- ABSOLUTE POSITIONING

The original proposed methodology was to scan and register the 1973 data, and to use a comparison of the
absolute location of 1973 Top of Bluff and 2007 Top of Bluff to generate 34-year recession rates. The following
is a high-level overview of these methods, followed by a listing of issues encountered. Following this section,
there is both a high-level and detailed description of the final methodology.

1. Scan Erosion Atlas pages @ 600 dpi, and crop to individual images and maps (Adobe Photoshop).
2. Register images based on Eastings/Northings and ABCA data (ArcGlIS, 1" order polynomial).

3. Register map to image (ArcGIS, 1* order polynomial).

4. Digitize Top of Bluff from registered maps (ArcGIS).

5. Compare 1973 Top of Bluff to 2007 Top of Bluff (ArcGlIS).

6.

ISSUES ENCOUNTERED (PRESENTED AT PROJECT COMMITTEE MEETING JANUARY 14%
2016)

e Visible shift between image and Easting-Northing grid causes unreasonably high registration residual
error.
e Minimal registration links using 2007 roads and/or imagery:
O Relatively few ‘stable’ features apparent at both years
=  Generally only major roads paved @ 1973.
= 1973 imagery smaller scale, hard to determine if buildings at similar location actually
the same building for each time.
O Relatively long & narrow images = poor link distribution
=  Registration links based on features arranged in linear patterns, need to be well
distributed
= larger absolute error in areas where registration is extrapolated, such as the
shoreline at image overlaps.
0 Potential work-around: Use Whitebox GAT (http://www.uoguelph.ca/~hydrogeo/Whitebox/)
to auto-mosaic sets of images, then register resulting mosaicked data. However,

= Too little image overlap to produce reasonable results
=  Few tie points identified, arranged linearly = skewed mosaic
0 Very few registration links between map and image

FINAL METHODOLOGY — SCALE BASED CONCEPT

Due to the above issues that were encountered, the following scale-based concept was agreed to at the
January 14™, 2016, meeting.

The ultimate goal of this work is to obtain recession data for the period 1973-2007, not the absolute position of
the bluff toe or top. With this in mind, it is possible to accept the final scale of the ‘registered’ images as being
reasonably accurate, and to measure change in distance between the toe of bank and major north-south inland
roads at each time (1973, 2007). In effect the base line for the generation of transects at 50 m intervals
perpendicular to the shoreline was taken as the centre line of Hwy 21 (Bluewater Highway) and this was
digitized separately on the 1973 scanned images and the 2007 ABCA imagery.

Trials show that scale error changes with distance over which the measurement is taken:
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e Negligible at whole-image scale (measured along-shore)
e ~3-5% at shore—>road scale necessary for this study
This high-level overview of the final methodology is broken into more detail below:

Georeference Erosion Atlas imagery

Digitize features from ‘registered’ 1973 imagery
a. Major inland roads running along-shore (almost entirely the Bluewater Highway)
b. Toe of bank, generally assumed to be lowest contour from 1973 imagery

3. Digitize major inland roads running along-shore 2007 ABCA imagery, to match 1973 features. Even
though ABCA imagery provided as a mosaic, it is important to start/end lines as close a match to the
image-by-image 1973 lines as possible, in order to ensure that subsequent transects match as closely
as possible.

4. Create evenly-spaced perpendicular transects along inland features for both years, long enough to
extend into Lake Huron. It is not advisable to create one set of transects and use them for both times,
since the overall orientation of the 1973 data may be slightly different than the 2007 data.

5. Remove all 2007 transects that interact with 2007 gullies, which are not included in 1973 data.

For each of the 1973 and 2007 data, split transect lines with toe of bank features, and delete all
extraneous transect sections that are either inland of the road or in the water. This leaves transects
only between the road and the toe of bluff.

7. Calculate lengths of remaining transect sections for each year.

8. Spatial join 1973 transects to 2007 transects, using maximum search radius to negate mis-joins.

Rate of Change = (Length,qy; — Length,473)/(2007-1973)
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The following three figures illustrate the process:

Figure 1 Example of 1973 transects

Figure 2 Example of 2007 Transects

Figure 3 Example recession rates
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GEOREFERENC EROSION ATLAS IMAGERY
For each Erosion Atlas page for Study Area:

a. Scan page @ 600 dpi
Crop to aerial imagery portion (Adobe Photoshop)
Apply ArcMap Georeferencing functionality (1*-order polynomial) to georeference cropped
images. Store registration links in tables:
e Lake_Huron_77_Imagelinks: Total RMS Error = Forward 3.36 m
e Lake_Huron_78_Imagelinks: Total RMS Error = Forward 3.91 m
o Lake_Huon_79_Imagelinks: Total RMS Error = Forward 5.23 m
e Lake_Huron_80_ImagelLinks: Total RMS Error = Forward 8.66 m
d. Use ArcMap Georeferencing functionality to permanently rectify georeferenced images @
0.85 m cell resolution. Resolution chosen based on sample of pixel measurements of
georeferenced imagery. Note that this process does NOT produced a true orthorectified
product.
o Lake_Huron_77ImageRectified, ... ,Lake_Huron_80ImageRectified

PREPARE TOE OF BLUFF AND INLAND FEATURES
1. Digitize 1973 Toe of Bluff according to lowest visible contour @ 1:5,000 scale (larger where necessary
to differentiate lowest contour from surrounding features.
e Toe_LowestContour_1973
2. Digitize 1973 inland roads for each Erosion Atlas image that covers study site. Generally Bluewater
highway. Dissolve features according to input image.
e Inlandroads1973_Dissolve
3. Digitize 2007 inland roads to match from ABCA shore2007.ecw, using the Statistics Canada 2007 Road
Network File to supplement areas where the ABCA imagery does not include the Bluewater Highway.
Start and finish of the digitized lines to correspond as closely as possible to 1973 lines (for matching
transects later). Dissolve features according to corresponding Erosion Atlas image.
e RoadCentrelines2007_Dissolve
4. Copy ABCA Toe_2007 layer and manually remove upland lines from areas covering Erosion Atlas
images 79 and 80.
e ABCA_Toe_2007_GulliesRemoved_Image70Image80

TRANSCENT CALCULATIONS — PRELIMINARY

Image 80 note — The curve of the Bluewater Highway in Image 80 was too great to allow transects at that
location due to overlap. In order to minimize the lost area, transects for this image were processed as two
groups North and South of the bend.

1. Create 1973 transects. For each Erosion Atlas study image (Images 77 — 80):
a. Select the image line from Inlandroads1973_Dissolve. Use the ArcGIS add-in tool “Transect”
(http://gis4geomorphology.com/stream-transects-partial/) to create 2000 m transects at 50

m spacing along selected feature. Tool more stable writing output as shapefiles, which were
imported to geodatabase after the fact. Add a Type field (text) to hold information that lines
are transects.
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b. Select the image line from Toe_LowestContour_1973. Run ArcGIS Feature to Line using the
selected toe, road, and transects as inputs. This splits transects across the toe and road lines.
e Image77_1973_RoadToeSplit, ... ,Image80_1973_RoadToeSplit
c. Edit and delete all non-transect lines from *_RoadToeSplit (toe, roads, transect lines in
water, transect lines inland of road).
d. Edit and delete all transect lines that are broken by any type of gully feature. All final lines
should be single lines running from road to toe of bluff.
e. Add field (Length1973, integer) and calculate length (m) of final transect lines.
2. Create 2007 transects.
a. Repeat process from Step 1 for 2007 data.
3. Calculate Recession/Accession rates. For each image set of 1973 and 2007 transects:
a. Spatial Join 1973 data to 2007 data based on Within_A_Distance matching, where maximum
search distance is 25 m.
e Image77_2007_1973_Joined, ... ,Image80_2007_1973_Joined
b. Add field (Delta, integer) and calculate [Delta] = [Length2007] — [Length1973]
c. Add field (RatePerYea, float) and calculate as [RatePerYea] = [Delta]/(2007-1973)

TRANSCECT CALCULATIONS - 1973 TOE OF BLUFF, EDITED

1. Robin assesses results, suggests edits to certain areas of 1973 Toe of Bluff lines
e Toe_LowestContour_1973_RobinEdits
2. Repeat transect calculations for 1973 data using edited toe of bluff.
e Image77_1973RobinEdits_Transects, ... ,Image80_1973RobinEdits_Transects
e Image77_1973RobinEdits_RoadToeSplit, ... Image80_1973RobinEdits_RoadToeSplit
e Image77_2007_1973RobinEdits_Joined, ... ,iImage80_2007_1973RobinEdits_Joined

FINAL EDITS AND SMOOTHING

1. Robin assess results, based on available imagery, suggests manual edits where necessary. Add field
(ProcessingNotes, text) to store whether final RatePerYear is automated or manual, and any other
specific notes.

e Automated: RatePerYear calculated according to methodology listed above
e Manual: Manually edit 2007 transect line to better match features as indicated by imagery.
Re-calculate Length2007 and update RatePerYear accordingly.

2. Merge results to one set of data for entire study area.

3. Robin conducts smoothing technique using ExcelResults stored in new field (Smoothed, Double) and
joined back to transect features using EndNorthing field as key field.

e Images77_80Merged_2007_1973_Joined_RobinSmoothed

SMOOTHING

The calculated value for recession at each transect is subject to random errors arising from both the precision
of the technique and accuracy. In addition, we can expect that there will be spatial and temporal variations
reflecting, for example, variations in the hardness of the till or the beach width. These variations tend to get
smoothed out over time and thus in projecting the position of the toe of the bluff 100 years into the future a
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better estimate can be obtained by incorporating estimates of the recession rates from adjacent transects. A
series of trials with differing weights and number of transects was conducted and it was determined that there
was little effect when transects more than 100 m on either side were considered. The final smoothing routine
used a total weighting of 3.5. In this the central transect (the one for which the smoothed value is being
determined) is given a weighting of 1, the adjacent transects 50 m on either side are given a weighting of 0.75
each, and a weighting of 0.5 was assigned to the transects spaced 100 m on either side. In cases where large
gullies produced gaps in the continuity of the transects the weighting was modified to reflect this. Both the raw
data for each transect and the smoothed data are supplied in the data base.
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Appendix E: Climate Change — Potential Implications — Discussion
Paper
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Climate Change Impacts on the Great Lakes

A discussion paper on the potential implications for coastal processes affecting
the SE shoreline of Lake Huron within the jurisdiction of the Ausable Bayfield
Conservation Authority

Prepared by:
Dr. Robin Davidson-Arnott
Department of Geography

University of Guelph

March 31 2016
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1.0: Introduction

The potential effects of (human induced) Global Climate Change are likely to be significant for a
whole range of activities in the Great Lakes Basin from shipping, to hydroelectric power generation,
to commercial and recreational fishing, and to coastal processes controlling erosion and deposition.
It is now usual for the development of management strategies for any, or all of these activities to
consider the potential effects of Global Climate Change resulting from increased levels of greenhouse
gases in the atmosphere and what kinds of adaptation strategies might be needed to account for
this. Such considerations, for example, form part of the assessment of the management of flows and
lake levels in the 1JC Upper Great Lakes Study (International Joint Commission, 2012 ) and of
management plans for major cities situated on the Great Lakes such as Toronto and Chicago (e.g.,
Hayhoe et al., 2010). This discussion paper reviews aspects of Global Climate Change that may be
important for shoreline management in the Great Lakes and in particular for the area managed by
the ABCA. No attempt is made to review the theories related to the effects of increased emission of
greenhouse gases into the atmosphere on the climate of the earth or some of the issues related to
this. There is now a general consensus among most scientists that Global Climate Change is real and
there is considerable information being provided by scientific modelling to predict the impact of this
on global and regional climates over the next 100-200 years under a range of future emission
scenarios (see IPCC 2013). Therefore the approach taken here is to assume that there is a very high
probability that some form of climate change will occur and that it would be negligent not to take
this into consideration in planning management strategies for the next 100 years.

In considering climate change effects it is useful to begin with a general definition of some terms
related to climate. The term weather describes processes in the atmosphere and in particular
processes that affect us at, or close to the earth surface over a short period of time (hours to days),
and we describe or measure aspects of it in terms of air temperature, clouds, precipitation, wind
speed and direction and so on. Climate refers to the summation of all weather over some substantial
period of time on the order of decades to centuries, and perhaps millennia. A key assumption in
defining climate is that it can be described by a variety of statistical measures such as the mean and
standard deviation of various parameters. It is then possible to examine trends in these statistics
over time to determine if the climate is stable or changing. Global Climate Change therefore focuses
primarily on defining climate over the past one to two centuries and forecasting changes over the
next one to two centuries.

While the primary effect of increased greenhouse gases in the atmosphere is to raise the
average temperature of the atmosphere close to the ground, the dynamic nature of the controls on
earth climate means that this increase in temperature is not uniform spatially or temporally — it will
be larger at higher latitudes and it will also be larger in the winter than in the summer at higher
latitudes. Differential heating and cooling of water versus land and the transfer of heat through
ocean currents increases the complexities of the effects and the timespan over which change takes
place. Increased temperature will also affect the nature of the general circulation of the atmosphere,
likely affecting, for example, the tracks and intensity of mid-latitude cyclones and this in turn will
affect the nature of precipitation events and the proportion of snow versus rain on an annual basis.
Prediction of the effects of increasing greenhouse gas concentrations in the atmosphere has been
explored for several decades by increasingly complex Global Climate Models or GCMs which are
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computer models that simulate the characteristics of the earth surface and lower atmosphere and
compare the effects of different scenarios of atmospheric CO, on climate over the earth as a whole.
There are now over 40 such models in operation and they may differ in the way they represent
various processes or the degree of complexity in accounting for effects such as ocean currents with
the result that there are differences between models in their outputs. The earth surface is
represented in the model by grid cells that at the global scale have sides on the order of 150-300 km
which means that the Great Lakes region may be represented by only a few grid cells and the
complexities of the lakes and the bordering land surface are not well represented, particularly for
predicting local precipitation and evapotranspiration and thus the effects on stream flow and lake
levels. This problem may be addressed by various techniques for downscaling to more appropriate
scales on the order of 10-30 km (e.g., Gula and Peltier, 2012; Wang et al., 2015) which give us the
ability to assess what the potential effects might be on a range of climate factors affecting the Great
Lakes. In addition to detailed scientific papers there are a number of recent reports that synthesise
the state of knowledge on climate change in the Great Lakes Basin and adaptation strategies to these
(e.g., Huff and Thomas, 2014; McDermid et al., 2015; In particular, here we address potential climate
change effects on lake level, storm frequency and magnitude, littoral drift, cohesive coast erosion,
and sandy beach and dune systems relevant to the management of the ABCA shoreline.

2.0 Predicted Changes in Temperature, Precipitation, and Storm Events

In this section we examine the predicted changes in key climate variables of temperature,
precipitation and the frequency and magnitude of storm events. In the following section we will
examine the effects of these on key coastal processes.

2.1 Changes in temperature

Over the past 60 years temperatures in the Great Lakes region have increased on the order of 1-2°C
with the temperature increase generally being greater towards the north. There is a greater
reduction in minimum winter temperatures than an increase in maximum summer temperatures, all
effects which are generally expected under climate change scenarios (McDermid et al., 2015). These
trends are predicted to continue through the end of the century (Figure 1) with mean temperatures
increasing by 2-7°C in southern Ontario (McDermid et al., 2015) and as much as 6-8°C under some
scenarios (Wang et al., 2015). The number of frost-free days will increase significantly and, while the
increase in summer temperatures is smaller than in the winter it will still drive a greater frequency of
extreme heat alerts. Confidence in these projections is generally high (McDermid et al., 2015).
Increased temperatures will influence the temperature of lake waters, stratification and the timing of
turnover (Trumpicas et al., 2009; 2015) and this may have
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Figure 1: Observed and model-simulated historical and projected future annual average
temperatures for Chicago, in degrees Celsius. Model simulations show the average of the
GFDL 2.1, HadCM3, and PCM models for the SRES Alfi (higher) and B1 (lower) emission
scenarios (after Hayhoe et al., 2012).

effects for example on fisheries (Lynch et al., 2010). It will lead to a very significant decrease in the
extent and duration of winter ice cover on the lake and it will also have the potential to increase
evaporation from the lake.

2.2 Changes in precipitation

There is much greater uncertainty in predicting changes in precipitation due to climate change than
is the case for temperature. While there was a small increase in precipitation over the Great Lakes
Basin in the last half of the 20" century this is likely within the range of variation and the first decade
appears to have seen a decline. Future projections suggest an increase in the order of 20% by the
end of the century with greater amounts towards the north compared to the southern half of the
basin (Notaro et al., 2014; Wang et al., 2015; McDermid et al., 2015; Bartolai et al., 2015) but there is
a great deal of uncertainty in this projection. There is, however general agreement that the
proportion of precipitation falling as snow will decrease and there will be an accompanying decrease
in the duration and depth of snow cover. Lake effect snowfall with probably decrease in southern
Lake Huron in December and January but may increase slightly in mid to late winter (Notaro et al.,
2015). Heavy downpours have been increasing in the basin and this is expected to continue through
the 21% century (McDermid et al., 2015).

The small projected increase in precipitation may offset all or some of the projected increase in
evaporation as a result of higher temperatures. This makes assessment of the effect on mean lake
level more uncertain. Heavier rainstorms and a switch to rain rather than snow in late fall and early
winter may increase erosion of cohesive bluffs.
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2.3 Changes in storms, storm tracks and winds

There is some suggestion in the literature that average wind speeds will increase slightly and that
wind speeds during storm events may be stronger (e.g., Peck et al.,, 2012; Wang et al., 2014).
However, there does not seem to be enough certainty on this to project the impact on coastal
processes. In any event, changes to wave generation and storm surge are limited by the existing
shoreline configuration and water depth so that small changes in wind speed are not likely to have a
significant effect. A significant change in wind direction, e.g., fewer storms with strong NW winds,
might alter the littoral drift pattern and rate of bluff erosion but again the effect is likely to be small
because of the position of the ABCA shoreline at the south end of the lake.

3.0 Climate Change Effects on Coastal Processes Within the ABCA Shoreline.

Changes in temperature and precipitation predicted under various Climate Change scenarios will
have varying influences on coastal processes at the south end of Lake Huron. In this section we
consider potential effects on lake level, wave climate, littoral sediment transport, erosion of cohesive
bluff shorelines and aeolian sand transport.

3.1 Mean and range of fluctuation in the level of Lake Huron

Mean lake level and the range of fluctuations of the Lake Huron/Michigan Lake respond primarily to
precipitation and evaporation /evapotranspiration over the lake and its basin. In addition because of
the inflow from Lake Superior precipitation and evapotranspiration over that basin also have an
effect. Ice jams at the entrance to the St. Clair/Detroit River during the winter may also affect flows
and thus affect lake level for periods of months. The increased temperatures and reduced ice cover
predicted by Climate Change models all suggest that there should be an increase in losses through
evaporation from the lake and to supplies from rivers and groundwater through evapotranspiration.
However, because recent modelling suggests an increase in precipitation, particularly in northern
areas of the basin and over Lake Superior there is uncertainty as to the extent to which the losses
through evaporation and evapotranspiration will be offset by increased supply (Angel and Kunkel,
2009; 1JC Upper Great Lakes Study 2012; MacKay and Seglenicks, 2013; Bartolai et al., 2015). The
prolonged period of low lake level between 2002 and 2012 was attributed by some as evidence of
the impact of Climate Change but the recent increase in levels in Lake Superior and Lake
Huron/Michigan have suggested that this was simply part of the long-term lake level fluctuation.
Given the absence of any strong evidence for significant change under the climate change scenarios
it is perhaps best to assume that mean lake level will remain within historic limits, or perhaps
decrease slightly, and that there will continue to be decadal-scale fluctuations.

Changes in precipitation and winter ice cover may lead to a change in the seasonal lake level cycle
with somewhat lower levels at the end of the summer and higher levels in the winter (MacKay and
Seglenicks, 2013 see Figure 2).
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GLRCM 1962-1990;

GLRCM 2021-2050.

Figure 2: Lake level mean seasonal cycle for: a Lake Superior; b Lake Michigan — Huron; c Lake Erie.
Units are m referenced to the International Great Lakes Datum 1985 (after MacKay and
Seglenick, 2013, Figure 4).

3.2 Storm frequency, magnitude and wave climate

As noted above, there is little information on potential changes in storms and wind regime over the
Lake Huron basin (Cheng et al., 2012) and no real indication that this will have a significant impact on
the wave climate. However, the marked increase in temperature, particularly winter temperatures, is
already producing a decrease in extent of ice cover during winter as measured by a decrease in the
length of the ice season and in the thickness and extent of ice cover (Howk, 2009; Wang et al., 2012;
see also Brown and Duguay (2010) for a review of the factors controlling ice formation and the
duration of the ice season). Wang et al. (2012) found a significant decrease in annual lake ice
coverage for all the Great Lakes for the period 1973-2010 averaging about 2% per year for Lake
Huron over that period (Figure 3). The analysis of Wang et al. also shows that the large inter-annual
variation in lake ice occurs at periods of about 8 and 4 years. These periodicities are likely linked to
major global pressure indices (Bai et al., 2010). The 8 year oscillation is linked to AO/NAO (Arctic
Oscillation/ North Atlantic Oscillation) and associated with cold conditions and very large ice cover;
the 4 year periodicity is linked to ENSO (El Nino Southern Oscillation) and is associated with mild
winters and small ice cover.
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Figure 3: Annual mean lake ice area (km?) for Lakes Superior, Michigan and Huron for the period
1973-201 and least squares trend line (from Wang et al., 2012, Figure 5).

The predicted increase in air and lake temperatures in the 21* century will lead to further decreases
in the extent and duration of ice cover on Lake Huron. Modelling by Notaro et al. (2015) shows a
decrease in maximum ice cover in February from the present level of about 50% to about 40 % by
mid-century and 25% near the end of the century (Figure 4). The decrease in the duration and extent
of ice cover will have a significant effect on the wave climate of southern Lake Huron because it will
permit wave generation by an increasing number of storms in December and January, and again in
March and April when ice cover in the lake under conditions at the turn of the century would usually
have prevented this. The result will be an increase in the total annual wave energy. The effect may
be magnified because these periods are often associated with more intense storms than in the
middle of the year. The increase in the number of storms that generate significant waves during the
year will likely have a significant impact on sand transport by wave action, the net littoral drift, and
erosion of the nearshore profile and the bluff toe on cohesive shores.
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Figure 4: Mean seasonal cycle (October—May) of percent lake ice cover across Lakes (a),(f) Superior
and (b),(g) Huron, from NOAA’s Great Lakes Ice Atlas (black line) and from (left) MIROC5-
RegCM4, (right) CNRM-RegCM4, and NCEP-RegCM4. Simulated results for the late
twentieth century (1980-99) are shown with gray bars for MIROC5-RegCM4 and CNRM-
RegCM4 and blue circles for NCEP-RegCM4. Simulated results for the late (mid) twenty-
first century (2080-99) from MIROC5-RegCM4 and CNRMRegCM4 are shown with pink
(aqua) bars. Red rectangles in the x axis indicate time periods with significant (p, 0.1)
reductions in mean ice cover by both mid- and late twenty-first century (from Notaro et
al., 2015, Figure 8).

3.3 Littoral drift magnitude and patterns

The southerly transport of sediment within the ABCA shoreline is driven by its position at the south
end of the lake and the dominance of waves from the NW blowing over the longest fetch. That
general pattern is therefore not likely to change, but the magnitude of net longshore transport is
likely to increase and, depending on the relative magnitude and duration of winds from the north
qguadrant during the period which is now normally ice covered, these may be significant changes —
possibly on the order of 20-30%. An example of the differences between high and low ice cover
winters is shown in the work of BaMasooud and Byrne (2012). At Point Pelee on Lake Erie they
measured much higher rates of erosion during the winter of 2005-06, which was characterised by
very low ice cover, compared to very little erosion during the winter of 2003-04 which was
characterised by very extensive ice covered that persisted for much of the winter. Mattheus (2014)
also noted a similar role for ice cover in explaining changes in sedimentation at beaches on the south
shore of Lake Erie.

Advances in modelling wave transformation and nearshore sediment transport have greatly
improved our ability to model transport by waves (Figure 3). Recent work by Manson et al. (20164, b)
and the addition of a version of Delft 3D modified to include a new algorithm for simulating the
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effects of wave attenuation by ice provides a means of testing the effect of reduced ice cover on all
coasts where ice is present in winter. Preliminary results for the north shore of Prince Edward Island
show that reduced ice cover in the Gulf of St. Lawrence could lead to an increase in mean sediment
transport by 50% or more (Manson, G., personal communication March, 2016) and it is likely that the
effect along the ABCA shoreline would be of the same order of magnitude. The effect of this could be
to reduce the volume of sand and gravel retained on beaches in the erosional sectors and thus a
reduction in the beach width.

3.4 Cohesive coast nearshore and sub-aerial bluff erosion

Similar to the effect of reduced ice cover on nearshore sediment transport there will also be an
enhancement of the rate of erosion of cohesive till in the nearshore because of the increase in the
number of storm events on an annual basis. Most underwater erosion results from abrasion by sand
and gravel rolling over the till surface under storm waves so that an increase in the number of storm
events generating large waves will increase this process (Davidson-Arnott and Ollerhead, 1995;
Davidson-Arnott and Langham, 2000). In turn, because the process of till erosion is irreversible, this
will lead to an increase in wave energy reaching the bluff toe and ultimately to an increase in the rate
of bluff recession. The magnitude of this increase is likely to scale with the increase in wave energy
and so an estimate can be generated from the predicted pattern of decrease in ice cover and the
average wind regime for those periods of the year during which wave generation in Lake Huron is
presently inhibited by the presence of ice. The magnitude of this increase is likely to be on the order
of 10-30% in the next few decades.
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Figure 5: Example of the use of Delft3D hydrodynamic model to simulate sediment transport off the
north coast of Prince Edward Island during open water conditions (Manson et al., 2016a).
Shown are: a) mean bedload; b) suspended load; and c) total load transport with weighted
mean transport directions during three fall storms. The arrows indicate the direction of
transport and the length of the arrow is proportional to the mass of sediment transported.

3.5 Aeolian sand transport and coastal dune formation and stability
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Reduced snow cover and increased wave activity during the winter may lead to an increase in the
potential sand transport into the foredune zone in the dynamic beach area which stretches from
Oakwood to Port Franks. This will be offset somewhat by wetter conditions and rainfall and by the
enhanced potential for wave erosion during major storm events. The direct impacts of effects of
climate change on coastal foredune plant communities are likely to be relatively small and difficult
to predict locally because of the dominance of controlling factors, such as burial by sand and heat
stress, and the relative resiliency of the plants in that zone (Reed et al., 2010). It is likely that marram
(Amophila breviligulata) will continue to be the dominant species colonising the embryo dune and
foredune zones since it is well adapted to somewhat warmer temperatures and is tolerant of sand
burial and the hotter conditions that may prevail in the summer months.

Greater exposure to intense storms may also lead to more frequent dune erosion and rebuilding
cycles, leading to shorter times for foredune recovery and the potential for more sand to be
transported onto the crest and lee slopes of the foredune. However, the impact of this disturbance
should be contained within the primary foredune zone and have little impact on the area landward.

3.6 Adaptation to predicted impacts of Climate Change

The predicted effects of Climate Change will have an impact on coastal processes along the southern
Lake Huron shoreline, with the most important impacts likely being an increase in the rate of
longshore sediment transport north of Grand Bend and an increase in the rate of downcutting in the
nearshore and bluff toe erosion along the cohesive coast sections. At this time the predicted impacts
on coastal processes are significant, but represent relatively modest changes to the magnitude of the
operating processes within the existing system not a catastrophic change to the system itself.
Nevertheless, it is important to consider them in assessing the existing policies and framework of the
Shoreline Management Plan for the ABCA and what changes might be needed to strengthen these in
the development of a revised an updated plan.

The timing and magnitude of these effects due to Climate Change is uncertain but there is also
considerable uncertainty in our understanding of the processes themselves and our ability to predict
the exact nature of coastal evolution over the next century and the scale of hazards due to erosion
and to flooding associated with periods of above average lake level and storm surge. The general
framework for shoreline management within the Provincial Policy is designed to be sufficiently
flexible to accommodate these uncertainties by providing a sufficiently large buffer for setbacks of
new development so that there is adequate time to accommodate short-term variability in the
controlling processes as well as longer-term changes to the mean values. In particular, the use of a
100 year time horizon for recession rates and a 100 year flood elevation for lake level and storm
surge should provide sufficient protection against the existing hazards as well as accommodating
changes due to the predicted effects of Climate Change. In particular, if there is an increase in the
recession rate along the cohesive bluff shoreline this can be detected in decadal shoreline change
mapping and accommodated through revisions to the average annual recession rate so that the
setback for new development is adjusted to the new rate. Similarly, the setbacks already in existence
on dynamic beaches in the ABCA should be able to accommodate any changes that do occur along
those sections of the shoreline. In summary, while the effects of Climate Change are significant, they
can be accommodated within the existing management framework and it is important not to focus
on this to the exclusion of the other factors, particularly human factors, that together control the
nature of coastal hazards and ecological integrity within the shoreline managed by the ABCA.
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4.0 Conclusions

1). Average annual temperatures in the region will likely increase on the order of 2-7°C by the end of
the century with much of this resulting from a large increase in winter temperatures and a somewhat
smaller increase in summer temperatures. In turn this will have an impact on lake temperatures, lake
effect snowfall, winter ice cover and fish habitats. It will likely also have an impact on the length of
the recreational season.

2) Precipitation is predicted to remain approximately the same or to increase by up to 20%, mostly in
the northern half of the basin. Because of the warmer temperatures more precipitation will fall as
rain rather than snow, and there may be more frequent heavy downpours. Confidence is much lower
in these predictions than for temperature. The number of intensive storm may rise.

3) Because of the large uncertainty with respect to predictions for precipitation and
evapotranspiration it is difficult to predict what will happen to mean lake levels. Recent modelling
suggests that they will likely remain similar to historical levels.

4) The duration and extent of ice cover in southern Lake Huron had already decreased and is
predicted to decrease further by the end of the century. The most important impact of this longer
ice-free season on coastal processes will be an increase in the number of storms associated with
large waves and large storm surges. This effect is enhanced by the fact that storms during the winter
months are generally more frequent and more intensive than spring and summer. In turn, the
greater frequency of storms and increased number of intense storms will drive larger volumes of
longshore sediment transport and an increase in the rate of downcutting of the nearshore and
erosion of the bluff toe along cohesive shorelines. There may be some changes in the vegetation
along sandy beaches and the potential for some increase in sand transport from the beach to the
foredune and the frequency of events leading to erosion of the foredune.

5) The potential for enhanced rates of longshore sediment transport and bluff erosion as well as
impacts on the dynamics of sandy beach and dune systems can be addressed within the general
framework of the shoreline management plan and the Provincial Policy. However, it will require
increased vigilance to ensure that the average annual recession rates are updated regularly as new
aerial photography, and possibly LiDAR, become available.
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Appendix F: Cohesive Bluff Erosion Discussion Paper
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Characteristics of Cohesive Bluff Shorelines

The term cohesive shoreline is used to describe cliff coasts where the profile on land and underwater
is developed in sediments with a high silt and clay content. Cohesive bluff shorelines are
characteristic of about 40% of the shoreline of the lower Great Lakes and are the dominant shoreline
type on the east shore of Lake Huron from Point Clarke to Sarnia. They are relatively weak, or ‘soft’,
and are susceptible to rapid erosion due to wave action (Hutchinson, 1986). It is convenient to
distinguish three components of the cohesive coast system: 1) the bluff face which generally lies
above the level of wave attack; 2) the bluff toe which is subject periodically to erosion by waves
during large storms and occasionally during periods of high lake level may be continuously under
water; and 3) the beach and nearshore profile which extends from the toe seaward to a depth of
about 8-10 metres (m) where erosion by waves becomes negligible (Figure 1).

Figure 1 — Definition of Shoreline Zone. Note that the transition from the nearshore to the offshore is
defined by the breaker line in this diagram but in the body of the paper it is defined by
the limit of wave action on the bed which is about 10-12 m on the ABCA coast.

Erosion at the toe produces oversteepening of the bluff slope and triggers recession of the slope
through shallow slides, mud flows, erosion by rain splash and surface runoff, and occasionally by
deep-seated failures. Bluff recession rates are large compared to cliff coasts in hard bedrock,
generally ranging from 0.3 m/y to as much as 2 m/y along parts of the north shore of Lake Erie.
Within the northern portion of the Ausable Bayfield Conservation Authority (ABCA) shoreline
Sideroad 30 in Goderich Township to just north of Grand Bend rates are generally low to moderate
(0.2-0.6 m/y) and substantial in some areas where they may reach 1 m/y. The recession of the bluff
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shorelines is also accompanied by rapid evolution of the underwater profile and it is now recognised
that the rate of horizontal bluff recession is in dynamic equilibrium with vertical lowering of the
nearshore profile (Figure 2).

Figure 2: Equilibrium profile development on a cohesive bluff coast. Ongoing vertical erosion permits
waves to continue to attack the wave toe as the bluff recedes and the two proceed in
equilibrium (Davidson-Arnott and Ollerhead, 1995).

There is a large amount of literature on erosion and recession of cohesive bluffs or ‘soft cliff’
shorelines, including a lot of work on both sides of the border in the Great Lakes (e.g., Gelinas and
Quigley, 1973; Quigley et al., 1977; Edil and Vallejo, 1980; Carter and Guy, 1988; Brown et al., 2005).
In addition to material presented in the Technical Guide for Flooding, Erosion and Dynamic beaches
in support of the Provincial Policy Statement (Ontario Ministry of Natural Resources, 2001),
processes associated with erosion of these coasts are reviewed in Brew (2004), Hampton and Griggs
(2004), Geomorphic Solutions (2010a) and Davidson-Arnott (2010, Chapter 13).

Erosion of Cohesive Bluffs

The bluffs in the ABCA area are formed almost entirely in glacial till deposited by ice moving out of
the Lake Huron basin towards the end of the last ice age (about 25,000-15,000 years ago). The upper
layer, which is exposed throughout the bluffs, is the St. Joseph Till composed of about 86% silt and
clay eroded from the deep lake basin and the remainder varying amounts of sand, gravel and
cobbles. Underlying this is another till called the stony till or Rannoch Till which has a much higher
proportion of gravel and cobbles derived from erosion of the bedrock underlying the lake (Figure 3).
In addition to cohesion due to the presence of clay, the till gets much of its strength from
overconsolidation due to the pressure (weight) of the ice during deposition. In its unweathered form
it is very dense and quite strong due to the friction between particles — so much so that it can form
vertical cliffs for a short time.
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SCHEMATIC BLOCK DIAGRAM OF THE BLUFF REGION

Figure 3: Scherﬁatic block diagrams of the northern cohesive bluff shoreline and southern sandy
beach and dune shoreline within the ABCA jurisdiction (from Reinders, 1989)

It has been shown that over weeks and months the strength of overconsolidated clay tills decreases
close to the surface due to expansion and to weathering processes such as wetting and drying and
freeze-thaw action (Hutchinson, 1986 — see Figure 4, a,b; Figure 5). On the face of the bluff this
weathered layer is subject to rapid erosion by rain splash, running water and the development of
small rills where there is limited vegetation cover. In the spring and during heavy rainfalls it can
become saturated and shallow slides and slumps take place bringing material to the toe of the bluff
where it is easily removed by waves. As a result of the strength of the till, and the general absence of
sandy units through which groundwater can flow, deep-seated failures are rare within the ABCA
shoreline. Where the slope is protected by vegetation, and is not subject to overland flow of water
and gully development, it can maintain a steep, stable slope as long as it is not subject to wave
erosion at the toe. However, where there is wave attack on the bluff toe, undercutting of the slope

leads to oversteepening leading to disturbance of vegetation and in turn this triggers the range of
erosional processes noted above (Figure 5).
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a)

b)

Figure 4: Weathering of till in cohesive bluffs, St. Catharines, Lake Ontario: a) bluff toe - wave erosion
has removed weathered till in the right foreground and expansion cracks and fissures are
just appearing. In the background small slumps have taken place in weathered material
aided by snowmelt in the spring; b) drying of the surface layer in the summer produces a
‘popcorn’ surface of weathered silt and clay that is easily removed during heavy rains.
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Figure 5: Desiccation cracks formed in a layer of weathered till leading to slumping of isolated blocks,
ABCA shoreline

The rate at which erosion of cliff shorelines occurs can be viewed (Sunamura, 1983) as being a
function of the relative strength of the ‘assailing forces’ (wave action) and the ‘resisting forces’ (the
strength of the cohesive sediments in which the profile is formed). The controls on erosion of the
bluff toe and underwater erosion are quite complex and not very easy to predict — see Figure 6.
However, measurements of historic bluff toe recession rates do provide a good estimate of future
rates at a point along the shoreline.

Erosion by wave action at the bluff toe results from forces associated with the wave itself (lower
portion of Figure 6), notably wave impact when waves break on the bluff and from turbulence
associated with waves running up the beach and the bluff face. While erosion of cohesive sediments
can take place as a result of wave generated currents alone, most of the time this is enhanced by the
movement of sand and gravel from the beach which acts to abrade the surface of the till and speeds
up the process of erosion of the bluff toe (Sunamura, 1977; Kamphuis, 1990; Blanco-Chaco et al.,
2007). At the bluff toe the relatively soft outer layer of weathered material eroded quite quickly by
wave action during a storm but the rate of erosion slows down once the underlying harder till is
exposed (Amin and Davidson-Arnott, 1995). However, in their study of erosion events in a till on the
south shore of Lake Erie with a strength similar to that of the St. Joseph Till, Amin and Davidson-
Arnott (1995) found that maximum erosion was generally <10 centimetres (horizontally). In the
intervening period between storms weathering produces another layer of softened material which
can then be eroded by the succeeding storm. Where waves do not reach the bluff toe for several
years during periods of low lake level, a much deeper weathered layer develops and thus in the
succeeding high water period erosion of the bluff toe may proceed quite rapidly as this thicker layer
is eroded. Thus, while the magnitude of wave energy is an important control on the overall recession
rate during an individual storm event (Buckler and Winters, 1983; Kamphuis, 1987) the time between
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storms is also important for allowing the weathering processes to act. Where the cohesive profile is
formed in sands silts and clays that have not been overconsolidated, erosion may be much greater,
as is the case for bluffs along much of the central north shore of Lake Erie where recession rates can
be 1.5 to 2 m/y or more.

Figure 6: Processes controlling erosion of a cohesive coast. The upper and lower set of boxes relate
to the ‘assailing forces’ on the nearshore profile (upper) and bluff toe (lower) while the
centre part relates to the ‘resisting forces’. Weathering reduces the mechanical strength of
the till both on land and underwater. Note also that high lake level is associated with
increased bluff toe erosion while increased underwater erosion occurs with low lake level.
(Davidson-Arnott, 1990, 2010; after Sunamura, 1983).

In the case of cliffs formed in hard bedrock toe erosion proceeds more slowly with higher cliffs
because the rock material that builds up at the toe of the slope acts to protect it from wave action
and it may take many years for weathering and abrasion by wave action to break up the material and
move it alongshore and offshore. Measurements of bluff recession on cohesive coasts have generally
found little correlation between recession rates and bluff height, likely because the material brought
to the toe of the slope is so easily eroded (Buckler and Winters, 1983).It may also be that the role of
height is not as easily identified where there is alongshore variation in beach width and thus in the
degree of protection offered by beach sediments from wave erosion (Davidson-Arnott and Amin,
1985).

Within the tills that make up the cohesive cliff profile it can be expected that there will be vertical
and horizontal variations in properties of the till, including sediment size, the proportion of silt and
clay, the hardness of the material and also local permeability. All of these affect the rate at which
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weathering may occur and also the resistance to erosion locally at points along the shoreline (Joyal
et al., 2016). Similarly these may affect the rate of underwater erosion of the till. In turn this may
explain some of the local variations in bluff recession alongshore and the development of small,
temporary, headlands as recession takes place.

Underwater erosion and vertical lowering of the profile

While toe erosion is the immediate control on bluff recession, it is now recognised that it in turn is
controlled by the rate of erosion of the underwater profile which ultimately controls how much wave
energy reaches the toe. While it is not as readily visible as is erosion of the bluff face and toe, it can
be quite readily demonstrated if the amount of recession of the bluff toe over a period of years is
known. Over a period of decades the average rate of downcutting can be estimated by measuring
the water depth at a point where the bluff toe was located in the past and dividing by the number of
years elapsed since the bluff toe was at that location (Healey and Wefer, 1980; Philpott, 1986). Thus
if the bluff toe has receded at a rate of 1 metre per year over 100 years and the water depth at a
distance of 100 metres from the present bluff toe (i.e., the position of the toe one hundred years
ago) is 3.5m, then vertical erosion has occurred at an average rate of 0.035 m/y — or 3.5 cm a year.

Recession of the bluff face initially produces a wider platform on which wave energy is dissipated and
thus maintenance of wave attack at the toe requires erosion of this platform to allow waves to
continue to reach the toe (see Figure 2). Over a period of decades there is a dynamic equilibrium
between vertical lowering of the nearshore profile and the rate of bluff recession and it is now
recognised that the two proceed in dynamic equilibrium (Zenkovitch, 1967; Davidson-Arnott and
Askin, 1980; Philpott, 1986; Nairn et al., 1986; Davidson-Arnott and Ollerhead, 1995; Trenhaile,
2009). As a result, if this assumption holds, it is possible to predict the rate of lowering of the
nearshore profile at a point on the profile from the local slope and the recession rate of the bluff toe
using the expression (Zenkovitch, 1967):

— - — e (equation 1)

Where dy/dt is the rate of vertical lowering at a point y on the profile, dx/dt is the rate of horizontal
recession of the bluff toe and tan a is the profile slope at point y. A comparison of measured rates of
erosion underwater with rates predicted using this formula for a site near Grimsby on Lake Ontario
shows good agreement (Figure 7).
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Figure 7: Comparison of measured average annual vertical erosion rates at Grimsby, Lake Ontario
with rates predicted from equation 1 and measured average annual bluff recession rate
of 1.1 m/y. (Davidson-Arnott, 2010, Fig. 13.16)

Underwater erosion of the till surface results from currents associated with wave orbital motion and
also from turbulence due to wave breaking in shallow water (Skafel and Bishop, 1994; Skafel, 1995;
Davidson-Arnott and Ollerhead, 1995). Locally, erosion is also enhanced by turbulence around
individual rocks and boulders on the surface or embedded in the till. As is the case for erosion of the
bluff toe, underwater erosion by waves is also greatly aided by the presence of sand and gravel on
the nearshore profile which results in abrasion of the till surface. This has been demonstrated in
laboratory experiments (Skafel and Bishop, 1994; Skafel, 1995) and in field experiments (Davidson-
Arnott and Ollerhead, 1995; Davidson-Arnott and Langham, 2000). These and other studies show
that a layer of sand and gravel 3-5 cm thick is sufficient to produce a very large increase in the rate of
erosion compared to water alone (Figure 8).

Figure 8: Hypothetical relationship between average surficial sediment cover on the cohesive profile
versus average rate of downcutting. The scales are intended to suggest the order of
magnitude relationship for a point in shallow water. Note that some erosion will continue
underwater in places even with quite thick sediment cover because the sediment is not
distributed uniformly (Davidson-Arnott, 2010 — Figure 13.19).
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However, a thick covering of sand and gravel or the development of a lag of cobbles and boulders
acts to protect the underlying till surface so that the rate of erosion is reduced as the thickness
increases (Figure 9).

Figure 9: Schematic showing the effects of varying sand and gravel cover on exposure of till
underwater (from MNR Technical Guide-Part 1: Figure Al1l.2.4 Cohesive Shores and the Role of
Sand/Gravel Cover. Page A1-2-6 (2001)).
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While a layer on the order of 30-50 cm may be sufficient to prevent erosion during an individual
storm, sand and gravel tends to move seasonally and over a period of years, e.g. with the movement
of bars and decadal fluctuations in lake level. As a result, the till surface may be exposed and eroded
at different locations and different times (Davidson-Arnott and Ollerhead, 1995; Davidson-Arnott
and Langham, 2000; Schrottke et al., 2005 - See Figure 9).

Similar to erosion on the bluff face and bluff toe, underwater erosion is also aided by weathering and
a reduction in the strength of the till. This occurs due to expansion of the till surface as the overlying
material is eroded and is aided by pressure fluctuations associated with the passage of waves which
pump water into a thin layer near the surface and gradually increase the size of the pore spaces, thus
reducing the frictional strength (Davidson-Arnott and Askin, 1980; Davidson-Arnott and Langham,
2000). The presence of this layer is readily seen on the till surface underwater (Figure 10) and
expansion of the surface has been detected through repeated measurements at underwater erosion
stations (Davidson-Arnott and Langham, 2000).

Figure 10: Underwater photo of till surface showing removal of a thin surface layer of weathered silt
and clay by the finger of a wetsuit glove.

The effect can also be measured in cores of the till taken underwater. Figure 1la shows water
content and shear strength measured every 2 cm into a core taken 220 m offshore in 4 m water
depth. As the water content increases the grains are forced further apart and this reduces the shear
strength from about 50 kiloPascals (kPa) below 20 cm to less than 20 kPa near the surface. Figure
11b and 11c show the same core and two others taken in water depths of 1.5 and 3 m. Because
erosion of the till is more frequent close to shore the softened layer is only 10-15 cm thick. In the
deeper water erosion takes place only during large storms and so the depth of the weathered layer is
up to 20 cm.
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Figure 11: Variations in moisture content and shear strength within 5 cm diameter cores taken
underwater in Lake Ontario at St. Catharines: a) variations in moisture content and shear
strength in a single core taken 220 m offshore in a water depth of 4 m. Note that increasing
moisture content towards the surface is associated with decreasing shear strength; b)
variations in moisture content and c) shear strength in cores taken 70, 150 and 220 m
offshore (water depth of 1.3, 3 and 4 metres). The softened layer is about 10 cm thick in
shallow water, 15 cm at a depth of 3 m and up to 20 cm in water deeper than 4 m. (After
Davidson-Arnott and Langham, 2000).

The key factor here is that the reduced till strength permits erosion to occur more rapidly and into
deeper water where wave action only reaches the bed during large storms. It is also notable that
underwater erosion associated with an individual wave event is generally small — millimetres to a few
centimetres at most (Davidson-Arnott 1986; Davidson-Arnott and Ollerhead, 1995; Davidson-Arnott
and Langham, 2000) but it occurs quite frequently, especially in water depths <4m where significant
wave action is experienced many times in a year. In addition, while toe erosion of the bluff tends to
be associated primarily with periods of high lake level, underwater erosion occurs at all lake levels.

While vertical erosion of intertidal rock platforms has been carried out in numerous locations world-
wide (e.g., Stephenson et al.,, 2012), there have been relatively few short-term measurements
underwater on either rock coasts or cohesive coasts. Measurements were initiated in 1980 near
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Grimsby on Lake Ontario (Davidson-Arnott and Askin, 1980; Davidson-Arnott, 1986) using a modified
form of erosion meter used to measure vertical erosion on rock platforms ( Askin and Davidson-
Arnott, 1980 — see Figure 12). In that year some measurements were made by Coakley et al. (1986)
at a nearby site. Subsequently, measurements were carried out near St. Catharines (Davidson-Arnott
and Ollerhead, 1995; Davidson-Arnott and Langham, 2000) and also at two sites on Lake Huron
(Davidson-Arnott et al., 1999).

Figure 12: Measuring underwater erosion of in Lake Ontario at St. Catharines. The erosion station
(centre right) consists of 3 metal pins hammered into the till and levelled. The MEM is
positioned on the pins for each measurement and the distance to the bed in the middle
of each side is measured using a ‘foot’ which slides in a tube and the distance to the till
surface is measured against a vertical scale. The large pins in the foreground are holding
in place one of the plates used to protect the surface from erosion and wave pressure
fluctuations in order to assess the role of till softening over time (after Davidson-Arnott
and Langham, 2000).

Annual measurements were made within the ABCA shoreline at a site near Lane O’Pines in 1993-94
and 1994-95. A total of 14 stations were put in in 1993 and measurements were made at 12 in 1994
and 4 in 1995. Some stations in shallow water were lost or damaged as a result of ice action or could
not be relocated because of the movement of sand and cobbles. The results for this site are shown in
Figure 13.
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Figure 13: Annual measurements of vertical erosion of till near Lane O’Pines in 1993-4 and 1994-5.
The erosion stations are located between 40 and 200 m offshore. Each measurement is
an average of three points at that station. Erosion ranged from 0.2 cm/y to a maximum of
5.3 cm/y. Note that positive measurements were obtained on four occasions indicating
expansion of the till surface.

Figure 14: Weighted average annual measurements of vertical erosion at Grimsby, Lake Ontario
based on measurements along two lines 1980-1984 (after Davidson-Arnott, 1986, 2010).
The dashed lines indicate trends based on a small number of measurements.

Erosion of the profile tends to occur more frequently in shallow water and on the beach, and the
rate decreases with depth offshore (Figure 14). The effect of this is to produce a typical concave
profile producing a typical concave profile such as those for St. Catharines (Lake Ontario) and
Horizon View (Lake Huron) - see Figure 15a. However, where the sediment cover is quite thick,
erosion in shallow water proceeds more slowly and the profile flattens out more quickly, as it does
for the Lane O’Pines profile (Figure 153, b).
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Figure 15: Nearshore profiles from three locations with cohesive bluff shorelines on the Great Lakes:
a) nearshore profiles for Horizon View (Lake Huron south of Point Clark) Bayfield (Lake Huron
north of Bayfield) and St. Catharines (west of Port Dalhousie); b) thickness of surficial
sediment overlying the till for each of the profiles shown in (a), (from Davidson-Arnott, 2010,
Fig. 13.22).

Modelling of the littoral sediment transport pattern and sediment supply on Lake Huron at Stoney
Creek (Amin and Davidson-Arnott, 1997) and on the north shore of Lake Huron from Point Clark to
Goderich (Lawrence and Davidson-Arnott, 1997) has shown that there is generally a strong
correlation between modelled pattern of supply and longshore sediment transport rate, and factors
such as beach width and bluff recession rate. Thus, for example, results for Lake Huron show that the
area with the highest recession rate at Horizon View coincides with relatively little sand supply from
updrift, a narrow beach and increasing wave energy (Figure 16). At the south end of the section near
Wrights Point there is little erosion despite high wave energy because of the large sand supply and
wider beaches (Figure 16).

The rate of underwater erosion, and hence the rate of bluff recession, will decrease with increasing
sediment cover across the nearshore profile. In the littoral cell from Goderich to Grand Bend,
including the ABCA cohesive shoreline, sand is transported southward under the influence of the
dominant NW waves. It is evident from an examination of the shoreline within the ABCA jurisdiction
that the extent of beach and nearshore sediment cover varies spatially, and in some area also
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temporally, so that the degree of protection provided is not uniform. It has been demonstrated this
is a function of both the

Figure 16: Comparison of modelling of littoral sediment transport with geomorphic indicators for a
section of the Lake Huron shoreline: (a) plot of the spatial distribution of the mean annual
bluff recession rate versus the mean annual total wave energy flux predicted from the
model; (b) the alongshore distribution of potential sediment transport based on
modelling and the available littoral sediment supply based on the bluff recession rate and
bluff composition. Zones of potential erosion, transport and deposition are based on the
alongshore transport gradient; (c) alongshore variations in beach width measured on one
day; (d) map of the coastline between Pt. Clark and Goderich. The dots mark locations of
calculations for model values and the numbered stations are sites of long-term bluff
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recession monitoring (Lawrence and Davidson-Arnott, 1997; Davidson-Arnott, 2010
Figure 7.23).

sediment supply from bluff and nearshore erosion updrift, and the pattern and rate of longshore
sand transport which in turn reflects the local nearshore bathymetry and shoreline orientation.

Similar controls on sand supply and beach width likely influence the patterns of bluff recession within
the ABCA shoreline. While more sophisticated models such as Mike 21 and Delft3D may improve the
modelling process, the results indicate just how important ongoing sand supply from updrift is as a
control on local bluff recession rates. In particular, a decrease in sand supply to much of the cohesive
bluff shore of the ABCA would likely lead to a significant increase in the measured rates of bluff
recession.

Effects of lake level fluctuations

Fluctuations in the level of Lake Huron seasonally, and especially on a decadal scale, influence the
pattern of vertical erosion underwater as well as horizontal bluff recession (Davidson-Arnott, 1990).
Seasonal and longer term fluctuations combined with storm events lead to onshore and offshore
migration of sediment in the nearshore and thus affect the thickness of the sand cover overlying the
till on a temporal basis. As is depicted in Figure 6, periods of low lake level produce an increase in the
rate of erosion at any point on the nearshore profile because with the shallower water depth the
bed is exposed to greater wave energy and sediment transport across the till surface. In particular
the zone of intense wave breaking during major storms, which produces the greatest scour of the
bed (Skafel and Bishop, 1995), moves offshore. During high lake levels this zone is located further
landward closer to the shoreline and erosion tends to be focussed at the beach and in some cases at
the bluff toe. In contrast, periods of low lake level, such as experienced recently from about 2000 to
2014, are associated with wider beaches in most areas and in places the build-up of small sand
dunes. Sections of shoreline where the long-term recession rate is quite small may be protected
from toe erosion for periods of years to a decade or more. However, when there is a succeeding rise
in lake level wave attack at the bluff toe is enhanced by the deepening of the nearshore profile
during the low lake level phase which allows large waves to break closer to the beach and the bluff
toe. Over a period of 100 years these variations in bluff toe erosion tend to even out to a long-term
average, and indeed, on Lake Ontario where long-term lake level fluctuations have been greatly
reduced because of the regulation of outflow from the lake since the early 1950s bluff recession
takes place much more evenly.

Models of cohesive coast erosion processes (Nairn and Southgate, 1993; Trenhaile, 2009) have
provided an appraisal of the assumptions of the equilibrium between toe recession and lowering of
the nearshore profile. They have also been utilised to assess the effects of changing wave climate
and water level as part of several IJC studies, including the most recent Upper Great Lakes Study.
Modelling of the effect of lake level fluctuations on bluff recession rates has shown that over a
period of about 100 years the average recession rate will be the same as for a regulated lake (Nairn,
R.B. and Southgate, H.N. 1993; Geomorphic Solutions, 2010b).
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Implications for shore protection structures

Ongoing erosion of the nearshore profile poses a problem for the longevity of shore protection
structures that are placed at the bluff toe, beach and into the water. While the till can be sufficiently
strong to provide a firm foundation for anchoring structures such as revetments, vertical steel sheet
pile walls or groynes, the structure itself is subject to increasing wave energy over time because of
the increased water depth in front of the structure, in the case of seawalls and revetments, or at the
lakeward end of groynes. The lifespan of the structure can be increased by making it more robust,
e.g., by using materials such as armourstone, but the trade-off is that these structures are a lot more
expensive to construct. Erosion rates in front of shore parallel structures will be accelerated by
reflection from the structure, particularly during high lake level phases and undercutting of the
foundations ultimately leads to collapse of all or part of the structure.

Potential effects of climate change on erosion of the cohesive bluff coast within the ABCA shoreline

The reduction in the extent and duration of winter ice cover as a result of climate change will bring
about an increase in the number of intense storms with large waves that will affect the shoreline of
southern Lake Huron (see the associated discussion paper on Climate Change accompanying the
ABCA Shoreline Management Plan update). This occurs primarily because some storms which did not
generate waves due to the presence of ice will now be able to do so and thus the total number of
storms in a year that generate large waves will increase. The increased level of wave energy will likely
lead to increased underwater erosion and thus, ultimately, to an increase in the rate of bluff
recession. While this will generate an increase in the supply of sand and gravel, it is likely that the
rate at which this is transported alongshore will increase and thus there will be no accompanying
increase in the level of protection provided.
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Appendix G: Relevant Sections of PPS (2014)
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The following sections of the Protecting Public Health and Safety apply to the shoreline of
Lake Huron. From PPS Section 3.0 Protecting Public Health and Safety.

“Ontario's long-term prosperity, environmental health and social well-being depend on reducing
the potential for public cost or risk to Ontario’s residents from natural or human- made hazards.
Development shall be directed away from areas of natural or human-made hazards where there is an
unacceptable risk to public health or safety or of property damage, and not create new or
aggravate existing hazards.

31 Natural Hazards
311 Development shall generally be directed to areas outside of:
a) hazardous lands adjacent to the shorelines of the Great Lakes - St.

Lawrence River System and large inland lakes which are impacted by flooding
hazards, erosion hazards and/or dynamic beach hazards;

9 hazardous sites.
312 Development and site alteration shall not be permitted within:
a) the dynamic beach hazard;
b) areas that would be rendered inaccessible to people and vehicles during

times of flooding hazards, erosion hazards and/or dynamic beach hazards,
unless it has been demonstrated that the site has safe access appropriate for
the nature of the development and the natural hazard; and

3.1.3 Planning authorities shall consider the potential impacts of climate change that
may increase the risk associated with natural hazards.

3.1.5 Development shall not be permitted to locate in hazardous lands and hazardous
sites where the use is:

a) aninstitutional use including hospitals, long-term care homes, retirement
homes, pre-schools, school nurseries, day cares and schools;
b) an essential emergency service such as that provided by fire, police and
ambulance stations and electrical substations; or
c) uses associated with the disposal, manufacture, treatment or storage of
hazardous substances.

3.1.7 Further to policy 3.1.6, and except as prohibited in policies 3.1.2 and 3.1.5,
development and site alteration may be permitted in those portions of hazardous lands and
hazardous sites where the effects and risk to public safety are minor, could be mitigated in
accordance with provincial standards, and where all of the following are demonstrated and
achieved:
g) development and site alteration is carried out in accordance with
floodproofing standards, protection works standards, and access standards;
h) vehicles and people have a way of safely entering and exiting the area
during times of flooding, erosion and other emergencies;
i) new hazards are not created and existing hazards are not aggravated;
and
j) noadverse environmental impacts will result.”
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Appendix |: Erosion Hazard References
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Erosion Hazard References

The Following Appendix Outlines key supporting documentation from MNRF Technical Guide Part 4
(2001) and the MNRF Geotechnical Principles for Stable Slopes (1997) which assists in assessing the
Erosion and Slope Stability Hazards to ultimately determine the Level of Study that will be necessary to
address adequately the Slope Stability issues on a site.
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Source MNRF, Geotechnical Principles for Stable Slopes (1997)
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Source MNRF, Geotechnical Principles for Stable Slopes (1997)
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Source MNRF Technical Guide Part 4 — Table 4.2, Page 4-29
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Appendix J: Shoreline Landowner Fact Sheet

Slope instability indicators include displaced posts and fences, poles, monuments, guardrails, broken or
displaced retaining walls, and stairs, among other indicators mentioned in this fact sheet. Please read the
Recommended Management Practices panel inside.

Ausable Bayfield Conservation Authority (ABCA)

Shoreline Slope Stabiliiy
Risks and Hazards

Fact Sheet for Property Owners

The Lake Huron shoreline is a spectacular feature. It is enjoyed by many as a place to visit, work,
recreate, and live. As a result, much of the shoreline has been developed. Recently, many seasonal
residences have evolved into permanent homes. Portions of this shoreline, however are subject to
erosion and bluff instability.

This fact sheet has been created to inform shoreline property owners of:

* Indicators of potential bluff instability and associated risks

* Bestmanagement practices for bluff stability and shoreline areas; and

* Sources of additional information.

‘é&‘.ﬁ;&i&:‘ﬁéﬁ . Terraprobe Inc.

About the Lake Huron Shoreline

Much of the Lake Huron shoreline,
within the Ausable Bayfield Conservation
Authority (ABCA) jurisdiction, is bluff. The
bluff material is made of silt, clay, sand
and small rock and was

t deposited
by glaciers. This is known as a cohesive
shoreline. Erosion of this material by Lake
Huron has created the tall bluffs.

These shoreline bluffshave beeneroding
for thousands of years and continue to be
subject to wave action at their toe or base.
This leads to cycles of erosion and slope
instability. This, in turn, results in recession
o erosion at the top of the slope. The wave
action undercuts and locally over-steepens
the slope toe.

This over-steepening of the slope
results in slumping which works up to
the slope crest. This slumping is a natural
phenomenon which helps flatten the
slope. The slumping eventually achieves a
stable angle for vegetation to establish ~
provided that the toe erosion is stopped
and addressed. Unfortunately, addressing
toe erosion may not be feasible on some
cohesive shores. This is due to continuous
underwater erosion which can take place
offshore.

(The term cohesive shoreline is used to
describe coasts developed in relatively weak
sediments which include some silt and clay
to provide the cohesion. Coastal erosion
results in the development of cliffs which are
called cohesive bluffs to distinguish them
from the traditional cliffs formed in hard
bedrock)

Typical Signs of Slope Instability

There may be some or no signs of slope instability at all prior to a slope slide, depending on site-

specific conditions. However, here are typical slope instability signs:

Bare slope areas (no vegetation)
Lack or loss of vegetation is a typical sign of over-steepened slope.
Vegetation establishment s relatively difficult on steep slopes
(generally steeper than 2 horizontal to 1 vertical).

* A bare area or loss of
indicate a slump, soil erosion or formation of an over-steepeni
zone.

Bent Trees
+ Bent and bowed trees may be due to slope soil creep, however,
it may also be due to initial root development and twisting or
bowing growth in response to reaching for sunlight.
Tension cracks

closeto thetop of slope may indicat

Atension cra
a pending slope failure.

A tension crack is a void that generally runs parallel to the
slope face. It can significantly affect the future stability of the
slope because a crack filled with water reduces the stability |
due to the hydrostatic pressure.

« Ice formation within the crack during sub-zero temperature
expands and loosens the slope soil in the vicinity.

Irregular Slope Surfaces, Slumps,
Scarps, Bumps, Bulges
A presence of irregular slope surfaces such as slumps, scarps,
bumps, bulges, etc. generally indicates a soil movement.
Slumps and scarps resultin an over-steepened (even near vertical)
and bare zone at the ‘head or ‘crown’ where the sliding mass has

separated from the slope.
+ Aslump or slide may also result in tension cracks above the slide.
Other Indicators

Other slope instability indicators include:
« Displaced posts/fences, poles, monuments, guardrails,

Recommended Management Practices
DOs and DON'Ts along the Shoreline

Do:

Any observation of severe slope instability should
immediately be brought to the attention of the local
municipality and conservation authority. A safety fence
should be installed and maintained near the slope crest in

has been assessed by a qualified engineer.
Property use should be conducted in a manner which does not result in surface erosion of
the slope. In particular, site grading and drainage should prevent direct concentrated or
channelized surface runoff from flowing directly over the slope. Water drainage from down-
spouts, sumps, swimming pools, road drainage, and the like, should not be permitted to flow
over the slope. Minor sheet flow may be acceptable. If water is collected at the slope crest, it
should be safely discharged to the bottom of the slope by suitable piping.

Consult with ABCA prior to removing vegetation on the slope.

Maintain the lake bank in a natural state with native plants and vegetation.

Maintain tiled or piped drainage systems in proper working condition to help prevent surface
erosion and/or seeps on the lake bank.

Monitor the condition of the bank regularly for signs of erosion and instability.

Leave root systems intact in circumstances where tree removal is necessary.

Undertake maintenance activities by hand where possible and avoid disruption of the lake
bank with machinery or heavier equipment.

All approvals and permits must be secured from ABCA prior to any site alteration.

Don't:
In order to promote vegetation growth on the slope face, yard and other waste must not be.
discarded over the slope.
The configuration of the slope should not be altered without prior consultation with a
professional geotechnical engineer and approval from the local conservation authority.
Do not remove trees unless removal is warranted and approved by authorities.
On cohesive shores, the long-term stabilization of a bluff/slope shoreline protection works,
may not be practical due to erosion occurring underwater offshore. The ABCA, a professional
geotechnical engineer, and a qualified professional coastal engineer should be consulted to
determine specific issues for lity of any i
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broken/displaced retaining walls, and stairs.

Erosion Hazard Limit and New Development
New are =

generally directed to be Erosion Hazerd Lt |
outside of the Erosion
Hazard Limit to avoid the o Stloslope ,, 100yer
risks associated with slope

instability and  erosion
hazards.

The Erosion Hazard Limit
is established based on
Stable Slope  Allowance,
Average Annual Recession,
and Erosion Allowance as
described below:

N\ staie sope

"\ Toe of it mank

1MAGE SOURCE: Ontaio Ministryof Natural Resources and Forestry

1. Stable Slope Allowance (Stable Slope Inclination Setback) is a horizontal
allowance measured landward from the toe of the shoreline cliff, bluff, or bank. Itis:
a) Dependent on slope soil types, sl strengths, and groundwater conditions

b) Assumed tobe th 9 iff/bluffin absence of
or, is determined by a detailed site investigation (boreholes) and analysis (typically
minimum Factor of Safety of 1.5 required)

2. Average Annual Recession

The average annual recession rate is an average rate of erosion of the shorelne
per year for a site where there is at least 35 years of reliable recession information
available.

3. Erosion Allowance
Where there is no reliable recession information, the Province of Ontario suggests a
setback distance to allow for 30-metre erosion allowance along the Great Lakes.

NOTE: The Ausable Bayfield Conservation Authority has calculated the Erosion Hazard

Limit for areas along the Lake Huron Shoreline within the ABCA jurisdiction and

documented this in its Shoreline Management Plan (SMP). Contact ABCA to obtain

further information for your area.

Access Allowance:

In addition, there may be a requirement for an access allowance to allow for safe access
around structures during initial construction and long-term maintenance of shorelne
slope, property and structures. Typically 6 metres is required.

Notes:

© 1. Thisfactsheetand the init pertain

shoreline.
hazards, risks, and erosion hazard limit.

°

2. The information provided in this fact sheet is for general information purposes only and is
notintended lud e the req of a prop

and coastal investigation/assessment designed to adequately assess potential risks to the
property, structures and the occupants.

Terms:
Cohesive shorelines

i y i
which include some silt and clay (to provide the cohesion). Coastal erosion results in the.
i them from th nal

cliffs formed in hard bedrock.
Recession
Long-term recession of the shoreline is a permanent reduction of the shoreline. Beach erosion

may take place and be followed by accretion. Shoreline recession, on the other hand, is a
permanent change or impact.

References:
‘Geotechnical Principles for Stable Slopes: Terraprobe Limited
Slope Stability & Erosion Risks -~ A Regulatory Perspective: B. Singh, MASc., P. Eng.
MNRF Guide - Understanding Natural Hazards, Great Lakes - St. Lawrence River System and large
inland lakes, river and stream systems and hazardous sites.
‘Ontario Regulation 147/06

For more information:
To find out more, please contact Ausable Bayfield Conservation Authority (ABCA)
at 519-235-2610 or toll-free 1-888-286-2610 or visit abca.on.ca for staff email contacts.
Contact us:

Ausable Bayfield Conservation Authority (ABCA)
71108 Morrison Line
RR 3 Exeter, Ontario

Phone: 519-235-2610 or toll-free 1-888-286-2610
ibca.on.ca  info@abca.on.ca
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Managing the Hazards Reference: Beach Nourishment

Beach nourishment increases the sediment supply because it involves the introduction of additional,
imported beach material. An increase in the sediment supply may result in decreased long-term
erosional stress to downdrift shorelines or even increase the accretion rate. The beaches at adjacent
downdrift shorelines may increase in width. The increased width may be of a temporary nature as the
nourished material may be transported alongshore until it reaches a sink or deposition area and the
downdrift shoreline returns to its previous state. The extent of the impact may extend to the end of the
littoral cell. (MNR Part 7, Technical Guide, Pg. 7-77, (2001))

Source MNR Part 7 Technical Guide, Figure 7.19 page 7-29.
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Beach nourishment is the artificial placement of suitable imported beach material on an eroding or
sediment deficient beach area in order to replenish, maintain and/or enhance the beach width. It is
considered a structural approach because it is an engineered method that involves the placement of
significant quantities of additional material at the shoreline. However, beach nourishment is considered
a "soft" structural protection method because it attempts to replicate the natural processes. This
additional distinction is noted because no other structural protection work creates sand in the surf zone.
Any accumulation of sand produced by a structure, other than beach nourishment, is at the expense of
an adjacent section of the shore.

The grain size diameter of the imported beach sediment will generally be the same or larger than the
native material to reduce the rate of erosion of the imported material after placement. Beach
nourishment typically extends from the backshore area into the nearshore. Depending on the beach
width and slope, the added beach material protects the backshore and the nearshore profile from
erosion and storm wave damage (see Figure 7.19 above). The increased beach width can also provide
recreational benefits. The beach material can be imported from an inland source or obtained by
offshore dredging. Beach fill material used should meet the MOECC requirements as outlined in the Fill
Quality Guidelines for Lakefilling in Ontario: Application of Sediment and Water Quality Guidelines to
Lakefilling and Policy for Management of Excess Soil, Rock and Like Materials.

In most cases, beach nourishment will have to be periodically replaced as it is moved downdrift and/or
offshore by wave action. This requires a commitment by the proponent for future works (i.e.,
maintenance and re-nourishment) over the planning horizon of the shore development. The availability
and quality of additional beach nourishment material for the complete life-cycle of the project is a major
concern. Dedicated sand for the projected life of the project must be identified and committed to the
project. Beach nourishment should be considered as suitable hazard protection for a development
only if long-term commitments to maintain the beach nourishment are in place.

As a result of the "loss" of the placed material from the site, the sediment supply to the littoral zone is
increased. In the context of the physical coastal processes, this will usually benefit rather than endanger
downdrift areas. A concern that must be evaluated is the effect of the "loss" of the imported material on
aquatic habitats adjacent to the site as well as water quality considerations. The amount of silt/clay in
the imported material is important because it will determine how turbid the water is during
construction, how much fallout and sedimentation will occur, and how much residual silt/clay there will
be to be stirred up during storms.

Beach nourishment may be accompanied by "anchoring" or retaining structures, such as groynes, sills,
artificial headlands, or detached breakwaters, to reduce the loss of the placed material downdrift due to
alongshore transport or towards the offshore due to cross-shore transport. Losses to the offshore are an
important consideration for shorelines where cross-shore transport is dominant. When used with
retaining structures, beach nourishment is often termed "beach fill". Without the retaining structures,
maintaining the placed beach material would be very difficult in areas of rapid erosion (i.e., fine-grained
cohesive shores) or where no previous beach existed (i.e., bedrock shores).

Beach nourishment or beach fill can be used in conjunction with other types of shoreline protection
works to provide toe scour protection or recreational benefits.

Nourishment projects typically involve the cooperation of many adjacent shoreline property owners
because it is generally not a viable approach for short reaches of shoreline. Beach nourishment is not a
simple task of just dumping sand on the beach. Like any engineering work in a harsh environment, beach
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nourishment is a comprehensive undertaking. The design of a beach nourishment project requires a
specialized knowledge of coastal processes (e.g., nearshore waves, littoral transport, and interaction
with structures) and is often completed with the aid of computer models. Numerical modelling of
shoreline processes requires a great deal of experience and expertise to be properly utilized. Further
information on modelling can be found in Cross-Shore Profile Change Models: Great Lakes - St. Lawrence
River Shorelines Review and Typical Applications (Acqua Engineering 1995)
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Appendix L: Managing the Environment
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Managing the Environment: Environmental Considerations

The following Section highlights some of the key impacts and mitigation measures in the nearshore and
backshore areas when considering any activities along the shoreline.

Nearshore Structural Protection Works

Nearshore structural protection works include groynes, headland breakwaters and detached
breakwaters. Physical impacts associated with nearshore works (From MNRF, Technical Guide: Part 8 -
Table 8.3) include:

Potential impacts to the shoreline ecosystem from protection works in the backshore may occur to
terrestrial as well as aquatic habitats. Low-lying areas supporting wetlands may also be impacted. The
impacts on the shoreline ecosystem and possible mitigation measures are discussed below.

Increased long-term erosional stress to downdrift shorelines

Backshore and nearshore protection works reduce erosion at the site. This can result in a reduction in
the supply of sediments to downdrift shorelines and to the nearshore/offshore area at the site. Impacts
to the biological environment are manifested in areas downdrift and offshore of the site and are generally
restricted to aquatic habitats.

An alteration of erosion and deposition patterns may result in changes to existing habitat areas. For
example, surficial sand/gravel/cobble substrate areas, which are used as fish spawning beds, may be
removed resulting in a change to a rock or cohesive substrate. The presence of spawning areas in the site
vicinity should be ascertained prior to construction, and the potential for alteration to these areas
determined. Methods of reducing such impacts may include modifications to the project design, changes to
the location of the structure and/or replacement of lost materials (e.g., sand/gravel/cobble). Any harmful
alteration to spawning areas will require compensation.

The reduction in a new supply of surficial sediments (e.g., sand, gravel, cobble, boulders) may reduce
the amount and distribution of this substrate in the nearshore area. The amount to which the supply of
this material is altered relates to the type and erodibility of the backshore material. For example, the
protection of a bedrock cliff will have little effect on the supply of new sand/gravel, or cobble/boulder
deposits. A cohesive bluff, however, with a high content of glacial materials may contribute substantially to
the supply of coarse materials in the nearshore. Determining the potential for impacts may require an
investigation and identification of "source areas" in a regional context. Protection works should not be
constructed in critical source areas.

Localized erosion (scour) along toe of and at alongshore ends of protection works

The effects of altering erosion and depositional patterns are generally manifested in the nearshore areas
and have the potential to impact on fish and aquatic habitat and wetland areas.

Wave reflection on the protection works may induce localized scour or erosion in front of and at the ends of
the protection works. The impacts to fish habitat are usually localized and may involve increased turbidity
and smothering of benthic invertebrates. Increased sedimentation in the nearshore area during spawning
periods may also result in the covering of eggs and a lower survival rate. Construction should avoid
spawning and incubation seasons and areas. Design modifications to reduce impacts include increasing the
porosity of the structure and roughness, and flattening the slope of the structure such that it absorbs wave
energy.

Scour along the shore edge of the protection works will result in an increase in the water depth and wave
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activity at the structure. This may mean a loss of the shallow water wave zone that may be used for fish
spawning. The design of the structure should include scour protection.

Altered nearshore topography

The placement of any protection work or structure in the nearshore will result in the direct covering of
bottom substrate. This may result in the direct loss of fish habitat. The significance of impacts on the
productive capacity of fish is related to the nearshore habitat type. For example, exposed bedrock and
exposed cohesive substrates have low productivity compared to other substrates such as cobble/boulder
and wetland areas. In some instances, the covering of substrates such as exposed cohesive sands by
cobbles and boulders will increase habitat diversity and productivity. Studies of artificial reefs placed over
a firm compacted sand bottom have shown an increase in colonization of the substrate by invertebrates
and forage fish as well as spawning activity by several fish species (Kevern et al. 1985). The potential for
spawning activity on the existing substrate should be determined prior to the alteration to substrate materials.
The direct loss of spawning areas will require compensation.

In the nearshore, the materials used should attempt to add internal spaces to the protection works. For
example, stones and rocks provide crevices where small fish and their food organisms can be protected
from predators. Vertical walls with smooth, uniform surfaces, i.e., steel sheet pile, should be avoided as
they provide no habitat value.

The alteration of topography in the nearshore may also result in other impacts to the aquatic organisms in
the nearshore. An increase of suspended sediments during construction may irritate the gills of fish, place
stress on filter feeders and smother benthic invertebrates. Sediment control measures should be used
during construction to minimize area impacted by sedimentation and increased turbidity. Placement of
the structure may also result in the removal of aquatic vegetation which provides food and shelter for
aquatic organisms. These organisms are an essential food source for waterfowl as well as fish.
Opportunities for the establishment of aquatic vegetation in adjacent areas should be explored.

Structures or protection works in the nearshore/backshore may also result in the loss of frequently
inundated areas. These areas serve as important fish spawning and nursery areas for species such as
northern pike, as well as important waterfowl and herpetofauna habitat. Design modifications may include
the placement of lower structures.

The occupation nearshore by a structure or protection work is a long-term impact which occurs
throughout the design life of the structure or protection works. As area is directly displaced, mitigation
is often not able to reduce effects and suitable compensation measures will be required.

Backshore Structural Protection Works
Backshore structural protection works include revetments and seawalls. Physical impacts associated with
backshore works (From MNRF Technical Guide: Part 8 - Table 8.3) include:

Decreased long-term erosional stress to downdrift shorelines
Nearshore protection works such as beach nourishment increase the supply of sediment and may result in
decreased erosion on-site and at downdrift shorelines.

Accretion updrift and/or in the lee of the structure

Protection works that extend out from the shoreline (e.g., groynes, artificial headlands) or structures
located in the nearshore or shallow offshore (e.g., detached breakwaters) may trap surficial sediment
updrift and/or in the lee of the structure. Impacts are generally restricted to the nearshore area and may
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affect the aquatic habitat. The deposition of sediment updrift of the structure may cover spawning
substrates. The potential for fish spawning activity at the site and in the area updrift of the site should
be determined prior to construction.

Protection works should be designed to minimize intrusion into the nearshore. This may include
increasing spaces or gaps between structures. Any harmful alteration to spawning beds is a major impact and
will require compensation.

Newly constructed protection works or structures with compartments or crevices, such as a rock rubble
groynes, may initially provide suitable habitat for fish such as rock bass, as well as invertebrates (e.g.,
crayfish). As these crevices are filled in with sediment, the suitability of this habitat decreases. This
occurrence should be kept in mind if the design of a structure is to provide a specific type of habitat. The
benefit of this type of mitigation may be temporary, as the structure may become filled with sediment.
Accretion updrift and/or in the lee of the structure may result in the alteration of the active wave zone
used by some species for spawning. The potential for fish spawning activity at the site and in the area
updrift of the site should be determined prior to construction.

Increased erosion at downdrift shorelines until bypassing occurs and/or Increased erosion immediately
downdrift

Protection works or structures that extend out perpendicular from the shoreline (e.g., groynes,
artificial headlands) trap sediments at the site and may result in increased erosion at downdrift
shorelines. This also results in the diversion of sediments into deeper waters. Impacts are limited to the
fish and aquatic habitat and may include the removal/uprooting of aquatic vegetation and the removal of
existing substrates. Utilization of these areas by fish for spawning and nursery areas should be determined
prior to construction.

Invertebrates that are carried in the current may be deflected into deeper water where survival rates may
be reduced. Impacts may be reduced by designing the structure to minimize intrusion into the nearshore,
and/or incorporating suitable materials or spaces to provide for invertebrates.

*Less change of beach and nearshore profile during storms

The beach and nearshore profile will be more stable during storm events. This more protected environment
may encourage benthic invertebrates to inhabit these areas and may also result in a change in the
dominant vegetation.

*excluding groyne protection works

Induced localized erosion (scour) along the toe of and at alongshore ends of protection works
Refer to previous Section for discussion of potential impacts of inducing localized erosion (scour) along the
toe of protection work and inducing localized erosion at the alongshore ends of protection works.

Altered backshore topography at site

Typically, the natural grade of the backshore will be altered by the protection works. For most structures,
the grade will be steeper than the natural shore thus limiting access to the shoreline. Alteration of topography
in the backshore may also include the grading of this area to a more stable slope. Terrestrial habitat may
be impacted by such activities, as well as the adjacent nearshore aquatic habitat. The placement of
structures in the backshore, such as seawalls or revetments, usually requires the displacement of the
natural terrain and relief and may restrict the access of wildlife, amphibians and reptiles to the shoreline.
This impact is likely to be the most significant in low-lying areas. Possible mitigation measures include the
provision of access areas such as stepped platforms in the design of the protective structure.
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Construction activities may disturb the nesting and migration periods of waterfowl. The timing of
construction should avoid these critical periods.

The clearing of vegetation in the backshore may reduce wildlife habitat, may cause an increase in surface
runoff and the amount of suspended sediments reaching the watercourse. Natural vegetation should be
preserved where possible, or be replanted immediately after construction. Bio-engineering approaches to
protective works should be considered where appropriate as they incorporate live plant materials in their
design. Removal of overhanging vegetation or shade trees adjacent to the shoreline should be
avoided where possible. Sedimentation may be controlled by employing Best Management Practices
such as locating stockpiled materials far from the shore and placing a silt curtain around material.

Clearing or removal of vegetation in the backshore may result in the fragmentation of natural corridors along
the shoreline, which may interfere with the movement of wildlife along the shoreline. Clearing of
vegetation should be minimized where possible and areas cleared should be revegetated.

Altered nearshore topography

Backshore protection works can extend into the nearshore and may alter the shallow wave zone used
for spawning by fish species such as alewife and smelt. The design should reduce the extent into the
nearshore.

The construction of a protection work usually involves the introduction of new materials to the shore
zone. Typical construction materials include steel, timber, concrete, earth fill, quarried stone, sand, gravel,
cobble and field stone which may alter the nearshore habitat (i.e., size and internal spaces). Materials
used should attempt to add internal spaces to the protection works.
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