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Executive Summary
Stormwater Management has become a popular topic as severe flooding troubled multiple
Canadian cities in 2013. Stormwater that is unable to naturally percolate into the ground
through infiltration is forced overland and often channeled or harnessed using municipal
infrastructure. Asphalt and concrete are both necessities of modern cities and alter the natural
flows of water (Hodge & Gordon, 2013). Residential site design and layout can significantly
change the amount of impervious coverage that results from asphalt, buildings and concrete
which comprise the built environment. This transformation from natural landscape to an urban
environment has a significant impact on trees, soil, streams and the overall hydrological cycle.
The purpose of this research is to understand which municipal planning policies and regulations
have the most impact on residential imperviousness. Analyzing 1,668 residential properties, this
report aims to determine which factors contribute in producing the greatest level of impervious
coverage in Amherstview Ontario, located within Loyalist Township.
The report summarizes the significance of impervious coverage and its impact on watershed
health. Along with identifying this link, stormwater management alternatives are presented as
options for combating the effects of stormwater runoff. Chapter two outlines the methodology
utilized to examine which planning policies and regulations affect residential impervious. This
methodology has been used previously, developed by Dr. Brian Stone and his research in
Madison Wisconsin. Pisani, 2006 and MacIsaac, 2010 also utilized this methodology for SURP
reports in their analysis of Kingston and Peterborough.
The report discusses the geospatial analysis completed within GIS, along with the descriptive
and explanatory analysis completed using SPSS statistical software. The descriptive statistics
analysis section summarized multiple components and independent variables that contribute to
imperviousness. The table below summarizes these values.
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Variable

Mean

Min

Max

Std. Deviation

All housing types (n=1,668)
Lot Size (m²)
Parcel Size (m²)
Number of Bedrooms
Year of Construction
Frontage (m)

814.17
1028.82
3.11
1977
19.80

257.93
407.70
2.0
1830
9.14

4403.77
4733.71
6.0
2011
65.53

493.62
525.77
0.55
18.01
5.78

Front Yard Setback (m)
Total Impervious Cover – Parcel (m²)

7.99
279.18

2.02
174.68

23.68
597.81

3.29
58.62

Explanatory statistics via multiple regression analysis was used to interpret the extent to which
a given variable influences the total imperviousness of an individual parcel. The multiple
regression in this study analysed the following dependent and independent variables:
Y: Total Impervious Coverage (Parcel)
X₁: Parcel Size
X₂: Lot Frontage
X₃: Front Yard Setback
X₄: Number of Bedrooms
The results of the regression analysis indicate that there is a moderate relationship between
total impervious coverage and the parcel design components tested. The adjusted R-squared
value of 0.474 means that the model can explain 47% of the variation in total impervious
coverage:
Total Imperviousness = 122.079 + 0.003 (Parcel Size) + 4.664 (Frontage) + 6.868 (Setback) +
2.294 (# of bedrooms)
From this regression analysis and the four variables tested against total impervious coverage,
lot frontage and front yard setback were the only two that yielded significant results at the 90
percent level. When holding the other variables constant at their mean values, a 1 metre
increase in the front yard setback distance would increase the total area of impervious
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coverage by 6.87 m², while a 1 metre increase in the properties frontage would force the total
area of impervious coverage to increase by 4.66 m². These results are similar to what Stone
found, in that frontage and front yard setback were most impactful while lot size had the least
weight on total impervious coverage.
Chapter four consists of a several key recommendations in reducing impervious coverage at the
residential site level. Within this final chapter, four recommendations were provided to aid
Loyalist Township and other municipalities in reducing the impacts of residential development
on the natural environment. Two recommendations pertain explicitly to Loyalist Township’s
Official Plan and Zoning By-Law policies, while the other two could be applied to Loyalist
Township or transferred to other similar sized municipalities. The following is a list of the
recommendations:
Recommendation 1: Include Imperviousness in Official Plan
Recommendation 2: Include Imperviousness in Zoning By-Laws, Subdivision Agreements
Recommendation 3: Introduce a Stormwater Utility Fee
Recommendation 4: Introduce LID alternatives
The analysis for Amherstview confirms that residential parcel design which is mainly controlled
by zoning ordinances, particularly frontage and front yard setback, influence the amount of
total impervious coverage each property contains. This research presents planners the ability to
reduce the environmental impacts of suburban development through modified zoning
regulations and site specific changes. Although it’s slightly out of the scope of this report, LID
alternatives are an area of future research that ties closely to reducing stormwater runoff at the
site level. Adopting LID alternatives in tandem with Zoning By-law alterations can reduce the
downstream impacts of impervious coverage. This research provides a direct connection
between the science of watershed degradation and the most impactful land use policies that
can be used to lessen anthropogenic effects into the future.
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1.0 Introduction
1.1 Research Overview
Stormwater Management has become a popular topic as severe flooding troubled multiple
Canadian cities in 2013. Stormwater that is unable to naturally percolate into the ground
through infiltration is forced overland and often channeled or harnessed using municipal
infrastructure. Asphalt and concrete are both necessities of modern cities and alter the natural
flows of water (Hodge & Gordon, 2013). Residential site design and layout can significantly
change the amount of impervious coverage that results from asphalt, buildings and concrete
which comprise the built environment. This transformation from natural landscape to an urban
environment has a significant impact on trees, soil, streams and the overall hydrological cycle
(Daniels & Lapping, 2005).
This research focuses on the urban centre of Amherstview, located approximately fifteen
kilometres west of Kingston Ontario. The study includes all forms of residential properties,
ranging from townhomes, row homes to single family dwellings. Although Amherstview
contains more land uses than strictly residential (eg. commercial, institutional and industrial) a
geospatial analysis using land use zoning ordinances was completed to include only residential
uses. The study began with a geospatial analysis using a Geographic Information System, a
statistical analysis (both descriptive and explanatory) along with a literature review comprised
of academic and municipal sources before formulating several recommendations.
1.1.1 Research Objective
The purpose of this research is to understand which municipal planning policies and regulations
have the most impact on residential imperviousness. This report aims to determine which
factors contribute in producing the greatest level of imperviousness in suburban residential
neighbourhoods of Amherstview Ontario, located within Loyalist Township.
1.1.2 Report Structure
The report is composed of four chapters: Introduction, Methodology, Analysis and
Recommendations. The Introduction chapter outlines the research question and location being
1|Page
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examined in this report. This first chapter also summaries the significance of impervious
coverage and its impact on overall watershed health. Chapter two outlines the methodology
utilized to examine which planning policies and regulations affect residential impervious. This
methodology has been used previously, developed by Dr. Brian Stone, professor of Urban and
Regional Planning and his research in Madison Wisconsin. Chapter three contains the analysis
and discussion component of the report. It includes the geospatial analysis completed within
GIS, descriptive and explanatory analysis completed using SPSS statistical software. Lastly,
chapter 4 consists of a several recommendations for Loyalist Township and other
municipalities. These recommendations are specific to reducing the impact of impervious
coverage resulting from sprawling residential development and may transfer to other
municipalities who strive to be more sustainable.
1.1.3 Research Location

Figure 1.1 - The Corporation of the Municipality of Loyalist Township’s logo and location
(Source: Google Maps).
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Loyalist Township is a municipality that was formed January 1, 1998, following the
amalgamation of Amherst Island Township, Village of Bath, and Ernestown Township (Loyalist
Township, 2014). The municipality is a blend of urban and rural development patterns, with the
majority of the population residing in the three urban centres: Amherstview, Bath, or Odessa.
According to the census of population data collected by Statistics Canada, the Township’s total
population is 16, 220.
The Kingston Census Metropolitan Area (CMA) is comprised of the City of Kingston, along with
three smaller adjacent municipalities; South Frontenac Township, the Township of Frontenac
Islands and Loyalist Township. South Frontenac and Loyalist Township contain approximately
the same number of residents, 18,110 and 16,220 respectively, while Frontenac Islands
contains 1,860 (Meridian Planning & The Centre for Spatial Economics, 2013).
According to a recent study completed by Meridian Planning and C4SE Economics, the City of
Kingston acts as the entire CMA’s regional economic base, being home to 91.8 percent of all the
jobs (Meridian Planning & The Centre for Spatial Economics, 2013). These three adjacent
municipalities, including Loyalist Township, have fewer than 900 economic base jobs, which are
split between industry and agriculture sectors.
Due to the fact the City of Kingston contains the overwhelming majority of economic job
opportunities within the Kingston CMA, the adjacent ‘suburbs’ or smaller municipalities tend to
act as bedroom communities. South Frontenac, Thousand Islands and Loyalist Township all
have working residents who are forced to commute to the City of Kingston for employment, at
regional employers such as Queen’s University, Royal Military College, Department of National
Defense or Kingston General Hospital. According to the 2013 study, this trend is predicted to
continue into the future (Meridian Planning & The Centre for Spatial Economics, 2013).
From 2001 to 2011 Loyalist Township’s population grew by 11.2 percent or 163 persons per
year, to a total of 16,220 in 2011 (Meridian Planning & The Centre for Spatial Economics, 2013).
According to Loyalist Township’s Official Plan, the 2020 population is projected to reach 18,024
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to 23, 551 (CUMMING COCKBURN LIMITED, 2010). The plan identifies Amherstview, Bath and
Odessa to receive the majority of this residential growth as they are the only fully serviced
urban areas of the Township. Amherstview is the largest of these three serviced urban areas,
and the closest to the City of Kingston, therefore it will most likely experience the majority of
future residential growth.

Figure 1.2 - Map illustrating the Kingston CMA boundaries and surrounding municipalities
(Source: City of Kingston Population, Housing and Employment Projections Study, 2010).
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The Municipality of Loyalist Township has a total land area of approximately 341 square
kilometres, which is divided into 5 main watersheds, all of which outlet into Lake Ontario or the
Bay of Quinte (Cataraqui Region Conservation Authority, 2013). The three largest watersheds,
Parrot’s Creek, Millhaven Creek and Wilton Creek occupy roughly 90 to 95 percent of the
Township’s land area (Dakin, 2013). Parrott’s Creek watershed spans the southeast portion of
the municipality, covering the entire study area of Amherstview. Millhaven Creek watershed
covers the middle portion of the Township, before outletting into the receiving water body of
Lake Ontario. The northwestern third of the Township is covered by the Wilton Creek
watershed which also outlets into the Bay of Quinte (Dakin, 2013). The remaining 5 to 10
percent of the municipality is covered by two smaller watersheds, Collins Creek and the
Napanee River (Dakin, 2013). Figure 1.3 illustrates the complexity of the watershed system
within southeastern Ontario, specifically Loyalist Township. The Cataraqui Region Conservation
Authority (CRCA) provides mapping of subsurface geological features and delineated watershed
boundaries. Depicted with shades of green, Loyalist Township’s watersheds are shown along
with urban centres, highways and major waterbodies.
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Figure 1.3 - CRCA mapping that illustrates the delineation of watershed’s within Loyalist
Township (Source: CRCA, 2013).

1.2 Residential Impervious Surfaces
The hydrological cycle describes the continuous movement of water, both above the earth’s
surface and below it (Ministry of Natural Resources, 2014). Even with climate change, the
amount of water on earth that comprises this cycle is relatively constant, continuously being
transferred from reservoir to reservoir. Physical processes such as precipitation, evaporation,
condensation, infiltration and runoff are the main ways in which water is transferred between
different reservoirs (Ministry of Natural Resources, 2014). These modes of water transfer are
most affected by urban development, most notably, infiltration and runoff. Infiltration is the
process by which water on the ground surface enters the soil, while runoff refers to the water
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that is forced to flow over land due to a completely saturated soil (Ministry of Natural
Resources, 2014). Therefore, infiltration and runoff rates can be significantly altered depending
on the surface material composition.
Figure 1.4 illustrates how the different hydrological cycle components are altered in
coordination with an altered surface coverage. In the top left corner of the diagram, natural
ground cover that contains trees and vegetation experiences nearly a proportional amount of
infiltration to precipitation and only minor runoff (10%). As the figure shows, when the surface
coverage changes to a more urban or built environment the percentage of impervious surfaces
increases. In the bottom right corner of the diagram, impervious surface equates to 75 to 100
percent and there is very little natural vegetation remaining. In this dense built environment
situation, the amount of infiltration is no longer proportional to the amount of precipitation,
because the majority of the precipitation is forced to flow overland as runoff (50%). The 50%
value associated with runoff in dense built environments is highly variable and depends on
many factors, such as: location, time of year, intensity of the storm.
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Figure 1.4 - Changes within the hydrologic cycle representative of a varying impervious
coverage percentage (Source: Arnold and Gibbons, 1996).
Although impervious surfaces are inevitable and necessary with urban development, they are
not positive for the natural environment. Water that once was able to gradually infiltrate back
into the ground and recharge subsurface aquifers is no longer able to do so, but rather
becomes channelized and forced downstream as overland flow. When this water begins to flow
across the surface, the higher volume and faster velocity can cause sewer capacity overload, an
increased magnitude and frequency of floods, increased water temperatures and decreased
downstream water quality (Ministry of the Environment, 2003). Some of the significant
implications of impervious coverage are highlighted and further explained.
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1.3 Implications of Impervious Coverage
1.3.1 Combined Sewers
Most Canadian cities, including Halifax, Ottawa and Kingston, still have functioning combined
sewer infrastructure in their cores. This type of collection system was typically installed from
1880 to 1960, and is still used in older areas of Canadian cities today (City of Ottawa, 2014).
Municipal sewer infrastructure can be classified as one of the following three types: totally
separated, partially separated or combined. Combined sewers (sanitary and storm) force
residential solid waste and stormwater through the same infrastructure and collection network.
Therefore, during storm events, excess stormwater enters the collection system and increases
the amount of combined sewage that reaches the wastewater treatment plant. This added
stormwater is clean and not required to be treated at the wastewater treatment plant, which
adds cost to the municipality for total influent treatment. Moreover, during these times of
excess influent, the wastewater treatment plant cannot handle the high volume of stormwater
and wastewater so it’s often diverted into a nearby water course (City of Ottawa, 2014). This
overflow and diversion, results in combined sewage entering waterbodies including some
drinking water sources such as Lake Ontario (Sierra Legal, 2006). For example, the City of
Kingston has 4.3 percent of its collection system a combined storm and sanitary sewers, which
equates to an annual average volume overflow of 0.95% of total flows (Sierra Legal, 2006).
Although this percentage of sewage appears to be minor, it measures 349 million litres of
sewage being discharged into the St. Lawrence River or Lake Ontario annually, between the
years 2002 and 2004 (Sierra Legal, 2006). There are major health concerns regarding this flow
of sewage into natural fresh waterbodies. There are several types of pathogens that are present
in wastewater and cause concern to humans: Bacteria, Viruses, Protozoa, and Helminths
(Natural Resources Management and Environment Department, 1997). All of these listed by the
Ministry of Health as treats to humans.
Reducing the amount of impervious surfaces will reduce the total amount of stormwater runoff
collected using municipal infrastructure, regardless if it’s a combined or separated collection
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system. Older city cores with combined sewer collection systems have been proven to
contribute to negative environmental and health aspects. Therefore, by separating combined
collection systems and reducing the amount of total impervious coverage in tandem, less strain
will result on the natural environment.
1.3.2 Watershed Degradation
Aside from the negative environmental and health impacts from combined sewer discharge,
impervious surfaces also create negative implications for environmental quality (Arnold &
Gibbons, 1996). Arnold and Gibbons published threshold values at which impervious coverage
begins to negatively impact the health of watersheds and its corresponding severity of
degradation. Depicted in Figure 1.5, watershed degradation first becomes impacted at 10%
surface coverage and when coverage surpasses 30%, environmental degradation becomes so
severe it’s almost unavoidable (Arnold & Gibbons, 1996). Through site planning and design, and
land use regulations via zoning, the total amount of impervious coverage resulting from the
built environment can be minimized. Planners have the ability to alter building setbacks,
envelope, size, and densities, all of which significantly contribute to the amount of coverage
(Arnold & Gibbons, 1996).
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Figure 1.5 - Graph displaying the relationship between stream health and percentage of
watershed impervious coverage (Source: Arnold and Gibbons, 1996).
1.3.3 Urban Heat Island Effect
While urban centres continue to expand and convert natural ground cover into developed built
landscapes, the air quality and regional climate begin to experience change. What is commonly
known as ‘urban heat island effect’ refers to an island of warmer temperatures that forms over
urban areas and not adjacent rural surroundings (United States Environmental Protection
Agency, 2013). The lack of vegetation, porous surfaces and dark surfaces in developed urban
centres alter the earth’s albedo resulting in warmer temperatures during the day and night
(United States Environmental Protection Agency, 2013). The significance of this phenomenon
can be quite severe according to the United States Environmental Protection Agency, including:
increased energy consumption, elevated emissions of air pollutants and greenhouse gases,
compromised human health and comfort along with an impaired water quality (United States
Environmental Protection Agency, 2013). Figure 1.6 provides an illustration of the urban heat
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island effect, showing that the highest temperatures (both day and nighttime) correspond with
the densest land use patterns.

Figure 1.6 - A graphic illustrating the urban heat island effect. Surface and air temperatures are
depicted over different land uses, urban, urban fringe and rural (Source: EPA, 2013).

1.4 Stormwater Management Alternatives
Asphalt, concrete, wood and other dense materials are all essential when it comes to a city’s
built environment. These materials are inevitable in the construction of buildings, sidewalks and
roads, however newer and more sustainable practices have been developed to help reduce the
anthropogenic footprint of urban development.
1.4.1 Low Impact Development
Low impact development (LID) is one approach that can be utilized to help reduce the adverse
environmental impacts that are associated with impervious surfaces. LID is an approach that
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works with nature to manage stormwater as close to its source as possible (United States
Environmental Protection Agency, 2013). Natural green practices such as bio-retention
facilities, rain gardens, green roofs, rain barrels and permeable pavements are all methods of
low impact development that can help maintain or restore a watershed’s hydrologic and
ecological functions (United States Environmental Protection Agency, 2013). Rather than having
eves troughs connected to municipal storm sewers, rain barrels and rain gardens offer much
less impact. Rain gardens are LID sustainable practices that work by dispersing structure runoff
over an absorptive lawn or garden allowing infiltration and plant uptake (Low Impact
Development Centre, Inc., 2007). Rain barrels are another LID approach that diverts runoff from
municipal infrastructure, by collecting it and allowing the homeowner use of relativity clean
rain water for plants or other needs. Trees and vegetative coverage are other native methods
that allow for precipitation interception and groundwater uptake. Regional research suggests
that if 40 percent of urban areas were covered by forest cover, many airborne pollutants,
stormwater runoff and increased urban heat island temperatures would be significantly
reduced (Centre for Watershed Protection, 2002).
1.4.2 Permeable Paving
Permeable paving is a relatively new technology that aims to be more sustainable, by
introducing a base and sub base that allows stormwater to percolate through. Permeable
pavement or pervious pavement surfaces include examples such as; pervious concrete, porous
asphalt, concrete or plastic-based pavers, or any pervious material that allows water to
infiltrate into the soil below (Centre for Watershed Protection, 2002).
Permeable pavement systems are becoming more popular and often used as stormwater
management solutions for vehicular parking lots (Booth & Leavitt, Field Evaluation of
Permeable Pavment Systems for Improved Stormwater Management, 2007). While these
sustainable options were developed in an attempt to reduce the amount of ponding surface
water and overland flow, they have also been shown to increase water quality (Booth &
Brattebo, 2003). Testing long term stormwater quantity and quality for 6 commercially
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available permeable pavement solutions used in surface parking lots found these products to
be successful stormwater management solutions. Their conclusions found virtually all rainwater
infiltrated through and there was nearly zero surface runoff produced (Booth & Brattebo,
2003). Furthermore, the groundwater beneath the parking lots composed of permeable
pavement contained significantly lower levels of zinc, copper and motor oil than surface runoff
generated from the traditional asphalt parking lot (Booth & Brattebo, 2003). Therefore, not
only can permeable pavement help reduce the amount of impervious coverage that causes
surface water to travel via municipal infrastructure, it can also help increase the quality of
water that percolates into groundwater aquifers.

1.5 Planning Regulations and Imperviousness
Planning for population growth has been at the heart of the planning profession since its
establishment, however planning sustainably for additional growth is relatively new. It wasn’t
until 1987 when the Brundtland Commission defined sustainable development as “a
development that meets the needs of the present without comprising the ability of future
generations to meet their own needs” (Brundtland Commisson, 1987). Building from this
definition, planners have become well versed in the three pillars of sustainability;
environmental protection, economic growth and social equity and incorporating the concept in
many governing and guiding policies such as Official Plans.
Three distinct levels of the planning process have been identified as being critical in reducing
the impacts of impervious coverage; Regionally, Site Planning and Regulations (Arnold &
Gibbons, 1996). A breakdown of these three levels within the scope of the Ontario Planning
practice is provided.
1.5.1 Regional Planning
Regional planning is a planning approach that incorporates a large geographical location, often
one that spans traditional political boundaries of current municipalities. These regional areas
can be delineated by several different factors, including population size, geological formations
or watershed boundaries. Ontario is a unique province, in that it contains 36 conservation
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authorities (CA’s) established under the Conservation Authorities Act that are bounded by
watershed areas. Conservation authorities often span multiple municipalities and political
jurisdictions and act as the environmental planning arm for municipal governments. This
structure of a cross boundary governmental agency that monitors environmental implications
has been recognized globally for their approach to watershed management, planning and
regulations, flood management, source water protection, water quality monitoring,
stewardship and educational efforts (MacIsaac, 2010). Therefore, during the development
approvals process the governing conservation authority provides technical service to the
municipality, with a structured fee schedule and site checks that complement the
municipalities. Due to the nature of the organization, conservation authorities only partake in
development applications that trigger their involvement, which is any development that has the
ability to negatively impact the natural environment (Conservation Ontario, 2013).
1.5.2 Site Planning
In Ontario, conservation authorities are the regulating bodies for development applications that
have the potential to adversely impact the natural environment, these include plan of
subdivision/condominium applications, minor variance and severances, site plan control and
Official Plan and Zoning By-Law amendments (Niagara Peninsula Conservation Authority, 2014).
Therefore, planning at the site plan level directly involves the conservation authority. The
Cataraqui Region Conservation Authority is the responsible authority for all of Loyalist
Township and the greater Kingston CMA. Within the context of this report, conservation
authorities review development plans with respect to drainage and stormwater management
to ensure that pre-development runoff rates equate to post-development stormwater runoffs
rates (Catarqui Region Conservation Authority, 2005). Accompanying the site plan development
application is a stormwater report or brief, that is typically completed by a private consulting
firm which outlines the developments overall stormwater impacts. These reports are developed
to minimize downstream hazards such as flooding, erosion and maintain or improve water
quality by capturing site pollutants before they reach receiving streams and waterbodies
(Catarqui Region Conservation Authority, 2005).
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The stormwater management report will contain the sites current stormwater conditions, predevelopment runoff calculations, along with a post-development calculation that is based on
runoff coefficients (C). This report or brief, which depends on the severity of the site alteration,
must be signed by a licenced professional engineer (P.Eng) with the Province of Ontario. In
order to maintain acceptable post-development runoff rates best management practices
(BMPs) are commonly implemented. There are several BMPs being used today in site design
that help to reduce the impacts of stormwater runoff and its implications such as downstream
erosion, water quality and overall watershed degradation. The City of Kitchener outlines
stormwater retention ponds, oil/grit separators, rooftop storage, underground storage, filter
strips, and a salt management plan as being typical non-residential or multi-residential best
management practices (City of Kitchener, 2014). Approved residential BMPs that Kitchener
includes are rain barrels, cisterns, infiltration basins, rain gardens and permeable pavers (City of
Kitchener, 2014). Both sets of these best management practices, residential and nonresidential, are proven methods planners and policy makers can incorporate in combating the
impacts of impervious coverage and stormwater runoff.
1.5.3 Regulations
Planning in Ontario follows a hierarchical framework, with authority delegated from the
Province. At the top lies the Planning Act which is legislation that sets out the ground rules for
land use planning in Ontario and describes how land uses may be controlled, and who may
control them (Ministry of Municipal Affairs and Housing, 2013). Under this Planning Act, the
province issues the Provincial Policy Statement and other provincial level policies such as
Greenbelt Plan and the Growth Plan. The province of Ontario promotes provincial interests
such as protecting farmland, natural resources and the natural environment while endorsing
sustainable growth (Ministry of Municipal Affairs and Housing, 2013). The Provincial Policy
Statement (PPS) states in section 2.2.1 (g) that “…Planning authorities shall protect, improve
and restore the quality and quantity of water by: ensuring stormwater management practices
[that] minimize stormwater volumes and contaminant loads, and maintain or increase the
extent of vegetative and pervious surfaces” (Ministry of Municipal Affairs and Housing, 2013).
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Beneath these provincial policies sits upper tier Official Plans. Examples include Region of Peel
Official Plan, Halton Region Official Plan and the newly created Frontenac County Official Plan.
Below these regional or county level governments rests the lower tier municipalities whose
Official Plan must conform to the upper governing body and provincial policies. At the local
level, Official Plans are implemented through Zoning By-Laws that guide existing and future
land uses.
Zoning By-Laws are established by municipalities to set the rules and regulations that control
development patterns (Ministry of Municipal Affairs and Housing, 2013). Zoning By-Laws
provide controls for the use and type of development within a given municipality. The By-law
sets specific requirements for development, such as provisions for building heights, number of
parking spaces and sizes of front, side and rear yards (City of Ottawa, 2014). Their primary
function is to regulate the land use and structure, not assuring environmental health. However,
in terms of impervious coverage, many Zoning By-Laws contain a maximum lot coverage
percentage that limits the total number of buildings or building footprint. This provision
unfortunately only typically accounts for building or structural coverage, not incorporating the
type of material utilized on the surface of the property. Therefore, conventional planning and
Zoning By-laws are primarily legal regulations for land use and built form, which lack
environmental components that could assist in the reduction of imperviousness and
stormwater runoff (Arendt, 1996).
In an attempt to reduce the anthropogenic effects of development on the physical
environment, work needs to be concentrated at the lot level rather than the broader watershed
scale (Stone, 2004). Although watersheds are often the unit of analysis in terms of
environmental health, the more defined lot level is where most anthropogenic impacts are
derived. Therefore, site planning and zoning By-laws offer an effective means of addressing
impervious coverage and the overall watershed health.
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2.0 Methodology
2.1 Chapter Overview
This chapter outlines the methodology utilized to examine the problem posed in the
Introduction chapter. Using Loyalist Township as a study area, a sample of residential parcels
will be analyzed in Amherstview, Ontario. Loyalist Township is divided into three urban centres,
Amherstview, Bath and Odessa, which all fall into distinct watersheds (Cataraqui Region
Conservation Authority, 2013). Therefore this study will focus on the geographic location of
Amherstview and its associated Parrot’s Creek watershed. This research approach will follow
the precedent of (Stone, 2004) who analysed 40,000 residential properties in Madison
Wisconsin. Adapting the same methodology at a smaller spatial scale will adequately determine
the relationship between residential development patterns and impervious surface coverage
for Amherstview. This report will use a Geographic Information System (GIS), multiple
orthographic raster tiles and detailed parcel data. Initially the analysis will be completed using
the GIS, followed by further data examination using a statistical software package.

2.2 Research Approach
The research approach will follow an existing methodology, developed by Dr. Brian Stone, at
the Urban and Regional Planning Department at the University of Wisconsin-Madison. Stone
focused on single family residential parcels in Madison Wisconsin to determine the impact of
land development regulations on total impervious cover. He examined the impact or
contribution of lot size, lot frontage, front yard setbacks, street width and neighbourhood
street network configuration on total impervious cover. This research found that lower density
patterns of single-family development are associated with a larger area of impervious cover per
unit of occupancy than higher density patterns (Stone, 2004). He recommends that parcelbased analysis of environmental impact are needed to evaluate specific land use planning
policies on regional environmental quality.
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Figure 2.1 is a graph included in Stone’s (2004) research that compared the different
components of residential imperviousness with the varying lot sizes within his sample. A similar
figure will be generated for this research using Amherstview neighbourhoods as a sample.
There results will then be compared to Stone’s findings.

Figure 2.1 - Illustrating the different components of residential imperviousness that were
included in Stone’s research, compared relative to the varying lot sizes (Source: Stone, 2004).
This report will use Stone’s method at a smaller spatial scale to analyse land development
regulations and their impacts on residential imperviousness. Stone’s method has previously
been adapted for two SURP Master’s Report’s, by (Pisani, 2006) and (MacIsaac, 2010). Pisani
measured the impervious surface coverage of residential properties within the City of Kingston,
Ontario. One significant limitation of this research was not utilizing a GIS and orthographic
imagery, rather relying on manual field measurements and aerial photographs. MacIsaac built
from this previous report by incorporating a GIS to calculate the residential impervious in the
City of Peterborough, Ontario. Her analysis focused on a comparison of three different
development patterns, Single Family Detached (SFD), Semi Detached (SD), and Row Housing
(RH). This comparison was justified because those three development patterns were the most
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prominent within Peterborough. However sample size was a limitation, which included a total
sample size of 203 units: 86 SFD, 32 SD and 85 RH.

2.3 Geospatial Analysis
Stone incorporated a geospatial analysis to accompany the database analysis component. To
complete this geospatial analysis, a Geographic Information System containing orthographic
raster tiles and detailed parcel data will be utilized. ESRI’s ArcMap 10.1 containing parcel,
building data, street and sidewalk shapefiles along with high-resolution orthographic
photography will be used to quantify the impervious coverage resulting from the built
environment.
2.3.1 Data Availability
The vast range of data necessary for this report was acquired from Loyalist Township Planning
and Engineering departments, as well as the Municipal Property Assessment Corporation
(MPAC). Mr. David Casemore, GIS Coordinator and Mr. Peter Vass, Engineering GIS Technician
are municipal employees who assisted in the transfer of the required data. A signed letter
stating the method, scope and purpose of the work was submitted to both Loyalist Township
and MPAC upon the release of their confidential data.
2.3.2 Impervious Coverage Variables
To ensure this research is relevant in the planning practice, a link must be drawn between the
science and real world policies. Significant ecological research has been completed which has
documented how humans are altering the earth’s natural processes and systems (Stone, 2004).
Much of this scientific work completed on natural systems and the environment has been
measured in units such as watershed or square kilometres. Planning is typically a process
undertaken at the municipal, regional or provincial level, which follows prescribed political
boundaries and residential lot lines. Each watershed typically includes multiple municipal
boundaries, and a range of land uses that don’t easily correlate to the delineated ecological
areas (Stone, 2004). Therefore, this research will analyse only one land use within one
watershed and political jurisdiction. Focusing on residential land parcels within one watershed
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allows this parcel based assessment of impervious cover to make recommendations that bridge
both scientific research and municipal planning policies.
To distinguish between the various components of residential imperviousness, this research will
quantify the individual components of impervious coverage at the parcel level. The analysis of
determining residential imperviousness requires an extensive amount of data such as; overall
dwelling footprint, paved area of the driveway and the paved area of the sidewalk at the parcel
level. Street allotment (the street immediately adjacent to the parcel) will also be included
within the total measurement of imperviousness.
Accounting for design capacity is an important shortcoming that much of the previous literature
regarding anthropogenic impacts neglects to include (Stone, 2004). Design capacity can be
explained as the number of residents that the building or structure is designed to
accommodate. This approach closely follows the way in which the Ontario Building Code (OBC)
sizes residential properties for septic tank and on-site sewage treatment systems. Failing to
include this aspect in the analysis can lead to biased statistical comparisons (Stone, 2004). To
increase the statistical significance of this study, the number of bedrooms is included as a
control variable to help increase the overall reliability, transferability and validity of this report.
2.3.3 Description of Data
Several shapefiles were obtained from Loyalist Township and the Municipal Property
Assessment Corporation (MPAC), which will be used to calculate various parcel attributes. The
following provides an overview of the data obtained and its intended use in this report.


Parcel Fabric: This layer provided information of all properties located within the
Loyalist Township municipal boundary. The layer contains lot size, frontage, and civic
addresses. The lot size field will serve as a direct measure of housing density. Lot
frontage is measured in metres and refers to the total width of the parcel. Lot frontage
delineates the length of street and sidewalk paving required to service the parcel.
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Zoning: This polygon layer illustrates which parcels fall under which zoning regulation.
Overlaying this layer with the parcel fabric layer, an intersect analysis was completed.
Following this, a new shapefile was created for the study area which contained only the
residential parcels in Amherstview.



Buildings: This layer provides the polygons for all building structures located in the three
urban areas of the Township; Bath, Odessa and Amherstview. Geo-rectification has not
been completed for rural structures therefore rural areas are void in this shapefile. The
building area field contains the area of the polygon which represents the roof area or
building footprint of the dwelling.



Orthographic Imagery: These files were obtained from Loyalist Township, which were
recently acquired via Land Information Ontario. Tiles that cover Amherstview were
included. These are the most recently flown orthographic images, obtained from passes
flown in the summer of 2013.



Sidewalks: This layer will be utilized to determine which neighbourhoods and dwellings
are serviced with sidewalks. The layer is currently a line layer, only containing centreline
information. This information in conjunction with the Ontario Provincial Standard of 1.5
metres widths, will allow sidewalk polygon areas to be calculated.



Street Network: This layer will be utilized to determine street widths. The layer is
currently a line layer, only containing centreline information. 50 road cross section
widths were calculated across Amherstview using the high resolution imagery. The
mean of these values was then extrapolated and used in determining the street
allotment area per property.



Miscellaneous: Some parcels in this study area will have impervious surfaces associated
with recreation and landscaping features that are not captured in the above variables.
According to previous studies completed by (MacIsaac, 2010) and (Pisani, 2006), it is
very difficult to categorize these features in their nature of permeability and should be
assumed pervious. Therefore, features including trees, sheds, walkways and trampolines
are considered to be pervious and excluded from this study.
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In Stone’s 2004 study, a similar dataset was utilized to graphically display the impervious
components of residential parcels. All the acquired shapefiles formed a GIS database to
produce an overlay and the following illustrative interpretation (Figure 2.2).

Figure 2.2 - Impervious components of two single-family residential parcels of differing size
(Source: Stone, 2004).
2.3.4 Description of Variables


Lot Frontage: This variable has been calculated by Loyalist Township Planning
department staff. Statistics that represent the lots area such as length and width were
included within the parcel fabric shapefile. This variable is critical to this report because
“lot frontage is a direct determinant of the length of street paving required to service a
parcel” (Stone, 2004).
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Lot Area: The area of the lot has been calculated by Loyalist Township Planning
Department staff. The lot area variable is measured in square metres. The lot area
variable serves as a direct measure of housing density, and will be used in this report to
assess how different housing densities influence the level of impervious coverage.



Front Yard Setback: This variable is the distance spanning from the curb to the dwelling.
This figure is equal to the length of the driveway, as it connects the dwelling to the
street which services the lot. This variable was not provided within the data attained
from Loyalist Township or MPAC, these values were manually calculated using the
“near” tool in ArcGIS 10.1. A breakdown of this procedure will be explained in section
2.5.



Driveway Area: This variable was manually calculated using the high resolution
orthographic imagery in conjunction with the front yard setback results. 50 driveways
were selected at random across Amherstview, and their driveway widths were
measured using the high resolution imagery. The mean of these values was then
multiplied by the calculated front yard setback linear distance to produce a driveway
area value.



Sidewalk Area: This refers to the area of sidewalk pavement that is associated with the
residential parcel. This variable was calculated using data from both the sidewalk and
parcel fabric shapefiles. The sidewalk layer was used to determine which parcels were
serviced by a sidewalk and which ones were not. The frontage value extracted from the
parcel fabric layer was multiplied by 1.5 metres (Ontario Provincial Standard
Specification , 2010).
*Parcels that are serviced by sidewalks experience an overlap between the sidewalk and
the driveways impervious coverage. Estimating the average driveway to be 5.064 m
wide and the sidewalk to be 1.5 m wide, an area of 7.60 m2 was subtracted from all
parcels that are serviced by sidewalks to avoid double counting.



Parcel Street Allotment: This refers to the area of street pavement that is associated
with the residential parcel. Estimating street allotments for each parcel is not as straight
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forward as other variables because the street services multiple parcels. Street
allotments are polygons bounded by lot frontage and street centerlines along with an
extension of the lots side lot lines. This street allotment polygon area can be calculated
by multiplying the lot frontage value by one half the residential streets width. That being
said, parcels located on cul-de-sacs pose the problem of not having a direct street
centreline. Therefore the cul-de-sac polygon will be manually calculated using the
orthographic imagery and equally allocated to each parcel bordering the cul-de-sac.


Number of Bedrooms: The number of bedroom data was collected by MPAC and is
associated with all types of uses. The number of bedrooms represents the ‘design
capacity’ of the structure and will act as a control variable within this report. Design
capacity refers to the number of inhabitants the structure is designed to accommodate,
and failing to include these values would lead to a biased statistical comparison (Stone,
2004). A multi – family dwelling that is designed to house more residents than a single
family dwelling would be expected to exhibit a greater total imperviousness value.
Furthermore, if all the residents living in the multi – family dwelling moved to single
family dwellings this lower density and dispersed population would be expected to
result in a higher total impervious coverage value.

2.4 Sample Selection
Figure 2.3 highlights Amherstview’s location within the greater Loyalist Township context. The
majority of residential growth is in the form of single family detached housing, primarily located
in the west-end Lakeside Development.
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Figure 2.3 - A map outlining the municipal boundaries of Loyalist Township, and the location of
its largest urban centre, Amherstview.
Figure 2.4 is a breakdown of the figures obtained from MPAC and Loyalist Township,
manipulated using GIS, which will be used within this report:
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6,736

• Total Properties within Loyalist Township.

• Properties within Loyalist Township that are
5,141 less than or equal to 1.5 acres.

2,789

2,528

2,044
1,668

• Number of properties within Amherstview.

• Properties within Amherstview that are less
than or equal to 1.5 acres.
• Properties in Amherstview with adequate
'building', 'bedroom' and 'zoning' data.
• Total residential properties in Amherstview
to be included within the report.

Figure 2.4 - An illustration showing the breakdown of residential properties within Loyalist
Township, Amherstview and the analysis section of this report.
Based on the data parameters required to complete the proposed analysis, there are 1,668
residential properties located within Amherstview, that will be utilized to assess which land
development regulation has the largest impact on total parcel impervious coverage.

2.5 Geospatial Analysis
The geospatial analysis was completed using the latest ArcGIS 10.1 software program. Datasets
obtained from Loyalist Township and MPAC required extensive manipulation prior to being
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exported and statistically analysed. Much of the data was presented in alternating units of
measurement and required multiple conversions to make seamless comparisons between
different variables of residential components.
Amherstview is the only urban centre of the Township that contained populated building
footprint data, for that reason the remaining areas of the municipality were excluded from this
report. The building footprint data is a georectified shapefile layer based on high resolution
aerial imagery, completed by Township staff in 2011. This shapefile also contained the number
of bedrooms, which is data collected and updated by MPAC. The property polygon shapefile
contained property area and frontage values, although inconsistency in measurement units
required a conversion to be applied. The zoning polygon shapefile contained the appropriate
zone from the Comprehensive Zoning By-Law. Lastly, the sidewalk and street polyline shapefile
contained an identifying field and the centreline location.
The sidewalk widths, driveway widths, asphalt street surface and road allowance widths were
all excluded from the attained data and needed to be populated by the author. The sidewalk
width was identified as being 1.5 metres, which is the Ontario Provincial Standard minimum
width (Ontario Provincial Standard Specification , 2010). Several random spot checks were
completed across Amherstview using ArcGIS and the high resolution aerial imagery to confirm
1.5 m to be the average sidewalk width. Driveways and the asphalt street surface widths were
both measured using ArcGIS and the high resolution aerial imagery layer. Fifty random locations
were selected across Amherstview where these measurements were performed and then an
average was calculated and applied throughout the analysis as a constant. The average
driveway width used in the calculations was 5.064 metres, and the average asphalt street
surface width used was 8.224 metres. Lastly, the road allowance width was required in
determining the total parcel size, as lot size was the only value provided. Knowing the typical
road allowance width for southern Ontario suburban neighbourhoods to be 20.12 m, random
sites were again selected across Amherstview and measured using high resolution aerial
imagery. 21.68 metres was calculated to be the average road allowance width within the study
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area of Amherstview, therefore, by adding the area of (10.84 metres x lot frontage) to the given
lot size, total parcel size was calculated.
The challenge with this data was the need for all attributes to be contained within the same
shapefile, so they could be displayed and be representative and easily compared for every
individual parcel. Therefore, a spatial join was completed using ArcGIS model builder.
ArcGIS was also utilized to determine which properties were serviced with sidewalks and which
were not. To complete this, a ‘select by location’ analysis was performed to delineate all
properties that contained a sidewalk within 4 metres. 499 properties within Amherstview were
found to be directly serviced with pedestrian infrastructure, which were then assigned 1 using
the binary code of 1 or 0. Therefore, all properties identified with this 1 will have their
corresponding lot frontage multiplied by 1.5 metres to yield an overall sidewalk area.
Front yard setback was another variable required for this analysis that was not provided within
the dataset. This variable was more challenging to obtain and required the use of the ‘near
analysis tool’ from ArcGIS toolbox. Using the ‘mixed feature types’ tool, the provided street
network shapefile (centreline) was used as the ‘input feature’ and the building polygon
shapefile represented the ‘near feature’. This repeatedly calculated the shortest distance from
the street centreline to the closest point of each dwellings footprint. Following this analysis,
half of the street width was subtracted from this calculated front yard setback distance to
provide the actual distance from the streets edge to the building’s closet point. Figure 2.5
graphically illustrates how the near analysis tool in ArcGIS functions to calculate the distance
between the two specified shapefiles.
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Figure 2.5 - Illustrating the ArcGIS near analysis tool, and how it was utilized to determine front
yard setback distance for residential parcels in this analysis (Source: ArcGIS Resources, 2014).

2.6 Statistical Analysis: Hypothesis Testing
A descriptive and explanatory statistical analysis will be completed to help describe which
planning policies most affect the residential properties examined in the report. Attributes will
be extracted from GIS and summarized in a Microsoft Excel data sheet before being inputted
into IBM SPSS Statistics 22 to complete the analysis.
Descriptive statistics will be used to display the minimum, maximum, mean and standard
deviation of all the independent variables analysed. The hypothesis test for the descriptive
statistics stage is to determine which variable contributes to the greatest level of
imperviousness across the range of lot sizes examined. All independent variables (lot size,
frontage, setback, number of bedrooms, driveway area, sidewalk area, roof area, street
allotment area and total impervious coverage area) will be included in the analysis and
provided in a statistical summary chart. Building on this first phase of the descriptive statistical
cross tabular results, a second component that includes graphic illustrations will be included.
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This test will graphically illustrate the percent coverage of the four primary impervious
components; building footprint, driveway area, sidewalk area and street allotment area in
relation with the total range of parcel sizes tested.
Explanatory statistics via multiple regression analysis will be used to interpret the extent to
which a given variable influences the total imperviousness of a given parcel (Stone, 2004). The
hypothesis test for this explanatory statistics stage is to determine if the various parcel and
street design variables are significantly related, and what degree of variation in residential
impervious cover can be explained statistically. SPSS software will be utilized to create a
regression model that will analyse the relationships of two or more variables. In this case, the
dependent variable (total impervious surface coverage) will be compared to the three
independent variables (frontage, front yard setback and lot size). This will determine which
variable is the strongest determinant of impervious cover based of regression coefficients.

2.7 Loyalist Township Policy Review
Loyalist Township’s Official Plan is a document that sets out its land use planning goals and
policies that guides physical development, infrastructure, resource management and protects
natural and cultural heritage. The Comprehensive Zoning Bylaw is a document that conforms to
the Official Plan and defines the permitted uses and development standards for particular
zones. These documents work in harmony to guide all development across the Township. A
section of the Official Plan is specifically devoted to residential development, areas of future
development, servicing and land availability. The Comprehensive Zoning Bylaw contains several
distinctions within residential zones, and highlights the permitted uses of each. Reviewing these
policies is critical in determining the current regulations surrounding imperviousness, including
stormwater management practices, residential development patterns and road network
connectivity.
A Plan of Subdivision is required under the Planning Act when a parcel of land is proposed to be
divided into two or more parcels and offer one or more for sale (Ministry of Municipal Affairs
and Housing, 2010). Once the Plan becomes registered, a subdivision agreement is created to
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explicitly define the land owner requirements. Within these agreements, homeowners are
required to pave their driveway as a requirement to attain a building permit. Typically a lot
grading and driveway deposit is collected by the municipality prior to construction, and the
deposit is not refunded to the homeowner or developer until a successful inspection has been
completed by a Municipal engineer.

2.8 Limitations & Uncertainty
Due to the time involved in the data collection and manipulation, 1,668 residential parcels were
analysed. Assumptions were made in terms of sidewalk widths. The Ontario Provincial Standard
for minimum sidewalk widths is 1.5 metres, therefore the provided polyline sidewalk layer was
multiplied by this standard to determine the sidewalk area. Some sidewalks within
Amherstview might not have been constructed to provincial specification, resulting in an
over/under estimation of total impervious area.
Estimations were made for driveway and street widths. Only 50 street cross sections and
driveways were measured using the high resolution aerial imagery. These random samples
were chosen across the entire urban centre, to best represent the differing widths based on the
different decade of construction. Based on these 50 measured features, the means were
calculated and extrapolated for all Amherstview driveways and streets. This sample might be
small and inaccurately represent the total population of residential driveways and street areas.
Only considering the sidewalk, driveway, structure roof and street allotment areas as
impermeable is another limitation of this report. In such, this approach assumes all other
surfaces permeable. Features such as sheds, walkways and landscaping are considered
negligible for the purposes of overall residential imperviousness. This limitation affects the sum
of impermeable surfaces, but does not explicitly impact the research question of which
planning policy has the greatest impact on residential imperviousness.
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3.0 Analysis and Discussion
3.1 Chapter Overview
This chapter provides an analysis of the dataset used to evaluate the land use planning
components that have the biggest impact on impervious coverage in suburban residential
developments. Three land use planning variables are included in the analysis, lot size, frontage
and front yard setback along with the total impervious coverage of each residential parcel. The
analysis began with extensive data manipulation using ArcGIS 10.1, before exporting a
condensed table of the appropriate variables into Microsoft Excel. Following the geospatial
analysis and further refinement using Excel, these data were then inputted into a statistical
software package, IBM SPSS Statistics 22, which permitted a comprehensive analysis of related
variables. This statistical analysis component of the report was performed using two separate
approaches, descriptive and explanatory statistics. Descriptive statistics was used to provide a
distribution and five number summary of the total sample. Explanatory statistics was utilized to
determine the impact of each parcel attribute and its significance on the parcels overall
imperviousness.

3.2 Hypothesis Testing
3.2.1 Descriptive Statistics
Descriptive Statistics were used to display the minimum, maximum, mean and standard
deviation of the independent variables analysed within this report. The hypothesis test for the
descriptive statistics stage was to determine which variable or variables contribute to the
greatest level of imperviousness across the range of parcel sizes examined within the study
area. Table 3.1 presents multiple statistical components for each independent variable and
impervious surface contributing factors included within this report.
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Table 3.1 - Descriptive Statistics of the variables included in the impervious coverage analysis of
Amherstview, Ontario.
Variable

Mean

Min

Max

Std. Deviation

All housing types (n=1,668)
Lot Size (m²)

814.17

257.93

4403.77

493.62

Parcel Size (m²)
Number of Bedrooms
Year of Construction
Frontage (m)

1028.82
3.11
1977
19.80

407.70
2.0
1830
9.14

4733.71
6.0
2011
65.53

525.77
0.55
18.01
5.78

Front Yard Setback (m)
Total Impervious Cover – Parcel (m²)

7.99
279.18

2.02
174.68

23.68
597.81

3.29
58.62

Within the Amherstview study area, the average single family residential parcel is
approximately 1000 m² in size; is characterized by three bedrooms, a 20 m frontage, 8 m front
yard setback and constructed in 1977. Note the large difference (approximately 200 m²)
between the mean lot size and mean parcel size. Lot sizes were provided from Loyalist
Township as a shapefile, being professionally surveyed and constitute the legal property
boundaries. Within the context of this report, parcel refers to the residential lot area along with
half of the road allowance area. By determining half the width of the road allowance and
multiplying it by the residential lot’s frontage, this additional municipally owned area was
added to the legal lot area. The reason parcel size is utilized in this analysis as opposed to
simply lot size, is because sidewalks and the asphalt street surface are not contained on the
private lot, rather located within the municipal right of way. Therefore, by including street
allotment area and sidewalks in calculating the total amount of imperviousness, parcel size
needed to be the foundation of the statistics comparison. Figure 2.2 (as shown in Chapter 2)
illustrates all of the impervious coverage variables included within a parcel.
The minimum number of bedrooms for the entire study area was 2, where Stone’s data found 1
bedroom dwellings. Amherstview is located just west of the City of Kingston boundary, and
supplies a slightly cheaper housing stock. Therefore, many first time home buyers and new
families are attracted to the area, which explains why the smallest dwelling contains 2
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bedrooms. The average number of bedrooms of 3.11 for the sample is almost the same as
Stone (2004) reported in his research (3.10). The number of bedrooms for the 1,668 dwellings
analysed within this report had a relatively small standard deviation at 0.55.
Year of construction refers to the year that the dwelling was built and became occupied. The
range of values for this category is quite large, spanning nearly 200 years, shown in Table 3.1.
The Fairfield House that is located along the north shore of Lake Ontario and now a part of
Fairfield Park, was one of the earliest buildings constructed by the Loyalist settlers (Loyalist
Township, 2014). Constructed in 1793, this dwelling was excluded from this analysis as it no
longer functions as a residence. The oldest dwelling within this analysis was constructed in
1830, however this is suspected as a data input error. The residence is located at 63 Davey
Crescent, and the majority of other residences on Davey Crescent were constructed in the late
1900’s. There has been more recent construction within Amherstview post 2011, although the
most up to date data obtained from MPAC concluded at 2011. 1977 is the mean year of
residential construction within the study area, which experienced much of its initial growth
during the Judge William J. Henderson development period in 1965 (Lennox and Addington).
The resulting minimum frontage value was found to be 9.18 m, maximum being 65.53 m, a
mean of 19.80 m and a relatively low standard deviation of 5.78. Stone’s data produced a much
larger range for frontage values (3.7 – 131) and a slightly higher mean frontage value of 22.3 m.
The greater range in frontage values from Stone’s work can be explained by including more
properties and working from a larger sample population. That being said, the calculated
frontage mean for Amherstview’s 1,668 residential properties equalled 19.80 m, which is
comparable to Stone’s frontage mean of 22.3 m. 1

1

Frontage is a variable that was provided in the GIS dataset acquired from Loyalist Township. Surveyed
residential lots are found on their own distinctive property fabric shapefile, and contain measurements
for lot width (frontage), depth and total area. Frontage values within the dataset varied from being
measured in feet and metres, which forced the author to convert all to metres for consistent
comparison and analysis.
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Front yard setback was not included within the dataset obtained from Loyalist Township and
MPAC. As explained previously, it was calculated using the ‘near analysis tool’ in ArcGIS 10.1.
The minimum front yard setback included in the analysis from the Amherstview study area is
2.02 m, which is slightly larger than the 1.5 m minimum front yard setback found in Stone’s
research. A maximum front yard setback of 23.68 m was found in the 1,668 properties used in
the analysis, this value is quite small in comparison to Stone’s maximum setback distance of
137 m. 23.68 m is the largest front yard setback distance included in this analysis because in
narrowing the scope of the residential properties included, all properties greater than 1.5 acres
in size were excluded2. By including only properties 1.5 acres or smaller, the maximum possible
distance from the street the dwelling/structure can be constructed on the property is
significantly reduced. The mean front yard setback distance is 7.99 m, which is smaller than
Stone’s 12.6 m mean setback distance. Again, the smaller sample size in this report explains the
reduced range of front yard setback distances and the overall mean.
Total impervious cover of the parcel refers to the total imperviousness located on the lot area
plus half the width of the road allowance. The minimum impervious coverage area was
calculated to be 174.68 m², which is more than three times larger than Stone’s minimum value
of 52 m². As expected, the maximum impervious coverage area for this report is nearly three
times smaller than Stone’s also (597.81 m² and 1,786 m² respectively). Although this large
discrepancy exists between the minimum and maximum total impervious coverage values, the
means are much closer. The more than 20 times larger residential sample of Madison
Wisconsin properties produced a mean total impervious coverage value of 354 m² and the
calculated mean for Amherstview was 279.18 m². A standard deviation of 58.62 was calculated
for Amherstview, while Stone’s standard deviation was much higher at 121. The twice as large
standard deviation calculated by Stone indicates that there is more variation from the mean

2

Residential properties greater than 1.5 acres in size were excluded from the analysis. The majority of residential
parcels in urban centres are smaller than 1.5 acres, therefore this was completed as an initial scoping method. By
immediately excluding these large residential properties, many anomalies or outliers were dropped from the
analysis.
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total impervious coverage variable as compared to the 1,668 analysed properties in
Amherstview (Moore, 2010)
Building from the first phase of the descriptive statistical analysis, four respective components
of residential imperviousness were calculated. The mean total impervious coverage for the
1,668 residential properties in Amherstview Ontario was 27%. In other words, slightly over a
quarter of residential parcels contain an impermeable surface coverage resulting from the
dwelling footprint area, street allotment area, driveway area and sidewalk area. The structures
footprint area produces the majority of this residential parcel impervious coverage, tallying a
mean of approximately 15% of the total 27%. The second component of the residential parcel
that produces the most impervious coverage is the street allotment area. This asphalt street
surface required to service the property composes nearly 8% of the parcels total 27%
imperviousness. Driveways, most often constructed of asphalt, concrete or compacted gravel,
account for approximately 4% of the parcels total imperviousness. The smallest component of
imperviousness found on the residential parcel is produced by sidewalks. Of the 1,668
residential properties included in the Amherstview study area, only 499 were directly serviced
by a sidewalk. After adjusting the mean accordingly, sidewalks were calculated to cover less
than 1% of the parcels total area. Figure 3.1 is an ordered bar graph which illustrates these four
different residential components that contribute to the parcels total impervious coverage
value.
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Mean Ratio of Total Imperviousness and Each Measured
Component of Parcel Area (n=1,668)

% of Imperviousness
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27.1%
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14.7%
7.9%
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0.9%

0

Impervious Coverage Components

Figure 3.1 - Bar Graph illustrating the 4 different components (Structure Footprint Area, Street
Allotment Area, Driveway Area, Sidewalk Area) of residential imperviousness, and their
respective percentages.
Continuing from this graphical representation of the four major components of residential
imperviousness, Figure 3.2 displays each component with respect to parcel size. The calculated
area of imperviousness generated by each component was divided by the parcel’s total
impervious coverage and converted to a percentage, this percentage describes the amount of
impervious coverage that each particular component produces for each individual parcel. This
was completed for all four impervious coverage components (footprint, driveway, sidewalk and
street allotment) and all properties included in the Amherstview study area. The quantitative
parcel size data was converted into categorical data that included a range of property sizes. All
1,668 residential properties included in the study area were divided into five distinct categories
(<500, 500-1000, 1000-1500, 1500-2000 and >2000). This newly created categorical parcel size
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data served as the independent variable, while the four components of residential
imperviousness were plotted along the y-axis as dependent variables.

% of Total Parcel Imperviousness
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Driveway(15%)

30

Sidewalk (3%)
Steet Allotment (29%)

20
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< 500
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> 2000

Parcel Size (Square Metres)

Figure 3.2 - Line graph illustrating the different components of residential imperviousness and
how each changes relative to overall parcel size. Mean percentage of each component shown in
parentheses.
Clearly visible from Figure 3.2, dwelling footprint or total structure roof area contributes to the
highest amount of impervious coverage. This component of residential imperviousness is
depicted as the topmost line, which decreases as the parcel size increases. Stone also found
that structure footprint decreased as parcel size increased (Stone, 2004). However, Stone found
that eventually this footprint decreased below the area of imperviousness produced by
driveway coverage. As displayed, this trend could also be present in Amherstview, although the
smaller sample size restricted the number of large residential lots (as all properties > 1.5 acres
were excluded), therefore comparisons at this upper parcel size range are difficult to infer.
Three other components, driveway area, sidewalk area, street allotment are also displayed, and
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how they react to a changing lot size. Driveways represented with line and dot pattern in Figure
3.2, follow a rising curve as parcel size increases. Stone found a very similar result, ending with
driveway areas surpassing all other components and becoming the greatest imperviousness
contributor. The data analyzed from Amherstview established a similar trend, although both
structure footprint and street allotment areas remained consistently larger components of total
imperviousness. This rising trend of driveway imperviousness with parcel size, can likely be
explained by larger parcels often experience dwellings setback further from the street, forcing
the driveway length and resulting area to be greater. Street allotment is shown as the second
line from the top in Figure 3.2, meaning it contributes to the second most impervious coverage
of the tested components. The street allotment trend similarly resembles driveway
imperviousness, beginning small with smaller parcel size and increasing upwards as parcel size
increases. This trend is the opposite of what Stone found, street allotment experienced a
decline as lot size passes 4,000 square metres (Stone, 2004). However, (MacIsaac, 2010) report
using the City of Peterborough as a study area also found that imperviousness produced by
street allotment deceased as parcel size increased. As described, the large difference between
sample sizes (1,668 vs 40,000) likely accounts for this variation in street allotment results,
because only 61 residential parcel composed the > 2000 parcel size category within the
Amherstview study area. Sidewalks in Amherstview accounted for the lowest percentage of
impervious coverage, changing diminutively across the range of parcel sizes examined. Stone
found very similar results for the impact of sidewalks on total parcel imperviousness.
The descriptive statistics component of this report, completed in the above subsection,
provided statistical summaries for the major residential impervious contributors for the sample
of 1,668 properties within Amherstview Ontario. It’s been demonstrated that residential lot
standards controlled by zoning ordinances impact the amount of impervious coverage at the
site level. Lot frontage, front yard setback and lot size all directly affect the contribution of
footprint, driveway, sidewalk and street allotment areas of total site impervious coverage. The
next subsection of explanatory statistics will explore how the potential modifications to zoning
regulations could reduce the amount of impervious coverage in residential developments.
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3.2.2 Explanatory Statistics
Explanatory Statistics via multiple regression analysis were used to interpret the extent to
which a given variable influences the total imperviousness of a given parcel (Stone, 2004). The
hypothesis test for this explanatory statistics stage is to determine if the various parcel and
design variables are significantly related, and what degree of variation in residential impervious
cover can be explained statistically.
The multiple regression in this study analysed the following dependent and independent
variables:
Y: Total Impervious Coverage (Parcel)
X₁: Parcel Size
X₂: Lot Frontage
X₃: Front Yard Setback
X₄: Number of Bedrooms
With the aid of statistical software (SPSS), multiple parameters were modelled for using the
1,668 residential properties located within Amherstview Ontario. The results of this modelling
procedure are summarized in Table 3.2.
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Table 3.2 - Regression analysis and summary statistics for Amherstview sample (n=1,668).
Variable

B-coefficient

Standard Error

Significance
(α = 0.01)

Parcel Size

0.003

0.003

0.341

Lot frontage

4.664

0.220

<0.001

Setback

6.868

0.378

<0.001

# of bedrooms

2.294

1.911

0.230

Summary Statistics
Adjusted R-Square

F-Statistic

Significance

0.474

376.061

<0.01

Total Imperviousness = 122.079 + 0.003 (Parcel Size) + 4.664 (Frontage) + 6.868 (Setback) +
2.294 (# of bedrooms)
The p-value associated with the adjusted R – square value is less than 0.01, proving that the
independent variables (parcel size, lot frontage, front yard setback and number of bedrooms)
are appropriate predictors of total impervious coverage at the parcel level. From this regression
analysis and the four variables tested against total impervious coverage, lot frontage and front
yard setback were the only two that yielded significant results at the 90 percent level. When
holding the other variables constant at their mean values, a 1 metre increase in the front yard
setback distance would increase the total area of impervious coverage by 6.87 m², while a 1
metre increase in the properties frontage would force the total area of impervious coverage to
increase by 4.66 m² due to the impervious coverage attributed to the asphalt street. Based on
this statistical regression analysis, parcel size has the least impact on the total area of
impervious coverage, only increasing 0.003 m² with a 1 m² increase in overall parcel size. Parcel
size is surprisingly not the strongest contributor to total impervious coverage at the parcel level
(Stone, 2004). All of the tested variables in Stone’s regression analysis were found to be
significant, yielding values <0.001. This report using Amherstview as the study area only found
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lot frontage and front yard setback to be significant at the 90 percent level, and yielding pvalues greater than 0.01 for both parcel size and number of bedrooms. A sample size of 1,668
shouldn’t inhibit the results of the regression analysis, as sample size requirements are based
on the number of independent sample analysed (N > 50 + 8 m) where m is the number of
independent variables (Tabachnick & Fidell, 2006), for this sample 1,668 > 82. Skewed data and
datasets with outliers prove to disrupt the accuracy of multiple regression results (Tabachnick &
Fidell, 2006). The data for Amherstview had an associated right skew, as there were larger
parcel sizes included with the majority being between 500 and 1500 m² in total parcel size.
Furthermore, outliers were present within parcel area, front yard setback and total impervious
parcel coverage variables, all of which likely impacted the regression analysis and results.
Overall, the regression model incorporating four residential parcel design attributes was found
to explain 47.4% of the variation in residential impervious cover within the Amherstview study
area. Stone’s study for Madison Wisconsin produced a much higher adjusted R – squared value
(77%), which indicates that there is less data variability that is unexplained compared to this
study. This R - squared result from the regression analysis indicates that there is a moderate
relationship between total imperviousness and the tested parcel design attributes. Based on
these statistical results, lot frontage and front yard setback are the two most influential
parameters in generating imperviousness in parcel design.

3.3 Chapter Summary
The analysis completed in this chapter outlines the different components of residential
imperviousness for the suburban developments located within Amherstview Ontario. Building
footprint, driveway, sidewalk and street allotment areas were all analysed and included within
descriptive statistics summary Table 3.1. Frontage, front yard setback, parcel area and number
of bedrooms were parameters included within a multiple regression to determine which factor
contributed most significantly to overall parcel imperviousness. The analysis found that lot
frontage and front yard setback are the two most impactful components to residential
impervious coverage. The subsequent recommendation chapter will build from these findings
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and recommend policy changes that could help reduce the area of impervious surfaces within
new suburban residential developments. The formulated recommendations will be
concentrated around current Loyalist Township policies, particularly the urban area of
Amherstview, although generalizations can be made and applied in similarly positioned
municipalities.
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4.0 Recommendations
4.1 Overview
The goal of this research was to understand which municipal planning policies and regulations
have the most impact on residential imperviousness. The report included suburban residential
neighbourhoods of Amherstview, located within Loyalist Township, to determine which factors
produced the greatest level of impervious coverage. The analysis confirmed that land-use and
zoning regulations for residential development, specifically frontage and front yard setback
significantly alter the amount of total imperviousness. These findings allow the planning
profession opportunity to reduce the negative impacts of urban development on the natural
environment by modifying current policies and zoning regulations.
Along with the original 2004 study completed by Stone, the results of this study suggest a link
exists between residential land use patterns and total impervious coverage. Within this final
chapter, four recommendations will be provided to aid Loyalist Township and other
municipalities in reducing the impacts of residential development on the natural environment.
Two recommendations pertain explicitly to Loyalist Township’s Official Plan and Zoning By-Law
policies, while the other two could apply to Loyalist Township or be transferred to other similar
sized municipalities.
Recommendation 1: Include Imperviousness in Official Plan
The comprehensive Official Plan for Loyalist Township provides a policy framework intended to
manage and direct physical development and its effects on the social, economic and natural
environment through 2020 (CUMMING COCKBURN LIMITED, 2010). The Plan states the
municipalities’ goals and objectives along with outlining the means for carrying out these higher
level policies (Loyalist Township, 2014). Therefore, as the Official Plan clearly delineates the
shape and vision of the municipality, stormwater management and impervious coverage should
be included and linked to protecting the vast natural areas scattered throughout the
municipality.
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Within Loyalist Township’s Official Plan, wording surrounding the natural environment,
stormwater management or imperviousness appears within three sections. Part 3, Goals and
Objectives, speaks to stormwater management for new developments. Subsection 3.7.1.4
contained within Servicing Objectives states a stormwater management study is submitted to
the satisfaction of the Township prior to any development proceedings (CUMMING COCKBURN
LIMITED, 2010).
The environmental goal of the Official Plan is “to enhance and protect the quality of the
environment and the long-term health of the ecosystems represented in the Township while
providing for the changing needs of the population (CUMMING COCKBURN LIMITED, 2010)”.
This goal links to the overall sustainable vision of the Township by incorporating the three
pillars, social equity, economic demands and the natural environment. Setting the vision of
protecting the natural environment along with its long-term health in conjunction with
increased population growth, relates seamlessly with total impervious coverage. Including
methods in which the negative impacts surrounding environmental degradation, such as
impervious coverage, shall compliment these goals and be incorporated within the Official Plan.
Part 4, Land Use Policies speaks explicitly to the protection of the natural environment by
means of vegetative buffer protection, designated Areas of Natural and Scientific Interest
(ANSI’s) and environmentally sensitive areas. Significant wetlands, areas with poor drainage,
dynamic beaches and areas with flooding or erosion risk are all included within this land use
section as features that warrant environment protection (CUMMING COCKBURN LIMITED,
2010). Moreover, no discussion is included with respect to anthropogenic cause such as
impervious coverage and its impacts on the natural environment.
Part 5, General Development Policies references small to large scale developments such as
residential wind/solar collecting devices to industrial or wind farm developments. Along with
this broad range of development policy, specific policies regarding flood and erosion prone
lands and reducing the impacts on-site, at up-stream or down-stream properties are included
(CUMMING COCKBURN LIMITED, 2010). Flood and erosion prone areas resulting from natural
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features have been identified and included within the Official Plan Schedule mapping.
Unfortunately, the policies surrounding flooding are not linked to human related causes such as
surface material alterations and the adverse impacts of increased impermeable coverage.
Therefore, although Loyalist Township’s Official Plan references the natural environment and its
protection, there is little discussion surrounding how altered surface materials and impervious
coverage contributes. Throughout this report, many adverse environmental impacts have been
described, which result from impervious surface coverage and prove its link to overall
watershed degradation. It is recommended that Loyalist Township includes imperviousness and
reducing residential impervious coverage language as a component within the environmental
goals, policy and management sections in the next five year revision of their Official Plan.
Recommendation 2: Include Imperviousness in Zoning By-Laws, address through Subdivision
Agreements
The comprehensive Zoning By-Law is a document approved by Loyalist Township Council which
defines the permitted uses and development standards for specific zones throughout the
municipality (Loyalist Township, 2014). The Zoning By-Law is a document that contains the
Official Plan’s general policies and puts them into effect by containing specific requirements
that are legally enforceable (Ministry of Municipal Affairs and Housing, 2010). Zoning By-Laws
control the use of land in the municipality by stating exactly:
-

How land may be used

-

Where buildings and other structures can be located

-

The types of buildings that are permitted and how they may be used

-

The lot sizes and dimensions, parking requirements, building heights and setbacks from
the street (Ministry of Municipal Affairs and Housing, 2010).

Therefore, due to the content and central power of municipal Zoning By-Laws, they offer the
most influence over parcel design in terms of lot size, frontage and front yard setback.
According to the analysis within Amherstview, front yard setback and lot frontage are the two
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variables that have the biggest impact on total impervious coverage within suburban residential
neighbourhoods.
Section 5.11 Residential Type One (R1) Zone of Loyalist Township’s comprehensive Zoning ByLaw contains zone provisions for single family detached dwellings, which comprise the majority
of residential properties included in the reports analysis chapter. Below is an excerpt from the
comprehensive Zoning By-Law, which illustrates a sample of the requirements that pertain to
single family dwellings located in Loyalist Township.

Figure 4.1 - Section of comprehensive Zoning By-Law highlighting the Lot Area, Lot Frontage
and Lot Coverage values for residential R1 zones located in Loyalist Township (Source: Loyalist
Township Comprehensive Zoning By-Law, Section 5 Zone Provisions, 2001).
Reducing these values, lot size, lot frontage and lot coverage in the Zoning By-Law is the way to
reduce the amount of residential impervious coverage. Constructing more densely developed
neighbourhoods, by creating smaller individual building lots is the most straightforward
approach to reduce the total amount of impervious coverage (Stone, 2004). Within the urban
areas that are fully serviced by municipal water and sewer infrastructure, the minimum lot area
is stated as 550 square metres, however no maximum lot area value is provided. Some would
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argue that the lot coverage maximum that is contained within the Zoning By-Law (30 percent)
prohibits excessive imperviousness resulting from whatever the lot size may be. The maximum
lot coverage of 30 percent, which applies to single detached residential dwellings in Loyalist
Township is too high of a standard, as 30 percent is the threshold between impacted and
degraded (Arnold & Gibbons, 1996) far beyond the protected threshold of 10 percent.
Lot frontage is the other parameter tested that greatly contributes to total impervious
coverage, as it is directly connected to the street allotment area required to service the
property. According to Stone’s research, lot frontage was also linked to determining the size of
the building footprint (Stone, 2004). The positive correlation between building footprint and lot
frontage suggests that reducing the frontage value does not only reduce the amount of
impervious coverage produced from asphalt streets but also the amount of impervious
coverage resulting from the dwelling. Rather than constructing large single storey dwellings on
properties with large frontages, smaller frontages tended to cause development to rise to multi
storey construction (Stone, 2004). Although the majority of dwellings in Amherstview’s new
Lakeside developments are two storeys, reducing the minimum lot frontage value or including a
maximum in the Zoning By-Law, could continue to force construction upwards. If this Zoning
By-Law alteration forced dwellings to three stories and reduced the overall building footprint, a
reduction of total impervious coverage and watershed degradation would incur.
Altering lot size, frontage and lot coverage has the ability to significantly reduce the total
amount of impervious coverage. All three of these parameters can be reduced or changed and
not impact the allowable square footage of the dwelling (Stone, 2004). Currently, Loyalist
Township and other Canadian municipalities regulate these provisions within their
comprehensive Zoning By-Law. Therefore, by slightly modifying these figures within
municipalities comprehensive Zoning By-Laws, total impervious coverage and impacts such as
watershed degradation can be minimized.
Driveways are another component that attribute to the total amount of residential impervious
coverage at parcel scale. While driveways did not contribute as greatly to the amount of
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imperviousness generated by lot size and lot frontage, they remained a significant component
of the total coverage. Within multiple sections of the comprehensive Zoning By-Law, the
maximum driveway width was neglected to be included. Based on 50 random samples taken
from across Amherstview, the average driveway width was 5.06 metres, and as lot size
increases as does the total impervious coverage resulting from driveways. All residential
development in Amherstview, included within the analysis of this report, have an attached plan
of subdivision and subdivision agreement. Loyalist Township subdivision agreements clearly
state that “all driveways must be paved within 18 months from the date in which the building
permit was issued” (The Corporation of Loyalist Township, 2004). The subdivision agreement
does not clearly specify, nor does the comprehensive Zoning By-Law as to the material used in
meeting the ‘paved driveway provision’. Presumably traditional asphalt is the intended
material, based on sight observation throughout the Amherstview neighbourhoods. Including
alternative material options such as concrete paving strips, concrete blocks with compacted
gravel or recycled plastic netting with compacted gravels could reduce the total amount of
impervious coverage on residential parcels and the overall impact on the natural environment.
Recommendation 3: Introduce a Stormwater Utility Fee
Implementing a stormwater utility fee that charges residents based on the amount of
impervious surface coverage their respective property contains has multiple purposes. First, as
previously explained impervious surface coverage decreases the amount of infiltration and
alters the natural hydrologic cycle causing watershed degradation and an increased strain on
the physical environment. To lessen these negative impacts on the physical environment,
stormwater management infrastructure has been developed and constructed throughout urban
areas. Stormwater infrastructure includes stormwater sewers, culverts and catchbasins,
ditching and swales, oil/grit separators, larger stormwater retention and infiltration ponds and
other facilities (City of Kitchener, 2014). This costly infrastructure is initially funded by private
developers before passing inspection and being assumed by the governing municipality, who
then is required to expense maintenance and upgrade costs for the lifetime of the works.
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Therefore, implementing a stormwater utility fee is a method for the municipality to generate
revenue from a utility that can then be spent on funding stormwater management and
stormwater infrastructure related projects. For these two reasons it’s believed that introducing
a stormwater utility fee in Loyalist Township would assist in the municipalities’ goal of
enhancing and protecting the quality of the environmental and the long-term health of area
ecosystems (CUMMING COCKBURN LIMITED, 2010).
The responsibility for controlling and managing all aspects stormwater, including runoff from
rain and melted snow, within a given municipal jurisdiction is that of the local municipality.
Regulatory agencies such as Ministry of the Environment, Ministry of Natural Resources,
Fisheries and Oceans Canada and Cataraqui Region Conservation Authority hold Loyalist
Township responsible for providing and maintaining adequate stormwater management
infrastructure (City of Kitchener, 2014). Adequate stormwater infrastructure is that which
reduces downstream erosion, flooding and water-quality degradation (City of Kitchener, 2014).
With very limited funding provided from Provincial or Federal governments, compounded with
more strict laws requiring municipalities to address environmental impacts of stormwater
pollution, alternative funding strategies such as stormwater utility fees are becoming more
popular.
Several Canadian cities have already implemented a stormwater utility fee as a funding strategy
for stormwater related works. Among others, the cities of Victoria, Edmonton, Regina, Calgary,
Hamilton, London, and Kitchener all have successfully implemented a stormwater utility fee
based on two separate funding models.
Tiered Flat Rate Funding Model.
The Tiered Flat Rate funding model applies a flat rate charge to every property within the
municipality based on the land use or zoning classification of that particular property. The
rationale for this arbitrary funding method of assigning a flat rate charge solely by zone is based
on the engineering practice for stormwater management planning and design (City of Prince
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George, 2011). There is generally a correlation between zone types and the higher volume of
runoff due to impervious surfaces such as roofs, parking lots and sidewalks. For example, a
property with a large commercial building or plaza, sidewalks, and ample surface parking lots
will have a much higher amount of total impervious coverage and resulting runoff than a single
family home on an average sized residential lot with a driveway and grass lawn.
Stormwater User Rate Model.
The alternative to the Tiered Flat Rate funding model is the Stormwater User Rate model that
takes into account how much impervious surface and runoff each particular property
generates. This user rate method measures the amount of total impervious coverage on every
individual property, regardless of its land use or zoning classification, and charges based on this
value. The theory or rationale is that impervious coverage such as concrete, asphalt or shingles
prohibit natural infiltration and force the stormwater off the property to municipal drainage
systems such as ditches, sewers or infiltration ponds. This method requires more initial work by
the municipality, in calculating all properties impervious coverage values, but offers a much
more accurate and accepted charge. Figure 4.2 is an example of how this is performed by the
municipality, red lines delineate the residential property, green outlines the dwelling footprint
and impervious area resulting from the overall structure, while blue outlines the driveway and
walkway impervious area.
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Figure 4.2 - Illustration showing a residential property and the two components of
imperviousness that are included within the stormwater user rate model calculation: dwelling
footprint and driveway/walkway area (Source: Kitchener Stormwater Utility Fee Report, 2014).
In collaboration with this stormwater utility fee, a credit program can be implemented. The
credit program would be one that allows property owners the opportunity to decrease their
stormwater utility charge by implementing LID or sustainable green practices. A property that
has impervious coverage which restricts natural infiltration but harnesses that stormwater
runoff using rain barrels, rain gardens or native vegetation would receive a credit. Other LID
techniques such as green roofs and permeable pavements allow stormwater to be treated on
site and not treated using municipal infrastructure or surrounding bodies of water. This section
of the stormwater utility fee ties very closely to the fourth recommendation of retrofitting
existing development with LID alternatives. Not only does this improve the quality of
stormwater runoff, downstream water quality and water temperatures it reduces the burden
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and costs borne on municipal infrastructure systems. It is recommended that Loyalist Township
implement a stormwater utility fee, either a Tiered Flat Rate Funding Model or Stormwater
User Rate Model to expense stormwater infrastructure costs and reduce the natural
environmental impacts of imperviousness.
Recommendation 4: Introduce LID alternatives
This report focuses on how alterations to the built form and parcel design can reduce the total
amount of impervious coverage, which the first three recommendations address. Most
importantly, zoning by-laws that restrict private land owners the ability to build
whatever/wherever they choose on their individual parcel offers the greatest avenue of
reducing total impervious coverage at the lot level. An area of research that is out of the scope
of this quantitative based report, but is closely tied to ways in which stormwater runoff impacts
the watershed health is emerging LID alternatives. Low impact development alternatives such
as rain barrels and rain gardens are relatively new concepts that can be implemented at the lot
level as a means of reducing the amount of stormwater runoff that reaches municipal
infrastructure. Implementing LID alternatives in tandem with zoning by-law modifications offer
an effective means in reducing the amount of total impervious coverage and stormwater runoff
from individual residential properties.
Creating citizen awareness and educating residents of the impacts surrounding impervious
coverage and stormwater management techniques is an initial approach that could offer
relatively quick success. The average resident does not understand the negative implications
and watershed impacts of changing the surface material on their individual property. A 2005
Environmental Literacy in America Report found that 78 percent of the American public does
not understand that runoff from agricultural land, roads, and lawns is now the most common
source of water pollution (U.S. Environmental Protection Agency, 2012). Building from this
report, the US Environmental Protection Agency developed a public education and outreach
program aimed toward homeowners and business owners. Creating tailored educational
material for homeowners and business owners, it allowed for each respective negative
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environmental impact to be addressed in proper context. Specifically, actions such as
presenting different chlorinated water discharge options, landscaping and lawn care, trash and
debris management along with pet waste management were all included within the
homeowner package (U.S. Environmental Protection Agency, 2012). Automotive maintenance,
pollution prevention for businesses and promoting low impact development are all specific
areas of educational interest identified for business owners within the outreach program (U.S.
Environmental Protection Agency, 2012). A very similarly structured program could be
developed with pamphlets or brochures being distributed to new homeowners/business
owners, educating them of the negative environmental impacts their actions from their
respective property. Another closely tied avenue for public outreach and education are
demonstrations that show new alternative materials and methods that can be implemented,
for example Utilities Kingston’s Water Conservation Garden located on John Counter Boulevard.
Progressing from citizen outreach and education, identifying specific low impact development
practices that are successful for both homeowners and business owners is crucial in combating
watershed degradation through impervious coverage. Within the Introduction chapter, several
LID alternatives were discussed as a means of reducing the volume of stormwater runoff at the
parcel level. Two LID techniques will be presented and explained as a means of reducing the
amount of surface runoff caused by imperviousness that would typically reach the municipal
stormwater collection system. Both rain barrels and rain gardens are innovative techniques that
can be utilized by both homeowners and business owners to harness rainwater. There are
many other LID techniques that are not included within this report or recommendation, as this
report focuses primarily on reducing residential imperviousness through policy changes with
respect to frontage, lot size and front yard setback.
Rain barrels capture rainwater runoff from the structures rooftop. The structure is most often
the dwelling, although free standing garages or sheds can also be equipped with barrels. The
rain barrel is connected to the structures storm gutter system. As the storm gutter system
collects runoff from the roofs surface, it then outlets into a rain barrel located at grade level.
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The basic design of a rain barrel system is a plastic barrel, removable child-resistant lid, a screen
that restricts insects and animals and a pipe/hose that connects to the structures downspout
(U.S. Environmental Protection Agency, 2013). Benefits include reducing the amount of
stormwater runoff reaching municipal infrastructure, along with providing the property owner
accessible water for gardening. Being able to use collected stormwater for gardening or other
uses lessens the impact and reliance on costly municipally treated drinking water.

Figure 4.3 - Illustration of a typical
plastic rain barrel and attached
hose for watering capabilities.
(Source: Igniting Streams Learning
in Science, 2014).

Figure 4.4 - Illustration showing the
aesthetic appeal of rain barrels,
constructed to mimic a wine barrel.
(Source: Igniting Streams Learning
in Science, 2014).

Rain gardens are depressed, vegetated areas of a homeowner’s property that attracts and
retains surface runoff resulting from impermeable surfaces such as asphalt driveways and
roofs. These engineered areas retain, treat, filter and recharge stormwater runoff before it
infiltrates back into the groundwater or becomes collected in municipal infrastructure. These
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gardens are tailored to fit each individual property, with specific sizing, soil mixtures and most
importantly native or ornamental plant species that are tolerant to high moisture levels and
even periodic flooding (U.S. Environmental Protection Agency, 2013). Rain gardens benefit the
natural environment by increasing the amount of infiltration, which maintains hydrological
cycle flows along with the strain imposed on municipal stormwater collection systems.
Moreover, rain gardens enhance the beauty of individual properties and help beautify the
entire neighbourhood and city.

Figure 4.5 - Illustration showing the
aesthetic appeal of rain gardens with
native and ornamental plants. (Source:
Riversides: Homeowners Guide to
Rainfall, 2009).

Figure 4.6 - Illustration showing the
success of rain gardens at capturing and
retaining surface water during storms.
(Source: Hearthmakers Energy
Cooperative, 2014).
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4.2 Conclusion
This report focuses on how alterations to the built environment and parcel design can reduce
the total amount of impervious coverage. The majority of the proposed recommendations
address this aspect, specifically for Loyalist Township. Most importantly, zoning by-laws that
restrict private land owners the ability to build whatever/wherever they choose on their
individual parcel offers the greatest avenue of reducing total impervious coverage at the lot
level. However, implementing LID alternatives in tandem with zoning by-law modifications offer
an effective means in reducing the amount of total impervious coverage and stormwater runoff
from individual residential properties.
This report outlined surface impervious coverage throughout Amherstview Ontario, and
included a total sample of 1,668 residential properties. It proved a link between multiple site
specific attributes and their impacts on the total amount of imperviousness. It was found that
lot frontage and front yard setback were the most impactful components of residential parcel
design on the parcels total impervious coverage. These results were comparable to previous
studies completed by Stone, 2004; Pisani, 2006 and MacIsaac, 2010. All three precedent studies
focused on residential land uses but had very differing sample sizes, Stone’s the largest with
approximately 40,000 properties. Pisani’s study was completed using multiple City of Kingston
neighbourhoods and MacIsaac focused her work on the City of Peterborough, total sample sizes
being 162 and 203 respectively. Therefore, it’s important to note the discrepancies in sample
size when comparing the results from the different studies. Recommendations span from
developing more comprehensive wording and policies within the Official Plan to alterations of
zoning provisions that directly affect the amount of imperviousness resulting from residential
development. Introducing a stormwater utility fee is another approach and recommendation
that has been applied to select Canadian municipalities as a means of reducing total
imperviousness at the site level while generating revenues toward stormwater infrastructure.
This research provides a direct connection between the science of watershed degradation and
the residential land use regulations developed by planners which guide and regulate future
urban growth.
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Appendix A
Signed Data Release Letter
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Appendix B
Regression Analysis Results
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