Using Geodesign to Communicate the Effects of
Bioswales on Urban Stormwater Management

by
Adele Pierre

A Thesis
presented to
The University of Guelph

In partial fulfillment of requirements
for the degree of
Master of Landscape Architecture

Guelph, Ontario, Canada
© Adele Pierre, April, 2017

ABSTRACT

USING GEODESIGN TO COMMUNICATE THE EFFECTS OF
BIOSWALES ON URBAN STORMWATER MANAGEMENT

Adele Pierre
University of Guelph, 2017

Advisor: Sean Kelly

With increases in storm frequency and intensity, municipalities need to find new ways of
managing stormwater. Solutions require collaboration across planning disciplines and
input from an informed public.This study uses geodesign to model how green infrastructure,
specifically a system of bioswales, can ease the burden on an aging, combined sewer system.
A case-study is explored using a section of Ottawa Street North in Hamilton, Ontario. Key
Informant Interviews were conducted to inform choice of site and quantitative, geospatial
information was collected through GIS. Parametric modelling was used to generate a design,
and scenarios created to show resulting impacts on stormwater runoff. The model was posted
online as an interactive presentation, accessible to all stakeholders for review and comment.
The results of the study demonstrate powerful new tools that can assist landscape architects in
designing, collaborating and communicating stormwater strategies.
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Chapter 1: Introduction
1.1 Overview
September of 2015 I participated in PARKing Day, an annual urban intervention by
designers, artists and planners to re-imagine one parking spot as a small park, only for the
amount of time available on a parking meter. The goal of the event was twofold; to provide some
greenery in what is an underserved part of the city, and to provide residents and shoppers with
an open and inviting forum for comments regarding the street. The site chosen was on Ottawa
Street North in Hamilton ON, a popular shopping street in what was once the industrial
heartland of the city. I set up a border of native shrubs and perennials, put out deck chairs and
invited people to sit and chat. A guest book and colourful pens were placed on a table for
visitors to sign and leave comments. Over the course of three hours approximately 60 people
engaged in conversation, some for just a few moments and others for an extended period of up
to 30 minutes. Visitors were of all ages, many ethnicities, and a wide range of socio-economic
backgrounds.
Among the first visitors to the site on PARKing Day were Matthew Green, City Councillor
and Jason Thorne, General Manager of Planning and Economic Development at the City of
Hamilton. While remarking on the value of this forum for community engagement, the
conversation turned to the possibility of greening the street through the use of bioswales;
Ottawa Street North seemed to be an ideal location, with its large areas of impermeable
surface. Councillor Green expressed keen interest in determining both efficacy and cost of
bioswales as compared to replacement costs of the existing curb and gutter infrastructure. The
neighbourhood is serviced by aging combined sewers and flooding is a frequent problem. Out of
these conversations came the formation of an idea; that of using Ottawa Street North as a case
study for demonstrating the effectiveness of bioswales in the urban environment, and of
employing new forms of digital technology to communicate to the public the benefits of this
green infrastructure.
Changes in climate over the past few decades have resulted in an increase in the
frequency and severity of storms. In 2013, insurance costs from flooding in Canada alone
exceeded three billion dollars (IBC, 2014). Damage to infrastructure is extensive, and
communities cannot afford the repairs, nor can they build storm sewers with enough capacity to
manage the increased flow of water. Traditional urban stormwater management systems have
!1

relied on a curb and gutter system to quickly collect and and convey water away to a storage
facility or neighbouring body of water, however with an increase in precipitation and decrease in
permeable surfaces, these infrastructure systems are not able to accommodate water runoff
volumes from roads and buildings (Schreier, 2014). To counter these damaging effects, Low
Impact Development (LID) or green infrastructure (GI) has come to the forefront of urban
planning (Ahren, 2011), (Kessler, 2011). Large scale retention systems such as constructed
wetlands are combined with smaller retention and detention systems; rain gardens, green roofs,
tree pits and bioswales (CVC and TRCA, 2010, p.40). Together these interventions can have a
significant impact; restoring a natural hydrologic cycle by allowing water to infiltrate the soil and
return to groundwater (Demuzere, Orru, Heidrich, Olazabal, Geneletti, Orru, Faehnle, 2014).
Bioswales have become an important part of managing stormwater runoff in areas where space
is limited, particularly roads and parking lots, being capable of remediating water with far less
built structure than traditional curb and gutter systems (CVC and TRCA, 2010, p. 73). Bioswales
can be an integral part of street design and water management for cities, but a case needs to be
clearly presented for their inclusion by showing measurable benefits. While city planners and
engineers understand the importance of green infrastructure, the public is generally not aware
(Everett, Lamond, Morzillo, Matsler and Chan, 2015) and not amenable to either the cost of
construction or changes to the streetscape, particularly any change involving loss of parking or
road space. (Van Dongen, 2016).
Geodesign is an innovative approach to planning and design that incorporates three key
elements; stakeholder involvement, cooperation across planning disciplines and the integration
of geospatial data (Foster, 2016), (Miller, 2011), (Steinitz, 2016). New digital technologies
leverage geospatial data to create three dimensional models that can be shared online with all
stakeholders, allowing collaboration and communication throughout the planning stages. The
process is designed to create effective, evidence based solutions for complex problems such
as the management of urban stormwater. Landscape architects are uniquely positioned to
address issues related to green infrastructure including consultations with stakeholders,
partnering with urban planners, ecologists and stormwater engineers on design and
construction, and ultimately conveying the design intent to the public. This study demonstrates
the use of geodesign principles and tools in modelling bioswales for a post industrial
streetscape currently underserved by aging combined sewers.
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1.2 Goals and Objectives
The goal of this research is to describe the value of using digital media as a means of
engaging the community in the topic of green infrastructure. The objectives are:
• to examine the current use of digital media by municipalities
• to research available metrics that may be used to justify the use of green infrastructure,
specifically bioswales
• to use geospatial data to create a digital 3D model in CityEngine
• to create potential design scenarios through the use of parametric modelling
• to create a story map of a preferred design demonstration that could be used as an online
community participation tool
1.3 Research Design
The approach to this research used key informant interviews to gather information on the
the current state of green infrastructure in Hamilton, and to confirm the selection of a case study
site. Quantitative data for the case study site was acquired through geospatial information. A
synthesis of the accumulated information informed the design of bioswales for a streetscape.
The design process included parametric and procedural modelling to create alternative
scenarios. These scenarios were then evaluated for impacts on stormwater management. The
resulting design and associated performance data was digitally captured as a ‘story map’ for
public communication.
1.4 Literature Review
In preparation for this study, a literature review was conducted examining:
Part 1 - Public Engagement and Communication
• public communication by municipalities through on site signage
• public communication and engagement by municipalities through
• municipal websites
• interactive maps
• data based digital models
• interactive ‘story maps’
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Part 2 - Green Infrastructure
As a key component of this study is to promote the use of green infrastructure,
specifically bioswales in the urban streetscape, a significant section of the literature
review examines available stormwater metrics, including quantity of water managed and
amount of pollutant removal.
• green infrastructure trends currently used by municipalities
• the suitability of bioswales for urban stormwater management
• the benefits of bioswales in the urban streetscape including
• quantity of stormwater managed through infiltration
• quantity of stormwater managed through evapotranspiration
• filtration or remediation of heavy metals, Total Suspended Solids (TSS),
Nitrogen (N) and Phosphorus (P) by soil media and plants
• potential effects of green infrastructure on mental and physical health
• challenges associated with bioswales
Part 3 - Geodesign
• background
• geodesign framework
• geodesign practice
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1.5 Methods
A flow chart of the methodology used in the research is shown below in Figure 1.1

Site Selection

Interviews
Meetings with Key Informants

Literature Review
public engagement/communication
green infrastructure
geodesign

Collection of quantitative data:
GIS data
climate data
stormwater runoff volumes
stormwater runoff pollutants
performance metrics

Parametric modelling
create alternative scenarios

Design Demonstration

Production of online story map
digital design
metrics

Figure 1.1. Methodology flow chart
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1.5.1 Site Selection Criteria
The prime criteria for the site were that it be:
• located in a municipality lacking an effective communication strategy for green infrastructure
• a site experiencing flooding from combined sewer overflow
• a site with sidewalks of a sufficient size to accommodate bioswales
• a community in need of increased green space
1.5.2 Key Informant Criteria
City Staff
Two members of city staff were selected for expertise in green infrastructure, public
engagement and their respective fields of Landscape Architecture and Wastewater Engineering.
Both participated in an interview at their place of work.
Criteria for Landscape Architect
• project management at the City of Hamilton
• experience in design, planning and overseeing land developments
• interested and knowledgeable about green infrastructure
Criteria for Wastewater Engineer
• project manager status at the City of Hamilton
• extensive knowledge of green infrastructure
• an advocate in the city for the promotion of LID
Limitations
In the interests of a more balanced view, it would have be worthwhile to speak to a staff
member who thinks the existing infrastructure is sufficient. Recent changes adding bike lanes
and curb extensions to city streets have caused significant backlash in Hamilton, and not all of
the staff would be amenable to major changes in the streetscape.
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1.5.3 Accumulation of geospatial data
Information in the form of GIS data was acquired from a number of sources including
City of Hamilton Open Data portal, Government of Ontario sites and the Government of
Canada. GIS data was used for:
• building footprints
• streets and sidewalks
• current stormwater infrastructure
• open green space
• population characteristics
Limitations
GIS data is not always spatially accurate and site visits were necessary to confirm
measurements. Not all data is up to date.
1.5.4 Design Demonstration
Through the use of procedural modelling, a design was created for a section of Ottawa
Street North in Hamilton ON. The design demonstration illustrates how incorporating bioswales
and related infiltration devices potentially diverts stormwater flow from the combined sewer
system. Digital communication tools enable public viewing and opportunities for comment.
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Chapter 2: Literature Review
Part 1 - Public Engagement and Communication
2.1 Public communication of green infrastructure benefits
A major challenge to the adoption and implementation of green infrastructure in the
urban streetscape is in communicating the benefits to a population used to a traditional urban
aesthetic. In Portland OR, Everett et al. (2015) interviewed members of the public at eight
different bioswales installations. The study found that residents who had been engaged in the
initial planning process were very aware of the multiple benefits provided by the GI, from
stormwater management to increased habitat for native fauna. A result of this awareness was
not only increased acceptance of stormwater management strategies, but also an increased
involvement in ongoing maintenance. Cities are aware of the benefits accrued through an
informed public, and are adopting a various modes of communication to educate citizens on
new stormwater management strategies.

Figure 2.1. Bioswale signage in Portland OR
Source: ASLA, 2006
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2.1.1

Communication through on site signage
A second Portland study in 2015 (Church, 2015) examined acceptance of bioswales in a

street retrofit program. The ‘Tabor to the River’ project has a goal of creating 500 Green Streets
over an area of 595 ha. The area is currently serviced by aging combined sewers, and the
resulting overflow during storm events is adversely affecting the health of the Willamette River.
According to the City of Portland Environmental Services, replacing the existing sewer pipes
would cost an estimated $144,00 million. In comparison, the cost of green infrastructure is
estimated at $81 million (City of Portland, Tabor to the River, n.d.). Even with evidence of cost
savings, such an extensive project requires significant support from the public. Church
conducted interviews with 42 participants and found onsite signage to be a major factor in
educating the public on the function of bioswales and rain gardens (Figure 2.1). Study
participants were able to make a solid connection between information presented through
signage and the functioning of the bioswale during a rain event (Church 2015).
With the increased use of mobile devices in North America, many cities are linking onsite
signage to digital information. The City of Mississauga, in partnership with Credit Valley

This is a

Bioswale.
It cleans water naturally.
This innovative bioswale and
permeable pavement system collects
urban runoff and filters out pollutants
so cleaner water flows into Mullet
Creek, the Credit River and then Lake
Ontario, our drinking water source.

Would you like to know more?

bealeader.ca
a

naturally clean water

Leader for

CleanWater

Figure 2.2. O’Connor bioswale signage showing QR code
Source: Interpretive signage n.d.
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Conservation, uses interpretive signs at a number of LID installations throughout the
municipality. Figure 2.2 is an example from the O’Connor Park parking lot. The sign
demonstrates the function of the bioswale through a clear graphic and includes a QR code in
the lower right corner. Citizens interested in learning more can scan the code with their mobile
phones, linking them to the Credit Valley LID web page.
New York City places unobtrusive signage on bioswales (Figure2.3) that includes the
web address of the NYC Green Infrastructure (lower left) and a city phone number (lower right).
The 311 phone number is for all NYC government services and can be reached by phone, text
or Skype. NYC residents can also download an app to their phones for quick online access.
(NYC, AboutNYC311, n.d.)

Figure 2.3. NYC bioswale sign with NYC Green Infrastructure website and city phone number
Source: NYC Green Infrastructure n.d.

The Philadelphia Water Department has a pro-active signage program, creating
engagement even before construction begins. (Figure 2.4) With links to the city website,
Facebook, Twitter and Instagram, citizens can keep up to date on new initiatives and the
resulting impacts on their neighbourhood.
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Figure 2.4. Philadelphia GI signage with links to social media
Source: New signs, 2016

2.1.2 Communication through regional and municipal websites
As evidenced in the preceding section, regions and municipalities are providing multiple
levels for citizen engagement, one of which is linking onsite signage to websites. In Ontario,
much of that linkage is to Credit Valley Conservation (CVC). CVC is a leader in the research
and promotion of green infrastructure and provides online publications for homeowners, design
professionals and contractors. (Credit Valley LID, n.d.). Through the CVC webpage an
interactive map shows the location of LID installations throughout southern Ontario, a list of
case studies, and fact sheets documenting their installation and effectiveness. The CVC shares
resources with the Toronto Region Conservation Authority and the Lake Simcoe Region
Conservation Authority, together providing green infrastructure information to the most densely
populated area of Canada. In western Ontario the Upper Thames River Conservation Authority,
serves a similar function, using the UTRCA website to explain the need for LID and showcasing
specific projects (Low Impact Development, Thames, n.d.). The UTRCA also maintains a
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YouTube channel, providing a link from the city website for the purpose of sharing a series of
informational videos on LID.
Municipalities with a strong commitment to green infrastructure offer diversity of
information and engagement on their websites. The City of Edmonton AB provides illustrated
case studies of projects that have been implemented in the city to date. Projects include
bioswales, bioretention, permeable paving and green roofs. Accompanying links provide
detailed information on LID practices, and a link is provided at the foot of each web page for
feedback. (Bioswales, n.d.).
The City of Thunder Bay ON, through the EcoSuperior website, provides information on
the benefits of green infrastructure and the impacts of stormwater on Lake Superior. Residents
are encouraged to contribute to an interactive storm and flooding map, and are also provided
with opportunities to participate in the construction of LID projects (Rain Gardens, n.d.).
The City of Portland OR provides extensive information on green infrastructure,
performance of past installations and plans for future projects. Perceived problems with
bioswales, such as litter or lack of parking, are addressed in a positive manner with a link
provided to the Green Stewards program, a group of volunteers that assist the city in the health
and maintenance of bioswales. Training is offered and a manual provided for those who would
like to become involved (Green Street Steward, n.d.).
Green City, Clean Waters is a twenty five year action plan for The Philadelphia Water
Department, designed to reduce 85% of the cities stormwater runoff by the year 2036. The
Green City, Clean Waters website is attractive and engaging with information on stormwater
concepts and terminology, videos on current projects, clear explanations of infiltration devices
and an interactive map showing projects to date (City of Philadelphia, n.d). The website uses
clear and understandable language, referring to green infrastructure as a tool that can benefit
the city through clean water, new jobs and beatified communities.
In a similar format, the NYC Environmental Protection website provides information on
the need for green infrastructure, projects to date, opportunities for involvement and an online
mapping application (NYC Types of Green Infrastructure n.d.). The page specific to bioswales
effectively combines visuals with text to show component parts, the process of site selection
and design, the construction sequence and the functioning bioswale after completion (Figure
2.5).
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Figure 2.5. Video of NYC bioswale
Source: NYC Types of Green Infrastructure, n.d.

2.1.3 Communication through online and interactive maps
Online interactive maps provide an engaging and attractive means of providing
information on green infrastructure projects. Seattle WA has been a leader in LID construction
for two decades through the Street Edge Alternative program, and the goal of the city is to
manage 700 million gallons of stormwater runoff by the year 2025. An interactive map (Figure
2.6) locates various green infrastructure installations throughout the city. The map is part of a
larger website that provides Seattle residents, builders and contractors relevant information on
stormwater management (GSI, n.d.).
The City of Hoboken NJ has produced a graphic that clearly demonstrates the
differences in function between various infiltration strategies (Figure 2.7). Having suffered
serious damage from flooding, most recently during Hurricane Sandy in 2012, the city has
undertaken an aggressive campaign to build resiliency through green infrastructure. The map
successfully relates green infrastructure strategies to specific areas of the city (Hoboken, 2013).
!13

Figure 2.6. Seattle interactive map
Source: GSI, n.d.

Figure 2.7. Hoboken green infrastructure plan
Source: Hoboken, 2013
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2.1.4 Communication through data based models
Online and interactive maps use GIS information to provide site specific information.
Building on this information, new technologies are able to manipulate the data to create three
dimensional models, thus combining visual representation with integrated metrics. Figure 2.8
shows a CityEngine model created by Esri for a proposed redevelopment in Philadelphia. The
model is posted online as a web scene and the viewer is able to rotate around the scene, turn
layers on or off, access information and leave comments. CityEngine models have been used
as a tool to analyze such diverse projects as development potential in cities, wind flows in the
urban environment and watershed planning. The 2017 release of CityEngine will include a VR
app, allowing an immersive online experience of the site.

Figure 2.8. CityEngine model
Source: ArcGIS Philadelphia Redevelopment
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2.1.5 Communication through story maps
Story maps are a relatively new technology from Esri, allowing anyone with a free public
account to combine maps, text, images, videos, 3D models and narrative to provide powerful,
appealing presentations. Municipalities across North America are using this online tool to
improve public engagement and provide a forum for discussion. The Geodesign Summit of 2017
in Redlands California featured presentations by the municipalities of San Francisco CA,:
‘Analyzing and Communicating the Challenge of Growth with 3D GIS Technology’ (Figure 2.9),
Billings MT: ‘Community Growth Planning through Geodesign’, City of Boulder CO: ‘3D
Comprehensive Planning in Boulder, CO’ and Kenton County KY: ‘PDS Planning Harnesses the
Power of GIS to Empower Community Collaboration’.

Figure 2.9. Story map for San Francisco Development
Source: Edmonson, 2017

Each of these municipalities used story maps to connect with their communities, provide
information and encourage feedback. More engaging than a website or a powerpoint
presentation, this new technology provides a clear and direct means of communication with the
public.
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Part 2 - Green Infrastructure
2.2 The need for green infrastructure in urban settings
2.2.1 Increase in storm frequency and intensity due to climate change
Whether or not there is agreement on the cause of climate change, there is no disputing
the accumulated evidence that global temperatures are rising. The Intergovernmental Panel on
Climate Change (IPCC), consistently monitors and publishes meteorological data, and the most
recent analysis confirms that each of the previous three decades has become progressively
warmer (IPCC 2015). In spite of initiatives on the part of governments and citizens to combat
global warming through the reduction of greenhouse gas emissions, temperatures have
continued to rise steadily since the mid-twentieth century (Figure 2.10). The increase in

Figure 2.10. Annual temperature trends in Canada
Source: Gov’t of Canada, 2016 (adapted)

temperature has resulted in an increase in severe storm events, flooding, drought, temperature
extremes and rising sea levels (Demuzere et al. 2014), (Bush, Loder, James, Mortsch and
Cohen, 2014), (Lemmen, Warren, and Canada, 2014), (IPCC 2015).
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Both precipitation and evaporation rates are affected by climate change; warm air is able
to hold more moisture than cold air resulting in higher levels of precipitation (Hunt and Watkins
2011) (Bush et al. 2014). With a decrease in snowfall but increase in rainfall, this change has
had a significant impact on the management of storm water in the mid-latitudes of the Northern
hemisphere (Bush et al. 2014), (IPCC 2015) (Kessler 2011). As the world population becomes
increasingly urban (WHO, 2017), cities increase in size and density and the accompanying
infrastructure of buildings, roads, transportation tunnels and subways decreases the amount of
permeable surface that is able to absorb storm water. (Hunt and Watkins 2011). This
combination of increased precipitation from climate change with the densification of the urban
environment is causing significant challenges for storm water management. Many municipalities
still base storm sewers on outdated climate models with long term trends of 100 year storms
(Schreier 2014) rather than considering the increase in extreme storm events. Two examples
from North America: the City of Toronto experienced eight 25 year storm events from the years
1986-2011 (Kessler 2011), and the City of Chicago experienced four storms over a period of six
years (2008-2013) that exceeded expected rainfall for a 10 year storm event. (Chicago, 2014, p.
10). The resulting costs from damage to infrastructure (Hunt and Watkins 2011) has
municipalities searching for solutions. Flooding in 2013 affected the municipalities of Toronto
(Figure 2.11), Mississauga and Calgary, with the Insurance Bureau of Canada covering a record
$3.2 billion in claims. (IBC, 2014).

Figure 2.11. Flooding on the Don Valley Parkway, Toronto ON
Source: Mills, 2013
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Traditional stormwater management removes water as quickly as possible, conveying it
to a lake, river or storage facility. In contrast, green infrastructure mimics the natural hydrologic
cycle by allowing infiltration of water at the source. It combines built space with green space,
providing for the slow return of water through soils to the groundwater, and allowing plants to
absorb excess water and release it back into the atmosphere through evapotranspiration
(Demuzere et al. 2014) It has become evident that the traditional stormwater management
strategy of collecting water on site and conveying it away as quickly as possible is no longer
effective in a time of changing weather patterns.
2.2.2 Water pollution and warming: overland flooding from combined storm and sanitary sewers
Extensive flooding from an extreme storm event, such as that experienced in Toronto in
July of 2013, can cause combined storm and sanitary sewers to quickly reach and exceed
carrying capacity. The result is the direct flow of unfiltered storm water from combined sewer
overflow (CSO) and overland flooding directly into a lake, river or stream. Quantities of
precipitation from these storm events can quickly overwhelm municipal infrastructure; the
Toronto storm measured in excess of over 90mm of rain with Pearson International Airport
receiving over 126mm. This in a city where the average rainfall for the entire month July is 74.4
mm per month (Nirupama, Armenakis and Montpetit, 2014). According to the Insurance Bureau
of Canada (IBC), the cost paid out in damages was over $850 million (CBC News, 2014). Many
older cities, including Toronto, have an extensive network of combined sewer systems (Kessler
2011). In 2008 the Environmental Protection Agency estimated that the cost of replacing existing
infrastructure throughout the United States with separate sewers would cost $298 billion, not
taking into account the increased demand for capacity necessitated by global warming. (Kessler
2011).
During a storm event, water from storm drains will normally be held and treated in a
facility before being discharged into a neighbouring body of water, but with extreme
precipitation, stormwater bypasses the treatment plant and enters the lake, river or stream
carrying with it quantities of toxic substances (Kessler 2011). In 2010, Gasperi, Gromaire, Kafi,
Moilleron and Chebbo conducted a study of overland flooding in Paris caused by CSO. The Wet
Weather Flow (WWF) pollutants measured in runoff from roads and rooftops included Total
Suspended Solids (TSS) polycyclic aromatic hydrocarbons (PAH), Total Organic Carbon (TOC),
Volatile Suspended Solids (VSS), Copper (Cu) and Zinc (Zn). A similar study in 2009 by Irvine,
Perrelli, Ngoen-klan, and Droppo documented metal sediment found on roads in industrial areas
of Hamilton ON. Metals included significant quantities of Zinc (Zn), Cadmium (Cd) Manganese
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(Mn), Lead (Pb), Copper (Cu) and Iron (Fe). Stormwater carrying these elements would
normally enter the Woodward Avenue Wastewater Treatment Plant facility, but during rain
events exceeding 25mm the CSO may bypass the plant and enter the harbour directly.
As flooding generally occurs in warm seasons, stormwater that runs too quickly into a
neighbouring body of water can cause changes to the ecosystem of the lake, river or stream.
Water flowing over unshaded pavement can heat up a significant amount, changing the water
temperature at the point of entry as much as 70 C. (Nelson and Palmer 2007). The effect is
exacerbated in heavily urbanized sites, those with a high percentage of impermeable surface
and lack of shade. Through the process of convection, water heats up as it runs over the
pavement, moves quickly into the combined sewers and from there directly into the lake or river.
After entering the body of water, the heat from the stormwater disperses relatively quickly,
usually within 3 hours, but the spike is enough to affect the metabolism of fish and other
temperature sensitive species (Nelson and Palmer 2007). Strategies for mitigating thermal
pollution include increasing infiltration at the point of source, harvesting rainwater (Hathaway,
Winston, Brown, Hunt and McCarthy, 2016) and reducing the potential for heat buildup through
the use of light coloured pavement (albido effect) and tree canopy (Jones, Hunt and Winston,
2012).
2.3 Urban stormwater management trends:
2.3.1 In Ontario
“Municipalities will develop stormwater master plans or equivalent for serviced
settlement areas that:
- are informed by watershed planning;
- examine the cumulative environmental impacts of stormwater from existing
and planned development, including an assessment of how extreme
weather events will exacerbate these impacts;
- incorporate appropriate low impact development and
green infrastructure”
(Proposed Growth Plan, 2016, pg. 35)
Cities in Ontario are actively seeking ways of implementing green infrastructure to aid in
the management of stormwater, both through large scale projects and site specific initiatives.
The City of Toronto has spent considerable effort remediating the Don River to prevent flooding,
especially at point of entry into Lake Ontario. This urban river travels from the Oak Ridges
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Moraine, through Toronto down to Lake Ontario, and much of its watershed is covered over with
housing development. Because of the low percentage of permeable surface in the watershed,
the river quickly rises during storm events, resulting in flooding (Nirupama et al 2014). The firm
of Michael Van Valkenburgh Associates has completed an urban park, Corktown Commons, that
uses berms, wetlands and associated plant communities to assist in flood management control.
River remediation continues with the Lower Donlands project, relocating and re-naturalizing the

Figure 2.12. Lower Donlands development, Toronto ON,
Michael Van Valkenburgh Associates Inc.
Source: Lower Donlands, n.d.

mouth of the river (Figure 2.12). Toronto has made a significant commitment to the construction
of green roofs through a bylaw mandating a percentage on most new buildings with a gross
floor area greater than 2000m2 (Green Roof Bylaw, n.d.). Following the adoption in 2011 of a
Wet Weather Management Plan, the city also provided design guidelines for the greening of
parking lots (Design Guidelines, 2013). A recent project at Thelma and Spadina won an award
of excellence for incorporating both bioswales and permeable pavers in a lot that was previously
covered with asphalt.
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The City of Kitchener has made green
infrastructure a priority in ongoing capital
projects, and LID projects are well funded
through a dedicated stormwater user fee. The
fee is based in part on the size of a property
relative to the percentage of area covered with
impervious surfaces. While other cities
struggle to finance green infrastructure, an
informed electorate has committed to
improving the quality of water in their
community. (Ecological stormwater, 2013) The
King Street bioretention planters are an
example of a recent project. Incorporating
street seating, shade from trees and infiltration
of water from the street, the planters add both
beauty and function to the downtown
streetscape (Figure 2.13)
In November of 2016 the city adopted a new
Stormwater Management Policy. The

Figure 2.13. King Street biorentention, IBI
Source: King Street, n.d.

introduction states:
Through the use of rain gardens, permeable pavements, rainwater cisterns,
bioswales, perforated pipes and tree clusters among others, the City will
integrate stormwater features into everyday urban forms and into the very fabric
of the community.
(Stormwater Master Plan, 2016)
Through the Living Green Action Plan adopted in 2012 (LGAP 2012) the City of
Mississauga has developed a strategy for incorporating both LID practices and the planting of
native vegetation in all new building projects. Along with the Credit Valley Conservation Authority
many LID installations have been successfully implemented and monitored. Bioretention
boulevards have proven to be a cost effective alternative to conventional curb and gutter
installation (CVC Road Right-of-Way, 2014) and as the city continues to expand, they will be
installed on new roadways. As of November, 2016 the City of Mississauga and region of Peel
have implemented a dedicated stormwater charge to all properties to aid in funding green
infrastructure. (Mississauga.n.d.). Through collaboration with the CVC, Mississauga promotes
the use of green infrastructure to the public with extensive online resources. (CVC LID)
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2.3.2 Nationally
The City of Edmonton AB is
traversed by the North Saskatchewan
river, the city’s source of drinking water
and a major source for recreation;
fishing, hiking and boating. The health
of the river is of prime importance and
to that end the City published a LID
Design Guide in December of 2014 in
which seven LID practices were
recommended for the city:
bioretention/rain gardens, bioswales,
green roofs, permeable pavement, box

Figure 2.14. Parking lot bioswale, Clareview Recreation
Centre
Source: Bioswales, n.d.

planters, naturalized drainage ways, and rainwater harvesting for re-use (City of Edmonton,
2014). These practices are all manageable at many scales, from the smallest residential
property to public facilities (Figure 2.14). In 2003 the city separated stormwater fees from
property taxes, increasing public awareness of the issues and the costs involved. Stormwater
fees are lowered if residents increase the amount of permeable area on their properties through
a LID strategy (Stormwater Utility, n.d.).
The City of Vancouver BC has
made a commitment to be the
greenest city in the world by the year
2020 (City of Vancouver, Greenest
City, 2016). As part of that
commitment, city council has
“supported the Integrated Rainwater
Management Plan target to capture
and treat 90% of Vancouver’s
average annual rainfall by
implementing green infrastructure
tools and design guidelines on public

Figure 2.15. False Creek permeable pavement and
bioswales,
PWL Partners
Source: Southeast False Creek, n.d.

and private property throughout the
City.” (City of Vancouver, Integrated Rainwater, 2016). Projects such as the green roof on the
Vancouver Convention Centre provide highly visible examples of rainwater management. The
2010 Olympics provided an opportunity to showcase the cities sustainable technologies to the
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world. The Olympic Village at False Creek , designed by PWL Partnership, included installations
of permeable pavers, bioswales and rain gardens (Figure 2.15). While green infrastructure is a
priority for managing rainwater, the city does not yet have a plan for rising sea levels. Studies
are underway, but in the meantime severe storm events and high tides are managed by
sandbagging while city council works on a long term plan (Li, 2016)
2.3.3 Internationally
New York City is at risk from rising sea levels caused by global warming. The
Department of Environmental Protection for the State of New York has projected that sea levels

Figure 2.16. Brooklyn bioswale
Source: Climate change, 2012

could rise over one metre by the year 2100 (NYS, n.d., par. 1). In past decades, wetlands and
natural buffers have been lost to development, thus adding to the risk of large scale flooding.
Now innovative strategies are being proposed to try to reduce future damage. In a collaboration
between Thomas Balsley Associates and Weiss/Manfredi, a former industrial waterfront site in
Queens was transformed into a sustainable park, one that allowed for intermittent flooding. In
2012 Hurricane Sandy inundated Hunter’s Point South Waterfront Park with over one metre of
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water with no resulting permanent damage to the green infrastructure (Dunlap, 2013). On a
smaller scale, the borough of Brooklyn is using bioswales to clean water flowing into the
Gownanus Canal (NYC, 2015) The canal has been used as a dumping ground for industrial
waste for over a century, and the pollution is exacerbated by Combined Sewer Overflow and
overland flooding. In spring of 2015, the city began construction on a series of ninety bioswales
(Figure 2.16) that will help to clean and filter water before it enters the canal (Melcher, 2015).
The City of Chicago is a world
leader in Green Infrastructure,
particularly in the use of green roofs
(Figure 2.17). The metropolis has a
stormwater infrastructure that is
99.5% combined storm and sanitary.
With the increase in precipitation over
the past number of years, Chicagoans
have endured basement flooding,
sewer overflows and backwash from
the Chicago River flowing into Lake
Michigan. (Chicago 2014) Now a
combination of infiltration techniques
for both buildings (green roofs) and
roads will divert a significant amount
of water from storm sewers. In an
industrial area of Chicago, a stretch

Figure 2.17. Green roof, O’Hare airport terminal
Source: Vegetated roofs n.d.

of Cermak Road was rebuilt using
sustainable technologies. Over
fourteen blocks were transformed through extensive use of bioswales and infiltration planters
using native species. In 2013, Cermak Road was named the Greenest Street in America.
Estimated to have cost 21% less than conventional street infrastructure, the project has become
a model for sustainable streetscapes (Chicago Complete Streets, n.d.).
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China is leading innovative
storm water management through
its national adoption of ‘sponge
cities’, restoring wetlands in city
centres, reclaiming rivers and
allowing for water infiltration and
storage on a massive scale.
Referring to nature as ‘a living
machine to clean water’ (Yu, 2016)
landscape architect Konjian Yu of
Turenscape focuses on
transforming derelict urban spaces
into useable parks and wetlands.

Figure 2.18. Riverbank, Minghu Wetland Park,
Turenscape
Source: ArchDaily, 2015

Figure 2.18 shows a section of
Minghu Wetland Park. The river
valley was prone to flooding during
monsoons and drought the
remainder of the season. The river
itself had been lined with concrete,
causing even greater flooding
during storm events. Turenscape
restored the natural river channel,
terraced the slopes of the valley
with bioswales (Figure 2.19), and
planted native vegetation along the
banks of the river. After severe
storm events, the valley fills with
water. The collected stormwater

Figure 2.19. Terraced bioswales, Minghu Wetland Park,
Turenscape
Source: ArchDaily, 2015

slowly infiltrates back into the
ground, being cleaned and cooled
by both soil and plants. In dry
seasons the park is used as a green space by the city residents (ArchDaily, 2015).
Yu has been a strong advocate of geodesign for the past two decades, using geospatial tools to
analyze and design large scale projects throughout China.
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2.4 Bioswales as a means of stormwater management in urban settings
2.4.1 Quantity of water
The primary function of a bioswale is to mimic the natural hydrologic cycle by allowing
stormwater to slowly enter the ground through infiltration. Though research is still in early stages
regarding the efficacy of bioswales, there has been monitoring on a number of sites.
• Credit Valley Conservation installed both permeable pavers and bioswales in the parking lot of
the Imax Theatre in Mississauga. The site was monitored from April to October of 2013, two
years after installation, and was found to divert 84% of all stormwater from storm sewers.
(CVC Imax 2015)
• The Cermak Road project in Chicago uses previous pavement, bioswales in infiltration
planters to divert water away from the city’s combined sewer system. Since being installed in
2012 the green infrastructure has collected over 80% of stormwater in the streetscape.
(Chicago Complete Streets)
• The Morton Arboretum in Lisle, Illinois installed permeable pavers and bioswales in a parking
lot in 2005. After 10 years of observation, it was concluded that with the exception of one
storm event, the green infrastructure successfully managed all rainfall on site. (The Morton
Arboretum, 2015)
The Arboretum also measured quantities of water managed through evapotranspiration.
A study of trees planted in the bioswales (Scharenbroch, Morgenroth and Maule, 2016)
measured stomatal conductance and found high transpiration rates in many native species, with
over half of all water output from the swale being managed by the trees. No adverse effects
were observed from stormwater pollutants; the trees showed equal or greater growth than those
outside of the bioswales. Species with large leaves and mass such as Quercus macrocarpa,
Ulmus and Robinia pseudoacacia were able to uptake and transpire 46-72% of the water from
storm events and parking lot runoff.
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2.4.2 Quality of water

2.4.2.1 Removal of pollutants from road runoff through soil media
A study by Hseih and Davis (2005) tested removal of pollutants from road runoff
+
including calcium chloride (CaCl2), total phosphorus (TP), nitrate (NO 3), ammonium (NH 4),
lead (Pb), and suspended solids from local soil and motor oil. The study was conducted on soil
columns using two types of sand, three different soils and a hardwood mulch. A total of 18
columns (height of 1100mm and diameter of 191mm) were filled with combinations of sand and
soil types, each with different physical (drainage) and chemical (Cation Exchange Capacity)
properties. The researchers also tested 6 existing bioretention facilities for removal of pollutants.
It was found that all the soil/sand filters removed high amounts of oil (O), grease(G), lead(Pb)
and TSS, but overall the most effective filtration layer was a combination of coarse sand/sandy
loam with a ratio of 20/70. This combination resulted in effective removal of:
TSS
O/G

96%
96%

Pb

98%

TP

24-70%

NO 3

6-9%

+
NH 4 11-20%
While this ratio was highly effective, the researchers noted the necessity of altering the soil
composition on a site by site basis to accommodate the needs of proposed plantings in the
bioretention system.The presence of a hardwood mulch was found to be a key factor in the
removal of TSS and O/G. It is noted that calcium chloride, a common component of road deicing mixtures, is not removed through soil filtration.
2.4.2.2 Removal of Nitrogen and Phosphorus through soil media
Guo, Lim, Zhang, Lee, Hu Ong and Ong, (2015) studied the potential of filtration media
for removal of P, N and TSS. Seven bioretention columns were constructed with a height of
300mm and diameter of 34mm. Each column had in common a base drainage layer of 20mm
gravel (3-6mm diameter), 20mm coarse sand (0.5-1.3mm) and 200mm of filter media. The filter
media used varying amounts of sand, Water Treatment Residual (WTR), compost, silt, coconut
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fibre and Recycled Concrete Aggregate (RCA) The WTR was chosen for its high potential for
phosphorus removal.
The optimum soil column structure was found to be:
Sand
WTR
Silt
Compost

80%
10%
5%
5%

This combination effectively removed:
TSS 93.4%
TN 59.8%
TP 92.7%
2.4.2.3 Comparison of recommended engineered soils in current use
There is extreme variability in recommendations for the proper composition of planting
media in bioswales as almost any soil composition will be successful in removing TSS and
heavy metals (Hatt, Fletcher and Deletic, 2009). Many site specific factors will play into the final
design decision such as the permeability of the underlying soil and the type of vegetation to be
planted within the bioswale. Table 2.1 lists some of the combinations currently used in North
America.
Table 2.1 Soil composition of bioswales currently in use
Location

Sand

Silt

City of Calgary

50-70%

10-30%

Credit Valley Conservation Authority

85-88%

8-12%

LID-Environmental Protection Agency

50-85%

0-50%

State of North Carolina

85-88%

8-12%

State of Washington

60%

Sources: City of Calgary, 2007., CVC, 2014., Soil Science n.d.
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Clay

Organic

0-5%
3-5%
10-20%

1.5-10%
3-5%
40%

For plants to thrive and function effectively in a bioswale, a suitable planting media must be
found that will achieve balance between quick percolation of water through the soil with the need to
support plant life. Sand is the most permeable of the soil textures providing superior drainage, but
lacks both nutrient and water holding capacity. This can create a hostile environment for plants in
times of drought. Silt and clay do not allow the water to flow through as easily but both have a higher
cation exchange capacity, providing nutrients to the plants and capturing pollutants as they move
through the soil. If water percolates through the soil too quickly, there is less time for cation exchange
to occur. An effective stormwater retention system must provide both adequate drainage for water
and life support for plants (Soil Science, n.d.).
2.4.2.4 Removal of road pollutants through vegetation
Plants are extremely effective at the removal of many pollutants including runoff of
grease, oil and heavy metals from roads and parking lots (Read et al. 2009). Much of the
research to date has been done outside of Canada, but from available literature it is known that
plants are able to process contaminants through a variety of mechanisms including
phytodegradation, phytostabilization, rhizofilteration, rhizodegradation, phytohydraulics,
phytovolatilization and phytoextraction. A combination of plants able to perform these various
functions through both root (rhizo) and shoot (phyto) could prevent most pollutants from entering
the watershed. More research needs to be conducted on the harvesting and disposal of plant
material containing toxic pollutants (phytoextraction), as well as the impact of these stored
contaminants on foraging wildlife (Gomes 2012). A number of species native to Ontario have
been cited by Gomes as being excellent candidates for phytoremediation including: Salix sp.
Populus sp., Robinia pseudoacacia and Panicum virgatum.
2.4.2.5 Removal of Nitrogen and Phosphorus through plant uptake
Two major pollutants in stormwater are nitrogen and phosphorus. Without interception,
excessive amounts of N and P cause serious problems on entering streams, lakes and rivers
(Figure 2.20). Large amounts of these nutrients create algal bloom in bodies of water, effectively
killing native flora and fauna. As both N and P are macronutrients for plants, a number of studies
(Payne 2015) (Read et al. 2008) have looked at the ability of plants in biofiltration facilities to
uptake quantities of both these nutrients. Research conducted in Australia (Read et al. 2008)
found the most significant factors in nutrient uptake were total root length, root soil depth, root
mass and percent root mass. Tests of non-vegetated swales show almost no removal of N and
P from stormwater (Lucas and Greenway 2008). A healthy community of plants growing within a
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Figure 2.20. Algal bloom on Lake Erie
Photo Credit: Essex Region Conservation Authority
Source: CBC, 2013

suitable planting medium proves to be the most effective means of preventing these pollutants
from entering the groundwater.
2.4.2.6 Denitrification
Nitrifying bacteria in the soil can convert N to a form plants can use (nitrate). In a
bioswale the conversion and use of N is extremely variable with wet and dry cycles, as
denitrifying occurs in anaerobic conditions. In 2013, Zinger, Yaron, Blecken, Godecke-Tobias,
Fletcher, Viklander and Deletic conducted research, constructing 15 columns with varying
vegetation types to test the denitrifying benefits of the saturated zone in a biofilter. The columns
had a height of 900mm and diameter of 375mm (Fig. 2.21). Each was constructed of:
Sandy loam (0.25mm diameter)

76.6%

Sand (0.25 - 0.50 diameter)

7.8%

Sand (0.50 - 1mm diameter)

7.8%

Gravel base (3 - 5mm diameter)

7.8%

After 12 months the outflow height was elevated by 450mm
to test the efficacy of an increased anaerobic zone on
denitrification. The final test results showed an
improvement in the removal of TN and a decrease in the
amount of TP removal. Removal of TSS and other
pollutants (heavy metals) were not affected.
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Figure 2.21. Soil column structure
for denitrification (Zinger et al 2013)

2.4.3 Health benefits from green infrastructure
2.4.3.1 Mental well-being

Rachel and Stephen Kaplan, researchers in the psychology department of the University
of Michigan, have done extensive research on the restorative powers of nature to combat metal
fatigue “ the consequence of sustained mental effort that requires focused or directed
attention” (Kaplan 1993). Kaplan and Kaplan posit the idea that views of nature allow the mind
to wander freely, making no demands on the conscious mind. This mental roaming has a
relaxing, calming and therapeutic effect. Together with Robert L. Ryan ASLA (now FASLA),
Rachel and Stephen Kaplan published a book in 1998 entitled ‘With People in Mind : Design
and Management of Everyday Nature’. The book explores the different ways people respond to
nature, encourages designers to consult extensively with the client to find scenes that will be
‘compatible’ , and suggests various design strategies and planting plans to help create
restorative landscapes.

The qualitative studies, ‘Workplace Greenery and perceived level of stress: Benefits of
access to a green outdoor environment in the workplace’ (Lottrup, Grahn and Stigsdotter, 2013)
and ‘There’s a meadow outside my workplace: A phenomenological exploration of aesthetics
and green roofs in Chicago and Toronto’ (Loder 2014) found that workers showed a higher level
of job satisfaction when the workplace overlooked greenery, and participants in both studies
reported a lower level of stress. The study concluded with recommendations to landscape
architects, among other practitioners, to consider maximizing both views to outdoor space from
the workplace and finding ways for workers to access green space throughout the workday.
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2.4.3.2 Urban heat island effect

The urban heat island effect
is a phenomena experienced in
areas of the city covered with
impermeable surfaces: roofs,
sidewalks, roads and parking lots.
Figure 2.22 shows a heat map of the
City of Hamilton ON The areas most
affected are the industrial
neighbourhoods in the north end of
the city where there is a lack of
vegetation. Green infrastructure,
particularly bioswales and planters

Figure 2.22. Heat island effect in Hamilton
Source: Clean Air Partnership

using trees, could significantly reduce
the amount of heat reaching the pavement, resulting in greater thermal comfort (Demuzere et al.
2014).

2.4.3.3 Air quality
Trees as part of a bioswale can have a significant effect on the quality of air in the urban
environment. A 2006 study by Nowak, Crane and Stevens found that trees remove a significant
amount of air pollutants both on leaf surface and through stomata. The estimated removal of
pollutants by trees in the United States every year is 711,000 metric tons.
A study exploring the health effects of trees on the human population looked at rates of
disease before and after the loss of ash trees (fraxinus) due to Emerald Ash Borer. The results
showed a strong correlation between loss of trees and increase in respiratory disease. Between
the years 1990-2007, 100 million trees were lost. Deaths due to lower respiratory disease
increased by 6113 and deaths due to cardio-vascular disease by 15,080 (Donovan, Butry,
Michael, Prestemon, Liebhold, Gatziolis and Mao, 2012).
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2.4.4 Problems with bioswales
Bioswales as a part of stormwater management are not without challenges. Though they
can filter out or utilize many pollutants, none of the soil media tested to date are able to deal
with the long term accumulation of road salt (Hseih and Davis 2005). There are ongoing studies
as to the effects of the accumulation of toxins in bioretention systems. (Rushton 2001) While
plants can take up many toxins, the proper disposal of the plants themselves has not yet been
determined, nor the possible effects of toxins in fruiting plants when consumed by wildlife.
In order for bioswales to be accepted
by the public they must be properly
maintained with sufficient watering during the
establishment off plants, and replacement of
dead plant material (Everett et al. 2015).
Credit Valley Conservation has published a
series of recommendations for ongoing
maintenance including the management of
weed growth, clogged inlets and garbage
collection. (CVC 2014) The City of
Edmonton has made a commitment to
educating the public on the benefits of green

Figure 2.23. Residential bioswale in Edmonton
Source: Stolte, 2016

infrastructure and encouraged citizens to
implement these practices on their properties, however the aesthetic of native plantings has not
yet reached total acceptance (Figure 2.23). In summer of 2016 “Craig Schlegelmilch spent
roughly $10,000 fixing his front drainage by installing a bioswale with natural wetland plants and
a rebuilt fescue prairie alongside. Then a bylaw officer mistook a native plant for a noxious weed
and mowed the whole thing down.” (Stolte, 2016))
Winter freezing is often cited as a problem with bioretention systems. A 2012 study by
Khan, Valeo, Chu and Van Duin examined the the operation of bioswales in the City of Calgary
during winter months, and found them to still function at an acceptable level.
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Part 3 - Geodesign
2.5 The Geodesign process
2.5.1 Background
Geodesign is a relatively new term, and as stated in the Introduction, not yet fully
defined. The roots of geodesign go back to Ian McHarg and his seminal book, Design with
Nature. McHarg posited the concept that natural systems must be considered in every design.
Site analysis would begin by creating layers of information such as soil texture, slope, hydrology
and populations. Hand drawings of these systems were layered over one another to try to
understand interrelationships between systems, thus providing input for the optimal location of a
proposed site or design. With the explosion of technology and corresponding data in the last few
decades, the same principle of layers can now be applied to a proposed design solution with far
more detailed information. More importantly, the designer can make a change to one of the
layers (or systems) and quickly generate a picture of the resulting impacts on all the other
systems.
2.5.2 A framework for geodesign
Carl Steintiz is a leading proponent, of geodesign, and one of the first landscape
architects to use GIS technology in design. His framework for the geodesign process is shown
in Figure 2.24. The arrows show three iterations of six design questions. Through the first
iteration the designer asks the question ‘Why?’ in an endeavour to understand the site. The
second is ‘How?’, that is, the methods one will use. In the third iteration the designer performs
the actual study/design asking ‘What?, Where? and When?’. Inherent in the framework, both at
the level of assessment and intervention is the use of geospatial data. Bill Miller, one of the early
proponents of geodesign, commented that, “GeoDesign links design to science and science to
design. In short, GeoDesign gives the designer the power to do science-based design.” (Artz,
2010, p.4).
2.5.3 Geodesign practice
The Esri Geodesign Summit in January of 2017 facilitated a seminar for geodesign
educators in which two questions prevailed: ‘How does the geodesign process differ from
traditional design methods and how does one evaluate the success of a geodesign project?
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Figure 2.24. The geodesign process
Source: Steinitz 2003

Though responses varied, a number of key issues came to the fore; issues that are reflected in
current literature. The geodesign process involves cross-disciplinary thinking involving those
both in the scientific and design professions (Foster 2016) (McElvaney 2012) (Steinitz 2016).
The design is grounded in a specific geographic location (Steiner and Shearer 2016) and uses
high resolution data and systems thinking to give informed projections of the impacts of change
(Campagna 2016). As part of the process, scenarios are created and conveyed to all
stakeholders via digital technologies so that the broader community can assess the value of a
design and give feedback. (Lee 2016) (Muller and Flohr 2016). Both Steinitz (2015) and Miller
(2011) believe the primary assessment of a geodesign project is through the change models;
how the design is altered through the use of data based scenarios. (Steinitz 2015) (Miller 2011).
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2.6 Conclusions
From the literature review a number of key themes emerged that will impact the design
for Ottawa Street North.
2.6.1 Communication of green infrastructure
It is evident that cities with vibrant GI initiatives take every opportunity available to
educate the public, whether through signage, websites, videos or online engagement.
2.6.2 Combined sewer overflow
A recurring theme from scholarly literature, municipal websites and key informants is
that CSO is an ongoing concern for cities. With increases in storm frequency and severity,
flooding is more frequent. Replacement of combined sewers with storm and sanitary is
prohibitive in cost for most municipalities. From the literature review there is clear evidence that
bioswales and other similar infiltration devices can divert a significant quantity of water away
from the combined sewers. Though each bioswale or curb bump out is small, they are scalable
both in size and number.
2.6.3 Water quality
The literature review presented evidence of municipalities using bioswales to improve
water quality. The Gowanus Canal in Brooklyn NY has a history of industrial pollution similar to
that of Hamilton and has found the use of bioswales to be highly effective in the diverting road
runoff from the canal. The City of Portland has committed to the 500 Green Streets program in
an effort to maintain the health of the Willamette River.
2.6.4 Traffic calming
In conversation with passers-by on PARKing day, traffic calming was a recurring topic.
The speed and density of traffic on Ottawa Street N. was particularly noticeable that day as the
seating area for the park immediately adjacent to passing vehicles. Even though pylons had
been provided by the city as a barrier, plants brought in for the event were rearranged to provide
a more comfortable buffer. Though traffic calming was not covered in the Literature review, it will
be factor informing the design. It is interesting to note that a pilot project for road right-of-way
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green infrastructure in Hamilton is being promoted as a traffic calming measure. Non-vegetated
bump outs are currently being installed throughout the city to slow traffic at intersections.
2.6.5 Nature affecting health in the urban environment
There is abundant evidence from the literature review that green space is important both
for physical health and mental well being. The north end of Hamilton is not well served by the
city in terms of green space. A view of the urban heat island map, parks maps and aerial photos
all confirm lack of tree canopy. High levels of air pollution and high rates of respiratory disease
compromise the health of the areas residents. A priority of the design will be to provide
residents with a healthy tree canopy on Ottawa Street N., and a pleasant, shady place to sit.
2.6.6 Geodesign as a tool
A powerful example of geodesign being used as a communication tool came from a
presentation by Candis Millar (Millar, 2017) at the Esri 2017 Geodesign Summit. Billings,
Montana was a city that needed to increase urban density; there was no room left to build out.
The residents were not happy with the possibility of what they perceived as crowding, so city
staff used interactive maps and planning tools in an online forum to engage the citizens. Shown
site opportunities and constraints, members of the public were invited to comment on various
scenarios and vote for their preferred option. Over 3000 people participated in this public
process, far more than would have attended a public consultation. Geodesign tools leverage the
power of the internet to communicate with citizens, providing information, showing design intent
and allowing feedback.
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Chapter 3: Site Selection
3.1 Site selection criteria
Prior to this study, Ottawa Street North had been considered as a possible site
for the demonstration of bioswales. Based on the following criteria, confirmation as to its
suitability was sought from Key Informants. The site selection criteria are that:
• the site currently manages stormwater with traditional techniques
• the site should be accessible for onsite visits
• the site must be spatially adequate to accommodate bioswales
• the site should available to the public and have the potential to showcase green infrastructure
• the communication of green infrastructure benefits and initiatives is poorly represented on the
city website
• public engagement in the city is primarily through information meetings and attendance at City
Council meetings. There is little opportunity for online engagement.
3.2 The City of Hamilton
Hamilton is a city of 520,000 people, located at the western tip of Lake Ontario. Situated
midway between Niagara and Toronto, the city has been a major shipping port and industrial
centre for over 100 years. As a result of the heavy industry, primarily from the manufacture of
steel, Hamilton Harbour has a legacy of pollution.
In 1987 both the United States and Canada made a commitment to restore and protect
the Great Lakes with the signing of the Great Lakes Water Quality Agreement (GLWQA). The
stated objective of the GLWQA is “To restore water quality and beneficial uses of the ecosystem
by cleaning up severely contaminated and degraded locations around the Great Lakes.” (Gov’t
of Canada Great Lakes 2015)
At the time of the agreement 43 Areas of Concern (AOC) were identified, with 12 of the
sites located in Canada and 5 shared between Canada and the United States. Each AOC was
tasked with the formation of a remedial action plan to address the issues of pollution and
degradation. One of the sites identified was Hamilton Harbour (Figure 3.1), and though a
number of AOC have since been remediated, Hamilton remains listed due to the presence of
the most severely contaminated site in Canada; Randle Reef. The Hamilton Harbour Remedial
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Action Plan (HHRAP) has worked with industry, government, businesses and the general public
to address the issues of water quality in the harbour, reducing the amount of industrial waste,
providing major upgrades to the three major water treatment facilities and building Combined
Sewer Overflow (CSO) facilities. With over 600 kilometres of combined storm and sanitary
sewers in the lower city, stormwater runoff is a significant issue for the city.

Hamilton Harbour AOC
Urban Hydrologic
Contributing Unit
Randle Reef

Study Site

Figure 3.1. Hamilton Harbour AOC
Source: Great Lakes IJC 2013, adapted

Climate and precipitation data for Hamilton over a forty year span show an increase
both in annual mean temperatures and precipitation (Figure3.2). It is of special note that over
that period of time there has been a decrease in annual winter precipitation by 9mm and an
increase summer by 29mm. The management of warm weather stormwater will become an
increasingly urgent issue.
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Figure 3.2. Increases in mean temperature and annual precipitation in Hamilton.
Over a forty year period, the mean temperature has increased by 0.90 C and
precipitation by 26 mm. Source: Historical climate 2011 (adapted)

On October 20, 2016 the HHRAP Urban Runoff Task Force released a report reviewing
tasks accomplished to date and making recommendations for the future. The positive outcomes
of actions to date include containment of the pollutants at Randle Reef and ongoing updates to
two Wastewater Treatment Plants (WWTP); Woodward (Hamilton) and Skyway (Burlington).
The upgrades are scheduled to be completed by 2021. With the upgrades of the WWTF along
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with addition of eight CSO facilities, the threat of untreated sewage entering harbour waters has
been significantly reduced. The largest source of pollution entering Hamilton Harbour is now
predicted to be urban runoff from Burlington and Hamilton, the major pollutants being excessive
sedimentation (Total Suspended Solids TSS) and phosphorus. While much of this runoff is from
creeks entering the harbour (Red Creek, Indian Creek, Grindstone Creek, Desjardins Canal),
the HHRAP recommended the implementation of LID measures on city streets to reduce the
impact of first flush sediment entering the sewers. It was noted that LID techniques are cost
effective to install as part of road reconstruction on already existing sites. (HHRAP, 2016, p.4)
According to Hamilton Public Works, the current storm water infrastructure is between
50 to 100 years old, and with increasing storm frequency and intensity, unable to manage water
runoff. A shortage of funds for new infrastructure has exacerbated the crisis and city officials
struggle with allocating resources. Ultimately the residents of Hamilton will need to agree to
invest in green infrastructure, but at this point a proposal to charge a fee to property owners
based on the area of impermeable surface on their properties has been twice rejected by city
council resulting in frustration by one councillor whose ward had suffered severe flooding:
“We need to do something. Doing nothing is not an option. We need to be
part of the solution.”
Councillor Sam Merulla (Werner, 2015)

3.3 Ottawa Street North
Ottawa Street was historically a major thoroughfare for Hamilton, providing access from
what was the major business area (Barton Street) up to the escarpment. The streets are broad,
the sidewalks wide, and there are extensive parking lots behind the shops on the east side of
the street. The study area has well over 95% impermeable surface (area of 56,563 m2, area of
permeability 788 m2 ) with the paved surfaces contributing to an urban heat island effect during
the summer months. With direct views of heavy industry to the north and the Niagara
escarpment to the south, the streetscape embraces two of the contrasting and defining features
of Hamilton. The area was traditionally a textile and fabric district, with costume designers from
regional theatres and interior designers and decorators taking advantage of the extensive
selection of quality fabrics at wholesale prices. Now business is diversifying; as the steel
industry has been significantly reduced in the past decades, the street no longer has the
pervasive smell associated with heavy industry. New antique shops, restaurants coffee shops
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Barton Street

Ottawa Street North

Figure 3.3. Site boundary on Ottawa Street North
Source: Google earth base map

and fitness studios line the streets, there is a Farmers Market every weekend throughout the
year, and a thriving food truck culture animates the street. The area now attracts a wide diversity
of people, from local residents to antique buyers from across Canada.
Ottawa Street North presents a comfortable scale to shoppers and pedestrians with low
buildings and broad sidewalks. With the increasing popularity of the street, property values are
increasing and business owners have taken advantage of financial incentives through the City
of Hamilton for facade improvements (Ottawa Street BIA 2010). The streetscape south of the
study area has a good quantity of healthy streetscape trees while the three blocks of the study
area have less green space and fewer healthy trees. Replacement trees have been planted
within the past few years. The street is close to Lake Ontario and has an aging network of
combined storm and sanitary sewers. While the area is covered over with buildings and
pavement, the native underlying soil is sandy, making it a good possibility for source point water
infiltration.
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Chapter 4: Key Informant Interviews
In considering Ottawa Street North as a potential demonstration site for bioswales, two
city officials were interviewed regarding the current use of road right-of-way green infrastructure
in the city of Hamilton.
4.1. Key informant characteristics.
The key informants have both worked at the city of Hamilton for a period of at least ten
years. Though serving in different departments, both have overseen stormwater projects, and
are committed to the use of green infrastructure in the city of Hamilton.
4.2 Interview procedure
The interviews were conducted at the workplace of the key informants. Discussion was
open ended, and sought to answer two questions; are bioswales currently in use anywhere in
the Hamilton streetscape, and what might be the potential for their use on Ottawa Street North?
The answers were documented by means of notes.
4.3 Interview results
An initial meeting on September 26, 2016 was held with Robert Norman, Director of
Strategic Planning for the City of Hamilton. Having worked at the city since 2001, Norman has
extensive experience in all aspects of public work including design, project management, public
relations and marketing. In his present position he oversees the work of the City landscape
architects and during this meeting he reviewed GI projects the City had implemented on public
land. Bioswales are currently used in parking lots, most notably at Courtcliffe Park and the
Marine Discovery Centre. Plans are currently underway for a new waterfront development in
which both bioswales and green roofs will be proposed. Landscape architects are not involved
in streetscape projects as these fall under the governance of the Water and Wastewater
Planning Department. Consequently, an introduction was made to two members of the
department and a meeting scheduled.
On October 12, 2016 a meeting was scheduled with Winston Wang, P.Eng., Project
Manager, Water & Wastewater Planning at the City office. The City engineers have used green
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infrastructure on city property for the management of stormwater, but have not yet installed any
bioswales on a road right-of-way. He was not certain if there was enough room on Ottawa Street
North for bioswales, but had not given consideration to the possibility of their use in the sidewalk
area.
A concern expressed by Wang was the lack of financial resources available for GI. Many
municipalities have successfully introduced a stormwater user fee to defray costs, but a 4
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proposal by city staff has twice been rejected twice by Hamilton City council, being referred to
as a ‘rain tax’. (Reilly, 2015). He feels strongly that city staff needs a good communication
strategy to communicate the economic and environmental benefits of green infrastructure.
A specific goal of Wang and other members of the department is a Design, Operation and
Maintenance Guideline for Stormwater Low Impact Development, specific to and enforceable
within the city.

Figure 4.1.Proposed curb bump out for Bay Street in Hamilton
Source: Adele Pierre
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At the close of the meeting an invitation was extended to attend a public consultation
meeting at which a curb bump out was being presented as part of a traffic plan for a downtown
neighbourhood. This was intended to be a GI pilot project for the City; the project was designed
to be used both as an infiltration device and a traffic calming measure. Public consultation took
place on the evening October 27 at the Bennetto Recreation Centre, 450 Hughson St N,
Hamilton. The presentation was made by members of the Streets and Transportation
department. Winston Wang was present along with Uno Ehrenberg, P.Eng., Manager
Infrastructure Planning and System Design and Chris Denich P. Eng. of Aquafor Beech. There
was a good display of presentation boards including the design for the curb bump out (Figure
4.1), however the 20 community members present at the meeting were not at all aware of
stormwater management as part of the agenda. Discussion centred on a proposed new
development and its implications for the existing community, concerns with traffic speed, and the
selection process for public art. The pilot project will likely be built in 2017, but an opportunity to
promote green infrastructure to the community was lost.
4.4 Conclusions
The Key Informants were excited by the possibilities for the use of green infrastructure
on city rights-of-way, but were not yet hopeful for a change in public policies. The current
communication strategy does not appear to be effective in engaging stakeholders as evidenced
by the poor attendance at a public consultation, and the only means of communication for this
GI initiative was an informal poster display prior to the meeting. While public consultation needs
to be a part of civic life, it may be time to add another dimension to communication strategies. It
was noted particularly at the Hamilton presentation that families with young children came in the
early evening to see the posters, but had to leave before the commencement of the meeting.
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Chapter Five: Design Demonstration
Using design considerations collected and synthesized through the literature review and
key informant interviews, this chapter demonstrates the application of green infrastructure on a
post industrial street in Hamilton ON.
5.1 Site Inventory
5.1.1 Site Characteristics
The study area is comprised of a three block section of Ottawa Street N, bounded to the
north by Barton Street and to the South by Edinburgh Avenue (Figure 5.1). It has an area of
56,563 m2 with an estimated 788m2 of permeable surface. .The streets and sidewalks are
generous in width and there are extensive parking lots behind the shops on the east side of the
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Figure 5.1. Context map. The study site is shown by an orange border.
Source: Base map, Google earth

street, all of which contribute to low rates of stormwater infiltration and high levels of urban heat
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island effect. To the north are shopping centres and industrial lands. Residential streets,
consisting primarily of single family dwellings, border the street to the east and west. The entire
area is relatively flat, with little change in grade from Ottawa Street N to Lake Ontario and the
native soil texture is sandy. The two sides of the street are in different wards, Ward 3 being to
the west and Ward 4 to the east. Long time councillors for both Wards 3 (Matthew Green) and 4
(Sam Merullo) are proponents of LID, realizing that the existing infrastructure is no longer
adequate for stormwater management.
5.1.2 Commercial Activity
The three block stretch of Ottawa Street pertinent to the study is lined on both sides with
commercial properties; an eclectic mix of fabric stores, antique shops, tattoo parlours, fitness
studios, coffee shops and restaurants. The street is used by residents and visitors alike. In a
2010 study for the Ottawa Street BIA, a review of license plates in the business district
confirmed that visitors come from all through southern Ontario (Ottawa Street BIA, 2010, p.7) . It
is widely advertised as a destination street, and in 2011 Ottawa Street N. placed second in a
‘Great Places’ competition sponsored by the Canadian Institute of Planners (Arnold, 2011). One
of the criteria for the competition was the presence of architecturally interesting buildings, and
this factor may have been a key element in the success of Ottawa Street N. Many of the
buildings have unique facades.
5.1.3 Residents
While the commercial life of the street is thriving, the residents of the surrounding
neighbourhood are among the poorest in Hamilton. An extensive research project conducted in
2010 by the Hamilton Spectator documented health and economic outcomes for the population
of the city. In the area of Ottawa Street N. the residents were in the top 20% of the population
for:

-

Respiratory ER Visits
Low Birth Weight Babies as a Percentage of Total Births
Percentage of Children Under Age 18 Living Below Poverty Line
Percentage of People 15 Years and Older Living Below Poverty Line
Total Emergency Room Visit Rate per 1,000 People
High School Dropout Rate Public and Catholic Boards Combined per 1,000 Students

In the Overall Rankings Based on Cumulative Scores for 24 Health, Social and Economic
Variables, this neighbourhood was in the lowest 20% of the population (Hamilton Spectator,
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2010). A 2015 study of Hamilton neighbourhoods (Harris et al. 2015) confirmed these earlier
findings, citing citing higher levels of air pollution lack of fresh, available food and lower levels of
income as contributing factors on the health of the residents.
5.1.4 Green space and tree canopy

Figure 5.2. Open green space in Hamilton. The study site is shown by an orange border.
Source: Base map, Ontario Base Map. Data, City of Hamilton

Lack of green space is a serious concern in the neighbourhood of Ottawa Street N.
Figure 5.2 is a map of the city parks, created from GIS data available from the City of Hamilton
website (Hamilton Open, n.d.). The study area is outlined in orange. It is evident from the data
as well as aerial views of Hamilton that north-central Hamilton is lacking green space. A
mapping of the urban forest by city staff in 2014 showed an almost identical distribution of trees.
Outside of the city parks and conservation area there are very few locations with a patch of
trees over .2 hectares in size. The entire urban watershed is in need of tree canopy to clean the
air and LID to manage stormwater.
Trees on site vary as to size and health. Figure 5.3 illustrates the stress trees experience in this
urban setting, with root zone constricted and canopy severely pruned. A number of trees were
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Figure 5.3 Restricted tree growth on Ottawa Street N
Source: Adele Pierre

replaced on the street in anticipation of the 2015 Pan Am games. Only eleven mature trees
remain between Edinburgh and Barton.
5.1.5 Pollutants from road runoff
In 2009, Irvine et al. conducted a study to determine metal levels on city streets. One of
the stated purposes of the study was to determine ways and means of reducing the amount of
heavy metals being washed into Hamilton Harbour from street runoff. Samples were collected
from fifty locations in the Kenilworth sewershed (Figure 6.4), and surrounding area; one location
being the corner of Ottawa Street North and Cannon Street, one block due south of the current
study area. The asterisk on Figure 6.4 shows the location of Ottawa Street North in relation to
the Kenilworth catchment. The entire sewer shed is serviced by a single combined sewer and
the total combined sewer overflow in 2009 was 311,000 m3 . At the time, metal levels collected
at the Ottawa Street site were:
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Iron: 4.44 -4.64 µg/g
Copper: 1.93-2.15 µg/g
Manganese: 3.35-3.57 µg/g
Cadmium: 0.10-0.29 µg/g
Zinc: 2.61-2.69 µg/g
Lead: 1.98-2.23 µg/g

Figure 5.4. The Kenilworth sewer shed. The asterisk marks the corner of Ottawa and
Cannon Streets.
Source: Base map, Google earth. Adapted from (Irvine et al, 2009)

Concerns were expressed in the study as to the effect of street sediment on the respiratory
health of residents in the catchment area.
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Figure 5.5. Current stormwater infrastructure on Ottawa Street N.
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5.1.6 Current Infrastructure
As is the case with most of downtown Hamilton, Ottawa Street N. and surrounding area
are serviced entirely by combined sewers. City stormwater engineers estimate the age of the
sewers to be 50-100 years. Costs of replacing the sewers is high, and members of city staff are
looking for ways and means of financing green infrastructure as an alternative. Figure 5.5 is a
plan of the current stormwater infrastructure, showing the direction of water flow. Most of the
buildings lining the street have storm drains directly connected to the sewer pipes, thus not
contributing to street runoff. Two large parking lots were included as part of the study area. They
are each serviced by a catch basin, Ponding and flooding are frequent even with small amounts
of precipitation as shown in Figure 5.6

Figure 5.6. Ponding during rain event
Source: Adele Pierre
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5.2 Preparing the design through procedural and parametric modelling
The stated goal of this study is to communicate the potential benefits of bioswales in
stormwater management through the geodesign process, using online digital technologies. One
of the tools being used for geodesign is CityEngine, a 3D modelling software application that is
based on geospatial data. The power of the software is the ability to quickly make modifications
to a design and realize the impacts of those changes both in three dimensional space and
reports from integrated data. The modelling is done through procedural rules, a set of
predefined characteristics used to generate 3D models through a set of defined parameters.
Data can be imported with a number of different file formats, the primary file being used for this
study being shape (shp) files. Shp files are vector based and contain geospatial information.
For this study, data was imported in the form of shp files from the Hamilton Open Data
Portal. Building height was not included as an attribute, so this was added manually for each
building. As the model is meant to be viewed by the general public, images of each building
were downloaded as screen shots from Google Earth, imported as a facade file to CityEngine
and applied to each building facade. Though this method did not allow for modelling of
interesting roof lines, the images help orient the viewer in the streetscape. The software does
not yet have capabilities for green infrastructure, but planting beds placed in the sidewalks and
parking lots gave the necessary reports for the relationship of pervious to impervious surface.
The Complete Streets procedural rule and Advanced Parking procedural rule were used
extensively for modelling. Slight modifications were made to the rules to provide flexibility in
setbacks and other minor details, but the rules are very complex and changing the source code
resulted in many failures. In conversation with David Wasserman, author of the Complete
Streets rule, he commented that he has had numerous requests for modelling bioswales and
will edit the rule in the near future to allow for this possibility.
To create a visual facsimile of the aboveground profile of the bioswales and tree pits, a
model was created in Trimble SketchUp, exported as a Data Asset Exchange (dae) file, then
imported into CityEngine as an asset. The same was done for street benches. Creating curb
bump outs on the surface of the road proved to be too great of a challenge so they do not
appear in the CityEngine model. Trees in the planting beds are part of the procedural rule, but
perennial vegetation is not. Importing it is possible but the resulting file size would create a very
large file. For these reasons a second model of the streetscape was created in SketchUp,
allowing for greater site detail.
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5.2.1 Procedural modelling of streetscape bioswales
The Ottawa North streetscape was modelled with the CityEngine Complete Streets rule
to compare appropriate size and spacing for bioswales along the east and west sidewalks.

Figure 5.7. Original streetscape

Figure 5.8. Parametric changes to street

Figures 7 and 8 demonstrate changes that are made instantly with the implementation of
parametric rules, providing strong visual cues along with integrated data reports. In the final
design different sized infiltration applications were used for the two sides as the east sidewalk is
almost one metre wider than that on the west. The difference in size and setback allow for the
same amount of pedestrian thoroughfare on both sidewalks. Both applications are spaced
12500mm on centre. The resulting design consists of:
• West sidewalk - 20 tree infiltration pits measuring 1500mm x 1500mm (including 150mm curb)
- set back 450mm from the street.
• East sidewalk: - 13 bioswales measuring1500mm x 7000mm (including 150mm concrete curb)
- set back 900mm from the street.
• Street:

- 2 curb bump outs (not modelled in CityEngine but included in calculations)

Calculating the pervious/impervious areas using current tree planting practices, the total
area comprised by street and sidewalks over three blocks (Edinburgh to Barton) is 5680m2 with
13.08m2 of previous surface. The final design incorporates 20 tree infiltration pits (28.8m2), 13
bioswales (104.52m2) and 2 curb bump outs (58m2) increasing the total pervious area to
191.32m2.
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5.2.1.1 Calculating water quantity
It is possible to calculate a very rough estimate of the amount of stormwater runoff
generated in a 25mm storm event through the following means:
area (5680 m2) x runoff co-efficient (.75) x rainfall intensity (.025 m) = 106 m3
The amount of runoff generated from a 25mm storm event is 106 cubic metres of
stormwater.
To compare this site with similar installations:
• In 2011, New York City monitored 10 bioswales over 185 storm events. In events up to 25mm
the bioswales were able to manage a median of 85% of the stormwater. (McLaughlin, 2012)
• In 2008, the City of Portland measured the quantity of stormwater managed by the 12th
Avenue bioswales installed five years previously. The bioswales were functioning well,
managing up to 75% of the stormwater generated by a 25mm storm event. (University of
Washington, 2008)
Given these precedents, it is reasonable to predict that in a storm event of up to 25mm, the
bioswales and tree pits on Ottawa Street N. could divert 75% -85% of runoff from the combined
sewers. Total water diverted from the three city blocks could amount to 90m3.
5.2.1.2 Calculating water quality
With reference to studies on removal of heavy metals both by soils and plants (Hseih and Davis,
2005), (Guo et al., 2015) (Payne, 2015) (Read et al., 2008) bioswales used in the streetscape of
Ottawa Street North could have a significant effect reducing the amount of road pollutants
entering the combined sewer system.
A number of case studies in Canada give good indications of potential pollutant removal.
Monitoring of bioswales across Canada in 2013 was conducted by Aquafor Beech. The results
were presented at the TRIECA conference in 2014 and published by the Canadian Mortgage
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and Housing Corporation (Denich, 2014). Two case studies are particularly relevant in
comparison with the site on Ottawa Street North.

• Trent Street Victoria BC
Soil: Sandy loam
Average infiltration rate: 91.5 mm/hour
Removal of metals:
Copper 49.7%
Cadmium 50%
Zinc 49.3%
Lead 64%
Removal of TSS: 88.4%
Figure 5.9. Trent Street curb bump out
Source: Denich, 2014

• Trumpeter, Edmonton AB
Soil: Clay
Average infiltration rate: 21.7 mm/hour
Removal of metals:
Copper 29%
Cadmium 24%
Zinc 32%
Lead 48%
Removal of TSS: 34%

Given that the native soil underlying Ottawa Street N. is sandy, with a higher infiltration rate than
both of the examples cited above, it is reasonable to predict that bioswales at this site would
filter and remediate a significant number of pollutants, preventing them from entering Lake
Ontario.
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5.2.2 Procedural modelling of parking lots

Two surface parking lots were modelled to
Argyle Avenue

show the potential for stormwater management
through a combination of bioswales and
permeable paving. Figure 5.10 shows the two
parking lots located between Argyle Street and
Edinburgh Avenue as they currently exist. The
existing lots are each serviced by catch basins

Ottawa Street N.

and the entire parking area is covered with
asphalt.
Figure 5.11 shows the same two parking lots
with an example of the report generated by
parametric design.
The combined area both parking lots is
approximately 4950 m2 . As a point of interest,
the area estimated in CityEngine is 4946 m2.
The same area measured in Google earth was
estimated at 4978 m2. Neither will be absolutely
precise unless measured on site, but for
Campbell Street

purposes of calculation a figure of 4960m2 will
be used.
Using permeable paving in the parking
spots, and creating a 2 m wide planting strip
down the centre of the double row of parking,
the amount of impermeable surface is reduced
to approximately 2300 m2. Figure 5.12 is a
CityEngine illustration of the bioswale and
permeable paving.

Edinburgh Avenue
Figure 5.10. Parking lots, existing
Source: Google earth
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Ottawa Street N

Argyle Avenue

INCREASING PERMEABILITY
OF PARKING LOTS
The Advanced Street cga rule
is used to create permeable
parking spaces and a central
planting bed, or bioswale.
Total area of the parking lots is
‘Area Parking’ combined with
‘Area Streets’.

Campbell Street

The amount of stormwater runoff
generated is easily calculated
based on areas of impermeability,
storm size and runoff coefficient.
By changing the parameters of the
permeable areas, size of aisles,
street ends and planting beds,
different scenarios are quickly
generated to determine the
amount of stormwater managed
through point source
infiltration.

Edinburgh Avenue
Figure 5.11. Parametric modelling of parking lots
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Figure 5.12. Permeable paving and planting bioswales generated in CityEngine

5.2.2.1 Calculating water quantity
An estimate of the amount of stormwater runoff generated in a 25mm storm event
through the following means:
area (4960 m2) x runoff co-efficient (.85) x rainfall intensity (.025 m) = 105 m3
The amount of runoff generated is 105.3 cubic metres of stormwater.
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To compare this site with a similar location, the parking lot of the Imax Corporation, Mississauga
ON measures 7570m2 and permeable pavers are installed on one third of the paved surface.
For rain events up to 25mm the following measurements were documented:
64-90% reduction in volume of water runoff
97-99% removal of TSS
57-90% removal of TP.
(CVC Imax 2016)
Given the above figures, it is reasonable to predict that the redesigned parking lots between
Argyle and Edinburgh Streets, with a combined area of 4960m2, could achieve 80-95%
reduction in volume of water runoff with equal or greater removal of TSS and TP. Total water
diverted from the two parking lots could amount to 100m3.
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5.3 Master Plan and Analytical Drawings
The Master Plan (Figure 5.13) shows bioswales, tree infiltration pits, curb bump outs and
permeable paving over the three block section of Ottawa Street N.
• Curb bump outs are 11m in length and 3m at the widest point, approximately the space of two
parking spots.
• Street benches are designed to encourage relaxation and conversation, being placed between
the bioswales. One of the most repeated requests by the shoppers on the street was for
seating under trees.
• Not included in the master plan but shown in perspective drawings is a brick sidewalk.
Increased stormwater infiltration could be achieved on this site through the use of permeable
pavers.
• A small park was added to the north east corner of Ottawa Street and Argyle Avenue. There is
no permanent structure on the site and it is currently being used as a used car sales lot. The
recommendation would to keep paving in the park to a minimum, allowing space for children
to play on turf and under trees. Because of its location near the bottom of the street, there
would be potential to use at least part of the park as a rain garden, collecting overflow from
the system of bioswales.
• Parking lots use angled- back-in parking, creating a safer environment for pedestrians
returning to their cars.
• Increased permeability could be attained by increasing the amount of pervious paving in the
parking lots, and creating bioswales in the end islands.
• Crosswalks are moved away from street corners to allow for curb bump outs. Benches at
street corners are oriented towards the street.
• Rows of street trees have been added to both sides of Campbell Street. These small strips of
land are currently used as occasional parking lots.
• It is strongly recommended that street utilities be buried. As well as aesthetic considerations,
the lack of overhead wiring would allow for healthy growth of the tree canopy.
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Figure 5.14. Layers of infiltration

Through an exploded axonometric, Figure 5.14 represents of the layers of infiltration used on
the site. Trees are shown on a separate layer as they have a unique function in providing
water management through evapotranspiration. A priority for this site design would be careful
installation and maintenance of trees.
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Figure 5.15 demonstrates the path of stormwater flowing down Ottawa Street N. On the
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LE BA
CK-IN

west side of the street, water enters tree pits and is absorbed into the ground. On the east

side of the street water enters a bioswale, and travels through with excess runoff returning

to the street. In both instances the water is filtered, cleaned and cooled as it enters the soil.
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Figure 5.16. View of a bioswale from the street.

The bioswale is set back from the road edge by a margin of 0.9 m. Stormwater water is
channeled from the road edge into a curb cut, under the setback and into the bioswale. If water
is not absorbed immediately by soil and vegetation, it will travel through the plant bed, out of the
opposite curb cut, and back into the road to be caught up by the next bioswale. A safety
overflow control is present in each bed.
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Figure 5. 17. Cross section of a bioswale.

The depth of the engineered soil should be at least 1m to allow for healthy plant growth (CVC
and TRCA, 2010 p. 77). The composition of the growing medium includes both clay and
compost to compensate for the higher drainage/ low fertility of the native sandy soil (Soil
Science n.d.), (Hseih and Davis, 2005). A layer of shredded hardwood mulch prevents oil and
grease from entering the planting medium (Hseih and Davis, 2005). There are three flooding
controls on the bioswale, an overflow control on top of the plant bed, curb cuts that allow
water to escape back to the street, and a perforated pipe draining excess water to the storm
sewers. (CVC and TRCA, 2010 p. 77). The pipe is raised up from the base of the bioswale to
aid in denitrification (Zinger et al., 2013)
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Figure 5.18. Parking lot.

A bioswale in the centre of the parking lot is planted with trees and perennials (Figure 5.18.)
Permeable paving aids in stormwater infiltration. These two stormwater features combined
can divert up to 95% of runoff from the combined sewers in a rain event of 25mm.

Figure 5.19. Curb bump outs.

Plantings in the curb bump outs (Figure 5.19.) consist of carex, panicum virgatum,
aster novae-angliae and nepeta. The curb bump outs serve as traffic calming devices
as well as managing stormwater.
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Figure 5. 20. Site furnishings.

Street lights and benches are simple in style, reflective of the character of Ottawa Street N.
Perennial plantings include salvia, rudbeckia and panicum.

Figure 5. 21. Overview of the east side of Ottawa Street N.

Bioswales and curb bump outs manage water in the streetscape while bioswales and
permeable paving provide infiltration in the parking lot behind the buildings (Figure 5.21.).
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Chapter 6: Communicating Design
From the many tools available for online communication, CityEngine and Story Maps
were selected for this project. They have both been developed with the intention of being used
for the geodesign process, having the capability to display geospatial information. CityEngine
uses geospatial data to create 3D models while Story Maps are capable of displaying a rich
variety of information through GIS based interactive maps.
6.1 CityEngine
CityEngine was chosen as a tool for this project because it is designed to communicate
on many levels. Throughout the analytical phase of design, information is communicated directly
to the designer as changes are made; data and visuals are integrated so that a change in one is
automatically reflected in the other. For this project the key issue was the ratio of impermeable
to permeable surface. Changing the size and spacing of bioswales altered the plan, providing

Figure 6.1. CityEngine web scene layers. The CityEngine model is viewed as a web scene.
Viewers can choose which layers to display.
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different technical outcomes. Once the model was ready for sharing it was uploaded to the
internet through a public ArcGIS account as a web scene. It is shareable privately with selected
stakeholders or publicly for anyone to view.
The 3D model can be viewed as a full screen image, but the power of CityEngine as a
public communication tool is in the side panel. The first icon controls layers; viewer can choose
which to turn on or off (Figure 6.1). The second icon is a search tool which can be used for
location, attributes, address, objects and anything else that has been embedded in the model
(Figure 6.2). The bottom of the screen has pop up windows. These are key views chosen by the

search

Figure 6.2. CityEngine web scene search.

tumble, rotate and zoom

perspectives

!71

designer. From these viewpoints the viewer can use the tools at the bottom left of the screen to
rotate, tumble and scroll in and out of the scene.
All of the reporting available to the designer during the procedural and parametric
modelling is now available to the online viewer. For example, the parking lot has been selected
and technical performance data generated showing amounts of permeable and impermeable
surface, number of parking spaces and other useful data (Figure 6.3). A close up of this report
can be seen in Figure 5.11 in the previous chapter. With cities demanding evidence based
decisions, such a report can convey a powerful message and aid in the decision making
process.

Figure 6.3. CityEngine information
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A unique feature of CityEngine is the ability for viewers to comment on the design
(Figure 6.4). An opportunity is afforded to explore a design from many perspectives, and
associating those views with affiliated technical performance data enables the community to
provide useful comments on the design.

Figure 6.4. CityEngine comments

6.2 Story Maps
Story maps are placeholders for information; web scenes, videos and links to other
online materials can all be embedded in a story map. They can be changed and updated at any
time and can be viewed on any internet enabled device. With such a resource, creative city staff
working collaboratively across departments could provide wonderful opportunities for citizen
engagement. This chapter illustrates four images that have been prepared as part of a story
map for the Ottawa Street North project. The complete map provides background information,
site context, interactive maps views of the proposed design and the CityEngine model.
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Figure 6.5. Story map title page

Figure 6.6. Site context
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Figure 6.7. Problem statement

Figure 6.8. Interactive map
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Chapter 7 Observations and Conclusions
The goal of this research is to describe the value of using digital media as a means of
engaging the community in the topic of green infrastructure. Geodesign tools were used to
inform design scenarios and illustrate performance data for green infrastructure on a postindustrial street in Hamilton ON. A broad literature review was conducted covering both digital
communication and GI, input was received from Key Informant Interviews, geospatial data was
collected and analyzed, and a number of scenarios created through parametric modelling
informing a final design. The resulting model and interactive maps demonstrating design
scenarios and associated performance data were then posted online in the form of a story map.
7.1 Achievement of objectives
7.1.1 Communication through geodesign
Elements of the geodesign process were incorporated into this project; collaboration with
other professionals (limited in scope for this project), use of geospatial data and the creation of
design scenarios through parametric modelling. Digital tools are being used to communicate the
finished design to the public, being presented as ‘Hamilton’s Greenest Street’; an opportunity to
showcase green infrastructure in the city. While having the capacity to reach large numbers of
people, an online presentation alone is not sufficient to create cultural and environmental
change in the city. From the literature review it was noted that municipalities with a strong
commitment to green infrastructure use a wide range of communication tools. The City of
Hamilton uses public meetings as a principal means of public engagement. While that may
attract a good cross section of the population for high profile projects such as LRT, green
infrastructure is currently not being discussed, as evidenced by the outcome of the October 27
meeting involving the first GI right-of-way project for Hamilton (Section 4.3).
7.1.2 Creating a design through procedural modelling
The geodesign tool used to aid in the site design was CityEngine, a powerful tool for
analysis, design and communication. The site was created in the application through GIS data,
changes were made to the design with the results instantly reflected in the visual model, and
the model shared online. The next update to the software will include a mobile Virtual Reality
app, further increasing communication capabilities.
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7.1.3 Stormwater management
Comparing the site with traditional stormwater catchment devices typically in use in
Hamilton, the design has the capacity in storm events < 25mm to potentially divert 85% - 95% of
stormwater runoff away from the combined sewers on Ottawa Street North. This is
accomplished through the use of bioswales, tree pits, curb bump outs and permeable
pavement. Based on data collected from sites with similar LID installations, the bioswales will
have the capacity to remove a significant number of pollutants from stormwater runoff including
heavy metals, Total Suspended Solids, Nitrogen and Phosphorus.
7.1.5 Other benefits
7.1.5.1 Traffic calming
The City of Hamilton has used non-vegetated curb bump outs as an effective means of
traffic calming on city streets for the past two years. For the study site, two curb bump outs are
recommended, one the southeast corner of Ottawa and Argyle; the other on the southeast
corner of Ottawa and Campbell.
7.1.5.2 Nature affecting health in the urban environment
Almost one hundred new trees were added to the site. An increase in healthy tree
canopy should help reduce air pollution as well as reducing the urban heat island effect through
shading. A new park adds open green space to the neighbourhood.

7.2 Challenges and limitations
7.2.1 Stakeholder input
A limitation to the geodesign process was the lack of direct input from members of the
general public regarding their understanding of green infrastructure. While the topic was
discussed on PARKing Day with many residents, the time frame was outside this course of
research.
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7.2.2 Key Informants
While interviews were conducted with Key Informants at City of Hamilton regarding
stormwater management, no interview was conducted with a representative of the
Communications Department. This addition may have given insight as to why GI is not
prominent on the City website and in other forms of municipal communication.
7.2.3 Stormwater metrics
Stormwater quantity and quality metrics for Ottawa Street North were based in part on
monitored installations of a similar size. The challenge in comparing sites was the wide diversity
in construction and size of bioswales, drainage of native soils and lack of data regarding
catchment areas.
7.2.4 Story Map
The Story Map was not tested with the general public. As the City of Hamilton is
currently undertaking a master plan for Ottawa Street, the Story Map will be shared with City
staff as an example of how that plan might be communicated to the public.
7.2.5 Designing in CityEngine
There has been increase in quantity and accessibility of GIS data in the past few years,
with the open data portal of many cities providing extensive information in the form of shp. files.
While the information is generally accurate, there were a number of instances in the current
study where data needed to be verified on site. Building height was not available for the Ottawa
Street N. buildings, so each building was given the height attribute manually.
The researcher used readily available procedural rules, modifying the code slightly to
accommodate issues such as bioswale setback from curb. The Complete Streets rule is very
complex, and attempts to make significant alterations resulted in rule malfunction. While there
are integrated reports in CityEngine for pervious/impervious surface, it would be beneficial to
have some estimation of quantities of stormwater managed through infiltration.
Modelling in CityEngine is fast only after going through a significant learning process.
The modelling for this project was deliberately kept simple in an effort to find a good workflow
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for landscape architects who are not GIS professionals or highly skilled in writing code. There
are ever increasing demands for design professionals to use technology, and it may be helpful
for landscape architects to know which aspects of CityEngine can be quickly learned and
integrated into their work flow. Landscape architects are trained to work collaboratively and are
uniquely positioned to use the process of geodesign into the public realm. Using cross
disciplinary design teams, input from stakeholders through online tools, use of GIS data, and
integration of the data into shareable digital models, landscape architects could significantly
increase civic involvement and engagement in public decisions.
7.3 Future directions
The City of Hamilton is undertaking a new Flooding and Drainage study that will review
stormwater management for all of the city below the Niagara escarpment. This is a unique
opportunity for ‘The Ambitious City’ to rise to new challenges in civic planning and engagement.
The citizens of Hamilton are proud of new waterside redevelopment taking place on former
industrial lands, and are beginning to see great potential in their city. It is only a matter of time
before green infrastructure becomes part of the civic conversation, and Ottawa Street N. affords
the opportunity to bring that conversation forward. A model street in the north end of the city
would provide a showcase for green infrastructure while providing a healthier environment for
the city’s least advantaged citizens. To engage citizens in re-imagining their city, to collaborate
with other disciplines in intelligent design and to use every tool available to work through
complex challenges is at the core of geodesign.
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