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1.0 ABSTRACT 

 

The focus of this paper is to explain how urban stormwater is managed and treated in our cities, specifically in the 

province of Ontario.  The natural water cycle usually disrupted with urbanization, and runoff which is created by 

rainfall is a liability to property.  However, there are certain parts of this county which take this “liability” and 

transform it into asset.  A way to find natural balance does exist, and people and stormwater can coexist in harmony.  

Instead, we use engineering to covey the water away from us as fast as possible ignoring our dependence on it and its 

implications on neighborhood culture, recreation and health.  

 At the end of the day, it all comes to the question what will cost more money to municipal or provincial 

government.  Should Canadian municipalities continue with the traditional approach of stormwater management, and 

how much will this approach cost in another decade with this rate of urban expansion?  Or should we with clear 

policies in place, even minimal in some cases, make a positive push for a change.  Change usually happens when it 

becomes too expensive to manage the resulting runoff from precipitation which is free and is changing with our 

changing climate.   

Stormwater can be looked at from many angles,  and efficient management can also be viewed as either an efficiently 

designed pipe or concrete channel which conveys stormwater from inlet outlet in the fastest way possible,  or a green 

space, trees and rain gardens which control the level of water in atmosphere as well as mimic pre-developed site state.          

“Water is woven throughout many important issues to communities and thus requires an integrated, holistic approach 

to decisions about its management.” - Our bodies are 60% water, our planet is 71% water covered.  Therefore water is 

life, and we need to start treating it in such a way. (Canadian Municipal Water Consortium, 2014).     

There is a need to finally understand that stormwater matters, and it should be valued as a resource.  Canadian position 

is very unique in the world, with a significant portion of world’s fresh water supply at or fingertips.   With the right 

policies and forward thinking it is time for Canada to become the world global leader in stormwater management, 

where provinces and municipalities can work together to build vibrant and resilient communities and cities.  

Managed stormwater matters, and this paper describes why. 

 

 

 

 

 



INTRODUCTION – THE BALANCE OF WATER, CHANGES IN HYDROLOGY WITH 

DEVELOPEMNT 
 
This is the century of Energy, Mobility and Electronic innovation, however some things, specifically stormwater is 

still handled as it was 100 years ago.  Actually this statement may not be entirely true, since 100 years ago we may 

have used rain water as a drinking source, or for other non-potable uses, however today with the urbanization and 

higher pollution that is not the case anymore. 

 As a little girl I would go to my grandmother’s house, a farm, and I would drink water from a well.  My 

grandmother would throw a bucket and collect the water which we would use to drink, cook wash dishes or warm up 

on the stove and bathe. The water was so cold, and I remember it as having the best taste and incomparable to 

anything I tried before.  The municipal water we have in the city where I lived could not compare to the taste which 

came from that well.        

 The water cycle or the hydrologic cycle describes the movement of the water on our planet.  Water cycle has 

been here for billions of years and all life on earth depends on it.  So how did water come to be on this planet?  

“Primordial Earth was an incandescent globe made of magma, but all magmas contain water. Water set free by 

magma began to cool down the Earth's atmosphere, and eventually the environment became cool enough so water 

could stay on the surface as a liquid. Volcanic activity kept and still keeps introducing water into the atmosphere, thus 

increasing the surface-water and groundwater volume of the Earth.” (Summary of the water cycle, May 2016) 

 Figure 1 Relationship between impervious cover and surface runoff shows the difference between an 

undeveloped site and a developed site and how they are rainfall becomes a liability as urban stormwater when it used 

to be an asset to plants and animals.    

Figure 1 – Relationship between Impervious Cover and Surface Runoff 

(U.S. Environmental Protection Agency, Protecting Water Quality From Urban Runoff) 

  



However what many people do see is the rainfall as runoff on the streets and is conveyed from catch basins to 

stormsewers and/or to the nearest surface waterbody.  This is an overly simplified idea defined by urbanization.  

Urbanization has large impacts on natural hydrologic processes and it affects flow pathways, water storage, pollutant 

loads as well as rates of evaporation, infiltration and surface runoff (Stormwater, 1999). 

 In order to understand stormwater better we need to understand how urbanization created more challenges 

with stormwater management.  Usually the more developed and more funded water sectors, such as drinking water and 

wastewater, have a specific end of pipe or intake pollution control which can be controlled by treatment.  With 

stormwater however, it starts as a non-point source which is usually runoff from our streets, then it behaves as hybrid 

staying as a non-point source and overland runoff to watercourses or flows to stormsewers and becomes a point source 

of pollution which is conveyed to storm outlets without treatment.  In some cases where it enters combined sewers it is 

treated as wastewater before being released to the environment.  

 Stormwater and increased precipitation intensity is a byproduct of something much bigger happening and is 

affecting temperatures as well, and is called climate change. Past designs for urban stormwater, only involved grey 

infrastructure and existent watercourses to service urban centers.  The extent of the urbanization and population 

numbers in the city meant that having very large infrastructure underground, which can handle both stormwater and 

wastewater coming from homes could be treated by wastewater treatment plants.  Just as an example, Figure 2 shows 

large trunk sewers located in the City of Hamilton and the City of Toronto.  

Figure 2 – Toronto Trunk Sewers 

 

1.Diversion chamber for high part Trunk sewer (Toronto)                2. Beginning of Garrison Creek Sewer (Toronto) 
 (Cook,2003-2013, The Vanishing point) 

  

 

Sewers shown in figure 2 are just a part of the large network of combined sewers in Toronto.  They are usually the 



final outlet for many smaller neighborhood sewers with their final destination being in the wastewater treatment plant.  

However during a large storm, where maximum runoff enters sewers at the same time, these large systems then 

convey the flow to underground tanks, which may look something like those in Figure 3.  Wastewater/stormwater is 

stored here until the wastewater treatment plant can accept the extra flows and treat them.  These tanks are very 

important part of the whole system since they protect the plant and its processes during larger intense storms.  When 

tanks shows in figure 3 others similar to these tanks are full, the flow is then directed to CSO pipes which directly 

outlet the all the combined runoff to and the Lake without any treatment. 

Figure 3 – Underground Storage Tanks 

 

 3. Keelesdale Storage Tank /Hyde Avenue   4.  Keelesdale Storage Tank /Hillary Avenue 
 (Cook, 2003 – 2013,The Vanishing point) 

 

On the other hand if you are living in the city of Hamilton you may be in the neighborhood of the systems in figure 4.  

Figure 4 – City of Hamilton Storm Sewers 

 

 1. The mountain Juggernaut Stormsewer (Hamilton) 2. Wellington Street Sewer (Hamilton) 
 (Cook, 2003 – 2013,The Vanishing point) 

 These collection systems we had enough capacity to handle the extremely large flows.  However, with 



increased urban growth, sewers which used to be able to handle large rainstorms, and combine the flow of wastewater 

and stormwater, take it for treatment; now do not have the capacity. There are more and more instances when the 

wastewater treatment plant cannot handle the flows, and the combined flow of stormwater and wastewater from 

sewers is discharged intro the same water body which also provides our drinking water, Lake Ontario, and by that 

compromising the fresh water quality.  On the other hand, that is why in the recent years municipalities have started to 

separate their sewer networks into dual drainage, wastewater and stormwater.  With use of grey separate systems the 

first flush of rain with the highest concentration of pollutants, usually from our street and parking lots, is conveyed by 

stormsewers directly into the Lake Ontario (City Of Toronto, About Sewers In your Street).   The cost of all the 

maintenance, increased with increased infrastructure placed under ground is funded by development charges, obtained 

from urban sprawl and intensification.   

Before we consider improvements to current infrastructure and other drivers for better stormwater management we 

need to see some numbers:  

The Toronto Water assets are valued at $8.7 billion and includes: a 5015 km distribution of water mains and 510 km 

of trunk water mains, 52,900 valves and 40,460 hydrants, 470,202 water service connection, with 540 million 

litres/year. The Wastewater assets are valued at $17.9 billion and include: 4 wastewater treatment plants, 4,397 km of 

sanitary, 1,301 km of combined and 358km of trunk sewer, 4,305 km of storm sewers and 546 km of roadside ditches, 

463,300 sewer service connection with 438 billion litres of wastewater treated annually (City of Toronto, 2004).  

 

TRADITIONAL APPROACH TO STORMWATER MANAGEMENT – CONVEYANCE AND STORAGE 

Traditional approach to stormwater management consists of engineering systems which convey, collect and then 

finally remove water from homeowner’s property as soon as possible.  Infrastructure set in place by municipalities are 

constructed and maintained from taxpayer’s dollars.  The problem arises and water becomes a liability when the 

events are more extreme than the infrastructure set in place.  Due to the cost, infrastructure is usually designed for the 

most frequent storms, which is usually called 5 year storm or 10 year storm, after the capacity of sewers is reached, the 

streets are designed to convey up to 100 year storm quickly to much larger trunk sewers or nearest surface 

watercourses or creeks.  This is done due to public safety and to minimize urban flooding since, runoff created can 

cause damage to tax paying public and private properties.   

 A good example of engineering systems and recent past of stormwater management is shown in Figure 5 with 

of one of the most urbanized creek in the Greater Toronto Area (GTA) Black Creek.  This is part of what is a larger 



Humber River watershed.    

Figure 5 – Black Creek Channel – City of Toronto 

 

  (Garret, 2015, Exploring Black Creek) 

 What stands out in this picture is the concrete channelization of the creek to encourage faster water 

conveyance and protect human life and property.  This type of engineering was done in 1954 following Hurricane 

Hazel which later became the Regional Storm for the GTA (Exploring Black Creek, 2015).  This was considered good 

engineering and stormwater management acceptable design; however this was also done following a major storm, 

when the real impact urbanization and the increase in impervious area has on stormwater.  On the other hand concrete 

streets, channels and sewers convey stormwater in a fast and efficient way since they are a part of a system which 

deals with water quantity aspect with impacts on a natural channel of the receiving watercourse.   Figure 6 shows the 

impact of development on Highland watershed itself by means of increased flow rates of the watercourse and stream 

bank erosion. 

Figure 6 – Highland Creek – City of Toronto 

(Highland Creek Park Trail, 2016) 

 Urbanization and increase in the impervious area, changes the natural drainage of rainfall, which then has to 



be conveyed by means of engineered stormwater management systems that try to manage and mitigate increased 

runoff and decreased infiltration.  In conjunction with sewer and gutter municipal design, we have creeks turning into 

conveyance channels for storms, but we also have stormwater management ponds, which have gained popularity over 

last few years and have become somewhat a new standard for stormwater management design. Design Criteria for 

ponds, is to control post to pre-development flows from site or increased pavement area of a highway, and 

consequently minimize runoff impact at outlet.  Ponds are designed to handle the runoff of a 100 year design storm 

total precipitation in place by municipality or the conservation authority (Ministry of the Environment, Stormwater 

Management Guidelines, 2003).  In the beginning ponds were just designed as dry cells which controlled only the 

quantity of 100 year storm.  Lately, there is an increase in wet pond designs which also treat water quality, provides 

erosion sediment control, as well as quantity.  In the recent years we have seen increase in the use of ponds; however 

no defined regulations for maintenance are in place.  Wet ponds have a permanent pool which acts as a storage for 

contaminants and require cleaning in order for them to perform properly (Ministry of the Environment, Stormwater 

Management Guidelines, 2003).  Recently municipalities have started working on their pond inventory in order to see 

which ones have to be serviced soon.  In table 1 we can observe the approximate number of ponds built and/or 

assumed by different municipalities within Ontario (Maintenance of Wet Stormwater Pond, 2013).     

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



Table 1 – Inventory of Stormwater Management Ponds in Ontario 

 

(Maintenance of Wet Stormwater Ponds, 2013)  

There have been many ponds constructed in Ontario in the last few years.  In Table 1 we see total number of 

ponds per municipality, assumed ponds and un-assumed ponds.  Assumed ponds are those which are owned, operated 

and maintained by municipality.  Un-assumed ponds are usually ponds associated with a site development and are still 

the ownership of the developer until the municipality takes over the ownership.  As shown in Table 1, numbers of both 

vary depending on the size and age of the municipality, but the City of Toronto, which has the highest number of 

population in Ontario, has the smallest number of ponds.  City of Toronto also has one of the largest networks of 

combined sewers and CSO.  Ponds usually need a large footprint of land to be constructed and cannot be placed in the 

downtown core, however smaller low impact development initiatives can.   

Additionally, placement of ponds can be an issue with receiving watercourses especially with coldwater fish habitat 

since the water in ponds can increase the temperature of effluent and therefore affecting the fish habitat (Ministry of 

the Environment, Stormwater Management Guidelines, 2003).  In order to prevent water effluent water from being 

warm, special design has to be applied which requires cooling pools which bring down the temperature.   



Unfortunately, except for wet ponds, over the years we have not seen major improvement in the stormwater 

management initiatives.  There has been more talk about the implementation of green infrastructure, low impact 

development, and rainwater harvesting, however that's what the extent usually is, without any solid policies in place. 

Some provinces and municipalities have tried to implements new rules and guidelines (CVC, TRCA, and City of 

Toronto) in support of climate change and to provide support for possible improvements in the current stormwater 

management design. Are those guidelines being adhered by?  In engineering design safety is one of the most important 

components, everything else comes second.  With new design the risk of flooding private properties has precedence 

over any stormwater management feature.  On provincial highways proper drainage for emergency vehicles and 

clearance for watercourse crossings is considered in order not to damage the road.   

Dealing with urban flooding is a reality for municipalities and explanations are needed when system deficiencies are 

publicized during inclement weather.  In just a few of short years climate change in Ontario and all over the world is 

now the new acceptable explanation.   

 

CLIMATE CHANGE AND ITS IMPLICATIONS  

“Climate change represents perhaps the largest component of uncertainty that municipalities face, as a result of 
variable hydroclimatic conditions.  Changes due to varying climate will create new challenges for all sectors, but 
particularly for the long-term sustainability of our water systems.”(Canadian Municipal Water Consortium, 2014) 
We cannot really predict how climate change will affect our urban centers with temperatures and rainfall/snowfall.  

From current trends in Ontario we have seen increase in urban temperatures and in increase in rainfall intensity.    

Natural Resources Canada has had some research done on the climate change on a national scale and overall findings 

provided determined that “changes in the frequency of extreme temperature and precipitation events have been 

observed in Canada from 1950 to 2003, including (Vincent and Mekis, 2006): 

 fewer extreme cold nights, 

 fewer extreme cold days, 

 fewer frost days, 

 more extreme warm nights, 

 more extreme warm days, 

 more days with precipitation, 

 decrease in mean amount of daily precipitation, 

 decrease in maximum number of consecutive dry days, 



 decrease in annual total snowfall (southern Canada), and 

 increase in annual total snowfall (northern and northeastern Canada). 

Current hydrologic analyses tools in place used for development usually do not consider do not take any of climate 

change factors listed above into consideration.  Engineering design follows guidelines for any design, and in most 

cases those guidelines may have been outdated especially when it in view of stormwater infrastructure design.  

In order to put into effect the climate change policy framework it is necessary to fit it in by updating already existing 

provincial policies.  Climate change is a global problem and many countries and in Canada, provinces and territories 

already have their own way of engaging in the conversation. Recently climate change has moved to the top of the 

dialogue and implementation. 

In Ontario, the Ministry of Environment and Climate change just came out with the five (5) year plan to help climate 

change over the long term.  A shift in the “green” direction is observed with some municipal and provincial 

investments, by investing in the infrastructure above ground which in turn offers a larger return in smaller amount of 

time.   

 “According to the U.S. State Department, expansion of the global green economy is forecast to be six times 

greater than the technology boom which saw the growth of the Internet, the first smart phones, and other 

breakthroughs that affect everyday life today.” (MOE, Ontario Five Year Climate Change Action Plan).  Again more 

emphasis is put on the energy and transportation portion of the economy.   

Recent weather extremes did call for review on current policies concerning stormwater which are almost nonexistent 

in Ontario.  The review was done specifically on the some key findings of the current policy review and regulations 

within its mandate of environmental protection, non-regulatory stormwater management options such as best 

management practices were also considered in this review.  (MOE, Policy Review of Municipal Stormwater 

Management)  

 Ontario Water Resource Act and the Environmental Protection Act  

 2003 Stormwater Management Planning and Design Manual (which needs updating) 

Some positive work has been done with documents such as (Ontario,April, 2016): 

 Lake Simcoe Protection Act, 2008 and associated regulations  

 City of Toronto's Wet Weather Flow Master Plan Environment Assessment  



 Development of the CVC and the TRCA Low Impact Development Stormwater Management Planning and 

Design Guide (2010) (where MOE Provided funding) 

Some of the comments made in the review reflected on need for better stormwater management in Ontario since it is 

related to the health and well-being of people in the urban centers.  Since majority of the people in Ontario do live the 

Great Lakes Basin, with most of the population living on the shoreline, the quality of stormwater in those places is 

found to be of poor quality and with rising temperatures in urban areas, they are also susceptible to the effect of 

climate change (MOE, Policy Review of Municipal Stormwater Management).  

.  The link of water to climate change is affecting the hydrologic cycle and affecting precipitation and 

evapotranspiration. Ministry of Environment and Climate Change after review with other provincial and federal 

government and municipalities is aware that the stormwater management policies, climate change science and 

modelling is currently not at the acceptable level of knowledge and application and “Overall we need better policy 

framework created on provincial level to enforce some of the guidelines in place now” (MOE, Policy Review of 

Municipal Stormwater Management).  

 Considering current trends in temperature and precipitation intensity in lieu of climate change, some still may 

argue it is not a certain science and the true effect of it on the hydrologic cycle in the future is still uncertain.  However 

a more proactive approach is considered by some municipalities and it is already reflective of their design standards.  

Below in table 2, City of Barrie has updated their IDF curves and with that the total precipitation of the events 

increased as well. We can see that the City of Barrie precipitation amount is bigger by about 15% in when compared 

to of Ministry of Transportation.    

Table 2 – Ministry of Transportation vs. City of Barrie – IDF Curves  

Table 2 – Comparison of Ministry of Transportation and City if Barrie Design Storm Precipitations 

 

References (MTO, http://www.mto.gov.on.ca/IDF_Curves/terms.shtml, Storm Drainage and Stormwater Management Policies and Design 

Guidelines, City of Barrie) 

 

Ministry of Transportation IDF City of Barrie IDF Curve

Precipitation (mm) Precipitation (mm)

Duration 6H 12H 24H Duration 6H 12H 24H

2yr 35.4 43.2 52.8 2yr 42.3 46.7 55

5yr 47.4 58.8 72 5yr 59.5 64.3 76

10yr 55.8 68.4 84 10yr 70.8 76 89.9

25yr 66 81.6 100.8 25yr 85.2 90.7 107.5

50yr 73.2 90 110.4 50yr 95.9 101.7 120.6

100 yr 81 99.6 122.4 100 yr 106.5 112.5 133.6

http://www.mto.gov.on.ca/IDF_Curves/terms.shtml


Since there is no field precipitation data available for all the sites IDF curves are used to estimate rainfall from 

a secondary location (Ministry of Transportation Drainage Management Manual, 2008). IDF curves are one of the 

most widely used forms of rainfall data by ministries and municipalities for design of their minor drainage and 

watershed modeling (Ministry of Transportation Drainage Management Manual, 2008). 

City of Barrie’s entire current municipal storm infrastructure has to be designed with new IDF curves adjusted to 

reflect Climate Change.  IDF Curve is a statistical relationship of rainfall intensity corresponding to a specific design 

storm duration and frequency for a given location (Ministry of Transportation Drainage Management Manual, 2008).   

Nonetheless existing infrastructure will be below the current standards of design and susceptible to urban flooding.  

What remains is the vulnerability of already existing neighborhoods of the city, where the aging infrastructure and the 

lack of major event design is the reason we have urban flooding.    

Stormwater in the Great Lakes and the St. Lawrence River is particularly vulnerable since there is a large 

population living here in urban and suburban centers and there is also a higher concentration of pollutants from 

various sources (MOE, Policy Review of Municipal Stormwater Management).  Climate change and stormwater are 

linked together especially with precipitation and evapotranspiration.  Ontario currently does not have regulation 

specifically to stormwater management and application of best management practices.  There are pond design 

guidelines which are provided in the MOE Stormwater Management Manual and there is also additional guidance for 

sewer design in the Design Guidance for Sewage Works 2008.  These documents offer design standards not policy 

framework.  Also note that all current stormwater documents do not contain a reference to Climate Change and its 

implications on the watersheds within the Great Lakes and St Lawrence River basins.  

Ontario is in need of more resilient communities, which can be more adaptable to energy evolution (from coal to 

hydro, wind or solar – have homes produce 50% of energy used every day), transportation (have better corridor and 

inter-municipal connections which is usually the more lacking one), better service, faster service convenient service, 

cheaper service) and then of course stormwater (usage of rainwater for grass, garden and simple LID which requires 

basic maintenance from the owner) (Water Environment Federation , Rainfall To Results, 2015) .   

 

 

 

 

 

 

 

 



STORMWATER – AN ASSET AND RESOURCE  

 

With clear policies in place we also have to consider unconventional partnerships between different people and 

different disciplines in order to properly manage all the interrelated issues in the watershed.  These partnerships in 

conjunction with policies can provide support for the development, implementation as well as maintenance of the 

practices in place.  There needs to be resiliency with current stormwater infrastructure and document from provincial 

government which can outline clear policy framework can encourage municipalities and other stakeholders to act on 

defining stormwater as an asset.   

 From legal standpoint, which will be discussed in more detail, municipalities have been timid to try and 

enforce lot level control and best management practices to private properties, and have been doing retrofits and pilot 

projects on some public lands.   However, look at the map of a city in the GTA, majority of the land is privately 

owned, and that public is needed to make a move to battle runoff and new intensified storms.  Municipalities came to a 

realization that that traditional stormwater management designs have to change.  Watershed studies, Stormwater 

Management Plans, Low Impact Development Guidelines, and Wet Weather Flow Management Guidelines are all 

examples of comprehensive stormwater management approach and are a step in the right direction.  Stormwater 

infrastructure has a lot more value and can offer more vibrant communities, better quality of life as well as climate 

change resiliency.  It is directly tied to our drinking water, as the receiving water for stormwater pipe outlets in 

Ontario usually is the same as our drinking water intake.   Better water quality control will also mean smaller prices 

for drinking water treatment, as well as improved water recreational activities, such as fishing, swimming and boating 

(Canadian Municipal Water Consortium, 2014). Water quality will directly impact property prices and value within 

the vicinity of creeks, and lakes as well as where best management practices are applied (Canadian Municipal Water 

Consortium, 2014).       

Treating stormwater as an asset also means that there has to be comprehensive asset management approach on a 

municipal level.   Unfortunately stormwater is directly tied to wastewater and water infrastructure therefore to better 

understand the whole system, a better asset management approaches are needed to be placed in a digital database 

where all municipal departments can access it. The information in the asset management database needs to encompass 

age, performance data, maintenance schedule, failure modes and any other critical data needed for a more widespread 

implementation (Water Environment Federation, Rainfall To Results, 2015).  These databases need to be made 

universal across the country so they can be shared and improved upon when needed.   

Water reuse, especially for non-potable use, is one of the simplest modifications residents can do to their home.  



However, education and stormwater urgency had not been set yet since we, the residents of GTA are as already 

remarked living in the Great Lakes Basin, which contains 95% of fresh water in North America and 18% of fresh 

surface water in the world (United States Geological Survey, 2005).  Therefore, high water efficiency or full potable 

water reuse drivers especially in the GTA are not a priority and lack drivers.    

All new investments into infrastructure follow a business model and the shortest possible return on investment.  

Energy and transportation, the two which are usually more funded than stormwater, being a better business model. On 

the other hand, stormwater is usually has high cost associated with investment and little return in four years or the 

length of an elective year (Water Environment Federation, Rainfall To Results, 2015).  

There is a new way of approach from some municipalities in Ontario. They are trying evaluating the current state of 

their infrastructure and by implementation of certain guidelines for development in watersheds which are under stress 

or are newly defined urban development areas.  For example City of Hamilton, City of Guelph, City of Kitchener, and 

City of Barrie have their Stormwater Management Master plan, which define stormwater quality and quantity 

standards.  Pond design, sewer design, slopes of ditches and post development release flows are just a part of design 

guidelines for stormwater covered by these documents.  Low impact development or lot control standards are also part 

of these documents as “where feasible basis” but not enforced.  Usually grey stormwater infrastructure is placed under 

roads with a combination of a wet stormwater management pond to provide quality and quantity requirements. 

Stormwater Management Master Plan developed by the City of Hamilton, covers watersheds with separate sewer 

system, however combined sewers are the one more susceptible to urban flooding, sewer backup, property damage, 

undersized sewers and lack of overland conveyance.  In figure 8, one can see the actual price which municipalities, 

provinces and the federal government are encountered with when current systems fail (Canadian Municipal Water 

Consortium, 2014). 

 

 

 

 

 

 

 

 



Figure 7 – Socio Economic and Environmental Costs due to Extreme Weather 

 

  

(Canadian Municipal Water Consortium, 2014) 

 
City of Toronto for example, requires the use of their Wet Weather Flow Master Plan, which provides more 

generalized stormwater quality and quantity guidelines all areas of the city (downtown intensification as well as 

greenfield development).  Even though best management practices for lot control are listed in this document, usually 

are not enforced on private property.  The municipalities are also not liable to provide money for any improvements 

done to one's home to protect from urban flooding.  Owners which want raingardens, previous pavers, and/or sump 

pumps installed need to do so by means of their private funding.  Municipalities did offer a backwater valve program 

which provided a monetary subsidy to owner that wanted to install one in their basement.  Retrofitting one’s property 

post development is usually more costly than doing so in the planning stages since connections have to be made to the 

already existing gray stormwater system. 

Each watershed has a set of challenges which are defined by type and age of the development within its borders.  

Therefore, the communities in that watershed should be required to follow quality standards which are needed for the 

health of their watershed to improve.   For Example, Black Creek Subwatershed in Toronto, is one of the smaller 

waterways in Toronto (part of Humber River), but is also one of the most polluted with concrete channels (Exploring 

Black Creek, 2015).  Similarly in The City of Hamilton, Spencer Creek watershed is the one with of the most 



combined sewers.  Therefore better watershed plans, business and community involvement needs to be planned, with 

municipal involvement to improve the quality of stormwater (Water Environment Federation, Rainfall To Results, 

2015).    

“Business as usual is not the solution” however, restructuring of stormwater governance is the key (Water 

Environment Federation, Rainfall To Results, 2015).  There are institutional barriers which play a key role when 

implementation of stormwater controls comes to play.  Federal, provincial and regional agencies are important factor 

with policy and regulation making, however municipalities should directly interact with communities and be the focal 

point of stormwater management implementation (Water Environment Federation, Rainfall To Results, 2015).      

Monitoring programs for best management practices are equally as important to make sure performance is meeting the 

standards.  There will be a time gap between the stormwater control implementation and noticeable quality 

improvement.  Maintenance and performance criteria are something that municipal work groups have to work on with 

provincial government (Water Environment Federation, Rainfall To Results, 2015).    

 As the application of best management practices becomes more widely accepted a across the province their 

cost of implementation will also decrease (Water Environment Federation, Rainfall To Results, 2015).  Similarly to 

the grey stormwater infrastructure design (i.e. pipe, manhole, catchbasin, and culvert design), there will be a standard 

rain garden design with some customization   based on the site footprint or total impervious area, but overall design 

will be the same.  As the Customization of low impact development applications come to existence the overall cost 

will be smaller and tax dollars received by means of proposed  storm management fee and already set development 

fees will go further (Water Environment Federation, Rainfall To Results, 2015).  Peer to peer consultation and sharing 

of experience, which can be a part of newly developed stormwater best management websites, will also minimize the 

final cost of the design and implementation, since standards as well as examples and site locations would be able to be 

found in one place (Water Environment Federation, Rainfall To Results, 2015).  Learning and networking of peers 

between different municipalities and their stormwater departments can improve and better designs, their performance 

all year round,  as well as maintenance costs.  As mentioned,  this data can  a part of new   federal or provincial 

stormwater website to make sharing even faster. 

 CANADA WEST COAST   

 British Columbia's Environmental Management Act is a provincial undertaking where local governments 

apply for the approval of LWMP (Liquid Waste Management Plan) with the province (British Columbia MOE, 2011).   

This is the initial point where municipalities plan for existing and future developments to ensure resource recovery and 



to protect public health and environment ((British Columbia MOE, 2011)).  Since its initiation the plan evolved to 

include funding for financing and maintenance of its liquid waste infrastructure (underground infrastructure).  This 

document also encompasses water conservation, drinking water source protection, energy conservation, climate 

change adaptation and mitigation and sustainable financing and asset management (British Columbia MOE, 2011).  

Intensification presented many problems for many municipalities; however with this plan British Columbia and its 

communities are prepared for aging infrastructure and can bring those communities up to standards by an integration 

of green and gray infrastructure (British Columbia MOE, 2011).  Financial and overall assessment of those 

communities are developed with the future operation and maintenance costs in order to make sure funds will be there 

as needed (British Columbia MOE, 2011).  

Official Land use plans are usually developed with these factors in mind: 
• Identify rural/urban development areas;  
• Assess settlement suitability;  
• Identify the expected sequence of urban/rural land development, including the proposed timing, location and phasing 
of water and sewer service; and  
• Choose between generic servicing alternatives (e.g., centralized, decentralized, on-site, communal and non-
communal,).  
The Minister of Environment's approved the Liquid Waste Resource   
( British Columbia MOE, 2011 ) 
  

 With the state of its changing infrastructure Ontario can with new policies in place have its municipalities 

develop with official land use plans similar to those imposed by the province of British Columbia.  The integration of 

all parts, water, sewer, stormwater, transportation, residential and business development, minimizes the impact of such 

on the watershed, and can also provide the flexibility for future expansion and intensification of that community 

(British Columbia MOE, 2011).     

CANADA EAST COAST   

Going from west to east coast of Canada, another city with the combined sewers is Halifax, in Nova Scotia.  

In this municipality, there has been a stormwater fee since the 1997 as a wastewater/stomrwater management charge 

(City of Halifax, Stormwater Billing).  Rates for stormwater was established on April 1 2014 and was completely 

separated from water and wastewater in order to provide a more equitable way of funding and also provide a 2 year 

policy review and modify current policies if necessary (City of Halifax, Stormwater Billing).   Stomrwater is funded 

two ways in Halifax 



1. Site Generated Flow Charge – based on the stormwater that flows from each property into the stormwater 

system.  This is calculated based on stormwater rate times impervious area. 

2. HRM Right of way Charge – based on the public land that flows from the street into the stormwater 

system.  (City of Halifax, Stormwater Billing). 

With the current stormwater billing structure, the residents receiving stormwater service are the ones charged for the 

stormwater fee (City of Halifax, Stormwater Billing).  “Halifax Water and HRM (Halifax regional Municipality) are 

currently developing an Integrated Stormwater Management Policy”, this will be the starting point to provide better 

stormwater services and estimate future revenue requirements (City of Halifax, Stormwater Billing).    

Even though Halifax is implementing the stormwater fee, to provide a more dedicated funding to its underground 

infrastructure, what is lacking similarly to Ontario are stormwater quality standards, unhealthy ecosystems, increased 

erosion, groundwater recharge issues.  This is the reason the Atlantic Stormwater Initiative is being launched by clean 

foundation in order to support the climate change initiatives for the Atlantic Provinces (Clean Foundation, Atlantic 

Stormwater Conference 2015).   The ASI agenda is to highlight effective stormwater management practices, show 

benefits of LID as well as showcase demonstration sites across Atlantic Canada (Clean Foundation, Atlantic 

Stormwater Conference 2015).  ASI believes that it is important to build on the already exiting stormwater capacities, 

and also indentify additional ones based on the demanding Atlantic Canada climate (Clean Foundation, Atlantic 

Stormwater Conference 2015).  

In order to increase collaboration and information sharing, part of the ASI platform was to have the Atlantic 

Stormwater Conference in 2015 and its participants from the public and private sectors were grouped together and 

placed stormwater management solutions into: 

 Watershed management: community planning including zoning and regulations for commercial and 

recreational spaces, and master plans; the focus was on the source of the problems and floodplain mapping  

 Frameworks: regulations, bylaws and policies that reflect guidelines, implementation of Best Management 

Practices, and mapping setbacks  

 Research and experience: desire to collect and share data in order to increase understanding of the situation 



 Implementing LIDs: reducing the load on the current infrastructure using both technical and community 

based solutions, increasing the green space and storage/infiltration potential; a multitude of LIDs were 

suggested 

 Behaviour changes: working with lot owners to implement education-based BMPs          

(Clean Foundation, Atlantic Stormwater Conference 2015).  

Some resonating key themes were brought up in the conference similarly to the barriers of LID implementation in 

Ontario: 

 The need for setting achievable targets for stormwater management rather than solving barriers  

  Think more on the watershed scale and not just look at problem areas 

 There is a lack of stormwater quality standards 

 Proper leadership and more communication is needed on the provincial side since municipalities do not have 

the time and the staffing available. 

 Stormwater needs to be a resource. 

(Clean Foundation, Atlantic Stormwater Conference 2015).  

 

GREEN INFRASTRUCTURE AND LOW IMPACT DEVELOPEMNT (LID) 
 
Most common practice is to use grey infrastructure to manage stormwater, with most of it placed underground.  In 

recent years however, there has been more discussion of   green infrastructure, including green roofs, previous pavers, 

rain gardens, bio retention, perforated pipes etc.   Green infrastructure tries to achieve pre-development state of the site 

for water balance and quality, since new development on that site will have more impervious area post development, 

and natural infiltration and groundwater recharge will be affected (Credit Valley Conservation, Toronto and Region 

Conservation, Low Impact Development, 2010).   

Some key principles by which low impact development designs are implemented are (Credit Valley Conservation, 

Toronto and Region Conservation, Low Impact Development, 2010): 



 Use of existing natural systems for planning (consider watershed scale options, objectives and targets) 

 Focus on runoff prevention (by utilization of innovative site design strategies) 

 Treat stormwater close to the source (by utilizing lot level and conveyance stormwater management 

strategies) 

 Create multi functional landscapes ( design landscapes which reduce runoff and heat island effect) 

 Educate and maintain (provide training for municipalities to monitor and maintain lot level conveyance 

stormwater management practices in place). 

Typical LID design incorporate more than one type of practice or technique to treat stormwater from a site since each 

LID practice will incrementally treat and reduce the runoff (Credit Valley Conservation, Toronto and Region 

Conservation, Low Impact Development, 2010).   Some techniques include rain harvesting, rain gardens, previous 

pavers, vegetated rooftops, and can be used anywhere from high density urban areas to suburban areas.  In 

combination they can not only treat the water quality but also control water quantity from a site (Credit Valley 

Conservation, Toronto and Region Conservation, Low Impact Development, 2010).        

The document which carries all the necessary information and summary of all LID design strategies as well as 

examples and site locations is  the Credit Valley Conservation Authority and Toronto and Region Conservation 

Authority “Low Impact Development Stormwater Management Planning and Design Guide” written by Aquafor 

Beech.  These guidelines serve as one of the documents which are endorsed and placed on the design strategies to 

follow list when working on a site development within the CVC or TRCA watershed.  Application of these guidelines 

is seen on publicly owned lands, municipal or provincial.   These designs and examples listed in the guidelines are 

dependent on lost size, type of development, soil composition, freeze and thaw conditions, water table elevation, depth 

to bedrock and estimated groundwater recharge rates (Credit Valley Conservation, Toronto and Region Conservation, 

Low Impact Development, 2010). 

 

MUNICIPAL LAW IMPLICATION – BUFFERS TO PROGRESS 
 
 
As the owners of the infrastructure underground, municipalities have liability issues when that infrastructure fails 

(Ontario sewer and Watermain Construction Association, 2007).  Municipal infrastructure for clean drinking water 

and sewage is one of the biggest developments in human history, however it usually goes unnoticed since it is placed 

underground (Ontario sewer and Watermain Construction Association (2007).  Underground infrastructure is one of 



the biggest investments made by municipalities but sometimes it is also the least updated and/or one least maintained 

(Ontario sewer and Watermain Construction Association, 2007).   

 Ontario’s Ministry of Public Infrastructure Renewal calls this a ‘water infrastructure deficit’ in 2012, with its 

report stating “the Canadian Infrastructure Report Card estimated the current value of Canadian water assets to be 

$362 billion. More than $80 billion will be needed to replace aging water infrastructure over the next 20 years. 

Another $20 billion is needed for upgrades of existing infrastructure to meet new federal wastewater regulations over 

the same time period” (Canadian Municipal Water Consortium, 2014).  Some small watermain breaks may flood 

homes and businesses, minor sinkholes can cause traffic disruptions, and sewer backups can flood basements; however 

what do we do when those problems might be getting worse and all infrastructure is coming to its maximum life 

expectancy as it is the case in many neighbourhoods in Toronto (Ontario sewer and Watermain Construction 

Association, 2007).   

 A question one may ask is whether municipalities should be liable for these overland flooding of homes, or 

sewer backups?  Are land owners entitled for a monetary compensation in case something like this happens?   Usually 

in Ontario municipalities have statutory authority and statutory immunity, however even then there are cases where 

they risk of being liable for malfunctions of their sewer and water pipes (Ontario sewer and Watermain Construction 

Association, 2007). Most common complaints with current drainage systems coming from private land owners are 

linked to insufficient capacity of undergrounds infrastructure to handle increased rainfall intensity.  Age of sewers as 

well as climate change are in conjunction challenges which place more stress on the infrastructure. Even though 

provisions in the City of Toronto Act 2006 exist which provide some immunity to the municipality in case 

infrastructure fails, Canadian municipalities cannot completely remove themselves from having a duty to maintain and 

repair infrastructure mandated by the Drainage Act (Ontario sewer and Watermain Construction Association (2007).   

By providing municipal services, such as water and sewer,  liability exists if something goes wrong because it owes its 

citizens a reasonable care with construction and maintenance (Ontario sewer and Watermain Construction Association 

(2007).  Due to lack of current policies, duty of care of LID designs on private lots can be placed on municipalities, 

also municipalities can be held liable for any damage to the property where they are located.    Therefore, there is 

reluctance with implementation of LID on private lots, and one can usually see such designs on publically owned 

lands and right of ways.  With proper design, soil evaluation, and placement offset from homes, LID designs can be 

placed in a safe matter on properties (Credit Valley Conservation, Toronto and Region Conservation, Low Impact 

Development, 2010).    



With privately owned and possibility of  liability on municipality’s hands many questions are currently unanswered: 

 Who will enforce the LID controls? 

 Who is responsible for construction/inspection?  Should the contractor be certified  specifically for LID 
Designs? Should certifications be a part of ne provincial policies?  

 Who will track who many of LID designs are placed within the municipality? Which one of the existing 
departments within the city would have that information?   

 Who will have the duty of care to maintain LID design on private land? Should maintenance guidelines be 
developed by municipalities? 

 Who would be responsible in case any damage is done to property due to lack of maintenance?   

 Who will be the owner of LID designs, the private land owner since it is on his land or the municipality?   

These and similar questions are currently part of the discussion since in the past the municipal government would take 

ownership of any drainage components (Ontario sewer and Watermain Construction Association, 2007).    

 

RECCOMENDATIONS AND CHALLENGES 
 
ALL STORMWATER WILL BE CONDIDERED A RESOURCE  

Initial statement of a new policy framework should clearly state the importance of stormwater and new way the 

provincial and municipal governments are considering stormwater as a resource and that they will be focused on 

ensuring compliance with stormwater quality as well as quantity.  Services delivered by the municipality have been 

undervalued by public, and revenues recovered for stormwater and water services, have been by most part 

underfunded which lead to a large backlog of infrastructure needing repair and replacement (Canadian Municipal 

Water Consortium, 2015).    

 Challenges faced will remain the same, aging infrastructure, climate change, urbanization, and population growth; 

however integrated strategic approach of all between departments as well as public and private groups may provide 

additional support (Canadian Municipal Water Consortium, 2015). 

   

LID STORMWATER QUALITY AND QUANTITY DESIGNS ON PROPERTY WILL SERVE AS CREDITS  

Public places, businesses and private land owners which implement a type of stormwater best management practice on 

their site of their choice would receive stormwater credits for doing so.  The quality of stormwater runoff would 

depend on the type of LID design in place  which can be seen in the Low Impact Development Stormwater Manual 



created by CVC and TRCA.  Approximate pollutant removal percentage is listed for every LID discussed in the report. 

A policy in place could mandate the percentage removal of pollutants based on the impervious area of the site as well 

as type of development (Credit Valley Conservation, Toronto and Region Conservation, Low Impact Development, 

2010).    

Challenges faced are the introductory investments by municipalities, businesses and residents in order to have these 

LIDs in place.  Currently, there are no incentives for any best management stormwater developments completed on the 

site (such do exist with energy retrofits done to one’s home, for example installation of solar panels on the roof) 

however, a credit can be something which can be negotiated in the future.  

 

INTRODUCTION OF EXCLUSIVE STORMWATER FUNDING 

Developing financially stable stormwater infrastructure is required, and complete cost needs to be accounted for to 

provide resilient infrastructure for both now and the future (Canadian Municipal Water Consortium, 2015).  Securing 

the necessary public and government investment to support green and grey stormwater systems, and necessary funds 

by introduction of stormwater fee is required (Canadian Municipal Water Consortium, 2015).  Applying such fee will 

also require communication of the important elements which the fee would cover and provide sustainable and constant 

funding source for stormwater governance. These financial resources are needed in order to implement and help in 

long term planning, design and maintenance of stormwater controls (Water Environment Federation, Rainfall to 

Results, 2015).  Details of fee implementation and would have to be discussed in detail by municipalities and 

stakeholders.   

Storms and extreme weather do result in costly damages to property (both public and private) and infrastructure and 

also have an impact on the environmental and public health (Canadian Municipal Water Consortium, 2015).  There is 

much needed responsibility to help with stormwater management which is directly tied to our health, the state of our 

property, climate change and also the health or our drinking water (Water Environment Federation, Rainfall to Results, 

2015). Overall benefits and better quality of life will be enjoyed by businesses and residents in the long run.  Many 

communities give opposition to introduction of stormwater fees, however and educated public that values and 

understands stormwater and infrastructure needs is less likely to provide opposition.  “To improve public 

communication and engagement, stormwater managers must understand how stormwater goals align with audience 

motivation and interests.  Determining what communities value and the willingness to pay for particular investment 

will aid the communication efforts” (Water Environment Federation, Rainfall to Results, 2015).            



 

MANDATORY MAINTENANCE STRATEGIES 

Ownership of stormwater best management designs will be resolved by placing the duty of care on the land owner 

where the LID design is in place.  Regular maintenance and maintenance requirements will be a part of new 

stormwater governance (Water Environment Federation, Rainfall to Results, 2015).    Similarly to building in 

inspectors there will be stormwater quality infrastructure inspectors which will have a duty to check and even obtain 

maintenance papers and/or proof that LIDs in place are working and are note removed from properties.   

Challenges presented would be lack of agreed upon performance targets for pollutant removal and runoff quantity.     

Overcoming challenges by setting clear maintenance standards, licensing of consultants specialized for LID designs, 

and public education will be a new norm of doing business and part of the community resiliency (Water Environment 

Federation, Rainfall to Results, 2015).  Comprehensive knowledge of stormwater infrastructure, proper maintenance 

and separate exclusive stormwater department will be a part of long term framework for stormwater infrastructure 

(Water Environment Federation, Rainfall to Results, 2015).  

      

DEDICATED MUNICIPAL STOMRWTER DEPARTMENT 

Stormwater management fees will serve as a facilitator for funding can be applied by municipalities develop a 

dedicated stormwater management department to support and develop operations and maintenance planning of all 

green and grey stormwater infrastructure (Water Environment Federation, Rainfall to Results, 2015).  This department 

can support and employ a diverse, skilled and multidisciplinary workforce such as policy students, engineers, planners 

and architects to have a rounded base for implementation.  Use of automated information technology such as GIS in 

order to set up a base for asset management of sustainable stormwater management designs applied across the city, 

including their location, age, performance, maintenance schedule, as well as its effect of the receiving streams and 

watercourses, should be encouraged (Water Environment Federation, Rainfall to Results, 2015).   

Challenges presented may be initial integration of this newly developed department with already existing operations 

and maintenance, asset management, transportation and water department within the municipality.  

 

INNOVATION SUPPORT  

To optimize stormwater management efforts support enhanced modelling efforts by stormwater professionals, and to 

help plan and design systems with optimized performance and more resilient to climate change (Water Environment 



Federation, Rainfall to Results, 2015).  Usually focus has been placed on pollution control at the outlet location, 

however with stormwater being a resource focus can be placed on pollution prevention, and a set of common testing 

protocols (Water Environment Federation, Rainfall to Results, 2015). 

Starting a multidisciplinary team with direct federal and provincial involvement, young policy makers working and 

with dedicated stormwater municipal department would create an ongoing momentum to obtain new research and 

information (Water Environment Federation, Rainfall to Results, 2015).  The agenda of this team will be to advance 

innovative technologies and policies which will contribute to better integrated stormwater management.                  

Not all funding might be available for long term research and implementation; however research funding agencies be 

involved to consider ideas coming from newly developed team and will determine which of the initiatives would be 

funded (Water Environment Federation, Rainfall to Results, 2015).  Revision of already existing stormwater 

management publications and standardization across the country, for example setting minimums for pollution control 

and design could be the beginning.          

 

FEDERAL\PROVINCIAL STOMRWATER MANAGEMENT WEBSITE  

Stormwater best management practices should be shared by practitioners in order to ensure that manuals and guidance 

are based on latest research.  Most up to date federal, provincial, and municipal, information on stormwater policies 

should also be presented here; this will help with funding and national plans to achieve sustainable infrastructure 

systems (Water Environment Federation, Rainfall to Results, 2015).  This website would also support communities in 

identifying stormwater funding and financial approaches as well as licenced contractors which could help them with 

retrofits which they are planning to implement on their property.  By encouraging peer to peer knowledge exchange 

there will also be an increase in sustainable stormwater management understanding.      

Current challenges present are the gap between research results and information used to guide stormwater designers to 

local decision makers (Water Environment Federation, Rainfall to Results, 2015).  There is nationwide research 

happening in all areas of stormwater innovation design, both large scale and pilot scale, and having availability to that 

information would be of importance and would provide framework for consistent processes and tools to verify 

performance of stormwater controls in place (Water Environment Federation, Rainfall to Results, 2015).  All results 

should be included, successes and failures, however data should be controlled and presented consistently to make it 

easy to put to use.                    



BUILD A COMBINATION OF GREEN AND GREY INFRASTRUCTURE FOR BEST STORMWATER 

MANAGEMENT  

Over the years Canadian municipalities have seen a change in the rainfall intensity and severe weather due to climate 

change, and they have come to a realization that  current state of infrastructure is not suited well for changing climate 

and population increase.   Damage to private and public property is not the only factor to these weather patterns but 

also the effect it has on human health and well-being (Canadian Municipal Water Consortium, 2014).  With the 

potential for increased storm severity and frequency municipalities are looking at how to adapt to storm – and drought 

– events by increasing the resiliency of their systems (Canadian Municipal Water Consortium, 2014). There is a 

growing interest in how strategies such as green infrastructure, targeted watershed management and innovative 

stormwater techniques can help to build this resiliency. Therefore there should be an integration of green and gray 

infrastructure as combination to deal with climate change and built more resilient cities (Canadian Municipal Water 

Consortium, 2014).   

Challenges presented may be the implementation of newly developed programs and policies in place.  However the 

true cost of management of current systems needs to be revisited and then we need to consider making those systems 

sustainable and independently funded.  Planning on both the provincial as well as municipal side will be needed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX A 

 

In response to an Application for Review submitted under the Environmental Bill of Rights, 1993 (EBR) Part IV, the 
Ontario Ministry of the Environment (MOE) completed a review of the need for a new policy, Act or regulation to 
deal with municipal stormwater management systems in Ontario municipalities in light of climate change. 

The MOE review, completed in March 2010, included policies, Acts, or regulations within its mandate of 
environmental protection, such as the Ontario Water Resources Act and the 2003 Stormwater Management Planning 
and Design Manual. Non-regulatory stormwater management options such as best management practices were also 
considered in this review. Legislation under other ministries' mandates such as the Planning Act, Municipal Act, 2001, 
or the Conservation Authorities Act and associated regulations and policies were not part of the review. In addition to 
the MOE internal review, a multi-agency Stormwater Management Working Group contributed extensively to the 
review. 

The following are the key findings of the completed MOE policy review. 

 The MOE policy review recognizes that municipal stormwater management adaptation to climate change 

based on best available science is a priority for Ontario. Long term planning will strengthen protection of the 

environment with careful regard for water quality and quantity, as well as cumulative impacts, on watersheds 

and groundwater. 

 The Ontario Water Resources Act (OWRA) and the Environmental Protection Act (EPA) are anticipated to 

provide a sufficient legislative framework for implementing adaptation to climate change for municipal 

stormwater management, through approvals, general prohibitions, orders, penalties and regulation making 

authority for environmental protection. 

 The Minister of the Environment is carefully considering all recommendations of the Expert Panel on Climate 

Change Adaptation, appointed December, 2007, and notes that the recommendations of the Expert Panel 

specific to stormwater management policy development are consistent with the findings of the MOE policy 

review. 

 A MOE policy framework is needed to support resilient municipal stormwater management systems and 

adaptation to climate change and other identified stressors, for new and existing developments. 

 The 2003 Stormwater Management Planning and Design Manual requires updating to include additional best 

practices for climate change adaptation for municipal stormwater management. 

 The MOE approvals process for municipal stormwater management requires review to include identifying 

measures to encourage source control best practices for municipal stormwater management. 

 Data collection and information management systems are necessary to track the inventory, condition and 

performance of stormwater systems in order to assess Ontario's vulnerability to climate change and aid 

adaptive decision-making for infrastructure renewal. 



 Programs such as public education, demonstration projects and incentives are necessary to support resilient 

systems for municipal stormwater management, in particular source control, to encourage climate change 

adaptation decisions. 

 Several ministries are responsible for aspects of storm water management (e.g. MOE, Ministry of Municipal 

Affairs and Housing (MMAH), Ministry of Natural Resources (MNR), Ministry of Infrastructure (MOI) and 

Ministry of Transportation (MTO)). The MOE recommends that the ministries work together with 

municipalities and conservation authorities to seek solutions for resilient municipal stormwater management 

systems that are adaptive to climate change and to collaborate on new and existing municipal tools for source 

control stormwater management. 

Progress in stormwater management has been achieved by the MOE through the Lake Simcoe Protection Plan, 
Stormwater Protection Planning, the Canada Ontario Agreement Respecting the Great Lakes Basin, the Provincial 
Policy Statement and the Ontario Building Code. Recent examples include the following: 

 Phosphorus and sediment control through requiring stormwater management plans in the Lake Simcoe 

Protection Act, 2008 and associated regulations. 

 Comprehensive long term stormwater management planning by municipalities (Canada-Ontario Agreement 

(COA) funds): 

o Bay of Quinte Master Drainage Plan, 

o Bay of Quinte Pollution Prevention Control Planning, and 

o City of Toronto's Wet Weather Flow Master Plan Environment Assessment. 

 The MOE has provided funding support for the following research projects: 

o Credit Valley Conservation (CVC) study on temperature control in stormwater pond discharge to 
receiving water bodies to protect fish habitat and the Toronto and Region Conservation Authority 
(TRCA) study on infiltration methods. 

o Development of the CVC and the TRCA Low Impact Development Stormwater Management 
Planning and Design Guide (2010) to provide guidance to municipalities and developers. 

 Municipal initiative to develop public information on proper disposal of swimming pool water, avoiding 

stormwater discharge which contaminates local rivers and streams (COA funds). 

 The MOE has worked with the Canadian Standards Association (CSA) on a training course for sustainable 

stormwater management and designing road and parking lot infiltration systems. 

 MOE provided funding to TRCA for the "Innovative Stormwater Management Practices website" which lists 

examples of innovation. 

The MOE proposes to continue to work with other ministries, municipalities and industry partners to update current 
policies and further develop tools to adapt stormwater management practice in light of climate change. 

 

 

http://www.iswm.ca/


APPENDIX B 
 
CASE 1 
 

Philadelphia sees green in green infrastructure 
 
The Philadelphia Water Department (PWD) in 2011 began a 25-year plan to improve local water quality mainly by 
reducing combined sewer overflows (CSOs). This $2.4 billion program, known as Green City, Clean Waters, touts 
green stormwater infrastructure as the primary solution to significantly reduce overflow volumes. Green infrastructure 
attempts to mimic a watershed’s natural hydrologic cycle using stormwater controls while beautifying the community 
by incorporating landscaping. Philadelphia’s program seeks triple-bottom-line benefits — social, environmental, and 
economic — through stormwater controls. Examples of such controls include: 
●rain gardens and bioretention basins, 
●bioswales and stormwater wetlands, 
●urban landscaping and tree planting, 
●porous pavement and permeable pavers, and 
●green roofs and rain barrels. 
In addition to reducing overflow volumes, PWD expects the program will generate at least 250 green jobs and reap a 
$2 return on each dollar invested. This return on investment factors in such concepts as energy savings, air quality 
improvements, increased property values, increased community recreation, and reduced flooding. Community 
outreach is critical to the success of these projects. Educating the public about green infrastructure benefits engages 
neighborhood groups and other stakeholders to advance projects. PWD found that schools, parks, public property, 
churches, recreation centers, and areas undergoing new development make ideal locations for introducing green 
infrastructure projects. The city also began by selecting projects to coordinate with already planned roadway, water 
main, and sewer reconstruction projects. Working within larger projects prevents disrupting a community with 
construction a second time to install green infrastructure and can help defer costs. For example, reviewing already 
prepared project plans can reveal opportunities for green infrastructure without additional surveying. And, if a project 
already includes installation of new sidewalks and curbs, no or little extra cost comes from employing green 
infrastructure options. 
 
Stephen C. Maakestad. “Philadelphia sees green in green infrastructure: Achieving 
triple bottom line benefits while reducing CSOs.” Water Environment & Technology. 
July 2014 (Vol. 26, No. 7) 
 
CASE 2 
 
Better-than-expected performance transpires at Villanova University 
 
At Villanova University (Villanova, Penn.), a mystery unfolded within the campus’ green infrastructure practices. 
Bioretention facilities designed to control 25 to 50 mm (1 to 2 in) of rain managed 150 to 175 mm (6 to 7 in). During 
Superstorm Sandy, Villanova’s sequence of stormwater controls — known as a treatment train — handled much of the 
storm’s intense rain despite not being designed for it. Researchers from the Villanova Urban Stormwater Partnership 
(VUSP) have dived into what factors contributed to this better-than-expected performance. They began by looking at 
the “runoff curve.” 



This parameter predicts the amount of runoff generated by lawns and pavements. Based on this method, after a certain 
amount of rainfall, infiltration stops. However, Villanova researchers have discovered another factor at play. 
They found evapotranspiration plays a much more powerful role than originally expected. Evapotranspiration refers to 
loss of water from soils both by evaporation and plant transpiration. Now the researchers are exploring how to exploit 
evapotranspiration in the design of green infrastructure practices. These findings may help alleviate concerns about the 
effectiveness of green infrastructure during back-to-back storm events. As stormwater management is radically 
changing in the U.S., VUSP uses research to change good ideas and concepts into engineering practice. “It is good to 
build a rain garden but better to know how to optimize the design and what performance to expect over the long term,” 
said Robert Traver, VUSP director. 
 
Kristina Twigg. “Research advances low impact development techniques.” 
World Water: Stormwater Management. Fall 2013 (Vol. 1, No. 1) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



APPENDIX C –  
 
Cases where municipalities are held liable for the effect of stormwater and their infrastructure 
 
 
CASE 1 
 
In Carson v. Gloucester (City),8 a resident successfully sued the City for flooding from a nearby drainage ditch, 
following a thaw and heavy rainfall. Carson had called the City, which advised him to obtain a second sump pump; he 
did this and also tried himself to open the culvert (and failed). A City worker attended on site and did nothing. Another 
City employee improperly attempted to clean out the clogged ditch, and no one inspected his work. Ontario’s 
Drainage Act9 provides that, in the absence of negligence on the part of the City, the City is not liable in damages for 
damage caused by drainage works blocked by snow or ice and overflowing onto a person’s lands. 
 
CASE 2 
 
In Canada v. Ottawa-Carleton,10 a water main in downtown Ottawa burst and flooded several large office buildings. 
The building occupants (including the federal government) successfully sued the City. While the cast iron main had 
operated without incident since 1917, and had been properly installed and operated, it had been defective when 
originally manufactured, many decades before the City took over the road. The Court found the City liable in 
nuisance; the criterion of inevitability relates to what is possible according to the state of scientific knowledge at the 
time. 
 
CASE 3 
 
In Clemmens v. Kenora (Town),11 Kenora was successfully sued for a sewer backup. The Town had a program to 
assess its sewer and watermain needs and to make repairs, through systematic video inspection. The inspection 
revealed a broken pipe near the plaintiff’s home; the Town’s workers had begun repair work, but stopped at the onset 
of frost. Spot repairs were not done because of the added expense; the sewer line later backed up. 
 
CASE 4 
 
In R. v. City of Barrie,12 the City was convicted of discharging raw sewage into a creek when sewage overflowed 
from a pumping station. The pumping station was blocked with construction debris dumped into a manhole by 
unknown builders. Initial attempts to find the overflow were unsuccessful until daylight. 
 
CASE 5 
 
 In McLaren v. Stratford (City),15 a severe rainstorm caused widespread flooding with both sewage and storm water. 
The City received 445 property damage reports. The Province refused to provide disaster relief because the damage 
was from a sewer backup. The plaintiffs successfully had a class action certified against the City, asserting that the 
City was responsible to maintain storm and sanitary sewers in the area, and had negligently failed to take action 
despite past flooding. 
 



CASE 6 
 
 In Tock16 the plaintiff's basement was damaged when the municipality's storm sewer became blocked on a day of 
unusually heavy rainfall. Water backed up and flooded the plaintiff's basement. The plaintiff sued alleging negligence, 
nuisance and the rule in Rylands v. Fletcher. … 
 
Ontario sewer and Watermain Construction Association (2007).  Municipal Liability for Sewer and Water Pipe  Failures... Despite 
Statutory Authority and Immunity  (PDF Document). Retrieved from:  http://www.siskinds.com/cmsfiles/PDF/oswca-paper-to-cwwa-27-feb-
2007-final.pdf  
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