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EXECUTIVE SUMMARY 
 

INTRODUCTION 
 
The Toronto and Region Conservation Authority (TRCA), in partnership with watershed 
municipalities, have applied an innovative study approach to the development of a watershed 
plan for the Humber River watershed.  The Humber River watershed lies in the south-central 
portion of the Greater Toronto Area, draining an area of 903 km2

 

 from its headwaters on the 
Niagara Escarpment and Oak Ridges Moraine to its mouth at Lake Ontario. The watershed 
supports a mix of agricultural, urban and rapidly urbanizing land uses and their associated 
management challenges. Many stakeholders believe that decisions over the next five to ten 
years will be critical in determining the long term health of the Humber River watershed.  
Therefore, in order to provide effective guidance for the protection and enhancement of the 
watershed, the study adopted a forward thinking, science-based and integrated approach. 

The watershed planning study was carried out in three phases. The first phase involved 
characterization of watershed systems and evaluation of current conditions according to a set 
of watershed goals and objectives.  This work was documented in ten (10) Humber River State 
of the Watershed Reports (TRCA, 2008a-j).  In the second phase, current and anticipated future 
stresses on the watershed and possible management approaches identified in Phase 1 were 
further analysed through modelling studies, which are the focus of this report.  Additional 
analysis of these issues and approaches occurred during expert workshops, called 
“management summits”, and with reference to literature from other jurisdictions.  Information 
and strategic recommendations arising from the first two phases of study contributed to the 
development of the watershed management plan, which constituted Phase 3. 
 
The purpose of this modelling study component of the watershed plan was to assist the 
technical team and Task Force in: 
 
• improving knowledge of watershed systems, their interdependencies and relative sensitivity 

to change; 
• understanding how watershed conditions would respond to future land use and climate 

changes; and  
• understanding the relative effectiveness of various management actions in achieving 

watershed goals and objectives. 
 
 
SETTING AND KEY ISSUES 
 
A description of the climate, physiography, geologic setting and land use of the Humber River 
watershed provided a basis for study design and interpretation of results.  The characterization 
phase of the study identified current and potential future stresses affecting watershed 
conditions and put forward possible management approaches for further analysis.  The five 
primary issues and opportunities facing this watershed include: 
 

1. Urban growth pressure; 
2. Lack of natural cover; 
3. The need for improved stormwater management; 
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4. The need to adopt more sustainable urban design forms and lifestyles; and 
5. Climate change. 

 
 
INTEGRATED STUDY DESIGN 
 
The study design was guided by the following questions, which arose from a review of the five 
primary watershed issues and opportunities identified in Phase 1: 
 

• Urban growth:  How will different extents of urban growth affect watershed conditions?  
Can different forms of urban community design reduce the impacts? How would the 
protection of lands in the Greenbelt affect watershed conditions? 

• Natural cover:  What are the opportunities for expanding natural cover and how would 
expanded natural cover affect watershed conditions? 

• Stormwater management/retrofits:  How effective would retrofits of end-of-pipe 
stormwater management ponds be in addressing water management problems? What 
would be the cumulative effect of lot level, conveyance and end-of-pipe stormwater 
management practices in new greenfield developments and retrofits in existing urban 
communities? 

• Sustainable practices:  What would be the cumulative effect of a range of sustainable 
practices on watershed conditions, if implemented throughout the watershed? 

• Climate change:  How will climate change affect watershed conditions? Can the 
adoption of sustainable practices mitigate these effects? 

 
A series of ten land use and management scenarios were formulated to depict the possible 
futures contemplated in the study questions.  The scenarios were as follows: 
 

1. Baseline conditions (2002) 
2. Official plan (OP) build-out (conventional urban development) 
3. End-of-pipe stormwater retrofit 
4. Expanded natural cover 
5. Full build-out (conventional urban development) 
5A. Full build-out with warmer and wetter climate 
5B. Full build-out with warmer and much wetter climate 
6. Sustainable communities (includes programs in new and existing developments) 
6A. Sustainable communities with warmer and wetter climate 
6B. Sustainable communities with warmer and much wetter climate 

 
The scenarios thereby provided a common basis from which to model/predict and evaluate the 
watershed’s response for a range of ecosystem indicators.  Predictive tools included a 
combination of computerized mathematical models, empirical relationships and professional 
judgement. 
 

• Surface water balance:  Hydrologic Simulation Program-Fortran (HSPF) – used as input 
to surface water hydrology and water quality model; and, Precipitation Runoff 
Management System (PRMS) – used as input to groundwater flow system model; 
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• Surface water hydrology and water quality:  Hydrological Simulation Program – Fortran 
(HSPF) – a continuous hydrologic model with water quality simulation capabilities;  

 
• Groundwater:  Modular Flow System – Fortran (MODFLOW) – a three-dimensional finite 

difference numerical groundwater flow model; 
 

• Aquatic system - Landscape and Stream Assessment Tool (LSAT) – an aquatic 
community predictive model based on established relationships between land cover 
and habitat/species;  

 
• Terrestrial system – TRCA’s Landscape Analysis Model (LAM) and Terrestrial Natural 

Heritage System Design Tool - GIS based terrestrial natural heritage models based on 
principles of landscape ecology; 

 
• Cultural Heritage – TRCA’s probability model for archaeological potential and 

professional judgement; 
 

• Nature-based Recreation - Professional judgement and literature. 
 
Predicted effects of each scenario were evaluated in terms of acceptability with respect to 
established watershed goals and objectives and working targets.  An overall watershed 
response model illustrated the pathways and linkages among the individual systems and was 
used to guide the integrated analysis.  The individual models were linked in that often output 
from one model was required as input to another.  Care was taken throughout the study to 
ensure the compatibility and comparability of study results. 
 
 
SUMMARY OF SCENARIO MODELLING RESULTS 
 
The key findings of this work have contributed to an improved understanding of the 
interdependencies of watershed systems, their sensitivity to change and the relative 
effectiveness of various management actions. 
 
Changes in climate and land cover affect a sequential series of changes in the watershed’s 
surface water, groundwater and aquatic systems through hydrologic pathways, and impose 
related direct and indirect impacts to terrestrial natural heritage and cultural and nature-based 
recreational resources.  This pattern of watershed responses also emerged from the analysis of 
scenarios addressing:  conventional urban development, end of pipe stormwater management 
retrofit ponds, expanded natural cover, sustainable community design and climate change. 
 

 
Conventional urban development 

The build out scenarios assumed urbanization according to the existing official plans and 
potential full build out to the Greenbelt boundary, using conventional approaches to 
development and stormwater management.  Much of the future development and associated 
effects will occur in the West Humber, Rainbow Creek and Purpleville Creek subwatersheds.  
Additional conventional development will alter the water budget of the watershed as 
evapotranspiration and infiltration will be reduced and more precipitation will run off newly 
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created impervious surfaces.  If unmitigated, the consequences of these changes include:  
increases in total stream flows, increases in stream channel erosion potential, reduction of local 
recharge important in sustaining baseflow in local streams, reduction in regional aquifer water 
levels, decreases in groundwater discharge and baseflow, and deterioration in water quality.  
Stormwater management ponds designed according to conventional criteria will reduce the 
impact of increased runoff by providing storage and slower release of the greater volume of 
flows, but may not be sufficient to completely mitigate erosion impacts.  The aquatic 
community is expected to shift to warm-water tolerant communities within and downstream of 
the urban boundary.  Cool and cold water communities that exist in urbanizing areas will likely 
become fragmented and isolated, with only the most tolerant fish species remaining.  Local 
populations of redside dace, a target cool water species, will likely be directly and severely 
affected.  The quality of terrestrial habitat is predicted to decline with continued urban growth, 
due to direct loss of habitat or through impacts from surrounding urban land uses.  
  
The population growth associated with this scenario presents opportunities for enriched 
cultural diversity of the watershed, and will create demand for nature-based recreational 
experiences. 
 

 
End of pipe stormwater retrofit ponds 

This analysis considered the effects of improving existing stormwater management ponds or 
constructing new ones in all existing developed areas where there are opportunities as 
identified in studies by the City of Toronto, Town of Richmond Hill, City of Vaughan, City of 
Brampton and Town of Caledon. These measures would result in local downstream benefits, 
but due to the limited numbers of opportunities for new or improved ponds in existing 
developed areas these measures alone would not be enough to provide significant hydrologic 
improvements in terms of surface run-off, erosion potential and water quality at a subwatershed 
scale. 
 

 
Expanded natural cover 

Expanding natural cover from 32% to 42% of the watershed area, as shown in the targeted 
natural heritage system map (see Section 4.5.9), has the potential to provide significant 
benefits for biodiversity and hydrologic benefits with regards to stormwater management.  The 
primary hydrologic benefit would be the reduction of runoff and stream flow volumes and a 
corresponding reduction in erosion potential in downstream watercourses in proportion to the 
amount of additional vegetative cover provided within each sub-watershed.  In turn, increased 
natural cover would benefit fish habitats and associated communities, at least under official 
plan build-out. These benefits would be most pronounced in the headwaters of the watershed, 
where there is assumed to be more opportunity for expanded natural cover.  However the 
effects of urbanization would likely overwhelm the benefits of the limited plantings in areas with 
intense development pressure. 
 
Implementation of the targeted natural heritage system would increase terrestrial habitats to a 
large measure and improve the quality and connectivity of habitats and corridors.  
Improvements in the overall habitat quality throughout the watershed will increase the potential 
for these habitats to support a more diverse range of species, including species of concern.  
Expanded natural cover may provide a larger greenspace land base to protect sensitive natural 



Humber River Watershed Scenario Modelling and Analysis Report 

v 

areas from incompatible uses and support increased demands for nature-based recreational 
experiences. 
 

 
Sustainable community design 

This scenario comprised four main sets of assumptions: 
• An increase in natural cover (as in the expanded natural cover scenario); 
• Sustainable community designs in greenfield developments that reduce overall percent 

imperviousness and emphasize lot level and other stormwater management practices 
aimed at maintaining pre-development water balance to the extent possible;  

• Naturalized landscaping and stormwater retrofit practices at the lot level, along 
conveyance systems and at end of pipe in existing urban areas; and 

• Shift toward more sustainable, conserving behaviours. 
 
The combination of sustainable community initiatives assumed in this scenario would reduce 
the negative effects of conventional urban development described above, but are generally not 
expected to fully offset them. The reductions in negative impacts would likely be more 
pronounced in areas of new development than in existing urban areas, where opportunities to 
retrofit with sustainable technologies are limited. 
 

 
Climate change 

The effect of future climate change on watershed systems is largely uncertain, due to 
limitations in the prediction of climate change.  Notwithstanding the uncertainty, there is the 
potential for significant changes that should be considered in management and planning 
decisions.  It is believed that the most precautionary approach would be to follow a course of 
action that attempts to maintain or restore a more natural hydrology and increase aquatic and 
terrestrial biodiversity to the extent possible, to maximize the watershed’s resilience to change.  
The practices embodied in the sustainable community scenario appear to be the most effective 
in supporting this approach. 
 
RECOMMENDATIONS FOR WATERSHED MANAGEMENT 
 
The study concluded that the practices associated with the sustainable community design 
scenario provided the most effective means of achieving multiple objectives for watershed 
health.  These practices can be summarized in the form of three overall management 
strategies:  
 

1. Expand and enhance of terrestrial natural cover in the watershed; 
 
2. Build more sustainable new communities and retrofit older ones to improve their 

sustainability; and  
 
3. Enhance the regional open space system for nature-based recreation. 

 
Additional specific management recommendations pertaining to each of the theme areas of 
this study are provided in individual sections of Chapter 4 of this report. 
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The overall study outcomes are considered to be extremely valuable, in terms of improved 
scientific defensibility for the watershed plan’s recommendations and the knowledge capacity 
built within the technical team. 
 
USE OF THE STUDY RESULTS 
 
This scenario modelling and analysis study largely constituted the second phase of the 
watershed planning study, and as such contributed findings and recommendations that were 
considered in the development of the Humber River Watershed Plan, during the third study 
phase.  As a supporting document to the Humber River Watershed Plan, this report will serve 
as a technical reference during the plan’s implementation.  In addition, the scenario modeling 
results can be used as a guide to comment on the likely relative effects of future scenarios that 
may contain different assumptions from the ones used in this study.  Finally, this study 
contributes to the continued evolution of the field of integrated watershed planning, and in this 
regard will help to inform similar studies in other jurisdictions. 
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Chapter  
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INTRODUCTION 

 
1.0 INTRODUCTION 

Figure 1-1:  Humber River Watershed 

The Toronto and Region Conservation 
Authority (TRCA) have applied an innovative 
study approach to the development of a 
watershed plan for the Humber River 
watershed.  The Humber River watershed lies 
in the south-central portion of the Greater 
Toronto Area, draining an area of 903 km2

Figure 

 
from its headwaters in the Oak Ridges 
Moraine to its mouth at Lake Ontario (
1-1).  The watershed supports a mix of 
agricultural, urban and rapidly urbanizing land 
uses and their associated management 
challenges. Land use planning decisions over the next five to ten years will be critical in 
determining the long term health of the Humber River watershed.  Therefore, in order to provide 
effective guidance for the protection and enhancement of the watershed, the study adopted a 
forward thinking, science-based and integrated approach. 
 
Central to all aspects of the study was the recognition that the Humber River watershed is 
complex, consisting of many systems that interrelate.  Effective evaluation of these systems 
involves an examination of not only the features and functions but their integrated nature.  From 
the 1980s to the present, watershed management practices in Ontario and internationally have 
evolved significantly toward an integrated approach.  Increasingly, watershed management 
addresses a broader range of resource and environmental protection issues than previous 
initiatives, and considers the interrelationships among these issues (CVC, GRCA, and TRCA, 
2002).  The Humber River Watershed Planning Study therefore set out to develop an improved 
basis for decision-making that is based on a better understanding of the interactions between 
human and natural systems and thresholds of watershed health. 
 
The watershed response model (Figure 1-2) illustrates the significance of geology, climate and 
land cover in shaping a watershed’s hydrological, biological and cultural systems.  The 
diagram also illustrates the pathways and order in which changes in individual watershed 
systems occur in response to changes in land cover, climate or management practices.  
Ultimately these system changes can affect valued watershed services, such as recreation or 
resource based industry, which rely on overall health and integrity of the watershed.



Humber River Watershed Scenario Modelling and Analysis Report 

1-2 

 

Figure 1-2:  Watershed Response Model 

 
The Humber River watershed exhibits reaches along a continuum between pristine natural 
conditions that existed before human settlement and degraded, unhealthy conditions that 
could result from extensive human impacts.  The watershed plan aims to guide land use and 
management activities, such that a desirable level of watershed health can be protected or 
restored. 
 
The watershed planning study was carried out in three phases. The first phase involved 
characterization of watershed systems and evaluation of current conditions according to a set 
of watershed goals and objectives.  This work was documented in ten (10) Humber River State 
of the Watershed Reports (TRCA, 2008a-j).  In the second phase, current and anticipated future 
stresses on the watershed and possible management approaches identified in Phase 1 were 
further analysed through modelling studies, which are the focus of this report.  Additional 
analysis of these issues and approaches occurred during expert workshops, called 
“management summits”, and with reference to literature from other jurisdictions.  Information 
and strategic recommendations arising from the first two phases of study contributed to the 
development of the watershed management plan, which constituted Phase 3. 
 
The purpose of the modelling study component of the watershed plan was to assist the study 
team in: 
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• improving knowledge of watershed systems, their interdependencies and relative sensitivity 

to change; 
• understanding how watershed conditions would respond to future land use and climate 

changes; and  
• understanding the relative effectiveness of various management actions in achieving 

watershed goals and objectives. 
 
This information provided a sound basis for setting strategic management recommendations 
for inclusion in the watershed plan. 
 
The TRCA developed an integrated approach to the modelling and analysis work that 
recognized the complex interactions among natural systems and human activities.  An 
innovative aspect of this work was a set of commonly defined scenarios of potential future 
watershed land use, climate and management strategies that was prepared for subsequent 
modelling and integrated analysis by individual disciplines.  Predictive modelling tools or 
approaches were established that enabled examination of the effects of each scenario on 
concerns associated with water balance, hydrology, hydrogeology, water quality, aquatic and 
terrestrial systems, cultural heritage and nature-based recreation.  Effects were evaluated in 
terms of acceptability with respect to established watershed management objectives and 
working targets.  The overall watershed response model illustrated the pathways and linkages 
among the individual systems and was used to guide the integrated analysis.  The individual 
models were linked in that often output from one model was required as input to another.  Care 
was taken throughout the study to ensure the compatibility and comparability of study results. 
 
This report summarizes the technical study design, findings and recommendations associated 
with the scenario modelling component of the watershed planning process.  While the analysis 
accounted for interaction between various watershed systems, the study findings are presented 
in this report according to conventional themes with appropriate cross-referencing between 
sections.  The themes include:  surface water quantity, surface water quality, groundwater, 
aquatic system, terrestrial system, cultural heritage and nature-based recreation.  The report 
provides concluding observations about the effectiveness of applying an integrated, watershed 
based approach to the development of the watershed plan. 
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Chapter  

2.0 

SETTING AND KEY ISSUES 

 
2.0 SETTING AND KEY ISSUES 
 
Climate, physiography and geology form the foundation that influences the Humber 
watershed’s hydrological and biological characteristics, while land use and management 
practices affect their condition.  The following sections provide an understanding of the 
watershed’s physical setting and anticipated land use changes, issues and opportunities as 
necessary background for the study design and interpretation of study findings.  This 
information was particularly important in defining future scenarios and setting up hydrological 
models to predict the response of watershed systems to these scenarios. 
 
2.1 Climate 
 
Climate characteristics are important input variables for hydrological studies because virtually 
all water in the watershed ultimately derives from precipitation and temperature affects potential 
evapotranspiration – two key drivers of the watershed’s overall water budget. 
 
Within the Humber River watershed area, there are three main zones of relatively contiguous 
and uniform climate known as the Lake Ontario Shore, the South Slope/Peel Plain, and Oak 
Ridges Moraine/Niagara Escarpment zones (named after the physiographic regions). The Lake 
Ontario Shore zone closely follows the north shore of Lake Ontario in a relatively narrow band 
approximately 10 kilometres inland and is under the moderating influence of the lake.  The 
South Slope/Peel Plain zone is topographically higher and farther from the Lake, and hence the 
influence of the Lake is diminished.  The Oak Ridges Moraine/Niagara Escarpment zone is the 
highest elevation area in the watershed and furthest from Lake Ontario.  The three zones are 
largely distinguished by differing precipitation and temperature patterns. 
 

 
Precipitation and Temperature 

Based on Environment Canada climate stations in or near the watershed with at least 30 years 
of records, the average annual precipitation for this watershed during the period 1971 to 2000 
ranged between 798 millimetres per year (mm/yr) in Woodbridge (Station 6159575) in the 
South Slope/Peel Plain zone, 834 mm/yr in Toronto (Station 6158350) in the Lake Ontario 
Shore zone, and up to 933 mm/yr near Mono Mills (Station 6152833) in the Oak Ridges 
Moraine/Niagara Escarpment zone (Environment Canada, 2007).  The term “precipitation” 
includes rainfall, dew, snowfall and condensation. 
 
Mean annual temperatures are useful for broad, regional comparisons.  The mean annual 
temperature for the portion of the Lake Ontario Shore zone within the TRCA jurisdiction is 
approximately 8 degrees Celsius (°C).  Given its distance from Lake Ontario and higher 
elevation, the South Slope/Peel Plain zone has a cooler mean annual temperature of about 
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7°C.  The Oak Ridges Moraine/Niagara Escarpment zone has a slightly cooler mean annual 
temperature of about 6.5°C (Sanderson, 2004; Environment Canada, 2007)  
 

 
Evapotranspiration 

The mean annual actual evapotranspiration for the region including the Humber River 
watershed has previously been estimated to be about 530 to 560 mm/yr, reflecting seasonal 
periods of soil moisture limitations (Brown et al., 1980, Phillips and McCulloch, 1972, Morton, 
1983).  Through the application of water budget modelling, average annual total 
evapotranspiration was estimated to range from 469 mm/yr in the Toronto area (Lake Ontario 
Shore zone) to about 517 mm/yr along the Oak Ridges Moraine/Niagara Escarpment zone and 
an average value of 589 mm/yr for the South Slope/Peel Plain zone (Earthfx, 2008). A value of 
about 525 mm/yr is the average value for the entire watershed.  Details regarding the modelling 
approach are presented in Section 4.3 (Groundwater). 
 

 
Water Surplus 

The modelled average annual water surplus (i.e., precipitation minus total ET losses) under 
current conditions ranges from 383 mm/yr in the Toronto area to about 331 mm/yr along the 
Oak Ridges Moraine (Earthfx 2008). The water surplus estimate for the area in between the 
above mentioned two boundaries was estimated as 277 mm/yr. Average water surplus for the 
entire watershed was estimated at 330 mm/yr. Part of the water surplus will be converted to 
surface runoff into area watercourses and the balance will infiltrate through the soil profile and 
eventually recharge the upper portion of the groundwater system.  Infiltration (recharge) is 
discussed further in Section 4.3 (Groundwater) and runoff is discussed in Section 4.1 (Surface 
Water Quantity). 
 

 
Climate Trends 

Climate varies on both a short-term (seasonally) and long-term basis, which makes the 
selected time period for data analysis very important for calculating the water budget.  Based 
on long term assessments of climate data from a station in the City of Toronto (Kassenaar and 
Wexler, 2006) the annual precipitation in this area has varied from approximately 600 mm/yr to 
1200 mm/yr, with an average value of 800 mm/yr (Figure 2-1).  A decade of below average 
precipitation, by some 100 mm, occurred in the 1930s and above average values, in the order 
of 80 mm, took place during the 1970s and 1980s. 
 
Some global climate change models predict a future climate with average temperatures and 
precipitation amounts that are significantly different (typically warmer and wetter) from present 
conditions in the Toronto Region.  Two model scenarios that provide some of the most drastic 
climate change forecasts for Southern Ontario, generated by the second version of the 
Coupled Global Climate Model (Canadian Centre For Climate Modelling and Analysis, 2005) 
and the British Hadley Global Climate Model (Hadley Centre for Climate Change, 2005), predict 
average annual temperature increases of 5.3oC and 7.1oC and annual precipitation increases of 
5.9% and 18.9% respectively. Some researchers also predict a global increase in the frequency 
of extreme, intense precipitation events (Kharin and Zwiers, 2005) although these types of 
change are much more difficult to predict and no conclusive determinations have yet been 
made regarding future extreme precipitation patterns in Southern Ontario or the Toronto area. 
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Figure 2-1:  Long Term Precipitation (Toronto, Queen’s Park) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source:  Kassenaar and Wexler, 2006 
 
 
2.2 Physiography, Topography and Soils 
 
The landforms in the Humber River watershed are primarily the result of the movement and 
deposition of material by glaciers and melt-water in the most recent period of glaciations.  Five 
major, distinct physiographic regions are found in the watershed (Figure 2-2) includes Guelph 
Drumlin Field, Niagara Escarpment, Oak Ridges, South Slope, Peel Plain and the Iroquois 
Sand Plain (Chapman and Putnam, 1984).  Each region’s characteristic topography and soils, 
affect hydrology and drainage patterns.   
 
 



 

 

Figure 2-2:  Physiographic Regions 
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The Horseshoe Moraine forms a horseshoe-shaped region above and west of the highest 
portions of the Niagara Escarpment. The two major landforms associated with this area are 
irregular stone knobs and ridges as well as pitted sand and gravel terraces and valley floors 
filled with swamps (Chapman and Putnam, 1984). In the Humber River watershed, the 
Horseshoe Moraine region is limited to the extreme northwestern portion. 

Horseshoe Moraine 

 

The Guelph Drumlin Field physiographic region lies above and immediately to the west of the 
Niagara Escarpment.  The area is characterized by hummocky terrain from the high 
concentration of drumlins, which are rounded hills formed under glacial ice.  The soils are a mix 
of stony glacial tills and gravel terraces from former spillways. 

Guelph Drumlin Field 

 

The Niagara Escarpment extends from Niagara Falls to the northern tip of the Bruce Peninsula 
and appears in the landscape as a near vertical cliff or steep slope.  It is due to the presence of 
an erosion resistant layer of Lockport dolomite rock of Silurian age, which outcrops all the way 
around the Michigan Basin.  The dolomite rock is underlain by shales that have been eroded 
away, creating a magnificent escarpment (Putnam and Kerr, 1956).  The portion of the Niagara 
Escarpment in the Humber River watershed is partially covered by the glacial tills of the Oak 
Ridges Moraine and appears as a steep slope rather than a vertical cliff. 

Niagara Escarpment 

 

The Oak Ridges physiographic region, also partly the site of the Oak Ridges Moraine (ORM) 
land form; "stands out as one of the most distinctive physiographic regions of Southern 
Ontario" (Chapman and Putnam, 1984).  It rises to a maximum elevation of about 450 m above 
sea level (masl) along the northern watershed divide and is the source area for many rivers and 
streams.  Although the underlying geologic feature is a sand-rich glacial moraine, within the 
Rouge River watershed the soils in this physiographic region are mainly loam, with areas of 
clay loam and clay.  This apparent contradiction is the result of a thin layer of glacial till (a 
mixture of a range of different clast sizes ranging from clay to boulders that were deposited 
directly by glacial ice) that covers most of the land surface.  Localized sandy loam soils are 
present in the western headwater areas where the till is absent. 

Oak Ridges 

 
This region is characterized by "hummocky topography", with many closed depressions (i.e. 
kettle depressions) that are internally drained.  These characteristics mean that the surface 
water collects on the land surface instead of running off into streams. This extensive ponding 
results in much higher recharge than would be otherwise expected for the fine grained soil 
types. 

 

The South Slope is a sloping plain that extends across the lower headwater areas in a band 
from an elevation of about 245 masl at the boundary with the Oak Ridges to about 220 m at the 
southern boundary with the Peel Plain.  This region is present in a second band that extends 
from an elevation about 180 to 190 masl along the southern boundary of the Peel Plain to the 
Lake Iroquois shoreline at an elevation of 135 masl. 

South Slope 
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This region represents the southern flank of the Oak Ridges Moraine and is underlain by glacial 
till.  The resulting soil types are predominantly clay with some clay loam, and loam.  Since the 
topography is not hummocky like the Oak Ridges, runoff is relatively high, and infiltration is 
correspondingly low. 

 

Overlying the central portion of the South Slope is a region of flatter topography called the Peel 
Plain where a thin veneer of silt and clay lacustrine material up to 5 m thick was deposited over 
the till.  The soils are predominantly clay with localized clay loam and loam.  Although the 
topography is relatively flat, which leads to some local ponding, infiltration is still quite low 
because of the presence of the lacustrine clay over the till. 

Peel Plain 

 

The northern edge of this physiographic region is delimited by the Lake Iroquois shoreline at 
an elevation of about 135 masl.  This prominent ridge represents the former edge of a lake that 
existed approximately 10,000 years ago when water levels were about 60 m higher than the 
present.  This high water level was caused by damming of the outlet from Lake Ontario to the 
St. Lawrence River by glacial ice. 

Iroquois Sand Plain 

South of the shoreline, the topography slopes gently towards Lake Ontario. The soils in this 
region are mostly sandy loam, with some loam close to Lake Ontario, where the underlying 
soils are finer grained. 

Figure 2-3 illustrates the types of soils that occur in the Humber River watershed, according to 
hydrologic soil group classifications that are based on the run off potential of the soil.  The four 
hydrologic soil groups are A, AB, B, BC, C and D, where A group soils have the smallest run off 
potential and highest infiltration rates and D group soils have the highest run off potential and 
lowest infiltration rates.  Group C and D soils contain significant clay components and have 
moderately fine to fine structure which combined, impedes the downward movement of water. 



 

 

Figure 2-3:  Hydrologic Soil Groups 
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2.3 Geology 
 
Successive layers of unconsolidated sediments, up to 200 m thick were deposited on top of the 
bedrock over the past 135,000 years.  A schematic of the various geologic units is presented in 
Figure 2-4.  The thicknesses of the stratigraphic units were estimated by the York-Peel-Durham-
Toronto/Conservation Authorities Moraine Coalition (YPDT-CAMC) study team using the 
Geologic Survey of Canada (GSC) golden spikes, geophysical data (downhole and seismic), 
combined with water well records (Kassenaar and Wexler, 2006).  A description of the origin 
and characteristics of each of the successive geologic units is provided in the Humber River 
State of the Watershed Report – Geology and Groundwater Resources (TRCA, 2008). 
 
The surficial expression of the uppermost geologic layers is shown as surficial geology (Figure 
2-5) which influences physiography, topography and soils discussed in the previous section. 
 

Figure 2-4:  Stratigraphic Schematic 

 
 

Source: modified from Eyles, 2002 



 

 

Figure2-5:  Surficial Geology 
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2.4 Hydrogeology 
 
Groundwater flow through the TRCA area has been extensively studied by a number of groups, 
and the geology has been the focus of studies by the Geological Survey of Canada (GSC).  
These studies were used as a foundation for the construction of a groundwater flow model for 
the TRCA area by the YPDT-CAMC groundwater management study.  In addition, the YPDT-
CAMC group developed a database of borehole and water well related information, along with 
climate (Environment Canada) and streamflow (Water Survey of Canada and TRCA) data.  The 
YPDT groundwater flow model has subsequently been used in this watershed planning study 
to assess impacts of climate change on recharge rates and other related groundwater 
concerns. 
 
The headwaters area of the watershed generally functions as a groundwater divide for all three 
aquifer systems in the Humber Watershed.  However, this divide is less pronounced along the 
Schomberg – Nobleton corridor, perhaps due to the inter-basin flow of groundwater from the 
Lake Simcoe Watershed into the Humber Watershed. The divide also becomes complex where 
the Oak Ridges Moraine meets the Niagara Escarpment in the Mono Mills Area. 
 
The hydrostratigraphy used in the groundwater flow model was based on a re-interpretation of 
the borehole log data published by the CAMC using the GSC conceptual insights and layers as 
a guide to the interpretation process (Kassenaar and Wexler, 2006).  The main focus of the re-
interpretation and refinement was to identify aquifer/aquitard boundaries.  Other goals of the 
reinterpretation and refinement include delineating the sub-glacial tunnel channels, mapping 
interconnected bedrock valley systems, and subdividing the deeper system (Lower Sediments) 
into the Thorncliffe, Sunnybrook and Scarborough units based on hydrogeologic function. 
 
The reinterpretation and refinement of the GSC stratigraphic model resulted in the delineation 
of the following seven hydrostratigraphic units for the TRCA area: 
 
 Halton Aquitard; 
 Oak Ridges Aquifer; 
 Newmarket Aquitard; 
 Meltwater Channel Aquifers; 
 Thorncliffe Aquifer; 
 Sunnybrook Aquitard; 
 Scarborough Aquifer; and 
 Upper Bedrock Aquitard. 

 
The aquifers are also sometimes referred to as the Upper Aquifer (Oak Ridges), Middle Aquifer 
(Thorncliffe), and Lower Aquifer (Scarborough), with a Shallow Aquifer system recognized as 
lying within permeable deposits of the Halton till. 
 
Representative north-south cross sections are shown on Figure 2-6 (Main and Lower Humber 
River), Figure 2-7 (West Humber River) and Figure 2-8 (East Humber River) which illustrate the 
relationship between the hydrostratigraphy and river profile.  A description of the characteristics 
and permeability of each of the hydrostratigraphic units is provided below.  It should be noted 
that each of these units is not homogeneous.  Each unit exhibits extensive variation both 
laterally and vertically.  However, for the purposes of constructing a numerical hydrogeologic 
model, it was necessary to divide the stratigraphy into a limited number of layers.  To represent 
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the variations in each aquifer layer, the thickness and hydraulic conductivity were varied to 
match the observed geologic materials in the golden spike boreholes, geotechnical boreholes, 
and water well records.  Tunnel channel zones were also defined in terms of their location, 
depth, orientation, and infill material to adequately represent the cross-connection of aquifer 
systems. 
 

 
Halton Aquitard 

This aquitard includes the Halton Till formation.  The top of the Halton Aquitard usually 
coincides with the ground surface on the south side of the ORM.  It is thickest and most 
continuous to the north, but is absent in some areas where it has been removed by erosion 
activity.  Where the till cover is absent, the lower units are frequently covered with a veneer of 
glaciolacustrine material or more recent fluvial deposits associated with modern river valleys. 
 
The Halton till deposits are generally less than 25 m thick and serve as an aquitard wherever 
present in significant thickness, limiting recharge rates to 60 to 100 mm/yr. Where the terrain is 
hummocky, the capture and retention time of surface water can increase the recharge to about 
360 mm/yr (Kassenaar and Wexler, 2006).   
 
Groundwater flow in this aquitard is generally vertically downward, with the exception of 
localized areas where the underlying aquifers are artesian (e.g. area south of Bolton along 
Coleraine Drive). 
 

 
Oak Ridges Aquifer 

Sand bodies situated beneath the surficial tills along the flanks of the ORM deposited during 
the Mackinaw Interstadial are included in this aquifer complex, as well as the ORM deposits. 
The degree of hydraulic connection with the moraine sediments generally decreases away 
from the ORM.  The Oak Ridges Aquifer sediments are up to 100 m thick along the core of the 
ORM, but in areas remote from the ORM, the sands of the Mackinaw Interstadial are locally 
discontinuous and generally less than 10 m thick.  Headwater tributaries of the Main and East 
branches of the Humber River receive groundwater discharge from these deposits. 
 
Groundwater flow in this unit is primarily horizontal towards Lake Ontario, with localized flow 
towards watercourses that cut into the aquifer. 
 

 
Newmarket Aquitard 

This aquitard includes the Newmarket Till formation and is generally between 20 to 30 m thick 
with the thickest locations reaching depths of up to 100 m below ground surface.  The till has 
been eroded in some parts in the northern portion of the watershed, corresponding to the 
locations of interpreted tunnel channels where meltwater flow eroded down through the 
Newmarket Till into underlying sediments. 
 
Hydrogeologic investigations conducted by the Interim Waste Authority (IWA, 1994a) and 
continued by Gerber and Howard (1996; 2000; Gerber et al., 2001) suggest that the bulk 
permeability of the Newmarket Till is controlled by large scale features such as fractures and 
layers of sand and gravel. 



Humber River Watershed Scenario Modelling and Analysis Report 

2-12 

Figure 2-6:  Geologic Cross Section - Main and Lower Humber River 
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Figure 2-7:  Geologic Cross Section – West Humber River 



Humber River Watershed Scenario Modelling and Analysis Report 

2-14 

Figure 2-8:  Geologic Cross Section – East Humber River 
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Groundwater flow in this unit is predominantly downward, with the leakage to the underlying 
Thorncliffe Formation estimated to be in the range of 30 - 40 mm/year. The amount of vertical 
leakage will obviously differ where the till has been removed by meltwater erosion (tunnel 
channels) and depends on the local characteristics of channel infill sediments. 
 

 
Meltwater Channel Aquifers 

As discussed in section 2.3, meltwater channel systems trend generally north-south to 
northwest-southeast extending from north of the ORM into the area north of Lake Ontario. 
These features represent areas where the Newmarket Aquitard has been partially or completely 
eroded. Digital elevation models and cross sections of the area illustrate these channels in both 
plan view and section, and the interpretation is consistent with available borehole data, and 
previous hydrogeological studies. 
 
A complex series of channels extend from north of Palgrave south into Caledon East and west 
towards Caledon.  Two small parallel channels extend south along Regional Road 50 toward 
Bolton. The “Nobleton” channel trends from Holland Landing east of Bradford southward to 
east of Nobleton and Kleinberg.  The “Oak Ridges” Channel passes southwest through 
Newmarket and Aurora, east of King City and intersects the Nobleton Channel near 
Woodbridge.   
 
The sediments that infill these channels are quite variable, ranging from sand and gravel to silt 
and clay.  The nature of the infill sediment is important, particularly where the Newmarket 
Aquitard has been completely eroded, because the hydraulic conductivity of this sediment will 
control the vertical flow of water between the aquifer units. 
 
In areas where the infill is coarser, these channel aquifers result in horizontal flow of 
groundwater, including flow across the northern watershed boundary at Palgrave,  
 

 
Thorncliffe Aquifer 

This aquifer comprises the Thorncliffe Formation and reaches its maximum thickness (up to 60 
m) on the ORM.  The top of this aquifer is up to 150 m below ground surface on the ORM.  
Groundwater flow is generally south towards Lake Ontario, with local deviation towards the 
adjacent Don and Rouge River watersheds. 
 

 
Sunnybrook Aquitard 

This aquitard comprises the Sunnybrook Drift unit and separates the Thorncliffe aquifer from 
the underlying Scarborough Aquifer.  This unit thins in the western part of the watershed where 
the bedrock elevation rises, while it thickens in areas where it fills valleys. In the Humber River 
watershed, this aquitard is generally less than 20 m thick, but may be upwards of 50 m thick in 
areas around Bolton and King City. 
 

 
Scarborough Aquifer 

This aquifer unit includes the Scarborough Formation along with minor till layers. To the 
northeast, the unit thins out where the bedrock elevation is higher, and for digital layer 
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continuity reasons, it was extended into this area to represent lower aquifer materials that may 
or may not actually be Scarborough Formation, but share similar hydraulic characteristics. 
 
The Scarborough aquifer thickness reflects the bedrock valley system, and its distribution of thick 
material, even if not highly permeable, is very significant as the overall transmissivity (product of 
aquifer thickness times the hydraulic conductivity of the formation) of the Scarborough aquifer is 
high within the valley systems.  Groundwater flow in this aquifer is generally south towards Lake 
Ontario, with local deviation towards the Don and Rouge River watersheds.  
 

 
Upper Bedrock Aquitard 

The shale and limestone bedrock is not considered to be a good aquifer from either a quantity 
or quality perspective, although higher hydraulic conductivity may be encountered where there 
are bedding planes, joints or fractures.  However, there is a small area in the Mono Mills area 
(Upper Main Humber subwatershed) where pervious limestone deposits form a significant local 
aquifer.  A former municipal well was located in this area, but was decommissioned due to 
elevated levels of nitrate in the groundwater. 
 

 
Overall Groundwater Flow 

Groundwater flow is generally from north to south, or from the Niagara Escarpment and ORM 
to Lake Ontario.  In the Oak Ridges Aquifer the flow patterns are still directly influenced by 
topography and the stream network. As with the shallow groundwater, inflows from the Credit 
River watershed are predicted around Caledon and significant outflows to the Rouge River 
watershed are predicted in the Oak Ridges area. In the Thorncliffe Aquifer, the effect of 
topography is more subdued than the upper aquifer, but the inflows and outflows are still 
predicted to occur in the Caledon and Oak Ridges areas, respectively.  Groundwater 
movement into the watershed also occurs along the north eastern boundary from tunnel 
channels carved into the deep Scarborough Aquifer Complex (SAC).  
 
In the Scarborough Aquifer, inflow from the Credit River watershed is greater in the upper 
aquifer systems, as indicated by the closely spaced contours at the edge of the Niagara 
Escarpment. Some groundwater movement from the Humber watershed into the Don and 
Rouge River watersheds occurs south of Oak Ridges in the northeastern corner of the 
watershed. This deep aquifer is of interest as a potential supply of municipal water to Caledon 
or Caledon East (Holysh, 2003). Based on the reflection seismic surveys completed near 
Caledon East and Bolton, it is interpreted that this aquifer system extends along the buried 
bedrock valley from at least Willoughby Road (west of Caledon Village) to the Bolton area in 
the east. Assuming an average width of 1,200 m, an average thickness of 20 m, a relatively flat 
vertical gradient of 0.002, and a hydraulic conductivity of 10-3 m/s, the volumetric flux at Bolton 
would be estimated to be 4,147 m3

 
/day. 

The water table elevation map derived from observed water levels in MOE water well records 
shows the expected strong influence of the surficial features (escarpment, ORM, watercourses) 
on the water table. The predicted flows into the Humber watershed from the Credit River 
watershed around Caledon, and predicted outflows to the Humber River around Oak Ridges 
are noticeable.  Figure 2-9 illustrates water levels in the Oak Ridges Aquifer (i.e.,  the upper 
aquifer) and the approximate groundwater divide.  The groundwater divide varies slightly, 
depending on which aquifer is considered, but the Oak Ridges Aquifer is used as a guide. 



 

 

Figure 2-9  Oak Ridges Aquifer Complex Water Levels 
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2.5 Land use  
 
The physical setting of the Humber River watershed has influenced settlement patterns and 
land use, which is currently comprised of 40% rural and agricultural uses, 27% urban, 32% 
natural (forest, wetland, successional and meadow) and 1% watercourses and waterbodies 
(Figure 2-10).  Agricultural lands are predominantly found in the headwaters of the Main, West 
and East Humber Rivers.  Urban and urbanizing lands are generally in the mid and lower 
reaches with the exception of the communities of Oak Ridges, King City and Nobleton located 
in the headwaters of the East Humber, and the villages of Caledon East and Palgrave in 
headwaters of the Main Humber.  Large tracts of natural cover are located in the headwaters of 
the Main and East Humber Rivers.  In other portions of the watershed, natural cover is highly 
fragmented and generally restricted to river valleys and lands where soils are too wet to permit 
agricultural uses. 
 
The watershed covers parts of the Regional Municipalities of Peel and York, the City of Toronto, 
Simcoe County and Dufferin County and includes portions of 10 Greater Toronto Area 
municipalities (Figure 2-10).  Most municipal water supplies are reliant on Lake Ontario-based 
systems, with the exception of the communities of Palgrave and Caledon East, which are 
served by Region of Peel groundwater wells, and Nobleton, King City and Kleinburg which are 
served by York Region groundwater wells.  The remaining rural areas rely on groundwater from 
private wells.  Wastewater in the cities of Toronto, Mississauga, Brampton, and the 
communities of Caledon East, Bolton, King City and Woodbridge is collected by sewers and 
treated at sewage treatment plants that outlet to Lake Ontario.  In the community of Kleinburg 
in Peel Region, wastewater is collected by sanitary sewers and treated at a sewage treatment 
plant that outlets to the main channel of the Humber River.  The community of Nobleton, in 
York Region, has an approved Environmental Assessment to construct a stand-alone sewage 
treatment plant to service its new urban development, which will outlet to the East Humber 
River.  Within the remaining rural portions of the Regions of York and Peel, private sewage 
treatment systems (septic tile beds) are operated by individual landowners. 
 
Land use in parts of the watershed is guided by a number of special policies and plans.  The 
provincial Greenbelt Plan (2005), including the Oak Ridges Moraine Conservation Plan (2002), 
and Niagara Escarpment Plan (1994), affords protection to natural and agricultural lands in the 
headwaters and along major Humber River tributaries under specific policy designations (see 
Figure 2.5-2).  There are also currently five Special Policy Areas (SPAs) within the Humber 
watershed (Figure 2-11).   SPAs are areas within a community that have historically existed in 
the flood plain.  SPAs address the significant social and economic hardships to the community 
that would result from the strict adherence to provincial policies concerning development in 
flood vulnerable areas.  The intent of the SPA designation is to provide for the continued 
viability of existing uses to sustain these communities provided that flood hazard management 
measures are taken. 
 
While the watershed plan will provide guidance for the management of all watershed lands, 
these special land use policy areas represent additional opportunities and tools for 
implementation of progressive management strategies.



 

 

Figure 2-10:  Study Area and General Land Use (2002) 



 

 

Figure 2-11  Special Land Use Policy Areas 
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2.6 Key Issues 
 
The Characterization phase of this study identified current and potential future stresses 
affecting watershed conditions and put forward possible management approaches for further 
analysis.  The five primary issues and opportunities facing this watershed are summarized 
below. 
 
1. Urban growth pressure 
 
The Greater Toronto Area has experienced a rapid pace of urban growth in the past ten years.  
York Region is noted as having one of the highest population growth rates in all of Canada and 
similar population growth rates have occurred in Peel Region.  A substantial portion of urban 
settlement areas in the watershed designated by municipal official plans has already been 
developed or in advanced stages of the urban development planning process.  Recent 
provincial studies project population growth of 4.5 million in the Greater Toronto Area over the 
next 20 years (Hemson Consulting Ltd., 2005) and identify lands in the Humber River 
watershed as potential areas where some of this growth may be accommodated (OMPIR, 
2006).  The watershed plan must provide guidance to municipalities contemplating where 
projected population growth should be accommodated to reduce the negative impacts of this 
growth on watershed systems and where possible achieve net gain. 
 
2. Lack of natural cover 
 
The fragmented state of the natural heritage system is typical of conditions throughout the 
Toronto Region and is not considered sufficient to sustain regional biodiversity.  TRCA’s 
Toronto and Region Terrestrial Natural Heritage System Strategy (2007b) aims to protect and 
restore a target of 30% good quality habitat in the Toronto Region.  In the Humber River 
watershed, this target translates to an increase from the current amount of natural cover of 32% 
of the watershed area, to 39% or greater.  Progressive and protective policies of provincial and 
municipal governments and TRCA will significantly contribute to the achievement of this goal.  
However further evidence of the other watershed benefits of this targeted system, beyond 
biodiversity, will assist in demonstrating the effectiveness of this management strategy. 
 
3. The need for improved stormwater management 
 
Watershed monitoring indicates that despite implementation of stormwater management in 
new urban developments, the environmental quality of the Humber River watershed has 
continued to deteriorate with urbanization.  Although much of the urban development in the 
watershed has been serviced by ever-evolving state-of-the-art stormwater management 
practices, stream channels have continued to experience accelerated erosion.  The resulting 
channel alterations have impaired aquatic habitat, contributed sediment loading to Lake 
Ontario and put infrastructure at risk in some reaches. 
 
Emerging studies from the Toronto Region and other jurisdictions outside Ontario suggest that 
a new approach is needed to urban community design – one that attempts to preserve pre-
development water balance on site to the extent possible through “low impact design” and 
other better site planning considerations. 
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In addition to taking new approaches to planning greenfield developments there is also a need 
to look at ways to improve stormwater management in older urban developments.  Most 
Humber River watershed municipalities have undertaken studies to identify strategies for 
incorporating new end-of-pipe stormwater management facilities in older urban areas that were 
developed prior to stormwater controls or retrofitting (i.e. improving the performance) of 
existing stormwater management facilities.  The City of Toronto’s Wet Weather Flow 
Management Master Plan makes further recommendations for applying a treatment train 
approach to stormwater retrofits in its existing urban areas, whereby lot level source controls, 
conveyance and end-of-pipe measures form a comprehensive solution (TSH, 2003; City of 
Toronto, 2006).  The watershed planning studies offer an opportunity to look at the cumulative 
effects of extending these approaches throughout the watershed. 
 
4. The need to adopt more sustainable urban design forms and lifestyles 
 
Past experience in the Humber River watershed and other watersheds has shown that current 
approaches will be limited in their ability to protect the watershed against impacts from future 
stresses.  In fact, jurisdictions around the world are calling for new, more sustainable, 
approaches to watershed management and have already begun to implement innovative 
practices.  The David Suzuki Foundation defines sustainability as simply “living within the 
Earth’s limits” and states that “our quality of life is fundamentally dependent upon the 
environment”. Leading jurisdictions are attempting to define the requisites for sustainability as 
part of their plans and management strategies.  Observed trends in management and design 
approaches include:  the protection of natural systems as a basis for economic and social 
health; restoration and net gain; management at source; biomimicry; and integrated 
management at multiple scales.  The watershed plan must provide guidance in practical terms 
for improved “sustainability” in the watershed. 
 
5. Climate change 
 
Global climate change models predict a future climate for the Toronto Region that will be 
warmer and wetter than average present conditions. There is also expected to be an increased 
frequency of extreme, intense precipitation events.  Changes in average annual and seasonal 
temperature and precipitation are likely to affect the watershed’s hydrology and biological 
systems.  An improved understanding of the potential effects and mitigative strategies is 
necessary to assist in raising local public awareness and action on this global concern. 
 
The challenge for this watershed study was to evaluate the watershed’s response to the 
anticipated future stresses and the relative effectiveness of management strategies.  The 
findings are intended to provide scientifically-based guidance for future decision-making that 
will ensure the overall protection and enhancement of the watershed.
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CHAPTER  

3.0 

INTEGRATED STUDY DESIGN 

 
3.0 INTEGRATED STUDY DESIGN 
 
3.1 Study questions 
 
The scenario modelling and analysis study design was guided by the following 
questions, which arose from a review of the five primary watershed issues and 
opportunities noted in Chapter 2.0: 
 

• Urban growth:  How will different extents of urban growth affect watershed 
conditions?  Can different forms of urban community design reduce the 
impacts? How would the protection of lands in the Greenbelt affect watershed 
conditions? 

• Natural cover:  What are the opportunities for expanding natural cover and how 
would expanded natural cover affect watershed conditions? 

• Stormwater management/retrofits:  How effective would retrofits of end-of-pipe 
stormwater management ponds be in addressing water management problems? 
What would be the cumulative effect of extensive and innovative lot level, 
conveyance and end-of-pipe stormwater management practices in new 
greenfield developments and retrofits in existing urban communities? 

• Sustainable practices:  What would be the cumulative effect of a range of 
sustainable practices on watershed conditions, if implemented throughout the 
watershed? 

• Climate change:  How will climate change affect watershed conditions? Can the 
adoption of sustainable practices mitigate these effects? 

 
Current watershed conditions were defined in the Humber River State of the Watershed 
Reports (TRCA, 2007a-j) according to a set of indicators and targets of health 
associated with objectives for surface water quantity and quality, groundwater, aquatic 
and terrestrial systems, cultural heritage and nature-based recreation.  These objectives 
were based on the thirty objectives of the 1997 watershed strategy, Legacy: A Strategy 
For A Healthy Humber, developed by the Humber Watershed Task Force (MTRCA, 
1997), which later became the Humber Watershed Alliance.  This information provided a 
basis from which to assess the significance and acceptability of how anticipated future 
stresses and management options may affect conditions.  The first step involved the 
further definition of these potential futures. 
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3.2 Land Use and Management - Scenarios  
 

 
Scenario Selection 

This study has formulated a series of land use and management scenarios to depict the 
possible futures contemplated in the study questions.  The scenarios thereby provided 
a common basis from which to model/predict and evaluate the watershed’s response 
for a range of ecosystem indicators. 
 
Although achievement of the watershed objectives guided the choice of assumed 
management approaches, more emphasis was placed on building the scenarios from 
the “bottom up” (i.e. describing likely future land uses and reasonable assumptions of 
practice) rather than “back-casting” from the objectives back to the required set of 
actions.  It was recognized that the results of a “best possible effort” scenario would 
have to be strengthened even further if it proved to fall short of the objectives, and/or 
could indicate areas where less effort may be adequate if it surpassed the objectives. 
 
Five main issues/opportunities were identified in a conceptual framework for the 
development of scenarios (See Table 3-1).  The first column represents issues (e.g. 
urban growth, climate change, etc.) and the second column shows a conceptual 
gradation of options in the level of effort, time to implement etc.  Any given scenario 
could include varying degrees of effort for each issue, potentially resulting in numerous 
combinations and an endless list of scenarios. 
 

Table 3-1:  Conceptual Framework for Development of Scenarios 

Key issue/opportunity Increasing time, level of effort-------- 
Urban growth Current------------Approved OP--------------- Full build out 
Development design Current----------------------------------------------- “Sustainable” 
Natural cover Current----------------------------------expanded, mature natural cover 
Stormwater retrofit  Current --End of pipe retrofit--full treatment train retrofit 
Climate  Current--------------climate change 2050----------2080 (wetter/drier) 
 
The challenge was to establish a “reasonable” number of distinctive scenarios. 
Considerations included: 
 

• Available budget would likely support 5-6 main scenarios, with perhaps 2-3 
additional, minor variations; 

• Scenarios should be discrete enough, such that the primary factors causing 
change can be distinguished; 

• Model capabilities – differences in assumptions between scenarios should be 
detectable within the bounds of the model’s sensitivity; 

• Data must be available to reasonably define the scenario in defensible, 
modellable terms 

 
Eight experimental scenarios were ultimately defined with input from all members of the 
technical team and municipal staff representatives (See Table 3-2).  The scenarios take 
the form of a mapped delineation of future land cover and a description of assumptions, 
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quantified to the extent possible in modellable terms.  A land cover map and detailed 
description of the assumptions for each is documented in Appendix A. 
 
The set of scenarios represents an urban development continuum ranging from 
baseline conditions that existed in 2002 where 27% of the total watershed area is urban 
to implementation of the approved municipal Official Plans, which represents 36% 
urban cover.  A potential full build out of the watershed on all remaining lands not 
protected by existing municipal, provincial or federal policy or through public ownership 
assumes that up to 49% of the watershed would become urban.  Environmental 
measures such as expanded natural cover (from the current 32% to 39% of the 
watershed), better stormwater management, and alternative “sustainable” community 
design were superimposed on these basic situations.  All scenarios were examined 
under existing climate conditions, with the exception of the full build out and sustainable 
community scenarios that were also examined under potential future climates predicted 
for the 2080 period. 
 

Table 3-2:  Humber Watershed Scenarios Selected for Analysis 

No. Name Description Rationale 

1 2002 Conditions 
(baseline) 

Land use/cover and water 
use conditions that existed in 
2002  

Provides a baseline for 
comparison 

2 Approved Official 
Plan Build-out 

Implementation of official plan 
land use schedules 
(approved as of January 1, 
2005) with conventional 
stormwater management 
practices and protection of 
the valley and stream corridor 

Examine watershed response 
to approved urban growth 
assuming current policies 
and best management 
practices are implemented 

3 Approved Official 
Plan Build-out 
with Stormwater 
Retrofits 

Implementation of approved 
official plan land use 
schedules along with 
Toronto’s 25 year Wet 
Weather Flow Management 
Plan and stormwater pond 
retrofits in “905” area 
municipalities 

Examine effect of 
implementing new or 
improved stormwater controls 
in existing urban areas on 
watershed response to 
approved urban growth 

4 Approved Official 
Plan Build-out 
with Expanded 
Natural Cover 

Implementation of approved 
official plan land use 
schedules along with TRCA 
Terrestrial Natural Heritage 
Strategy 

Examine effect of increasing 
the quantity of natural land 
cover in targeted areas on 
watershed response to 
approved urban growth 

5 Full Build-out Implementation of approved 
official plan land use 
schedules (approved as of 
September 1, 2006) plus 
development of all lands not 
currently protected from 
urban growth by provincial or 
municipal policies, with 

Examine watershed response 
to the greatest extent of 
urbanization possible under 
current provincial policies 
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No. Name Description Rationale 

conventional stormwater 
management practices and 
protection of the valley and 
stream corridor 

5A Full Build-out 
with Warmer and 
Wetter Climate 

Same land use/cover and 
water use assumptions as in 
scenario 5 with a 2080 
climate, as predicted by the 
CGCM2 model, scenario A21 
(5˚C warmer and 6% wetter 
than recent average annual 
conditions) 

Examine watershed response 
to the greatest extent of 
urbanization possible and a 
warmer and wetter climate 

5B Full Build-out 
with Warmer and 
Much Wetter 
Climate 

Same land use/cover and 
water use assumptions as in 
scenario 5 with a 2080 
climate, as predicted by the 
Hadley CM2 model, scenario 
A1F1 (7˚C warmer and 19% 
wetter than recent average 
annual conditions) 

Examine watershed response 
to the greatest extent of 
urbanization possible and a 
warmer and much wetter 
climate 

6 Sustainable 
Communities 

Implementation of official plan 
land use schedules 
(approved as of September 1, 
2006) plus development of all 
lands not currently protected 
from urban growth by 
provincial or municipal 
policies but with low impact 
development designs, TRCA 
Terrestrial Natural Heritage 
Strategy, and improvements 
to stormwater management in 
new and existing urban areas 

Examine the effect of 
aggressive implementation of 
sustainable community 
design concepts and 
enhanced stormwater 
management on watershed 
response to full build-out 

6A Sustainable 
Communities 
with Warmer and 
Wetter Climate 

Same land use/cover and 
water use assumptions as in 
scenario 6 with a 2080 
climate, as predicted by the 
CGCM2 model, scenario A21 
(5˚C warmer and 6% wetter 
than recent average annual 
conditions) 

Examine the watershed 
response to full build-out with 
sustainable community 
design and a warmer and 
wetter climate 

6B Sustainable 
Communities 
with Warmer and 
Much Wetter 
Climate 

Same land use/cover and 
water use assumptions as in 
scenario 6 with a 2080 
climate, as predicted by the 
Hadley CM2 model, scenario 
A1F1 (7˚C warmer and 19% 
wetter than recent average 
annual conditions) 

Examine the watershed 
response to full build-out with 
sustainable community 
design and a warmer and 
much wetter climate 
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Scenario Interpretation 

All scenarios were conceived to be equilibrium conditions that would exist when all 
development or management implementation assumed in the scenario had been 
completed.  Thus, the study did not attempt to consider all the transitional stages that 
might occur in reaching the final state.  For example, in the expanded natural cover 
scenarios, mature forest cover was assumed.  In the urban growth scenarios, erosion 
and sediment control impacts associated with the construction phase were not 
addressed in this modelling approach (these issues are however addressed in the 
watershed plan).  Development has tended to move steadily north across the face of the 
watershed over time.  Therefore, while these scenarios represent a development 
continuum they also contain some information about the temporal and spatial 
continuum.  For example, the official plan scenario can be thought of as an intermediate 
stage in the full development scenario. 
 
The greatest value of scenario modelling results arise when the results are compared to 
one another, rather than using the models to attempt to predict actual future conditions.  
A relative comparison is conducive to the study design, which involved a selection of 
representative scenarios along a general continuum of management effort.  This 
approach avoided the need to model an infinite number of scenarios and assumed that 
the final set of management strategies would be drawn from elements of the various 
scenarios and the information their modelling revealed. Relative comparison is also a 
way to address any concerns associated with uncertainties in the modelling predictions, 
in that much of the potential error inherent in modelling would be common to all 
scenario results. 
 
Modelling and consideration of alternative futures among members of the 
interdisciplinary technical team and other study participants required that a clear 
understanding and common description of the scenario be provided, including implicit 
and explicit assumptions.  Therefore the documentation of these assumptions in 
Appendix A was an important aspect of this work. 
 

 
Broader Role of Scenario Analysis 

In addition to providing technical input during the study, the scenario modelling results 
can be used to serve broader roles in support of the watershed plan’s implementation: 
 

• Motivate action – demonstrate what will happen to the watershed if limited or no 
actions are taken 

• Describe potential future vision – predict likely watershed conditions if certain 
actions recommended by the plan are implemented 

• Compare the vision with outcomes of scenarios showing what will happen if only 
some of the actions are implemented 

• Compare issues, needs, benefits for different subwatersheds 
• Scenarios themselves provide a tool for fostering discussion about possible 

implementation barriers and solutions of various strategies 
• Establish a basis for priority setting and phasing of actions 
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3.3 Predictive Modelling and Analysis Tools 
 

 
Overall Modelling Framework 

The Watershed Response Model (Figure 3-1) is being used by TRCA as an overall 
guide to analyse the watershed’s response to the future scenarios.  The Model 
illustrates the pathways and sequential order in which changes in individual watershed 
systems occur in response to changes in land cover, climate or management practices.  
Predictive modelling tools have been identified to evaluate each individual watershed 
system.  Through coordination among technical team members, common measures 
have been identified for evaluating interdependencies between systems and have 
ensured that the output data requirements of one model meet the input requirements of 
the next model in sequence (i.e. units, time scale, etc.) and/or that appropriate 
translations can occur. 
 
TRCA adapted the watershed response model from an initial model developed by 
Snodgrass et al. (1996), which focused on impacts on aquatic ecosystems, and on later 
adaptations of that work by Credit Valley Conservation (CVC, 2003 and 2007).  TRCA 
used the adapted model in its Duffins Creek Watershed Plan (2003) and is attempting to 
build upon that work in both the Humber River watershed planning studiy by improving 
the sophistication of the aquatic and terrestrial predictive tools over previous efforts. 
 
Figure 3-1:  Humber Watershed Response Model and Predictive Tools 
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The Watershed Response Model begins to illustrate the scientific complexity and 
challenges of undertaking the integrated, multi-objective analysis that is a necessary 
basis for sustainable watershed management.  The ability to understand and quantify 
relationships between human and natural systems and the availability of tools to 
simulate these relationships and allow predictions of change varies from one discipline 
to another (Snodgrass et al., 1996).  By extension, there is no one computerized model, 
or “decision support system”, capable of predicting all of the effects of a given scenario 
on all of the various watershed systems. 
 
Although the trend in water resources planning, if not also in other forms of planning, is 
toward the consideration of broadened spatial and temporal scales, multiple objectives, 
data sharing, and virtual simulation approaches, the tools available to support this are 
limited at present (e.g. Simonovic, 1996; Werick, approx. 2005).  The use of single 
model decision support systems or “shared vision models”1

 

 appear to be limited in 
application to more narrowly defined projects, such as water level regulatory planning 
or environmental assessment type projects which evaluate discrete alternative solutions 
to a specific problem (e.g. International Lake Ontario – St. Lawrence River Study Board, 
2004, Werick and Palmer, approx. 2005). 

In a brief review of other related scenario modelling efforts, the study team noted use of 
a regional scale computer simulation tool, QUEST, used to evaluate growth scenarios 
against sustainable regional visions (www.envisiontools.com/questsite).  However, this 
model was not capable of modelling the natural systems of the watershed to the degree 
of sensitivity desired for the current undertaking.  Other innovative scenario modelling 
studies such as those focussed on stormwater retrofit schemes and conventional and 
“low impact” development concepts, have largely focused their analysis on effects 
within one system (i.e. surface water hydrology) by using models such as HSP-F and 
GAWSER (e.g. TSH, 2003; Conservation Design Forum, 2003; Zimmer et al., 2005).  
Neighbouring conservation authorities who have been undertaking urban growth and 
management scenario modelling concurrently with this study have employed a suite of 
models to address various water and natural heritage objectives (e.g. LSRCA and 
NVCA, 2006; CVC, 2007). 
 
Considering the current state of practice in decision support tools, the Humber River 
watershed planning study team believed the most robust approach to scenario analysis 
could be achieved by adopting well-respected, specialized models or other predictive 
methods for each individual system, many of which were already established for the 
watershed, thus allowing team members to focus their efforts on reconciling the model 
inputs and outputs and interpretation of results. 
 

 
Predictive Tools and Their Linkages 

These predictive tools within the overall Watershed Response Model framework include 
a combination of computerized mathematical models, empirical relationships and 

                                                 
1 Shared vision model is a single computer model of the system being studied that decision 
makers, experts and stakeholders all use to test new management ideas and investments 
(Werick and Palmer, approx. 2005 – specific date unknown) 
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professional judgement.  The individual tools are identified according to each 
watershed system as follows: 
 

• Surface water balance:  Hydrologic Simulation Program-Fortran (HSPF) – used 
as input to surface water hydrology and water quality model; and, Precipitation 
Runoff Management System (PRMS) – used as input to groundwater flow 
system model; 

 
• Surface water hydrology and water quality:  Hydrological Simulation Program – 

Fortran (HSPF) – a continuous hydrologic model with water quality simulation 
capabilities;  

 
• Groundwater:  Modular Flow System – Fortran (MODFLOW) – a three-

dimensional finite difference numerical groundwater flow model; 
 

• Aquatic system - Landscape and Stream Assessment Tool (LSAT) – an aquatic 
community predictive model based on established relationships between land 
cover and habitat/species;  

 
• Terrestrial system – TRCA’s Landscape Analysis Model (LAM) and Terrestrial 

Natural Heritage System Design Tool - GIS based terrestrial natural heritage 
models based on principles of landscape ecology; 

 
• Cultural Heritage – TRCA’s probability model for archaeological potential and 

professional judgement; 
 

• Nature-based Recreation - Professional judgement and literature. 
 
A detailed description of each predictive tool and its set up and calibration for this study 
is provided in the relevant section within Chapter 4.0.  During the process of 
coordinating the various models and predictive tools, a number of technical 
considerations were incorporated to facilitate the synthesis and comparison of output: 
 

• Standardization of data sets:  where applicable, consistent input data such as 
base mapping and land use information were used. 

• Common reporting units: consistent model output areas, locations and 
nomenclature were used.  

• Consideration of temporal scale:  annual or seasonal averages were used to 
reconcile continuous model results with steady-state modelling or predictions. 

• Compatibility of model assumptions: wherever possible, consistent assumptions 
were clearly defined in terms relevant to all applicable models and predictive 
tools.  Where differing assumptions were used this was considered in the 
analysis of model output. 

• Recognition of model purpose and differences in computational routines:  it was 
recognized that results from different models may not be directly compatible due 
to variations in input data, model accuracy, model specialization, and 
computational approach.  
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• Visualization of outputs: some modelling tools generate more intuitive and 
graphical output than others which required a manual process of data 
presentation using GIS or other means 

• Realization of model limitations: in many cases model output was limited with 
respect to the spatial and temporal detail that could be provided, as a result of 
the quality of the input or calibration data, or practical restrictions on model 
resolution.  Model output was verified through review of applicable literature 
and/or empirical data to confirm that simulated outcomes were consistent with 
current scientific knowledge. 

 
Lam et al. (2003) encountered similar technical factors in their development of a 
technical user interface to link multiple models. The linking of models to facilitate 
integrated studies is an area that requires further guidance to assist future studies. 
 
The water-related models were interconnected in that much of the same input data was 
used and many of the same output parameters were calculated by each.  However, as 
noted above it was important to consider the purpose and accuracy of each model in 
determining appropriate applications and use of output from each model.  For example, 
HSP-F can generate estimations of the amount of precipitation that infiltrates and 
provides recharge to the groundwater system, and MODFLOW requires an external 
application to calculate recharge volumes in order to conduct groundwater simulations.  
However, the Humber River HSP-F model adapted for the analysis was originally 
developed for the City of Toronto to model surface flow and water quality from urban 
land change and was not intended or designed to estimate groundwater recharge.  As a 
result, while the resolution of recharge estimates was sufficient to provide an accurate 
depiction of surface flow and water quality throughout the Humber watershed for the 
purposes of the current study, it was not sufficient to conduct complex modelling of the 
groundwater system using MODFLOW.  To address this issue, a PRMS water budget 
model was developed to specifically provide recharge input data of the type and 
resolutions required for the MODFLOW model.  While this could potentially have been 
achieved by modifying the HSP-F model, it would have required significantly more time 
and effort than developing the much less complex PRMS model and would not have 
appreciably improved the quality of surface flow and water quality output for which the 
HSP-F model was intended.   Further, the simplicity of the PRMS model allowed for 
faster calibration in conjunction with the calibration of the MODFLOW model.   To 
ensure consistency, care was taken to ensure that the PRMS and HSP-F models utilized 
similar meteorological input data and compatible assumptions regarding changes to 
land use and management action associated with each of the modelled scenarios.   
 
Facilitation of a linked modelling approach, or at least an interdisciplinary analysis of 
modelling results, provides a more accurate and robust approach at establishing 
defensible watershed science as a basis for decision-making.  In the modelling of 
hydrologic systems, groundwater and surface water modelling studies have typically 
been conducted in isolation.  Coordinated surface and groundwater modelling allows 
for recognition of interrelated processes that might not have been otherwise 
considered, and that are usually addressed through acceptance of calibration error or 
‘black box’ arbitrary adjustments to model parameters to achieve sensible results.  
However, with separate surface and groundwater models the process of integration 
requires manual transfer of information between disciplines which practically limits the 
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degree to which model congruence can be achieved.  Fully-coupled hydrologic 
modelling applications, which integrate surface and groundwater processes to simulate 
the entire land-based hydrologic cycle, are currently being developed to address this 
issue.  Although complex, input data intensive and potentially time-consuming to 
develop, fully-coupled models should be considered in future multi-disciplinary 
watershed analyses where a complete understanding of the hydrologic cycle is 
required. 
 
3.4 Analysis and Evaluation 
 
Scenario analysis represents one input to the overall determination of the preferred set 
of management strategies for the Humber River watershed.  Therefore, the process of 
scenario analysis and evaluation must be distinguished from the subsequent process of 
watershed plan development. 
 

 
Scenario analysis and evaluation 

The primary criterion for evaluating the watershed’s response to each of the future 
scenarios was: 
 

• the ability for watershed conditions to meet defined watershed 
management targets 

 
A framework of indicators and targets of watershed health associated with objectives for 
surface water quantity and quality, groundwater, aquatic and terrestrial systems, cultural 
heritage and nature-based recreation was presented in the Humber River State of the 
Watershed reports (TRCA, 2008a-j).  This information provided a basis from which to 
assess the significance and acceptability of how anticipated future stresses and 
management options may affect conditions.  Indicators provide a useful means of 
summarizing complex information into understandable, relevant terms, and therefore 
they have also been widely used by TRCA and other jurisdictions for state-of-the-
environment reporting (e.g. Conservation Ontario, 2003, York Region, 2005).  TRCA 
adheres to a standard reporting framework as defined in Table 3-3. 
 

Table 3-3:  Reporting Framework Definitions 

Objective A general statement of desired outcome, endpoint, intended management 
approach or direction. 
 

Indicator A fact or device that provides specific information about the objective of interest. 
 

Measure Quantitative or qualitative ways to measure the state of the indicator. 
 

Target A numerical threshold or directional aim, associated with a measure, and chosen 
as the minimum (or maximum) state necessary to achieve the desired objective. 

 
Not all watershed indicators were capable of being “modelled” quantitatively, or in 
some cases they were not able to be assessed in terms of scenario effects as they 
represented information that was beyond the scope of assumptions contained in each 
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scenario.  The subset of indicators used as a focus for the scenario analysis is shown in 
Table 3-4.  This set was expected to provide a reasonable indication of the overall 
effects of each scenario across a representative range of watershed concerns.   

Table 3-4:  Indicators Used in Humber River Watershed Scenario Analysis 

Theme Indicators 
Surface Water Quantity Variablity of stream flow 

Flooding and flood risk (peak flow, flood vulnerable areas) 
Erosion and erosion potential (erosion index) 
Baseflow and surface water withdrawals 

Surface Water Quality Total suspended solids 
Nutrients 
Lead and heavy metals 
Bacteria 
Chloride 
Organic contaminants 

Groundwater Recharge 
Aquifer water levels 
Groundwater discharge 
Water balance 

Aquatic System Fish community 
Terrestrial System Quantity of natural cover 

Quality of natural cover 
Quality of distribution of natural cover 

Cultural Heritage Known archaeological sites 
Potential or undiscovered archaeological sites 
Listed or designated built heritage properties 
Living culture of the 21st

Nature-based Recreation 
 century 

Variety of uses and experiences 
Access to greenspace 
Trail network and its connectivity 

 
In addition to a comparison to targets, undertaken within each disciplinary team, the 
watershed’s response to each scenario was analysed according to other “integrated” 
considerations: 
 

• effect of the action(s) on overall watershed health (e.g. length of stream 
channel affected) 

• effects beyond the Humber River watershed 
• significance of the action to critical targets (e.g. health risk? critical 

ecological function?) 
• number of targets met by a given action 
• short term vs. long term effects 

 
This integrated analysis was undertaken within each discipline and in technical team 
“integration workshops”, which were held on several occasions as results became 
available.  This approach involved a combination of quantitative and qualitative based 
observations.  The overall scenario analyses were summarized in a set of “management 
considerations” which were presented to the Humber watershed municipalities and 
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Humber Watershed Alliance for further consideration in the development of the 
watershed plan. 
 

 
Development of Preferred Management Strategies  

The scenario modelling results, as summarized in this report, provided just one source 
of information in the development of its preferred set of management strategies for 
inclusion in the final watershed plan.  Additional technical information and 
implementation considerations were drawn from other background references, 
workshops (e.g. “management summits”) and studies, conducted concurrently with this 
modelling work.  The recommendations found in the final Humber River Watershed Plan 
(TRCA, 2008) comprehensively address the full set of Humber River watershed 
objectives. 
 
3.5 Watershed and Subwatershed Units 
 
The Humber River watershed can be described in terms of five primary subwatersheds:  
the Main Humber, East Humber, West Humber, Black Creek and Lower Humber (see 
Figure 3-2).  The watershed can also be further subdivided into twenty-four (24) smaller, 
secondary subwatersheds (see Figure 3-2).  These primary and secondary 
subwatershed units are referred to in this report in the presentation and discussion of 
modelling results.



Figure 3-2:  Subwatersheds 



Humber River Watershed Scenario Modelling and Analysis Report 

3-14 

3.6 References 
 

Conservation Design Forum. Inc. 2003. Blackberry Creek Watershed Alternative Futures 
Analysis.  Kane County Department of Environmental Management. Illinois. 
(http://www.co.kane.il.us/kcstorm/indix.htm) 

Conservation Ontario. 2003. Watershed Reporting: Improving Public Access to 
Information. Upper Thames Region Conservation Authority and Rideau Valley 
Conservation Authority. 2002. 

Credit Valley Conservation. 2003. Caledon Creek and Credit River Subwatershed Study, 
Subwatershed 16 and 18. Phase 2 – Impact Assessment Report. 

Credit Valley Conservation. 2007. Credit River Water Management Strategy Update -
Making it Work. 

Hemson Consulting Limited. 2005. The Growth Outlook for The Greater Golden 
Horseshoe. Ontario Ministry of Public Infrastructure Renewal. 

International Lake Ontario – St. Lawrence River Study Board. 2004. Year 3 Report to the 
International Joint Commission (April 1, 2002 to March 31, 2004). 

Lake Simcoe Region Conservation Authority and Nottawasaga Valley Conservation 
Authority. 2006. Assimilative Capacity Study for The Lake Simcoe Watershed and 
Nottawasaga River. Executive Summary. 

Lam, D., L. Leon, S. Hamilton, N. Crookshank, D. Bonin, and D. Swayne. 2003. Multi-
Model Integration In A Decision Support System: A Technical User Interface 
Approach for Watershed and Lake Management Scenarios.  Environmental 
Modelling and Software. Elsevier Press. 

Marshall Macklin Monaghan Limited 2003. Wet Weather Flow Management Master Plan. 
City of Toronto. 

Metropolitan Toronto and Region Conservation Authority. 1990. Comprehensive Basin 
Management Strategy forTthe Rouge River Watershed. 

Metropolitan Toronto and Region Conservation Authority. 1997.  Legacy: A Strategy For 
A Healthy Humber. Prepared for the Humber Watershed Task Force. 

Simonovic, Slobodan P. 1996. Decision Support Systems for Sustainable Management 
of Water Resources. Water International. Vol. 21, pp. 223-232. 

Snodgrass, W. J., B.W. Kilgour, M. Jones, J. Parish, and K. Reid. 1996. Can. 
Environmental Impacts of Watershed Development be Measured (pp. 351-385).  
In:  Effects of Watershed Development and Management on Aquatic Ecosystems.  
Proceedings of an Engineering Foundation Conference held in Snowbird, Utah, 
August 4-9, 1996.  Edited by Larry A. Roesner.  Copyright 1997 by the American 
Society of Civil Engineers. 

Toronto and Region Conservation Authority. 2008a. Humber River State of the 
Watershed Report - . 

Toronto and Region Conservation Authority. 2008k. Humber River Watershed Plan – 
Pathways to a Healthy Humber. 

http://www.co.kane.il.us/kcstorm/indix.htm�


Humber River Watershed Scenario Modelling and Analysis Report 

3-15 

Tottens Sims Hubicki Consulting Limited.  2003.  Wet Weather Management Master Plan 
– Humber River Watershed Study Area Report.  Prepared for the City of Toronto. 

York Region.  2005.  Focus on our Environment – York Region’s State of the Environment 
Report – 2005. 

Zimmer, C., H. Whiteley, E. Gazendam, and H. Schroeter. 2005. Watershed-Specific 
Analysis of Changes in Streamflow and Water Quality from Urbanization. In 
Reflections to Our Future: A New Century of Water Stewardship. 58th Annual 
Canadian Water Resources Association Conference. June 15-17. Banff, Alberta. 



 

 

 
 
 
 

Humber River 
Watershed 

Scenario Modelling and Analysis Report 
 

Section 4.1 
Surface Water Quantity 



Humber River Watershed Scenario Modelling and Analysis Report 

 

TABLE OF CONTENTS 
 
4.1 SURFACE WATER QUANTITY   ............................................................................................ 1
4.1.1 Key Indicators   .................................................................................................................. 1
4.1.2 Modelling Methods   .......................................................................................................... 3
4.1.3 Baseline Conditions   ....................................................................................................... 10
4.1.4 Effect of Conventional Development   ............................................................................. 11
4.1.5 Effect of End-of-pipe Stormwater Retrofits   .................................................................... 29
4.1.6 Effect of Expanded Natural Cover   ................................................................................. 32
4.1.7 Effect of Sustainable Communities   ................................................................................ 40
4.1.8 Effect of Climate Change   ............................................................................................... 50
4.1.9 Summary and Conclusions   ........................................................................................... 65
4.1.10 Management Considerations   ......................................................................................... 67
4.1.11 References   ..................................................................................................................... 70
 
 

LIST OF FIGURES 
 

Figure 4.1-1:  HSP-F Model Data Output Locations   ...................................................................... 9
Figure 4.1-2:  Change in Total Annual Flow Volume – Approved Official Plan Build-out 

(Scenario 2) vs. 2002 Conditions (Scenario 1)   .................................................... 13
Figure 4.1-3:  Change in Total Annual Flow Volume – Full Build-Out (Scenario 5) vs. 2002 

Conditions (Scenario 1)   ........................................................................................ 14
Figure 4.1-4:  Change in Seasonal Flow Volume - Approved Official Plan Build-out (Scenario 2) 

vs. 2002 Conditions (Scenario 1)   ......................................................................... 15
Figure 4.1-5:  Change in Seasonal Flow Volume - Full Build-out (Scenario 5) vs. 2002 

Conditions (Scenario 1)   ........................................................................................ 16
Figure 4.1-6: Change in 10% Exceedence Flow - Approved Official Plan Build-out (Scenario 2) 

vs. 2002 Conditions (Scenario 1)   ......................................................................... 17
Figure 4.1-7: Change in 10% Exceedence Flow – Full Build-out (Scenario 5) vs. 2002 

Conditions (Scenario 1)   ........................................................................................ 17
Figure 4.1-8:  HSP-F Output for Simulated April 11, 1992 Event at West Humber River upstream 

of Claireville Dam   .................................................................................................. 24
Figure 4.1-9:  HSP-F Output for Simulated April 11, 1992 Event at Rainbow Creek outlet to the 

Humber River   ........................................................................................................ 24
Figure 4.1-10:  Change in Erosion Potential - Approved Official Plan Build-out (Scenario 2) vs. 

2002 Conditions (Scenario 1)   ............................................................................... 27
Figure 4.1-11:  Change in Erosion Potential – Full Build-out (Scenario 5) vs. 2002 Conditions 

(Scenario 1)  ........................................................................................................... 28
Figure 4.1-12:  Change in 1% and 10% Exceedance Flows,- Official Plan Build-out with End-of-

pipe Retrofits (Scenario 3) vs. Official Plan Build-out (Scenario 2)   ..................... 31
Figure 4.1-13:  Change in Erosion Potential - Official Plan Build-out with end-of-pipe retrofits 

(Scenario 3) vs. Official Plan Build-out (Scenario 2)   ............................................ 33
Figure 4.1-14:  Change in Total Annual Flow Volume – Approved Official Plan Build-out with 

Expanded Natural Cover (Scenario 4) vs. Approved Official Plan Build-out 
(Scenario 2)  ........................................................................................................... 35

Figure 4.1-15:  Change in 10% Flow Duration - Official Plan Build-out with Expanded Natural 
Cover (Scenario 4) vs. Official Plan Build-out (Scenario 2)   ................................. 36



Humber River Watershed Scenario Modelling and Analysis Report 

 

Figure 4.1-16:  HSP-F Output for Simulated April 11, 1992 Event at Upper Main Humber River 
Outlet   ..................................................................................................................... 37

Figure 4.1-17:  HSP-F Output for Simulated April 11, 1992 Event at Rainbow Creek Outlet to the 
Humber River   ........................................................................................................ 37

Figure 4.1-18:  Change in Erosion Potential - Approved Official Plan Build-out with Expanded 
Natural Cover (Scenario 4) vs. Approved Official Plan Build-out (Scenario 2)   ... 39

Figure 4.1-19:  Change in Total Annual Flow Volume – Sustainable Communities (Scenario 6) 
vs. Full Build-out (Scenario 5)   .............................................................................. 41

Figure 4.1-20:  Change in Total Annual Flow Volume – Sustainable Communities (Scenario 6) 
vs. 2002 Conditions (Scenario 1)   ......................................................................... 42

Figure 4.1-21:  Change in 10% Flow Duration - Sustainable Communities (Scenario 6) vs. Full 
Build-out (Scenario 5)   ........................................................................................... 44

Figure 4.1-22:  HSP-F Output for Simulated April 11, 1992 Event at West Humber River 
upstream of Claireville Dam  .................................................................................. 45

Figure 4.1-23:  Change in Erosion Potential – Sustainable Communities (Scenario 6) vs. Full 
Build-out (Scenario 5)   ........................................................................................... 48

Figure 4.1-24:  Change in Erosion Potential – Sustainable Communities (Scenario 6) vs. 2002 
Conditions (Scenario 1)   ........................................................................................ 49

Figure 4.1-25:  Global Climate Model Predicted Changes to Average Temperature and 
Precipitation in South-Central Ontario by 2080   ................................................... 51

Figure 4.1-26:  Change in Total Annual Flow Volume – Full Build-out with CGCM2 A21 2080 
Climate (Scenario 5a) vs. Full Build-out with Existing Climate (Scenario 5)   ....... 52

Figure 4.1-27:  Change in Total Annual Flow Volume –Full Build-out with Hadley CM3 A1F1 
2080 Climate (Scenario 5b) vs. Full Build-out with Existing Climate (Scenario 5)

 ............................................................................................................................... 53
Figure 4.1-28:  Change in Total Annual Flow Volume – Sustainable Communities with CGCM2 

A21 2080 Climate (Scenario 6a) vs. Sustainable Communities with Existing 
Climate (Scenario 6)   ............................................................................................. 56

Figure 4.1-29:  Change in Total Annual Flow Volume – Sustainable Communities with Hadley 
CM3 A1F1 2080 Climate  (Scenario 6b) vs. Full Build-Out with Existing Climate 
(Scenario 6)  ........................................................................................................... 57

Figure 4.1-30:  Change in Seasonal Flow Volume –Full Build-Out with CGCM2 A21 Climate 
(Scenario 5a) vs. Full Build-Out with Existing Climate (Scenario 5)   .................... 58

Figure 4.1-31:  Change in Seasonal Flow Volume –Full Build-Out with Hadley CM3 A1F1 
Climate (Scenario 5b) vs. Full Build-Out with Existing Climate (Scenario 5)   ...... 58

Figure 4.1-32:  Change in 10% Flow Duration - Full Build-out with CGCM2 A21 Climate 
(Scenario 5a) vs. Full Build-out with Existing Climate (Scenario 5)   .................... 60

Figure 4.1-33:  Change in 10% Flow Duration - Full Build-out with Hadley CM3 A1F1 Climate 
(Scenario 5b) vs. Full Build-out with Existing Climate (Scenario 5)   .................... 60

Figure 4.1-34:  Change in Erosion Potential –Full Build-out with CGCM2 A21 2080 Climate 
(Scenario 5a) vs. Full Build-out with Existing Climate (Scenario 5)   .................... 63

Figure 4.1-35:  Change in Erosion Potential –Full Build-Out with Hadley CM3 A1F1 2080 
Climate (Scenario 5b) vs. Full Build-out with Existing Climate (Scenario 5)   ....... 64

 



Humber River Watershed Scenario Modelling and Analysis Report 

 

 

LIST OF TABLES 
 
Table 4.1-1:  Surface Water Quantity Objectives, Indicators and Targets   .................................... 2
Table 4.1-2:  Fluvial Geomorphology Objectives, Indicators and Targets   .................................... 3
Table 4.1-3:  HSP-F Model Data Output Location Descriptions   .................................................... 8
Table 4.1-4:  Predicted baseline and future (approved official plan) flows - 1997 Humber River 

Watershed Hydrology Study   ................................................................................ 21
Table 4.1-5:  Predicted baseline and future (approved official plan) flows - 2002 Humber River 

Watershed Hydrology Update   .............................................................................. 22
Table 4.1-6:  Summary of Changes in Subwatershed Percent Natural Cover and Impervious 

Cover –Official Plan Build-out with Expanded Natural Cover (Scenario 4)   ......... 34



Humber River Watershed Scenario Modelling and Analysis Report 

4.1-1 
 

 

SECTION  

4.1 

SURFACE WATER QUANTITY 

 

4.1 SURFACE WATER QUANTITY 
 
The quantity and pattern of surface water flows in rivers and streams is profoundly affected by 
land use changes as well as management decisions within a watershed.  In turn, changes in 
surface water flows directly affect the physical stability and ecological health of watercourse 
corridors.  There are a number of potential future changes in land use and management 
practices with the Humber River watershed, many of which are included in the various 
scenarios considered in the watershed plan.  The effects of those contemplated changes on 
the surface flow regime, including aspects of total quantity, seasonality, and short-term 
response, have been evaluated using a combination of computer modelling, empirical data 
from the Humber River watershed and other areas, and reference to established watershed 
research. 
 
4.1.1 Key Indicators 
 
The Humber River Watershed Plan objectives, indicators and targets for surface water quantity 
are shown in Table 4.1-1.  These formed the framework for the analysis of the effects of the 
contemplated future land use and management scenarios on surface water quantity.  Some of 
the indicators and targets were conducive to analysis via computer modelling, whereas others 
were not.  The objectives related to stream flow were assessed through the HSP-F modelling of 
scenarios, and supported by literature and local empirical data.  Effects of scenarios on 
baseflow were largely assessed using baseflow outputs from the PRMS-MODFLOW 
groundwater model.  Assessment of flood vulnerable areas and roads and the portion of urban 
area subject to stormwater management were assessed using a combination of quantitative 
and qualitative tools, as described in the analysis methods below. 
 
The surface water modelling also served as the primary means for evaluating the effects of 
scenarios with respect to stream form (fluvial geomorphology) objectives, indicators and 
targets (Table 4.1-2).  The modelling results were used directly to calculate changes in erosion 
potential associated with the simulated hydrologic regime resulting from assumed land use 
changes and management actions.  Erosion potential results were used in combination with 
local knowledge and published research to infer effects on channel morphology and erosion 
rates.  Changes in risk to infrastructure, property and safety from erosion could not be directly 
quantified but changes in erosion potential were used to qualitatively assess increases or 
decreases in risk.  Indicators related to the proportion of protected stream corridors and natural 
cover were not directly affected by the management scenarios contemplated and are not 
discussed. 
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In the context of the objectives, indicators and targets noted below, the results of the surface 
water quantity modelling and analysis for each scenario are presented according to the 
following headings, which conform to the four principal objectives listed in Table 4.1-1 and 
Table 4.1-2: 
 
• Quantity and variability of stream flow 
• Flooding and flood risk 
• Erosion and erosion potential 
• Baseflow  
 
Table 4.1-1:  Surface Water Quantity Objectives, Indicators and Targets 

COMPONENT OBJECTIVES INDICATORS TARGETS 

Surface Water Protect and restore the 
natural variability of annual 
and seasonal stream flow 

Stream flow Maintain or reduce 
baseline annual and 
seasonal flow volume 

No positive trend 
(increase) in 10th 
percentile flow 

1 

Maintain and restore natural 
levels of baseflow 

1 

Maintain baseline seasonal 
and annual baseflow rates 
(see TRCA, 2007) 

Eliminate or minimize risks to 
human life and property due 
to flooding. 

2 

Flooding Maintain or reduce 
baseline peak stream flow 
rates for 2 to 100 year 
return period storm events 

Maintain or reduce 
baseline number of flood 
vulnerable areas and roads 

3 

Manage stormwater to 
protect people and the health 
of streams and rivers 

4 

Stormwater 
Management 

Increase portion of urban 
area with stormwater 
quantity, quality and 
erosion controls (see 
TRCA, 2007) 5 

1 – per long-term Water Survey of Canada gauge measurements and future gauges recommended for 
installation  
2 – per TRCA and GSC Baseflow Measurements (refer to Report Card on the Health of the Humber River 
Watershed, TRCA, 2007 and Humber River State of the Watershed Report – Surface Water Quantity, 
TRCA, 2007) 
3 – per Humber River Watershed Hydrology Model Update, Aquafor Beech Limited, 2002 
4 – per TRCA Flood Vulnerable Sites Database, 2005 and as periodically updated 
5 – per Report Card on the Health of the Humber River Watershed, TRCA, 2007
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Table 4.1-2:  Fluvial Geomorphology Objectives, Indicators and Targets 

COMPONENT OBJECTIVES INDICATORS TARGETS 

Stream Form Protect the form and function 
of the Humber River and its 
tributaries 

Channel 
morphology 

Maintain or restore natural 
channel structure and rates 
of morphologic change 6

Erosion indices 
and stream flow 
regime 

  

Maintain or restore pre-
development erosion 
indices and stream flow 
regime 

Natural cover in 
stream corridors 

7 

Greater than 75% of 
riparian areas with natural 
cover 

Risk to public and 
private property 
from channel 
erosion and 
evolution 

8 

Reduce or eliminate 
infrastructure, buildings 
and private property at risk 
9 

6 – to be compiled as data becomes available from TRCA Regional Monitoring Network fluvial 
geomorphology database and additional sites recommended for installation (refer to Report Card on the 
Health of the Humber River Watershed, TRCA, 2007 and Regional Monitoring Program Fluvial 
Geomorphology Component – Etobicoke Creek, Mimico Creek and Humber River Watersheds, Parish 
Geomorphic Limited, 2002.) 
7 – per long-term Water Survey of Canada gauge measurements and future gauges recommended for 
installation 
8 – per TRCA and municipal land use/land cover information  
9

 
 – database of sites at risk to be developed in future 

 
4.1.2 Modelling Methods 
 

 
Model Configuration 

Computer modelling for the surface water component of the study was primarily undertaken 
using the United States Environmental Protection Agency (USEPA) surface water hydrology 
modelling software, ‘Hydrologic Simulation Program – Fortran’ (HSP-F), to evaluate potential 
impacts of the land use scenarios on overland surface flow, stream flow and surface water 
quality. The current modelling exercise adapted a previous HSP-F model of the Humber River 
watershed developed by the City of Toronto for the Wet Weather Flow Management Master 
Plan initiative (XCG, 2003a).  The original Wet Weather Flow model treated the portion of the 
Humber River watershed within the City in detail, but treated the portions of the watershed in 
York and Peel Regions, referred to as the ‘905 area’), in a simplified manner as the study was 
not concerned with detailed assessment of these areas.  An update to the Wet Weather Flow 
model was conducted by XCG Consultants Limited (2003b), which improved resolution for the 
905 area, and was used as the basis for the current model.  Baseline conditions land use 
information for initial setup of the current model was updated from the 1999 information used in 
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the previous model with data digitized by TRCA from 2002 air photos (see Appendix A for 
details).  Surficial soils information for the model had already been defined for the previous 
model based on agricultural soils mapping as well as topographic information; therefore these 
did not require updating. 
 
The core functions of HSP-F model do not allow detailed simulation of a variety of urban land 
uses and drainage connectivity.  To address this issue, the City of Toronto developed a Unit 
Response Function (URF) modification to the HSP-F model structure for modelling urban areas 
in the Wet Weather Flow study and for simulating the effects of stormwater best management 
practices that involve changes to small-scale drainage patterns. This technique was continued 
in the 2003 model update as well as in the current study.  Water quality was simulated using 
the Event Mean Concentration (EMC) approach that was selected for the Wet Weather flow 
modeling study; further detail regarding this approach is provided in Section 4.2.2 - Surface 
Water Quality. 
 
The Humber River HSP-F model was updated in the current study to represent stormwater 
management facilities (i.e. ponds) in order to reflect the effect on hydrologic response and 
water quality resulting from detention of stormwater in existing or assumed facilities (HCCL, 
2008).  Design characteristics for existing facilities and for facilities known to be proposed for 
developments within urbanizing areas in the Approved Official Plan Build-out scenario 
(Scenario 2) were obtained from applicable stormwater servicing documents.  For potential 
future urban developments assumed in the Full build-out scenario (Scenario 5), ponds were 
assumed to be constructed to current standards for water quantity, quality and erosion control.  
To overcome practical difficulties in modeling a very large number of facilities, where multiple 
facilities existed or were proposed within a model subcatchment, these were ‘lumped’ or 
combined into a single modelled facility located at the subcatchment outlet.  Further detail 
regarding the HSP-F modelling approach, the configuration of the Humber River HSP-F model, 
and modelling assumptions can be found in the document titled Humber River Watershed – 
HSP-F Update and Future Scenarios Modelling (HCCL, 2008). 
 
In order to evaluate potential impacts of the land use scenarios on baseflow (stream flow 
during dry periods), which is primarily groundwater discharge, it was necessary to use a model 
capable of predicting changes to groundwater levels and discharge rates.  Therefore, a PRMS-
MODFLOW water balance and groundwater flow model was used for this purpose.  Details 
regarding the PRMS-MODFLOW model configuration are described in Section 4.3.2.   
 

 
Model Calibration 

Water quantity calibration had been previously completed during the 2004 update of the model 
at a level of detail that was considered sufficient for the current study.   The calibration was 
verified by comparing output from the updated Humber Watershed Plan model to measured 
flow at a number of gauge stations throughout the watershed.  This exercise demonstrated that 
the updated model continued to provide satisfactory simulation of the hydrologic response of 
the watershed.  More detailed explanation of the water quantity calibration verification 
procedure can be found in HCCL (2008).  Description of water quality and temperature 
calibration can be found in Section 4.2.2 - Surface Water Quality and in the HCCL report. 
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Modelling and Analysis of Scenarios 

To simulate the effects associated with the potential future scenarios on surface water quantity, 
the HSP-F model was modified to reflect the scenario assumptions regarding land use and 
management practices.  The time period of meteorological data selected to run these water 
quantity scenario simulations was 1991-1996, as this had previously been determined in the 
Toronto Wet Weather Flow Study to be a period representative of the long-term average 
climate for the area (XCG, 2003a).  As a result, the simulations were considered to be 
representative of long-term average climate effects and could be compared to some degree 
with the output from the earlier City of Toronto Wet Weather Flow study.  Meteorological input 
data for the simulations was taken from the Toronto Pearson airport weather station, which was 
also consistent with the Wet Weather Flow modelling. 
 
Land use changes were simulated by modifying the mix of urban and rural land uses in the 
various model subcatchments.  The hypothetical construction of end-of-pipe stormwater retrofit 
facilities was simulated by adding reservoir storage elements at appropriate locations in the 
model.  Other stormwater management measures such as source and conveyance control 
associated with the sustainable community scenario were simulated by adding URFs 
specifically designed to depict the function of these measures.  Many of these were previously 
developed for the Toronto Wet Weather Flow study although some new URFs were created 
specifically for the current study. 
 
Climate change conditions were simulated by modifying the meteorological input data based 
on monthly climate change predictions for the 2080 timeframe from the CGCM2 and Hadley 
global climate models (described in Appendix A) for the southern Ontario area.  For example, if 
temperature was predicted to increase by an average of two degrees Celsius for a given 
month, each hourly temperature reading from the meteorological input data set between 1991 
and 1996 for that month was increased by two degrees Celsius.  In addition to temperature, 
changes to precipitation, cloud cover, wind speed, relative humidity and incident solar radiation 
were also incorporated into the modified climate change input data set. 
 
The potential effect of future scenarios on erosion and stability of receiving watercourses was 
examined primarily using the HSP-F flow time series output to calculate the change in 
cumulative potential in-stream erosive energy.  It is generally accepted that the destabilization 
and erosion of streams from urban development is fundamentally the result of an increase in 
the cumulative flow energy in excess of the resistance of its erodible bed and bank material 
(Rhoads, 1995; MacRae, 1997).  Cumulative excess shear stress, an index describing the 
duration and magnitude over a period of time that watercourse flow exceeds the threshold 
shear stress required to erode bed or bank material, is one method used to predict the effects 
of land use change on the stability of receiving watercourses (e.g. O’Neill et al., 2006).   
 
In this study, continuous flow output from the HSP-F model was used to calculate an erosion 
index equivalent to cumulative excess shear stress at a number of receiving watercourses 
throughout the watershed where erosion thresholds had been determined through data 
collected by TRCA Regional Watershed Monitoring Program (RWMP).  A subset of RWMP 
locations was selected that would be located downstream of areas where future development 
or management action were being considered in the future scenarios.  It should be noted that 
the use of an erosion index provides only an estimate of change in the flow energy within a 
watercourse that is available for sediment transport and erosion of the bed and bank materials, 
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and cannot be directly related to an amount, type, location or rate of erosion that will occur.  
Also, there is increasing evidence that the sediment transport characteristics of a watercourse, 
and the stream instability resulting from urban development, are related to all components of 
the flow regime and not simply to flows that are above erosion threshold values as they are 
conventionally calculated.  For this reason, other flow characteristics such as total annual flow 
volumes and flow-duration characteristics, as well as literature and empirical data were also 
used to assess the effect of the various scenarios on stream geomorphology and erosion.  
Further detail can be found in HCCL (2008). 
 
The effects of the future conditions scenarios on flooding throughout the watershed were 
assessed in part based on results of the previously completed TRCA Humber River Watershed 
Hydrology Study (Aquafor Beech Limited, 1997) and study update (Aquafor Beech Limited, 
2002).  In the hydrology study and update, an event-based hydrologic model of the Humber 
River watershed was used to estimate flows of various return period intervals (2, 5, 10, 25, 50, 
and 100 years) in response to standard statistical-average rainfall events as well as the 
Regional storm event (Hurricane Hazel).  The intent of this exercise was to predict flood 
discharges for the mapping of regulatory flood lines according to standard, provincially 
prescribed techniques and to determine appropriate stormwater management criteria for future 
development to prevent flooding impacts.  The study considered an baseline conditions 
scenario reflecting land use in the watershed as of 2000, as well as a future conditions scenario 
that considered committed future land uses designated by official plans and official plan 
amendments of regional and local municipalities in the watershed, as of 2002.  This latter 
scenario was used to calculate Regional storm flood flows under future developed conditions 
for the purposes of determining conservative flood lines.  It should be noted that this study was 
not intended specifically to assess the effects of future development on flood flows of return 
period less than the Regional Event, and the assumptions regarding land use and the extent of 
development considered in the flood hydrology study are not identical to those considered in 
the current study. Notwithstanding these limitations, the results allow some interpretation of the 
effect of future land use changes contemplated in the Watershed Plan on flood flows and flood 
risk within the Humber River watershed.   
 
The effect on flood flows associated with each of the watershed planning study scenarios was 
also assessed using the HSP-F modelling results.  The continuous nature of the HSP-F model 
allowed simulation of actual rainfall and high flow events which were not assessed in the 
conventional event-based model of the 2002 study, which considered standard synthetic 
return-period events.  The effects of changes in land use or management actions were 
investigated by comparing outflow hydrographs between scenarios in response to different 
large rainfall events at various locations, with particular focus on comparing maximum peak 
flows and the duration of flood flows.  However, the HSP-F model was not specifically designed 
or calibrated to simulate flows of large flood magnitude, nor could the exact design of potential 
future stormwater management ponds beyond the approved official plan build-out area be 
predicted or exactly reflected in the model.  Interpretation of the data was undertaken with 
consideration of these limitations. 
 

 
HSP-F Model Output and Analysis 

Analysis of the effect of the various scenarios on hydrology and flow regime throughout the 
Humber River watershed was accomplished through comparison of annual and seasonal flow 
volumes as well as seasonal stream flow patterns, flow-frequency characteristics and the 
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hydrologic response of watercourses to individual precipitation events.  These summary 
characteristics and data subsets were derived through post-processing of the 6-years of 
continuous hourly data resulting from each scenario model run.  The analysis considered 
trends at watershed and primary subwatershed scales, as well as on the basis of smaller 
secondary subwatershed planning units introduced in Chapter 3.0 - Integrated Study Design 
(Figure 3-2).  The scenario analysis outcomes were also reviewed in the context of current 
hydrologic literature and local empirical data to assess their reliability and relevance. 
 
It was impractical to analyze the entire flow output data set from the HSP-F model as simulated 
flows are calculated at hundreds of stream network nodes within the model at tens of 
thousands of time steps.  To simplify this task, 27 locations were selected for detailed flow 
output analysis comprising many of the secondary subwatershed outlets and other key points 
of interest in the watershed based on area sensitivity or potential future upstream land use 
change.   
 
Table 4.1-3 provides location descriptions and indicates the subwatershed planning unit in 
which each of these model data output locations is situated.  HSP-F model data output 
locations are illustrated in Figure 4.1-1. 
 

 
Baseflow Analysis Methods 

Baseflow analysis was completed using groundwater discharge results from the PRMS-
MODFLOW groundwater model (refer to Section 4.3 Groundwater for additional detail 
regarding the groundwater modelling).  While HSP-F has some capability to simulate 
groundwater discharge patterns and their effect on baseflow, the PRMS-MODFLOW model is 
capable of simulating groundwater flow paths and is calibrated to baseline groundwater levels.  
It was decided that the PRMS-MODFLOW model would be used in this study to examine 
potential changes to baseflow.  However, in real world settings baseflow, especially in urban 
areas, is also comprised of other sources in addition to groundwater discharge.  Stormwater 
management ponds, storm sewer wicking and additional anthropogenic influences can all have  
effects on baseflow.   
 
As the PRMS-MODFLOW watershed model can only perform steady-state simulations, the 
analysis of groundwater discharge outputs was limited to mean annual values. This is a 
significant drawback when analyzing impacts to summer baseflow and low flow volumes, as 
there is significant seasonal variance in groundwater discharge (Pryce, 2004). Without the 
ability to accurately separate the mean annual groundwater discharge into seasonal or monthly 
values, all analysis and calculations were based on mean annual model outputs.  Any 
discussion of seasonal changes to groundwater discharge was interpreted based on existing 
knowledge of baseflow distributions in the Humber River watershed. 
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Table 4.1-3:  HSP-F Model Data Output Location Descriptions 

Subwatershed  
Planning Unit 

Data 
Output 
Location 

Description 

Main Humber 

1 Centreville Creek, upstream of Albion Hills reservoir  
7 Upper Main Humber, at York/Peel boundary 
9 Outlet of Cold Creek  
10 Outlet of Rainbow Creek 
17 Main Humber River upstream of East Humber confluence 
28 Upper Main Humber, near Patterson Side Road 
31 Rainbow Creek, west branch near Martin Grove Road  

West Humber 

11 West Humber River downstream of Claireville Dam 
12 West Humber River, upstream of Claireville Reservoir. 
13 West Humber, East Branch 1 outlet 
14 West Humber, East Branch 2 outlet 
19 West Humber, Main Branch upstream of West Branch confluence 
20 Outlet of unnamed tributary of West Humber - West Branch 
21 West Humber West Branch upstream of Main Branch confluence 
34 Outlet of West Humber to the Main Humber River 

East Humber 

5 Outlet of East Humber River to the Main Humber River 
6 East Humber River upstream of confluence with King Creek 
15 Outlet of King Creek 
16 Outlet of Purpleville Creek 
22 Outlet of unnamed tributary of East Humber River 
24 East Humber River near Jane Street 
25 East Humber River near Bathurst Street 
30 East Humber River upstream of Purpleville Creek confluence 

Lower Humber 
18 Lower Humber River near Steeles Avenue 
33 Outlet of Humber River to Lake Ontario. 

Black Creek 
29 Black Creek at Steeles Avenue 
32 Outlet of Black Creek to the Humber River  

 
 



 

 

Figure 4.1-1:  HSP-F Model Data Output Locations 
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To simplify the groundwater modelling results because of the quantity of data produced from 
the small grid cells used in the PRMS-MODFLOW model and for consistency with the 
interpretation of the surface water modelling results, groundwater discharge was aggregated 
according to catchment areas associated with the 30 discrete output locations used to report 
the HSP-F data described above.  Net changes to groundwater discharge are reported as a 
percent change between scenarios for each of these catchments and for each of the primary 
subwatershed planning units defined for the Watershed Plan.  This approach provides a 
functional scale with which to report specific changes to groundwater discharge and allows 
integration and comparison with the results of the HSP-F analysis. 
 
 
4.1.3 Baseline Conditions 
 
As described in the report, Humber River State of the Watershed Report – Surface Water 
Quantity (TRCA, 2008a), the surface water hydrology regime in the Humber River watershed is 
highly variable.  Geology, topography, and land use vary significantly throughout the 
watershed resulting in a diversity of surface water flow regimes with widely differing baseflow 
and surface run off contributions.  A substantial portion of the watershed remains rural, 
sustaining relatively natural, stable surface flow regimes in northern areas, although 
development is expanding rapidly.  Further to the south, ongoing development in the City of 
Toronto, Brampton and Vaughan, and to a lesser degree in Caledon and King City, has begun 
to alter the flow regime in downstream watercourses.  While for the most part these effects are 
not highly pronounced in the main river channels based on flow gauge information, smaller 
ungauged watercourses where a large proportion of the upstream drainage area has been 
developed have been significantly impacted.  In particular, older developments in these 
municipalities constructed prior to the advent of stormwater management have resulted in 
major increases in total flows and peak flows in receiving watercourses.  Newer development 
over the past two decades has applied stormwater management techniques to mitigate flood 
flow and erosion impacts; with the focus of stormwater management to date on end-of-pipe 
detention which has reduced the increase in peak flows caused by run off from developed 
areas. However, such techniques have not reduced the amount of excess run off produced by 
developed areas which continues to impact receiving rivers and streams.  
 
The upper Main Humber River exhibits rural hydrologic characteristics, reflecting the generally 
undeveloped condition of the subwatershed to date.  Characteristic of a natural or rural stream, 
the majority of annual run off volumes are generated by snowmelt and rain-on-snow events 
during winter and early spring, and individual precipitation events of small to moderate 
magnitude during the remainder of the year are attenuated with little or no watercourse flow 
response.  Groundwater discharge accounts for the majority of total flow volume due to the 
relatively high recharge rates, particularly in the upper portions of the subwatershed on the 
hummocky topography and porous soils and underlying geology of the Oak Ridges Moraine 
and Horseshoe Moraine areas.   
 
In the West Humber River, surface run off makes up a significantly larger portion of the surface 
flow regime.  Although the subwatershed remains in a largely rural condition (as of the 2002 
baseline year selected for the watershed planning study), the less pervious, clayey surface 
soils and underlying geology limit infiltration and therefore a significant portion of incident 
rainfall runs off.  Total and unit baseflows are low and surface run off process provide the 
majority of total annual flow in the subwatershed.  While there have been no appreciable 
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upward trends in total annual flow volumes, it can be expected that the widespread 
development planned for the subwatershed will increase run off and flow volumes, particularly 
in the warm part of the year. 
 
Total surface flows in the East Humber River are mostly comprised of baseflow contributions, 
although surface run off provides a greater contribution than in the upper Main Humber River.  
While the soils of the East Humber subwatershed are not highly permeable, the hummocky 
terrain and large number of internally drained areas result in appreciable groundwater recharge 
and resulting discharge.  While no statistically significant trends can yet be identified, 
development in Richmond Hill and King City has likely increased the total volume of surface 
run off and total surface flow volumes.   
 
Black Creek has been highly urbanized, largely without the benefit of stormwater management 
controls, and as a result the flow in the watercourse responds extremely quickly and generates 
very large flows from rainfall events.  Although baseflow contributions are quite high in absolute 
terms, they provide only 40% or less of the total flow in subwatershed due to the very large 
quantity of surface run off.  The majority of total annual flows in Black Creek occur in late 
spring, summer, and early fall in response to rainfall events, compared to the other more rural 
subwatersheds where the majority of flows occur in winter and early spring. 
 
The Lower Humber River exhibits influences of all its constituent upstream subwatersheds.  
While the overall hydrologic response of the river to rainfall events is relatively slow due to the 
large size of the watershed and the largely rural condition of the headwaters, total annual flow 
volumes have increasing over the past several decades as a result of greater run off generation 
from expanding development both within the City of Toronto and in the upstream communities.  
Despite land use changes, baseflows continue to make up the majority of total surface water 
flows due to inputs from upstream watersheds and along the main branch of the Lower 
Humber River itself.   
 
There are a number of existing areas, buildings and roads within the Humber River watershed 
that are vulnerable to flooding, with varying degrees of flood risk.  In total, approximately 2100 
buildings and 300 roads would be affected by a recurrence of the Regional Storm event, 
Hurricane Hazel.  Approximately 530 of these buildings and 140 of these road locations are 
affected by flooding due to return period events, from the 100-year storm event to as low as the 
2-year storm event.  Any increases in the magnitude of peak flood flows would increase the risk 
to existing flood vulnerable areas and potentially create new ones. 
 
 
4.1.4 Effect of Conventional Development 
 
The watershed planning study scenarios 2 and 5 contemplated the effects of additional 
conventional development in the Humber River watershed, with Scenario 2 reflecting the build-
out of all lands designated for development under approved municipal official plans, and 
Scenario 5 reflecting an ultimate development scenario where all lands not protected by 
current conservation policies are assumed to become developed.  Additional detail regarding 
the land use assumptions for these scenarios can be found in Appendix A.  The effects on the 
surface flow regime associated with Scenarios 2 and 6 were analyzed through simulation of the 
assumed land use changes with the surface water HSP-F model and the groundwater PRMS-
MODFLOW model, as well as the additional approaches to analysis described above. 
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Quantity and Variability of Stream Flows 

Figure 4.1-2, and Figure 4.1-3 show the simulated changes in total annual stream flow 
associated with the HSP-F simulation of the Approved Official Plan Build-out (Scenario 2) and 
Full Build-out (Scenario 5) with respect to baseline (2002) conditions (Scenario 1). The 
potential future development areas associated with scenarios 2 and 5 are shown on these 
figures as described in the legend.   
 
With implementation of approved municipal official plan land use schedules, total annual flow 
volumes are predicted to increase in receiving watercourses.  The magnitude of increase in any 
watercourses is generally proportional to the assumed amount of upstream development and 
the degree of impervious cover associated with the development type.  As the majority of 
development in this scenario is located on the till plain to the south of the Oak Ridges Moraine, 
where infiltration capacity of the native soils are relatively homogeneous, the impacts of 
development on an unit area basis are relatively consistent.  The areas predicted to experience 
the greatest changes in flow volumes are the west branch of Rainbow Creek and the east 
branch of the West Humber River, where increases of approximately 40% to 100% are 
simulated by the model.  The large predicted increase reflects the large amount of 
development that is proposed in these subwatersheds in Brampton, Caledon and Vaughan, 
which is assumed based on municipal official plan land use schedules approved as of January 
1, 2005.  These developments will be industrial and commercial areas that are assumed to 
consist of between 92% and 95% impervious surface cover.  Full development of non-protected 
areas beyond the current municipal official plans results in widespread increases in total annual 
flow volumes throughout the watershed.  Major increases of approximately 40% to 100% 
compared to baseline conditions are predicted on all branches of the West Humber, Rainbow 
Creek and Purpleville Creek subwatersheds.  Again, as these developments will be located on 
the till plain, the degree of change is not significantly affected by local soils conditions. 
 
These outcomes are consistent with hydrologic research, which has confirmed that conversion 
from rural to urban land use will result in an increase in the volume of run off generated from 
the land surface and therefore an increase in total stream flow volumes and flow rates (Shuster 
et al., 2005).  This is due to the elimination of both infiltration and soil moisture storage from the 
creation of impervious surfaces (Seaburn, 1969; Arnold and Gibbons, 1996), and the 
elimination of vegetation, which reduces evapotranspiration and further reduces soil moisture 
storage capacity (Hewlett, 1982, Booth et al., 2002).  The predicted major increases in runoff 
and surface flow volume in the West Humber, Rainbow Creek and Purpleville Creek are 
consistent with historic increases in annual flow volumes that have been observed in other 
highly developed subwatersheds in the TRCA jurisdiction, as well as other jurisdictions 
(Schueler, 1987).  For comparison, the predicted increase of 100% or greater on Rainbow 
Creek is of similar scale to that which has occurred in the Highland Creek watershed in 
Toronto, which is considered to be a highly degraded system. 



 

 

Figure 4.1-2:  Change in Total Annual Flow Volume – Approved Official Plan Build-out (Scenario 2) vs. 2002 Conditions (Scenario 1) 

 



 

 

Figure 4.1-3:  Change in Total Annual Flow Volume – Full Build-Out (Scenario 5) vs. 2002 Conditions (Scenario 1) 

 



Humber River Watershed Scenario Modelling and Analysis Report 

4.1-15 
 

Figure 4.1-4 and Figure 4.1-5  illustrate the predicted changes in seasonal flow volumes 
associated with Approved Official Plan Build-out (Scenario 2) and Full Build-out (Scenario 5) 
relative to Baseline (2002) Conditions (Scenario 1)  At all output locations, as with total annual 
flow volumes the seasonal increases are generally proportional to the degree of assumed new 
upstream development.   The most dramatic changes in flow volumes occur during the 
summer and fall, with predicted increases in seasonal flow volumes of up to 250% .  This result 
is consistent with hydrologic principles; under rural or undeveloped conditions much of the 
initial rainfall from, summer and early fall events in southern Ontario is intercepted by 
vegetation or absorbed by the relatively dry soil, and is eventually infiltrated, evaporated, or 
transpired.  During early spring, late fall and winter rainfall events, surface soils are generally 
closer to saturation and evapotranspiration potential is reduced because of lower 
temperatures, thinner foliage and reduced solar radiation.  As a result, run off is more likely 
during these seasons under natural conditions and the increase in run off generation caused 
by impervious urban cover is less pronounced.  During the summer, there is little or no run off 
from natural landscapes during small- and moderately-sized rainfall events whereas even the 
smallest rainfall on impervious developed surfaces results in run off, causing major increases in 
summer run off and stream flow volumes when compared to undeveloped conditions.  This 
pattern has been observed in the historic response of Toronto area watersheds including the 
Humber River (refer to Humber River State of the Watershed Report – Surface Water Quantity; 
TRCA, 2008a), where the observed increase in flows as a result of urban development is by far 
the most pronounced in summer months.   

Figure 4.1-4:  Change in Seasonal Flow Volume - Approved Official Plan Build-out 
(Scenario 2) vs. 2002 Conditions (Scenario 1) 
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Figure 4.1-5:  Change in Seasonal Flow Volume - Full Build-out (Scenario 5) vs. 2002 
Conditions (Scenario 1) 

Seasonal Flow Volumes - S5 vs. S1

-50%

0%

50%

100%

150%

200%

250%

1 7 9 10 17 28 31 11 12 13 14 19 20 21 34 5 6 15 16 22 24 25 30 18 33 29 32

Main West East Lower Black

Winter Spring Summer Fall

 
 
Figure 4.1-6 and Figure 4.1-7 show the changes in the 10% exceedence flow (flow that is 
exceeded 10% of the time) resulting from the conventional development contemplated in 
Scenarios 2 and 5.  The maintenance or reduction of the 10% exceedence flows in 
watercourses throughout the watershed is one of the targets for the surface water component 
of the watershed plan (refer to Table 4.1-1)  The 10% exceedence flow represents a range of 
elevated flows that is increased dramatically as a result of urbanization, likely causing erosion 
impacts to stream channels.  Investigation of the effects of future scenarios on this flow is 
therefore important, in addition to flood flows and base flows, to assess the complete effects of 
these scenarios on the natural hydrologic regime.  
 
The results shown in Figure 4.1-6 and Figure 4.1-7 indicate that the 10% exceedence flow 
increases in all areas located downstream of new development in both scenarios 2 and 5.  The 
degree of change reflects the amount of upstream development assumed, with Rainbow Creek 
and the east branch of the West Humber River most affected by approved official plan build-
out, and the remainder of the West Humber subwatershed and Purpleville Creek subjected to 
significant increases with full build-out.  These changes are associated with increased run off 
from new impervious surfaces as described above, and suggest that future development using 
conventional stormwater management techniques, as modeled in this scenario, will increase 
flows in this range.  This result is interesting, as conventional stormwater management practice 
attempts to attenuate flows of this frequency through extended detention in stormwater 
management ponds with slow release for erosion control.  However, such ponds are generally 
designed in isolation and the current results suggest that there may be significant cumulative 
impacts of conventional development on the flow regime in a subwatershed or watershed scale 
that result even when such ponds are used.  It may be that it is not possible to safely convey 
increases of up to 100% of run off volume though watercourses without causing significant 
disruption in the flow regime.  This concept is discussed in further detail below. 
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Figure 4.1-6: Change in 10% Exceedence Flow - Approved Official Plan Build-out 
(Scenario 2) vs. 2002 Conditions (Scenario 1) 
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Figure 4.1-7: Change in 10% Exceedence Flow – Full Build-out (Scenario 5) vs. 2002 
Conditions (Scenario 1) 
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Flood Flows and Flooding 

It is well established that the increased run off resulting from urban development and the 
associated increase in impervious surfaces will, if not controlled, increase peak flows in 
watercourses which may result in increased risk to life and property in adjacent areas (e.g. 
Schueler, 1995).  The TRCA and its partner municipalities have managed this issue since the 
late 1970’s and early 1980’s by requiring that new development incorporate stormwater 
detention ponds sized to detain and attenuate run off from return-period storm events (i.e. 
(flooding associated with 2- through 100-year return period rainfall events) to prevent increases 
in these flood flows in downstream areas.  The regulatory floodplain in the Humber River and 
other TRCA watersheds corresponds with flood flows generated by the Regional Event 
Hurricane Hazel rainfall.  It is typically prohibitively difficult to control flows from the Regional 
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Event using stormwater ponds, and the effect of urban development is typically less significant 
on Regional Event peak flows than it is on return period events.  As a result, the regulatory 
floodplain has been historically defined and managed in the Humber watershed based on the 
Regional Event flows expected to be generated by future development, using the best land use 
planning projections available.  Changing land use projections are accounted for in regular 
hydraulic modelling and regulatory floodplain mapping updates. 
 
As noted previously, the current tool used in the Humber River watershed for the 
characterization of regulatory flood flows and the determination of design criteria for 
stormwater detention ponds is a TRCA event-based hydrologic model.  The model was 
originally constructed using the INTERHYMO software (Aquafor Beech, 1997) and converted to 
the SWMHYMO software in a later update (Aquafor Beech Limited, 2002).  The original 1997 
study was used to determine regulatory flood flows for TRCA hydraulic modelling and 
floodplain mapping, as well as to assess the effects of future development on flood flows in 
response to return period rainfall events and determine appropriate stormwater management 
criteria to prevent any negative impacts.  The study considered four development scenarios: a 
baseline conditions scenario reflecting development in the watershed as of the year 1995, and 
a future development scenario that reflected approved official plans of the Humber River 
watershed municipalities at time of study and two additional future development scenarios that 
predicted the extent of development in the years 2021 and 2031, respectively.  The baseline 
conditions scenario reflected the 25% urbanized condition of the watershed as of 1995, and the 
three future conditions scenarios contemplated urban development of 34%, 37% and 37% 
respectively, somewhat less than the scenarios being considered in the current watershed 
planning study, which reflect an estimated official plan build-out at 36% urban and the ultimate 
full build-out at 49%.  The baseline conditions (2002) urban development for the watershed 
plan is slightly higher at 27%. 
 
The Humber River hydrology study determined, as expected, that future development without 
stormwater management water quantity controls would significantly increase the magnitude of 
return-period flood flows in downstream areas.  It was recommended that a tributary-based run 
off control strategy be implemented to provide detention basins in developments in certain 
tributaries to control peak flows to pre-development levels, using unit flow criteria to ensure 
consistent application in all developing areas.  Table 4.1-5 shows a comparison of modelled 
flows for the baseline and future (approved official plan) scenarios of the hydrology study, 
assuming that tributary-based controls are applied.  The locations shown were selected to be 
consistent with a number of major HSP-F output points from the current study as well as a 
number of other locations where flood flows are of particular concern due to the presence of 
buildings or residences in the floodplain.  The results indicate that return period flood flows in 
watercourses throughout the watershed are generally controlled to existing levels with this 
approach for all of the future conditions scenarios, with two exceptions (Cold Creek and 
Rainbow Creek).  Hydraulic modelling also indicated that there would be no decrease in the 
level of service of any major road crossings as a result of any changes to return-period event 
flows.  Modelling also concluded that this approach would be sufficient to prevent increases in 
return-period peak flows for the 2021 and 2031 development scenarios.  With regard to 
Regional Event flood flows, the study concluded that the additional development contemplated 
in the future conditions approved official plan scenario would generally not increase these 
flows as showing in Table 4.1-5.  However, some significant increases in Regional Event flood 
flows were predicted on smaller and intermediate tributaries where a substantial portion of the 
future development was predicted to occur, such as Black Creek and Cold Creek.  As a result, 
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the future conditions modelled Regional Event flows were used by the TRCA to establish 
conservative regulatory floodlines for the watershed to prevent development from occurring in 
any expanded floodplain that might result.  Subsequent hydraulic analysis indicated that no 
major increase in flood elevations at critical flood vulnerable locations was expected as a result 
of the future conditions Regional Event flood flows, with the exception of a minor increase at 
Black Creek west of Weston Road. 
 
The 2002 update to the Humber hydrology study was undertaken both to update baseline and 
future predicted scenarios with improved data and to convert the model to a more modern 
software application, SWMHYMO.  In addition, several improvements were made to the model 
including increased discretization, more accurate depiction of baseline and potential future 
stormwater management ponds, and refined parameterization using GIS land use and geology 
data.   Significant additional meteorological and flow data was available for use in calibration, 
which was also considered to be an overall improvement to the model.  For consistency with 
current provincial floodplain management guidelines, the flood routing effect of the Claireville 
Dam was also removed from the modelling.  The baseline conditions model scenario was 
updated to reflect land use in the watershed as of the year 2000, and the future conditions 
scenario was updated to reflect future land uses designated in municipal official plan schedules 
and official plan amendments approved as of 2002.   
 
The primary purpose of the hydrology study update was to update the Regional Event peak 
flow estimates in order to conduct an update and expansion to TRCA floodplain mapping for 
the watershed.  The revised model calculated baseline and future conditions Regional Event 
flows were generally consistent with the previous study (refer to Table 4.1-5), with some 
exceptions attributed to the improvements that had been made to the model.  Like the 1997 
study, the results suggested that future development in largely rural subwatersheds such as 
those of Cold Creek, Rainbow Creek and Black Creek would result in significant increase in 
peak Regional Event flows in these watercourses.  Although the limited scope of the study did 
not permit investigation of the impacts of such increase in flood vulnerable areas, the results, 
as shown in Table 4.1-3, show a significant increase in Regional Event flows on the Main 
Humber River through the flood vulnerable areas of downtown Bolton and Woodbridge, in 
addition to the increase in flows on Black Creek noted in the 1997 study.   
 
While not intended specifically to assess the relevance of the tributary-based stormwater 
management control criteria determined in the 1997 study, the 2002 modelling reflected the 
application of these criteria in the calculation of return-period event peak flows.  As shown in 
Table 4.1-3, the model results suggest that the approach is effective in preventing return-period 
peak flow increases in most areas of the watershed.  However, the areas of potential increase 
identified in the 1997 study are still reflected in the 2002 results (Cold Creek, Rainbow Creek), 
and increases are also predicted at a number of additional locations, including Centreville 
Creek, the East Humber River, and the Main Humber River through Bolton and Woodbridge.  
Although the study could not investigate the causes or potential effects of such increases due 
to its limited scope, it is possible that they may have effects on flood vulnerable areas as well 
as decreasing the level of service of major roads during flood events.    
 
The findings of both the 1997 and 2002 Humber River watershed hydrology studies that are 
significant to the current watershed planning study are the observations that future 
development may increase both return-period event and Regional Event peak flows in 
downstream watercourses.  While the 1997 modelling results suggested that return-period 
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event peak flows could be controlled using strategic tributary-based run off control approach, 
the 2002 model that has improved calibration and simulation of stormwater management 
ponds indicates a potential for increases in peak flows in a number of watercourses despite the 
use of stormwater management ponds.  The 2002 model also suggests that the increases to 
the Regional Event peak flow from development may be significantly larger than those 
predicted in the 1997 study, including some major increases in flood vulnerable areas such as 
downtown Bolton and Woodbridge.  As ultimate development in the watershed will result in at 
least 10% more of the total watershed land area being urbanized than considered in either the 
1997 or 2002 hydrology studies, there could conceivably be much larger increases to flood 
flows in the future.  
 
The HSP-F modelling results from the current study of the Humber River watershed were also 
used to assess the effects of potential future development and other scenarios on flood flows.  
The meteorological input data comprising the six-year (1991-1996) HSP-F simulation period 
contained a number of rainfall and rain-on-snow events of sufficient intensity and duration to 
generate simulated flows of the same order of magnitude as the return period flows generated 
by the INTERHYMO and SWMHYMO models of the 1997 and 2002 studies.  It was therefore 
possible to assess the effect of potential future development associated with Scenario 2 and 
Scenario 5, with limitations as described previously, by reviewing the hydrograph flow output of 
the model from these scenarios for each event, and comparing it to the baseline conditions 
results. 
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Table 4.1-4:  Predicted baseline and future (approved official plan) flows - 1997 Humber River Watershed Hydrology Study 

 Location HSPF 
Site 

2 year (m3 10 year (m/s) 3 100 year (m/s) 3 Reg. (m/s) 3

 
/s) 

Base. Fut. Base. 1 Fut. Base. 1 Fut. Base. 1 Fut.

M
ai

n
 

2 
Centreville Creek, upstream of Albion Hills reservoir  1 9.7 9.9 23.9 24.3 48.5 49.3 293.3 239.9 
Upper Main Humber River, at York/Peel boundary  7 27.8 29.0 63.8 67.5 129.6 133.5 657.8 616.6 
Outlet of Cold Creek  9 7.7 9.8 17.0 23.5 37.3 47.3 183.7 276.3 
Outlet of Rainbow Creek  10 13.1 15.8 26.9 32.2 49.1 57.3 260.9 281.4 
Main Humber River u/s of East Humber confluence  17 33.8 34.7 75.1 77.9 150.1 155.7 603.5 596.0 
Rainbow Creek near Martin Grove Road  31 8.1 7.6 13.9 16.5 22.0 30.5 115.3 126.5 
Main Humber in Woodbridge  n/a 56.0 57.2 124.1 127.0 235.8 242.0 898.4 885.5 
Main Humber at Bolton  n/a 20.1 20.6 46.8 48.5 98.3 100.4 517.8 507.1 

W
es

t 

West Humber River d/s of Claireville Dam  11 57.9 57.0 113.8 113.5 196.1 193.3 655.9 693.2 
West Humber, East Branch 1 outlet  13 10.4 5.7 20.4 13.7 35.0 30.1 102.5 126.7 
West Humber, East Branch 2 outlet  14 9.3 6.5 17.7 15.0 28.6 25.3 75.8 65.5 
West Humber, Main Branch u/s of West Branch   19 27.5 27.2 53.4 55.3 89.7 90.0 299.6 309.3 
West Humber, West Branch u/s of Main Branch  21 19.6 19.4 38.4 37.9 65.7 63.6 233.4 226.9 
Outlet of West Humber to the Humber River  34 46.7 45.6 68.2 67.0 158.2 159.4 655.9 701.1 

E
as

t Outlet of East Humber River to the Humber River  5 21.9 22.1 48.1 48.5 95.1 88.7 330.4 324.0 
Outlet of Purpleville Creek  16 10.2 9.9 22.0 19.3 38.6 32.9 59.6 65.6 
East Humber River u/s of Purpleville Creek confluence  30 16.5 16.6 36.7 36.9 66.0 66.2 284.8 280.2 

Lo
w

er
 

Humber River near Steeles Avenue  18 64.4 61.0 102.3 101.0 241.7 250.5 845.3 858.8 

Outlet of Humber River to Lake Ontario 33 134.9 139.1 300.2 305.3 505.1 509.1 1181.4 1197.5 

B
la

ck
 

C
re

ek
 Black Creek at Steeles Avenue  29 11.9 12.1 20.1 20.8 30.9 32.3 70.4 107.1 

Outlet of Black Creek to the Humber River  32 81.5 85.8 192.6 192.8 366.4 359.5 512.7 542.6 

Black Creek at Hwy 401  n/a 63.7 67.1 150.6 150.7 286.5 281.1 400.9 424.2 
1 – stormwater management ponds modelled according to tributary-based criteria 
2 – stormwater management ponds not modelled per provincial standards 
Note:  u/s = upstream; d/s = downstream; Reg. = Regional; Base. = Baseline; Fut. = Future 
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Table 4.1-5:  Predicted baseline and future (approved official plan) flows - 2002 Humber River Watershed Hydrology Update 

 Location HSPF 
Site 

2 year (m3 10 year (m/s) 3 100 year (m/s) 3 Reg. (m/s) 3

 
/s) 

Base. Fut. Base. 1 Fut. Base. 1 Fut. Base. 1 Fut.

M
ai

n
 

2 
Centreville Creek, upstream of Albion Hills reservoir  1 7.2 9.8 15.5 21.2 28.1 39.2 178.9 191.6 
Upper Main Humber River, at York/Peel boundary  7 25.4 38.3 56.0 84.0 102.7 153.5 536.6 682.3 
Outlet of Cold Creek  9 9.8 12.7 20.8 27.1 37.3 49.0 157.9 320.3 
Outlet of Rainbow Creek  10 32.4 34.9 62.8 78.8 111.0 151.8 351.7 448.2 
Main Humber River u/s of East Humber confluence  17 26.9 42.2 60.7 94.7 111.8 173.4 442.1 581.5 
Rainbow Creek near Martin Grove Road  31 13.1 14.9 25.4 37.1 42.9 74.7 134.4 184.0 
Main Humber in Woodbridge  n/a 48.9 68.1 109.8 146.1 201.4 268.1 716.7 920.3 
Main Humber at Bolton  n/a 18.6 27.2 40.9 58.8 75.4 108.0 427.2 456.4 

W
es

t 

West Humber River d/s of Claireville Dam  11 62.5 57.1 123.7 116.6 210.6 197.8 639.3 626.4 
West Humber, East Branch 1 outlet  13 9.6 7.0 16.9 13.2 26.4 25.9 74.3 115.8 
West Humber, East Branch 2 outlet  14 5.9 4.9 11.3 10.0 18.6 17.3 53.1 58.9 
West Humber, Main Branch u/s of West Branch   19 32.1 31.3 61.9 60.9 102.3 100.2 313.1 334.6 
West Humber, West Branch u/s of Main Branch  21 19.1 18.6 37.4 35.7 63.3 59.0 204.9 189.0 
Outlet of West Humber to the Humber River  34 62.4 57.0 124.2 117.2 213.0 202.9 603.5 670.9 

E
as

t Outlet of East Humber River to the Humber River  5 24.9 26.6 52.1 55.0 92.8 99.5 446.4 469.7 
Outlet of Purpleville Creek  16 10.0 10.9 20.4 22.2 35.8 39.4 143.4 163.9 
East Humber River u/s of Purpleville Creek confluence  30 17.3 19.4 36.7 40.1 56.0 71.4 309.9 326.7 

Lo
w

er
 

Humber River near Steeles Avenue  18 55.3 77.0 115.7 169.1 223.9 306.8 761.8 1051.0 

Outlet of Humber River to Lake Ontario 33 174.6 175.0 326.7 334.5 553.4 573.5 1412.2 1856.9 

B
la

ck
 

C
re

ek
 Black Creek at Steeles Avenue  29 30.5 30.4 54.3 54.9 94.5 95.1 152.1 186.7 

Outlet of Black Creek to the Humber River  32 84.5 82.0 153.9 151.3 257.4 254.8 538.1 563.8 

Black Creek at Hwy 401  n/a 60.3 55.7 122.3 114.7 209.3 200.6 348.6 379.1 
1 – stormwater management ponds modelled according to tributary-based criteria 
2 – stormwater management ponds not modelled per provincial standards 
Note:  u/s = upstream; d/s = downstream; Reg. = Regional; Base. = Baseline; Fut. = Future 
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Figure 4.1-8 and Figure 4.1-9 show the simulated flow outputs from the HSP-F model on the  
West Humber River and Rainbow Creek in response to a spring rainfall event using 
meteorological input data from early April1992, with approximately 55 millimetres of rainfall 
occurring over a 24-hour period.  The peak flows simulated by the model for this event are of a 
similar order of magnitude as flow predicted by the 1997 and 2002 watershed hydrology 
models for the 2-year return period rainfall event.  At both of the locations shown, there is 
significant new upstream development assumed in scenarios 2 and 5, and stormwater 
management ponds were assumed to be in place in new development according to the 
tributary-based criteria established in the 1997 hydrology study.  The results indicate that the 
peak flows in response to this event would increase significantly at these locations with 
potential future development by up to 300% and 400% at the Rainbow Creek and West Humber 
River locations, respectively.  Similar outcomes were observed in the HSP-F modelling results 
at other locations downstream of assumed future development and for other major rainfall 
events in the simulation time period.  These findings suggest that the current tributary-based 
criteria for the design of stormwater management ponds will not be adequate to control peak 
flow increases from extensive development in the Humber River watershed.  While the 2002 
hydrology model update suggested that some increases in peak flows could be expected, the 
magnitude of increases predicted by the HSP-F model is much greater than that of the 
SMWHYMO model.  It is important to note that the HSP-F model was not calibrated to predict 
flood flows to the same degree as the earlier Humber watershed models, and therefore there 
may be some inaccuracy in the results.  However, the scale of the increases in peak flows that 
were simulated by the HSP-F model is sufficient to indicate that a major change would take 
place as a result of the development contemplated in scenarios 2 and 5. 
 
The Humber River watershed INTERHYMO (Aquafor Beech Limited, 1997) and SWMHYMO 
(Aquafor Beech Limited, 2002) models were developed to simulate the hydrologic response of 
the watershed in response to return period rainfall events by utilizing a single type of synthetic 
design storm (6-hour and 12-hour AES design storms), which is consistent with provincial 
floodplain management guidelines for Ontario.  These synthetic storms assume a standard 
temporal distribution of rainfall over a fixed time period, based on statistical analysis of a variety 
of rainfall events that have occurred in the study area over the historic record.  As such, while 
synthetic storms may represent a long-term average type of rainfall event for a particular area, a 
wide range of different types of rainfall events occur in reality and many of these will be 
significantly different than the synthetic design rainfall events.  This may explain the major 
difference in the future peak flood flows predicted by the HSP-F modelling as compared to the 
earlier 1997 and 2002 models, as HSP-F simulates a sequence of actual rainfall events as they 
were previously recorded.  As the hydrologic response of a watershed depends significantly on 
the temporal distribution of rainfall, the HSP-F modelling may indicate that the effects of 
urbanization on peak flows may depend strongly on the type of rainfall event that occurs and 
the period of time between events.  This could be further interpreted to indicate that stormwater 
management criteria for the design of detention ponds in future developments, based only on a 
single type of synthetic design event, may not be adequate to prevent downstream impacts for 
the range of rainfall events that occur in reality.   



Humber River Watershed Scenario Modelling and Analysis Report 

4.1-24 
 

Figure 4.1-8:  HSP-F Output for Simulated April 11, 1992 Event at West Humber River 
upstream of Claireville Dam 

April 10-20 1992 - West Humber at Claireville Dam
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Figure 4.1-9:  HSP-F Output for Simulated April 11, 1992 Event at Rainbow Creek outlet to 
the Humber River 

April 10-20 1992 - Rainbow Creek at Islington 
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Hydrologic scientists have expressed concern in the past that the inherent simplification and 
approximation involved in the use of design storms may cause significant error in the prediction 
of flood flows (Marsalek, 1979) and could result in the under- or over-sizing of flood control 
infrastructure (Urbonas, 1979).  Other researchers have modelled the function of stormwater 
management ponds designed using traditional single-event synthetic design storm principles 
under actual rainfall conditions (Booth and Jackson, 1997; Nehrke and Roesner, 2004).  These 
studies, using continuous hydrologic modelling applications such as HSP-F with measured 
historic rainfall data as inputs (as in the current application for the Humber watershed planning 
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study), determined that ponds are often not successful in controlling increases in flood flows 
from urbanization for ‘real-world’ rainfall events.  Further, other scientists have suggested that 
stormwater management facilities designed for the short, intense rainfall events emulated by 
synthetic design storms may not be sufficient to manage the increases in flows from snowmelt 
or rain-on-snow events (Bengtsson and Westerstrom, 1992) which is of significance in the 
Humber River watershed where approximately 50% of historic maximum annual flood flows 
have been the result of snowmelt conditions (this latter phenomenon could not be observed in 
the HSP-F flow results because there was insufficient meteorological data to accurately model 
winter flood events, and warrants investigation in the future).  Adjacent to the Humber River 
watershed, Credit Valley Conservation (2007) conducted a continuous modelling study for the 
Credit River watershed and determined that development using stormwater management 
ponds designed according to single event principles would significantly increase peak flows at 
flood vulnerable areas downstream.  The study concluded that conventional detention-based 
stormwater management would not be effective to prevent future development from impacting 
peak flood flows, and that extensive application of source control practices to reduce the 
volume of run off produced by urban areas would be required to prevent such impacts. 
 
Given the current HSP-F results and the findings of other research as described above, there is 
significant doubt as to whether stormwater management ponds based on the current tributary-
based criteria would be sufficient to fully mitigate the effects of urban development on flooding 
in the Humber River watershed.  If this is the case, development with conventionally designed 
ponds could result in an increase in downstream flood flows of return-period magnitude.  While 
this is not a major concern for the majority of the watershed, as development is generally 
located outside of the regulatory floodline which corresponds with the much larger Regional 
rainfall event, there are a number of properties, residences and roads in the watershed that are 
susceptible to flooding by return period flows as low as the 2-year level as noted in the Humber 
River State of the Watershed Report – Surface Water Quantity (TRCA, 2008a) that would 
potentially become subject to a greater frequency and magnitude of flooding.  Given these 
possible negative outcomes of continuing with current stormwater practices, a detailed 
investigation into the effects of future development on peak flood flows in the Humber River 
watershed is required to determine if negative impacts will occur and to develop appropriate 
mitigation strategies.  The study would require development of a continuous hydrologic model 
specifically designed and calibrated to examine flood flows, similar to the Credit Valley 
Conservation (2007) study.  This should be undertaken prior to approval of any urban 
settlement area expansion beyond the limits of municipal official plan land use schedules 
approved as of January 1, 2005. 
 
In addition to potential impacts on peak flows of return-period flood magnitude, future 
development may also increase Regional Event peak flows, as evidenced by the results of the 
2002 Humber River hydrology update described above.  Such increases could potentially 
increase the extent of the regulatory floodplain, with implications to the development potential 
of private property and the degree of flood damage during a rainfall event of Regional Event 
scale. Investigation of these impacts is also required prior to approval of further urban 
expansion beyond the current boundaries defined by municipal official plans, using the same 
model developed to assess return-period flooding effects.  
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Erosion Potential 

Figure 4.1-10 and Figure 4.1-11 illustrate the relative changes in the calculated erosion index 
throughout the watershed as a result of the future development contemplated in Scenarios 2 
and 5.  The figures show the incremental increase between baseline conditions and Scenario 2 
and between Scenario 2 and Scenario 5 respectively.  For both of these future conventional 
development scenarios, erosion potential is predicted to increase in receiving watercourses 
downstream of proposed developments.  In general, the magnitude of the increase is 
proportional to the percentage of the upstream drainage area that is subject to development.  
The largest increases associated with build-out of approved official plan land use schedules 
(Scenario 2) are predicted to occur in the Rainbow Creek subwatershed.  As previously noted, 
new development in Rainbow Creek subwatershed is planned to be largely commercial and 
industrial, which is associated with greater impervious cover than residential land uses and 
therefore with greater increases in run off and flow volume.  In the full build-out scenario, the 
predicted increases in erosion potential in Rainbow Creek are amplified.  The development 
assumed to occur in the headwaters of the West Humber subwatershed is predicted to cause 
significant increases downstream in the West Humber River and its tributaries.  It would be 
anticipated that the major developments assumed to occur in the Purpleville Creek 
subwatershed would have a similar effect on the creek, but no geomorphology data was 
available in the drainage area and therefore erosion indices could not be calculated. 
 
It is well understood that development-induced changes to the flow regime disrupt the 
equilibrium balance of sediment supply and transport in watercourses and cause a cycle in 
urban streams of accelerated erosion, channel enlargement, and habitat degradation 
(Hammer, 1972; Schueler, 1995).  Current stormwater management practices attempt to 
mitigate these erosion impacts by detaining run off in ponds and releasing it slowly over time 
for the smaller, frequent rainfall events.  These frequent rainfall events generate much more run 
off under developed conditions and are responsible for the majority of increased in-stream 
erosion after development.  For this reason, TRCA stormwater management criteria in the 
Humber River watershed stipulate that stormwater ponds for new development must have an 
extended detention erosion control component, with the size and detention volume determined 
based on the location in the watershed.  The design of such ponds is based on the control of 
erosion potential in the receiving watercourse.  In the HSP-F modelling of the Approved Official 
Plan Build-out and Full Build-out scenarios, future development was assumed to utilize ponds 
that performed this function.  Despite the presence of such ponds in the model, erosion 
potential was predicted to increase dramatically in major tributaries under future conventional 
development conditions.  This may be in part because extended detention criteria are 
determined based on mitigation of impacts on local tributaries that are directly affected by 
development and generally do not account for the cumulative effect of multiple upstream 
developments, nor on main watercourse reaches.  The results of the current modelling study 
indicate that these cumulative effects may be significant.  Further, watercourse-specific erosion 
criteria are typically determined using small-scale hydrologic models that are uncalibrated, 
unlike the current HSP-F model, which may introduce a significant margin of error and 
compromise the effectiveness of ponds that are designed on this basis. 



 

 

Figure 4.1-10:  Change in Erosion Potential - Approved Official Plan Build-out (Scenario 2) vs. 2002 Conditions (Scenario 1) 

 



 

 

Figure 4.1-11:  Change in Erosion Potential – Full Build-out (Scenario 5) vs. 2002 Conditions (Scenario 1) 
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It may be possible to improve current practice by determining extended detention criteria for 
stormwater management ponds that mitigate both local and cumulative watershed scale 
increases in erosion potential caused by future development.  However, this would require 
characterization of the sensitivity of all receiving watercourses downstream of development 
down to the mouth of the Humber River, and complex hydrologic modelling well beyond the 
scope of the current watershed planning study.  Further, there is growing evidence that the use 
of extended detention using conventional erosion threshold criteria may not be sufficient to 
manage development-induced erosion impacts, as increases in watercourse flows below the 
theoretical erosion thresholds used to develop current stormwater management erosion criteria 
may also have a significant impact on channel erosion and physical stability (Aquafor Beech 
Limited, 2006).  As a result, even if detention ponds for new developments are successful in 
maintaining erosion indices as currently calculated at existing levels, the increase in the total 
volume of run off resulting from the creation of impervious surfaces will continue to have 
impacts, even if released at lower rates.  Therefore, the successful mitigation of erosion impacts 
from future development in the Humber River watershed will require practices, beyond current 
stormwater detention pond approaches, to minimize increases in total run off volume caused 
by development (e.g., stormwater infiltration, evapotranspiration and harvesting practices). 
 

 
Baseflow and Surface Water Withdrawals  

Results regarding effects of conventional urban development scenarios on baseflow and 
surface water withdrawals are described in section 4.3.3. 
 
 
4.1.5 Effect of End-of-pipe Stormwater Retrofits 
 
As described previously, the end-of-pipe stormwater retrofit scenario (Scenario 3) considered 
the land use associated with approved official plan build-out as well as implementation of 
stormwater pond retrofits at locations where opportunities were identified in municipal 
stormwater retrofit studies (City of Brampton, 2003; Town of Caledon, 2001; City of Vaughan, 
2001; Town of Richmond Hill, 2002).  These studies identified opportunities to upgrade older 
existing stormwater ponds for improved water quality and/or erosion control as well as 
opportunities to construct new ponds at untreated storm sewer outfalls from existing 
development for water quality and erosion control.  The locations of potential end-of-pipe 
retrofit opportunities are illustrated in Figure 4.1-15, below. 
 
The City of Toronto also identified numerous stormwater retrofit opportunities within the 
Humber River watershed in its Wet Weather Flow Management Master Plan (XCG, 2003a).  
These retrofits included new end-of-pipe stormwater facilities as well as perforated pipe storm 
sewer systems where suitable soils are present.  However, Toronto staff suggested that 
examination of the benefits of pond retrofits outside of Toronto be the focus of this scenario in 
order to assess their cumulative effect on water quality and erosion potential in watercourses 
flowing into the City of Toronto.  The benefits of pond retrofits within the City of Toronto had 
already been determined through modelling in the Wet Weather Flow study and it was deemed 
unnecessary to re-examine them in this study.  Accordingly, discussion in this section is limited 
to the areas potentially benefiting from the retrofit of identified stormwater detention facilities in 
Brampton, Caledon and Vaughan, affecting the Main Humber River, Rainbow Creek, and Black 
Creek subwatersheds.  Flooding and flood risk are also not discussed as the contemplated 
pond retrofits would only provide water quality and erosion control improvements, and would 
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not have a significant impact on flood-magnitude flows.  Baseflow and water surface water 
withdrawals are also not discussed in the context of this scenario as no significant change 
would result from the few retrofit ponds considered.  
 

 
Variability of Stream Flows 

As the retrofit facilities considered are only intended to detain stormwater run off and release it 
over a longer period of time, the model results showed no changes to annual or seasonal 
stream flow volumes as a result of their simulated implementation. The major effect on stream 
flow observed was with respect to timing and flow-frequency characteristics; Figure 4.1-14 
shows changes in flow exceedence at 1% and 10% frequency when comparing the effects of 
end-of-pipe retrofits when applied to the Official Plan Build-out land use (Scenario 3) to the 
Official Plan Build-out alone (Scenario 2).  The changes in exceedence, where they were 
observed in the model results reflect the detention of run off in the retrofit facilities and release 
at slower rates.  For example, the 1% exceedence flow on Black Creek, which would represent 
a typical flow response to rainfall in this fully urbanized subwatershed, is predicted to decrease 
somewhat due to the detention function of retrofit end-of-pipe facilities, with a minor 
corresponding increase in the 10% exceedence flow reflecting the lower rate at which run off 
from the areas treated by the retrofit facilities enters the watercourse.  Overall, the effects of 
end-of-pipe retrofits on the watershed are minor, due to the relatively small number of 
opportunities that have been identified in the 905 area municipalities in proportion to the 
watershed area.  One exception is Black Creek, where a number of retrofit opportunities have 
been identified that have the potential to treat a substantial portion of the subwatershed.   
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Figure 4.1-12:  Change in 1% and 10% Exceedance Flows,- Official Plan Build-out with 
End-of-pipe Retrofits (Scenario 3) vs. Official Plan Build-out (Scenario 2) 

1% Exceedence Flow - Scenario 3 vs. Scenario 2
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10% Exceedence Flow - Scenario 3 vs. Scenario 2
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Erosion Potential 

Changes in erosion index resulting from the end-of-pipe retrofit facilities considered in Scenario 
3 are illustrated in Figure 4.1-15.  In general, the effects of the retrofit facilities are minimal at the 
model output locations.  The largest reduction in erosion potential occurs on Black Creek 
where, as described above, the identified potential end-of-pipe retrofits treat a sufficient 
drainage area to reduce erosion potential by attenuating peak flows from some rainfall events 
and releasing them at rates below the erosion threshold of the receiving watercourse.  The 
minimal reductions in erosion potential in model output locations in other subwatersheds 
reflect the relatively small contributing drainage areas that can be treated by identified end-of-
pipe opportunities in these subwatersheds, and which therefore have no significant effect on 
the main branches of the receiving watercourses.  However, the retrofit opportunities in these 
subwatersheds could provide significant reductions to smaller tributaries that receive flow 
directly.  In addition, these facilities would provide local water quality improvements, and 
therefore their benefits should not be discounted. 
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Overall, considering the retrofit opportunities that have been identified in the City of Brampton, 
Town of Caledon, and City of Brampton significant benefits of stormwater retrofit initiatives from 
an erosion perspective can only be achieved on Black Creek.  The retrofit opportunities 
identified in other subwatersheds would control a total drainage area that is too small to 
significantly reduce in-stream erosion potential on the primary watercourses that are the focus 
of the analysis, although there will likely be local benefits on smaller tributary streams.  As 
noted previously, there are other impacts from run off volume not reflected in this analysis that 
make it unlikely that additional detention will completely mitigate erosion impacts from existing 
development.  A complete solution to erosion impacts from existing and future development 
will require measures to reduce run off volume and minimize the increase to natural stream flow 
volumes.  Notwithstanding, there is value in implementing end-of-pipe retrofits for their local 
benefits to stream erosion as well the significant water quality improvements that they can 
achieve.  Further benefits, including more significant reductions in erosion potential may be 
realized if other locations for end-of-pipe retrofits could be identified in the watershed beyond 
those identified in the municipal retrofit studies. 
 
 
4.1.6 Effect of Expanded Natural Cover 
 
Modelling of the Expanded Natural Cover scenario (Scenario 4) simulated the effects of 
implementing the TRCA draft target terrestrial natural heritage system, as refined for the 
Humber River watershed.  Further detail regarding the land use and other assumptions for this 
scenario can be found in Appendix A.  To aid in the interpretation of the results, Table 4.1-8 
summarizes changes in subwatershed percent natural cover and impervious cover that were 
assumed in this scenario. 
 

 
Stream Flow Variability 

Figure 4.1-16 shows the modelled effect of expanded natural cover on total annual flow 
volumes associated with the implementation of the target terrestrial natural heritage system 
when applied to the official plan build-out scenario land use.  In general, the expanded cover 
results in a reduction in total annual flow volumes as compared to conventional official plan 
build-out defined in Scenario 2, with reductions being generally proportional to the upstream 
catchment area assumed to be reforested.  This model result is consistent with hydrologic 
research, which has confirmed that run off and stream flow in temperate areas are significantly 
lower in forested catchments compared to cultivated, pasture or clear cut land uses (Hibbert, 
1967; Swank and Helvey, 1970; Bosch and Hewlett, 1982; Sahin and Hall, 1996; Moore and 
Wondzell, 2005).  These reductions in run off and stream flow volumes are attributed primarily 
to increases in interception, evaporation and transpiration, as forest species have much greater 
annual evapotranspiration potential than the grasses or crops they would replace in Scenario 4, 
as natural cover enhancement is generally assumed to take place on land that is currently used 
for agriculture. Crop land has a particularly low relative rate of evapotranspiration and high 
relative rate of run off because annual crop plan species are typically only present for part of 
the year (Koelliker, 1998).   Despite the modelled decrease in flows, the results indicate that 
annual flows in Scenario 4 would still be greater than baseline conditions (Scenario 1) volumes 
in most watercourses, indicating that the increase in run off and annual flows resulting from the 
official plan build-out would be greater than the reduction that could be realized by expansion 
of natural cover.   



 

 

Figure 4.1-13:  Change in Erosion Potential - Official Plan Build-out with end-of-pipe retrofits (Scenario 3) vs. Official Plan Build-
out (Scenario 2) 
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The changes in 10% exceedence flow resulting from the modelling of expanded natural cover 
are shown in Figure 4.1-17, as an indication of the effect on the flow regime.  The most 
significant change observed with respect to flow regime was a reduction in flows of 5% and 
10% exceedence frequency in subwatersheds where expansion of natural cover was assumed 
to occur, reflecting the interception by forest cover and/or storage in forest soils of frequent 
rainfall or the initial portion of more major rainfall events, which is subsequently evaporated or 
transpired instead of being transported to watercourses as run off or shallow groundwater flow.  
This outcome is supported by research that has determined that flow rates from frequent 
rainfall events are generally higher from pasture or meadow than from forested catchments and 
have suggested that flows in this range make up the majority of the greater annual run off from 
meadow and pasture as compared to forest (McGuiness and Harrold, 1991; Burt and Swank, 
1991).  While these decreases would reduce erosion potential in downstream watercourses as 
discussed in greater detail below, in comparison to the increases that would result from future 
conventional development (Figures 4.1-10 and 4.1-11) these reductions are relatively small.   
 

Table 4.1-6:  Summary of Changes in Subwatershed Percent Natural Cover and 
Impervious Cover –Expanded Natural Cover (Scenario 4) 

Subwatershed 
Planning Unit 

Description Output 
Location 

Scenario 4 vs. 1 Scenario 4 vs. 2 
∆ %NC ∆ %IMP ∆ %NC ∆ %IMP 

Main Humber Centreville Creek, u/s of 
Albion Hills reservoir 

1 15.7 1,3 17.8 -0.4 

Upper Main Humber, at 
Peel/York boundary 

7 12.5 0.6 14.4 -0.2 

Outlet of Cold Creek 9 30.3 0.7 34.9 -0.7 
Outlet of Rainbow Creek 10 0.8 25.7 3.3 0.9 
Main Humber River, u/s of 
East Humber confluence 

17 15.5 0.7 18.0 -0.3 

Upper Main Humber, near 
Patterson Sideroad 

28 10.0 0.3 11.3 0 

West Humber West Humber, East Branch 13 & 14 7.0 21.9 9.9 -2.3 
West Humber, Main Branch 
u/s of West Branch 
confluence 

19 12.1 4.4 13.0 0 

West Humber, West Branch 20 & 21 11.2 6.5 12.3 -0.3 
Outlet of West Humber to 
Humber River 

34 8.5 8.6 10.2 -0.2 

East Humber Outlet of East Humber to 
Humber River 

5 15.1 2.8 17.3 -0.4 

East Humber River, u/s of 
King Creek confluence 

6 17.2 2.9 20.3 -0.6 

Outlet of King Creek 15 26.2 2.9 27.9 -0.5 
Outlet of Purpleville Creek 16 8.1 2.3 9.4 0 
East Humber River, u/s of 
Purpleville Creek 

30 18.2 2.5 20.7 -0.5 

Lower Humber Outlet of Humber River to 
Lake Ontario 

33 10.0 4.8 11.9 0.3 

Black Creek Outlet of Black Creek to 
Humber River 

32 -3.6 3.8 -3.2 2.8 

Note: ∆ %NC = change in subwatershed percent natural cover 
 ∆ %IMP = change in subwatershed percent impervious cover 



 

 

Figure 4.1-14:  Change in Total Annual Flow Volume – Approved Official Plan Build-out with Expanded Natural Cover (Scenario 4) 
vs. Approved Official Plan Build-out (Scenario 2) 
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Figure 4.1-15:  Change in 10% Flow Duration - Official Plan Build-out with Expanded 
Natural Cover (Scenario 4) vs. Official Plan Build-out (Scenario 2) 

10% Exceedence Flow - Scenario 4 vs. Scenario 2
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Overall, expanded natural cover can be expected to restore some aspects of a natural flow 
regime such as reduced storm run off from frequent events and lower total annual flow volume.  
However, the benefits are small in proportion to the impacts from conventional development as 
modelled in the Official Plan Build-out scenario (Scenario 2) and Full Build-out scenario 
(Scenario 5). In subwatersheds where a substantial amount of reforestation was assumed and 
the extent of additional development is limited (i.e., Upper Main and East Humber 
subwaterheds), the benefit of reforestation may be of the same scale as development impacts 
and in such cases it may be possible to maintain baseline annual and seasonal run off volumes 
and patterns into the future. 
 

 
Flooding and Flood Risk 

Neither the 1999 Humber River hydrology study nor the 2002 update considered the potential 
effects of reforestation in the watershed as their scope was limited to considering the impact of 
future approved development.  As a result, there are no results from a purpose-specific study in 
the Humber River watershed that allow direct comment on the effects of expanded natural 
cover on return period and Regional flood flows.  However, the response to major rainfall 
events simulated in the HSP-F modelling does provide some insight into potential flooding 
effects.  Figure 4.1-18 and Figure 4.1-19 illustrate the simulated response at the outlet of the 
Upper Humber River (data output location 7), a subwatershed where substantial upstream 
revegetation is contemplated in the target terrestrial natural heritage system and near the outlet 
of Rainbow Creek (data output location 31), a subwatershed where the results in relatively little 
revegetation, both for the April 1992 event.  The significant revegetation in the upper Main 
Humber River is predicted to result in a significant decrease in the peak flood flow, eliminating 
the increase caused by the additional development of the Official Plan Build-out scenario 
(Scenario 2) and reducing the peak to below baseline levels.  Conversely, the minimal 
revegetation in Rainbow Creek has little effect on the major increase in peak flows resulting 
from the extensive development contemplated in the Official Plan Build-out scenario. 
 



Humber River Watershed Scenario Modelling and Analysis Report 

4.1-37 

Figure 4.1-16:  HSP-F Output for Simulated April 11, 1992 Event at Upper Main Humber 
River Outlet 
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Figure 4.1-17:  HSP-F Output for Simulated April 11, 1992 Event at Rainbow Creek Outlet 
to the Humber River 
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Similar findings are reported in the literature, which indicate that peak flows from small to 
moderate rainfall events, such as the April 11, 1992 event reported above, can be significantly 
reduced after reforestation.  These are attributed primarily to increased interception of rainfall 
by the forest canopy and increased evapotranspiration by forest vegetation as compared to 
agricultural crops, increasing the average soil moisture deficit and ability of soils to retain water.   
However, the same literature also reports that this effect is reduced as the magnitude of the 
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rainfall increases, to the point where rainfall that causes major flood events far exceeds 
available interception or soil moisture storage and forest soils become saturated causing the 
majority of falling rain to run off as with any other land use (Hewlett and Helvey, 1970; Hewlett 
and Bosch, 1984; Center for International Forestry Research, 2005).   One exception is the 
Duffins Creek Watershed Plan (TRCA, 2003), which predicted through modelling that expanded 
natural cover could decrease peak Regional Event and 100-year flood flows by an average of 
10%.  Despite this result, there is sufficient uncertainty in the larger body of literature to 
conclude that reforestation may not significantly reduce flood flows or flood damage in the 
Humber watershed from the large floods on the scale of the 100-year event or the Regional 
Event (Hurricane Hazel) that are of greatest concern to life and property.  However, the 
substantially lower magnitude peak flows may benefit areas that are subject to frequent 
flooding, and reduce in-stream erosion potential as described below. 
 

 
Erosion Potential 

In comparison to conditions predicted for the Official Plan Build-out scenario, the HSP-F model 
predicts reductions in erosion potential throughout the watershed with implementation of 
expanded natural cover on targeted lands (Figure 4.1-20).  Moderate reductions in erosion 
potential in the range of 4 to 16% could be achieved in the East and West Humber.  A 
significant reduction of 39% could be achieved in Cold Creek (data output location 9) as a 
result of the extensive increase in natural cover that was assumed in this subwatershed (see 
Table 4.1-8).  The predicted benefits of expanded natural cover to downstream watercourses 
are generally proportional the amount of upstream revegetation assumed.  These outcomes 
result from the same reduction in run off volume from frequent rainfall events noted above, 
which reduce the frequency of stream flows that exceed erosion thresholds.  Further, although 
not reflected in the erosion index results, the reduction in total flow volumes that could result 
from reforestation would reduce excess flows that are below theoretical erosion thresholds but 
still have an impact on erosion and stream geomorphology. 
 
When compared to the increases in erosion potential predicted for conventional development 
(Figure 4.1-10 and Figure 4.1-11), the reductions resulting from implementation of the target 
terrestrial natural heritage system are relatively small.  Again, this is because the effect on the 
hydrologic impact of converting rural lands to urban is much larger than from the conversion of 
rural agricultural lands back to forest cover.  The total land area assumed to be affected by 
development in the future is also much larger than the area targeted for revegetation.  In 
addition, in those areas where future development is expected to be most extensive, such as 
the Rainbow Creek and Purpleville Creek subwatersheds, there is relatively minor expansion of 
natural cover proposed in the target terrestrial natural heritage system.  As a result, 
implementation of the strategy is expected to have a minor mitigative effect on future 
development impacts to in-stream erosion in subwatersheds where major urban growth is 
anticipated (i.e., Rainbow Creek, Purpleville Creek, West Humber).   
 
Although not reflected in the modelling results, the expansion of natural cover in stream 
corridors assumed in Scenario 4 would improve stream channel condition by improving stream 
bank integrity.  In rural areas, many stream corridors are grazed, tilled or mowed up to their 
banks.  Revegetation of watercourse corridors, particularly in areas within or downstream of 
new development, would provide additional channel stability and resistance to erosive flows.



 

 

Figure 4.1-18:  Change in Erosion Potential - Approved Official Plan Build-out with Expanded Natural Cover (Scenario 4) vs. 
Approved Official Plan Build-out (Scenario 2) 
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Baseflow and Surface Water Withdrawals 

Results regarding effects of the Official Plan Build-out with Expanded Natural Cover scenario 
on baseflow and surface water withdrawals are described in section 4.3.5. 
 
 
4.1.7 Effect of Sustainable Communities 
 
The following paragraphs discuss the outcomes of the modelling and analysis of the 
Sustainable Communities scenario (Scenario 6).  For a description of land use, development 
forms, and stormwater management measures associated with this scenario, refer to Appendix 
A and to the report, Development of a Sustainable Community Scenario for the Rouge River 
Watershed (TRCA, 2008b).  It should be noted that in addition to the application of innovative 
stormwater management techniques to both new and existing development in the 905-area 
communities, the scenario also assumed implementation of the target terrestrial natural 
heritage system as well as the 25-Year Implementation Plan of the City of Toronto Wet Weather 
Flow Management Master Plan (XCG, 2003a), which assumes major uptake of retrofit 
stormwater management measures within city boundaries. 
 

 
Stream flow Variability 

Modelling results indicate that the Sustainable Communities Scenario (Scenario 6) would result 
in somewhat less total annual stream flow than conventional full build-out of the watershed as 
contemplated in Scenario 5 (see Figure 4.1-23).  The reductions in flow volumes are the direct 
result of a reduction of stormwater run off by the variety of measures for infiltrating, evaporating 
or reusing stormwater run off assumed to be integrated into new development, and to a lesser 
degree to be integrated into existing development, in this scenario.  The benefits of 
implementing the target terrestrial natural heritage system and the 25-Year Implementation Plan 
of the City of Toronto Wet Weather Flow Management Master Plan (WWFMMP) in reducing run 
off are also reflected, as is the assumption of slightly less total development area in the 
Sustainable Communities scenario as compared to the conventional full build-out scenario. 
 
Comparing the results of the Sustainable Communities scenario to baseline conditions 
(Scenario 1) in Figure 4.1-24, it is evident that development of the watershed will continue to 
have a major impact to run off and flow volumes even if the sustainable communities design 
approach is implemented as modelled.  In some areas, such as the Rainbow Creek, this is 
because the majority of future development within the subwatershed is assumed to take place 
without sustainable measures as part of the currently approved municipal official plans.  As 
such, it is also assumed that the sustainable communities approach will only be able to 
improve this development through retrofit stormwater management measures, which will have 
a much lower application rate than in greenfield development.   
 
 



 

 

Figure 4.1-19:  Change in Total Annual Flow Volume – Sustainable Communities (Scenario 6) vs. Full Build-out (Scenario 5) 

 



 

 

Figure 4.1-20:  Change in Total Annual Flow Volume – Sustainable Communities (Scenario 6) vs. 2002 Conditions (Scenario 1) 
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In areas where the majority of future development is assumed to have the benefit of sustainable 
community design, such as Purpleville Creek and the West Humber River, substantial 
increases in flow volumes are still predicted.  These results stem from the conservative 
assumptions of the Sustainable Communities Scenario, which assume a relatively low rate of 
application for innovative stormwater management measures on less pervious soils on the 
basis that infiltration-based measures might not be feasible.  As the majority of soils in the 
municipalities of Brampton and Vaughan are classified as hydrologic groups C or D and thus 
are relatively less pervious, relatively few innovative stormwater measures were applied to 
development in these areas in the modelling of this scenario.  More recent developments have 
indicated that there are a variety of measures that can be applied in less permeable soils to 
both prevent the generation of stormwater run off through infiltration, evaporation or reuse, and 
therefore it could be expected that a more aggressive program of implementation could 
provide substantially more mitigation of flow volume increases from development than shown 
in the current results.  However, widespread use of such measures can be costly and there are 
uncertainties regarding the performance and long-term maintenance needs for some of the 
available technologies.  Pilot studies and other research are required to understand the 
feasibility of infiltration technologies on less permeable soils, as well as other new technologies 
for evaporation and reuse of stormwater runoff,  before their widespread use in developments 
in the Humber River watershed 
  
Seasonal flow volume results are not shown for the Sustainable Communities scenario due to 
the relatively minor changes effected by this scenario on the results.  Although reductions in 
flow volumes were relatively small in all seasons, the largest decrease was in summer, which is 
expected because many of the sustainable stormwater management measures modelled in the 
scenario are intended to abstract the run off from smaller more frequent events and from the 
initial stages of larger events that generate the dramatic increases in summer run off that are 
caused by conventional development. Lesser decreases are predicted in winter, spring and fall 
flows as the increases in flow volumes caused by conventional development are reduced 
during these seasons.   
 
The changes predicted to the 10% duration flows by the Sustainable Communities (Scenario 6) 
approach as compared to conventional full build-out of the watershed (Scenario 5) is shown in 
Figure 4.1-25.  As noted above in the discussion of seasonal flow volumes, the reductions 
observed reflect the abstraction of the precipitation from small storms and from the first portion 
of larger storms, which is stored and then infiltrated or evaporated by innovative stormwater 
management measures.  The effect of expanded natural cover is also reflected in those areas 
where the target terrestrial natural heritage system proposes significant revegetation upstream.  
As expected, the most significant reductions are predicted in areas where there are substantial 
areas of new development, beyond the current approved OP’s, where sustainable principles 
are assumed to be applied.   
 



Humber River Watershed Scenario Modelling and Analysis Report 

4.1-44 

Figure 4.1-21:  Change in 10% Flow Duration - Sustainable Communities (Scenario 6) vs. 
Full Build-out (Scenario 5) 
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It is important to note that the simulation of innovative stormwater management techniques in 
the Sustainable Communities Scenario was largely a theoretical exercise, with various 
assumptions made regarding the expected performance of the techniques considered.  
Knowledge regarding the performance of the innovative stormwater management techniques is 
continually evolving, and not all of the modelling results or assumptions can be substantiated 
by actual measured performance of the individual techniques.  Other modelling studies have 
also predicted that sustainable or ‘low impact development’ (LID) practices would significantly 
reduce the increase in stormwater run off volume caused by urban development and maintain 
a hydrologic regime closer to natural conditions (Holman-Dodds et al., 2003; Cheng et al., 
2004).  However, to date there have been no published accounts of the hydrologic benefits of 
these measures in practice, as many are relatively new and have not yet been widely 
implemented or monitored.  Researchers have also cautioned that the benefits of sustainable 
or LID development are highly dependent on infiltration technologies and that success is not 
guaranteed, as the long-term performance of infiltration measures requires adherence to 
meticulous construction and maintenance practices, and may vary significantly depending on 
soil and hydrogeologic conditions  (Schueler et al., 1992; Livingston, 2000).  Further, the costs 
associated with implementation of these measures to the degree assumed in the Sustainable 
Communities scenario, particularly where they are retrofitted into existing developments, are 
significant and would represent a major increase to capital and maintenance expenditures on 
infrastructure.  To address these issues and to achieve a greater scale of benefit than the 
moderate one shown in the current modelling results, significant effort must be made to test 
and monitor innovative stormwater management technologies to establish the most effective 
measures, as well as to develop approaches that are economically sustainable with respect to 
both construction and long-term maintenance costs. 
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Flooding and Flood Risk 

While the innovative stormwater management measures contemplated in the Sustainable 
Communities Scenario are intended primarily to provide benefits to water quality, in-stream 
erosion and maintenance of the natural hydrologic cycle, it is likely that they would provide 
peripheral benefits in lessening flood flows as the total volume of run off generated from urban 
land uses would be reduced.  Figure 4.1-26 illustrates the HSP-F model output at the West 
Humber River near the Claireville dam for the April 11, 1992 event discussed above in the 
comparison of other scenario results.  In this instance, comparison of the Sustainable 
Communities Scenario (Scenario 6) output with the conventional full watershed build-out 
(Scenario 5), shows a significant reduction in peak flow.  This reflects the reduction of run off 
volumes resulting from innovative stormwater management measures from this moderate-sized 
rainfall event.  In larger events, it would be expected that the reduction in peak flows would be 
somewhat smaller, as the storage capacity of innovative measures such as infiltration facilities 
and green roofs is finite and would be exceeded more quickly with additional rainfall.  Also, the 
modelling results show that the West Humber River subwatershed experiences the greatest 
reductions in peak flows under the Sustainable Communities scenario, as it has the largest 
proportion of potential future development outside of current official plans where the 
sustainable community approach could be applied.  Other subwatersheds experiencing 
significant development as part of the current official plans, such as Rainbow Creek, would 
experience a lesser reduction in peak flood flows as a sustainable communities approach be 
applied mostly in less extensive and aggressive retrofit measures, per the scenario 
assumptions. However, it must be reiterated that the performance of innovative stormwater 
management measures requires further research and pilot study to determine whether they 
would be effective in this context in the Humber River watershed.  
 

Figure 4.1-22:  HSP-F Output for Simulated April 11, 1992 Event at West Humber River 
upstream of Claireville Dam 

April 10-20 1992 - West Humber River at Claireville Dam
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The Credit River Flow Management Study ( CVC, 2007), which as previously mentioned 
involved a much more detailed hydrological modelling study of the effects on flood flows of 
future development in that watershed, also investigated the benefits of an innovative 
development scenario.  That scenario, called “Ecotopia” by the study proponents, assumed 
aggressive implementation of measures such as green roofs, infiltration measures, and 
pervious pavements for new development as well as a more moderate level of uptake for 
retrofit of these measures to existing development.  The modelling results demonstrated that 
the Ecotopia measures resulted in substantial reductions in downstream flood flows, and that 
only by implementing the Ecotopia measures in addition to conventional end-of-pipe facilities 
would it be possible to continue to develop the watershed without increasing flood flows and 
risk to flood vulnerable areas downstream.  While further assessment is required to determine 
whether end-of-pipe facilities will be sufficient to prevent increases in flood risk from future 
development in the Humber River watershed as discussed above, the conclusion of the Credit 
River study suggests that reduction of run off volumes in addition to conventional detention-
based approaches may be required avoid negative impacts with respect to flooding.  It also 
suggests that more substantial flood flow benefits could be realized from a sustainable 
communities approach that is more aggressive and extensive than the one contemplated in 
this study. 
 
Benefits of sustainable development practices and innovative stormwater management 
practices have been modelled for other areas with similar results.  Williams and Wise (2006) 
modelled the hydrologic impact of sustainable stormwater management practices including 
infiltration measures and vegetated surface drainage systems on a hypothetical residential 
development in Florida.  While it was determined that the use of these practices alone was not 
sufficient to control increases in peak flood flows and that they would need to be applied in 
concert with traditional end-of-pipe measures, they were predicted to substantially reduce run 
off and peak flows from smaller rainfall events.  The authors also indicated that innovative 
stormwater management measures if used as part of a flood control strategy should be applied 
with caution, as there is still uncertainty regarding their long-term maintenance.  
 
As noted previously, more detailed assessment and focused modelling would be required to 
determine whether any changes to peak flows from the sustainable community approach or 
any of the other scenarios will have significant effects on the risk at existing flood vulnerable 
areas throughout the watershed.  Because of this, the benefits of sustainable communities in 
reducing flood risk cannot be fully explored in the current study.   However, the results of the 
Credit River Flow Management Study and other work suggest that the innovative stormwater 
management measures associated with a sustainable community approach could be a 
necessary component of an effective watershed flood risk management strategy. 
 

 
Erosion Potential 

The modelling results for erosion potential are summarized in Figure 4.1-27 and Figure 4.1-28 , 
which show differences in erosion potential between the Sustainable Communities Scenario 
(Scenario 6) and the conventional full build-out scenario (Scenario 5), and between Sustainable 
Communities and baseline conditions (Scenario 1), respectively.   The results closely mimic the 
total annual flow volume output described above, with moderate decreases in erosion potential 
predicted from implementation of the sustainable communities approach in existing and future 
development.  This is as expected, due to the function of the contemplated innovative 
stormwater management measures in abstracting a large portion of rainfall from frequent 
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rainfall events and the initial portion of larger rainfall events that would ordinarily become run off 
from conventional development.  To a lesser degree, these decreases also reflect the 
hydrologic benefits of the expanded natural cover associated with implementation of the target 
terrestrial natural heritage system and a slightly smaller total development area in the 
Sustainable Communities scenario.   
 
The comparison of the Sustainable Communities scenario results and those of the baseline 
conditions indicate that, despite the implementation of the innovative stormwater management 
measures associated with sustainable communities, there would still be major increases in 
erosion potential in Rainbow Creek and the West Humber River.  Major increases are also likely 
in Purpleville Creek, based on the extent and type of development planned and predominant 
soil type in this subwatershed, although no information on erosion thresholds was available at 
the time of the study on which to base predictions.  As noted above, this is due to the 
somewhat conservative assumptions regarding the application of innovative, infiltration-based 
stormwater management measures in developments on relatively less pervious soils 
(hydrologic soil types C and D; Figure 2.2-3), as well as the limited uptake of such measures 
assumed to take place in existing development constructed as part of or before the build-out of 
the current official plans.  It is only in the upper Main Humber (not including Rainbow Creek) 
and East Humber subwatersheds, where the hydrologic benefits from extensive revegetation as 
part of implementation of the target terrestrial natural heritage system are assumed to take 
place that erosion potential can be expected to be reduced to or below baseline levels. These 
results suggest that a much more aggressive application of innovative measures would be 
required in new developments in Rainbow Creek, Purpleville Creek and the West Humber 
subwatersheds to maintain erosion potential at or near baseline levels throughout the 
watershed as per the objectives of the watershed plan.  The application of these measures 
would likely have substantial benefits to maintaining or at least substantially mitigating erosion 
potential to watercourses within and immediately downstream of the areas developed 
according to sustainable community principles. 
 

 
Baseflow and Surface Water Withdrawals  

Although the Sustainable Communities scenario was not specifically modeled for the Humber 
River watershed using PRMS-MODFLOW, numeric modelling was completed for the Rouge 
River watershed to the east (TRCA, 2008b).  Based on the findings from that project, 
maintenance or restoration of recharge through stormwater infiltration practices could 
substantially mitigate the effects of development, and even improve upon existing conditions in 
some areas. 



 

 

Figure 4.1-23:  Change in Erosion Potential – Sustainable Communities (Scenario 6) vs. Full Build-out (Scenario 5) 

 



 

 

Figure 4.1-24:  Change in Erosion Potential – Sustainable Communities (Scenario 6) vs. 2002 Conditions (Scenario 1) 
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4.1.8 Effect of Climate Change 
 
A detailed description of the modelling approach for the climate change scenarios is provided 
in Appendix A and HCCL (2008).   The Canadian CGCM2 A21 and British Hadley CM3 A1F1 
global climate models projections for the year 2080 that were used in the HSP-F modelling 
predict average annual temperature increases of 5.3oC and 7.1o

 

C and annual precipitation 
increases of 5.9% and 18.9% respectively for south-central Ontario in this time frame.  Figure 
4.1-29 summarizes the monthly temperature and precipitation change fields that were applied 
to the original meteorological input data to simulate the two climate change scenarios.  Monthly 
change fields generated by the climate change models for temperature and precipitation as 
noted in the figure as well as other meteorological parameters, including humidity, wind speed, 
cloud cover, and incident solar radiation, were applied to each value of the base 1991-1996 
input data used for the conventional HSP-F model scenarios.  A similar approach was applied 
for the PRMS-MODFLOW groundwater modelling, as described in Section 4.3, although there 
were some differences in application due to the nature of the input data.  This approach is 
relatively simplistic, and does not account for more complex interrelationships between the 
very large scale changes that are predicted by the two global climate models and the detailed 
temporal and spatial characteristics of local weather in the Humber River watershed.  While 
more detailed approaches to downscaling global climate model projections to a local level are 
available, these are in early stages of development and the validity of their outcomes is still 
uncertain.  A detailed investigation of downscaling approaches and the use of downscaling 
methods was beyond the scope of the watershed planning study.  

The predictions of the two global climate change models (the Canadian CGCM2 and British 
Hadley Centre Model CM3) considered in the Humber modelling are generally consistent with 
observed historic trends and predicted future change for Ontario and the Great Lakes basin in 
that many studies have identified both temperature and precipitation increases over the past 
century and expect these trends to continue (International Joint Commission, 2003).  However, 
it should be noted that there is major uncertainty in attempting to predict the future climate 
because the future greenhouse gas emissions of human populations cannot be known.  As a 
result, there are a dozen or more emissions scenarios considered in current climate change 
modelling efforts (IPCC, 2007) that generate significantly different future climate projections.  
Further, different global models prepared by different research institutions can generate 
significantly different results for the same area, as is evident in Figure 4.1-29.  To address this 
variability and provide an indication of the range of outcomes that could result from climate 
change with the limited resources available in the modelling study, the two climate change 
scenarios considered were selected to depict two extremes of climate change expected in the 
Great Lakes basin.  Of the wide range predictions from various global climate models and 
model scenarios available, the A21 emissions scenario of the CGCM2 model selected 
represents the lowest precipitation increase for a high temperature increase for the Great Lakes 
area and the A1F1 emissions scenario of the Hadley CM3 model represents the highest 
precipitation increase with a high temperature increase.  Four scenarios in total were modelled: 
CGCM2 2080 climate projection with conventional full build-out land use (Scenario 5a), Hadley 
2080 climate projection with full build-out (Scenario 5b), CGCM2 with Sustainable Communities 
land use (Scenario 6a), and Hadley with Sustainable Communities land use (Scenario 6b). 
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Figure 4.1-25:  Global Climate Model Predicted Changes to Average Temperature and 
Precipitation in South-Central Ontario by 2080 
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Flow Variability 

Figure 4.1-30 and Figure 4.1-31 show HSP-F total annual flow volume predictions under 
climate change conditions, under the full build-out land use and the CGCM2 and Hadley model 
monthly climate change projections (Scenario 5a and Scenario 5b, respectively).  In the 
CGCM2 scenario, total annual flow volumes are predicted to decrease between approximately 
10% and 50% across the watershed.  Although decreases seem counterintuitive given the 
projected increases in precipitation by the CGCM2, the model results reflect an enhancement 
in annual evapotranspiration caused by the increase in temperature.  Simulated decreases in 
flow volumes are significantly lower downstream of developed areas than in rural ones, 
reflecting the more pronounced effect of temperature changes in rural landscapes where fewer 
impervious surfaces allow water to be retained in soils and on vegetation, from which it can be 
evaporated or absorbed by plants and transpired.   The Hadley scenario results (Scenario 5b) 
predict a lesser reduction in total annual flow volumes in rural areas and a minor increase in 
flow volumes in more urban catchments, reflecting a greater increase in precipitation in the 
Hadley A1F1 results as compared to the CGCM2 A21 scenario.   
 



 

 

Figure 4.1-26:  Change in Total Annual Flow Volume – Full Build-out with CGCM2 A21 2080 Climate (Scenario 5a) vs. Full Build-
out with Existing Climate (Scenario 5) 

 



 

 

Figure 4.1-27:  Change in Total Annual Flow Volume –Full Build-out with Hadley CM3 A1F1 2080 Climate (Scenario 5b) vs. Full 
Build-out with Existing Climate (Scenario 5) 
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As noted above, the CGCM2 A21 and Hadley CM3 A1F1 future climate projections in the 
Humber modelling represent temperature increases for southern Ontario near the maximum 
predicted from all modelling studies for the area to date.  Projections from other emissions 
scenarios of the CGCM2, Hadley CM3, and other global climate models project that future 
temperature increases could be significantly lower and therefore that the corresponding 
proportion of precipitation increases to temperature increases could be higher.  Such 
conditions would result in lesser decreases in flow volume than the predictions of the current 
study, or possibly in increases.  Further, the use of future climate projections in this study does 
not account for changes to detailed precipitation patterns at the local level and over short time 
periods (i.e., magnitude, duration and frequency of individual storm events). The modelling 
approach used does not allow for consideration of changes to the number and frequency of 
rain storm events, which many researchers predict will change significantly as a result of 
climate change.  As such events account for a significant proportion of annual rainfall in 
southern Ontario, the effect of climate change on surface water flows will depend largely on the 
way in which predicted increases in precipitation is delivered, this is a major information gap.  
As a result, it cannot be concluded with certainty that climate change will cause in a decrease 
in total annual flows in Southern Ontario or in the Humber River watershed as the current 
results suggest.  These modelling results should be interpreted only as an indicator of the type 
of hydrologic impact that may potentially occur as a result of climate change, while 
acknowledging the actual pattern, direction, and magnitude of impact may differ significantly in 
reality. 
 
The current results are similar to those from modelling studies that have been conducted to 
predict the effects of climate change on other watersheds in southern Ontario and southern 
Quebec; Slivitzky and Morin (1996) and Walker (2001) predict reductions to total annual flows 
of between 2% and 22% in the Bay of Quinte, Grand River and Moise River (Quebec) 
watersheds by the end of the 21st century.  Lofgren et al., (2002) also predict a general 
decrease in run off and stream flow in the Great Lakes Basin, which was interpreted by the 
International Joint Commission (2003) as a decrease in stream flow persistence due to a 
decrease in base flow and higher evapotranspiration.  However, it should be noted that these 
studies utilized modelling approaches that are subject to the same limitations as Humber River 
watershed HSP-F modelling with respect to climate change.  Notwithstanding these limitations, 
the predicted outcome of reduced stream flows should be considered a strong possibility 
based on the number of studies that have identified it. 
 
The predicted effects of climate change on annual flow volumes to the Sustainable 
Communities land use scenario, as modelled in Scenarios 6a and 6b (see Figures 4.1-32 and 
Figure 4.1-33), are for somewhat less total flow volume in all areas.  In rural areas, this reflects 
the influence of the expanded natural cover from the target terrestrial natural heritage system 
that is assumed to be implemented, as the increase in evapotranspiration because of higher 
temperatures will be larger in areas of natural vegetation than the agricultural uses they 
replace.   In urban areas, these reductions are likely the result of the innovative stormwater 
management measures such as green roofs that would provide additional evapotranspiration 
with increased temperatures and infiltration measures that would prevent a portion of increased 
rainfall from becoming run off.  In the case of climate change conditions that would result in 
greater run off and flow volumes from urban areas, such as the Hadley CM3 A1F1 scenario, 
sustainable communities would provide a mitigating effect.  However, these predictions are 
strictly theoretical and are based on the model depiction of the innovative stormwater 
management measures; as noted previously the performance of such measures may differ in 
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reality.  It is more appropriate to draw general conclusions from these modelling results which 
indicate that innovative stormwater management measures and expanded natural cover as part 
of a Sustainable Communities strategy may modify the effects of climate change.  However, 
greater understanding of both the effects of climate change and the performance of innovative 
measures is required for an more confident assessment of the modifying influence of a 
Sustainable Community. 
 
Modelled changes in seasonal flow volumes to the fully built-out Humber River watershed for 
both the CGCM2 future climate scenario (Scenario 5a) and Hadley CM3 scenario (Scenario 
5b), as compared to the current climate build out of Scenario 5 are shown in Figures 4.1-34 
and 4.1-35.  In the CGCM2 A21 potential future climate, flow volumes are predicted to decrease 
across all seasons, while in the Hadley future climate significant reductions in summer and fall 
flow volumes are predicted while winter and spring flow volumes are predicted to increase.  
The differences between the scenarios can be attributed to the variability in monthly changes 
predicted by the two global climate models.  The CGCM2 A21 climate underlying Scenario 5a 
predicts the lowest temperature increases and the greatest precipitation increases in the fall, 
resulting in lesser decreases or even small increases in fall flows.  The Hadley CM3 A1F1 
climate underlying Scenario 8b predicts the greatest temperature increases and a lower 
precipitation increase in the summer, resulting in large summer flow decreases.  The Hadley 
scenario also projects greater temperature and precipitation increases in the winter months 
than the CGCM2, causing somewhat larger winter flows as a result of reduced accumulation 
and storage of precipitation in the snow pack.   
 



 

 

Figure 4.1-28:  Change in Total Annual Flow Volume – Sustainable Communities with CGCM2 A21 2080 Climate (Scenario 6a) vs. 
Sustainable Communities with Existing Climate (Scenario 6) 

 



 

 

Figure 4.1-29:  Change in Total Annual Flow Volume – Sustainable Communities with Hadley CM3 A1F1 2080 Climate  (Scenario 
6b) vs. Full Build-Out with Existing Climate (Scenario 6) 
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Figure 4.1-30:  Change in Seasonal Flow Volume –Full Build-Out with CGCM2 A21 Climate 
(Scenario 5a) vs. Full Build-Out with Existing Climate (Scenario 5) 
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Figure 4.1-31:  Change in Seasonal Flow Volume –Full Build-Out with Hadley CM3 A1F1 
Climate (Scenario 5b) vs. Full Build-Out with Existing Climate (Scenario 5) 
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Walker (2001) predicted summer flow reductions in the Grand River as a result of climate 
change that were two to three times greater than reductions in average annual flow and greater 
run off in the winter, a similar outcome to the Hadley scenario results from the current study.  
Other combined climate change and hydrologic modelling studies for geographic regions 
where snow and snowmelt have a significant influence on seasonal hydrology (Jeton et al., 
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1996; Hamlet and Littenmaier, 1999; Middlekoop et al., 2001) have also concluded that a 
probable outcome of virtually all climate change scenarios would be a reduction in snow pack 
accumulation and an earlier spring snowmelt that would distribute and increase the amount of 
late winter and early spring flows and create an earlier and potentially smaller spring freshet, 
which is also consistent with the Hadley scenario results.  Such changes have already been 
observed in Canada as a result of the climate change that has already occurred; for example, 
Whitfield and Cannon (2000) noted higher winter flows, changes to spring peak flows and 
reduced summer flow volumes in the Canadian Great Lakes region since 1975 and theorized 
that these were in response to warmer winter temperatures and higher winter precipitation.  
The CGM scenario results do not necessarily conflict with these findings, but rather suggest 
that despite the reduction in snowmelt and the associated higher proportion of run off from 
winter precipitation, total winter flows may still decrease depending on the seasonal pattern of 
climate change with respect to changes in precipitation and temperature.  Given the above, it is 
reasonable to conclude that the pattern of seasonal stream flows will be modified as a result of 
climate change, possibly in the form of lower summer flows and reduced winter snow pack 
among other changes.  However, the mode of overall seasonal change will depend highly on 
the local distribution of precipitation and temperature changes throughout the year, which as 
the difference between the two future climate projections used in this study clearly indicates are 
aspects of climate change that cannot yet be predicted with certainty.  More accurate 
assessment of the seasonal impacts of climate change will require further investigation when 
there is greater confidence in future climate change projections. 
 
The output from the CGCM2 scenario (Scenario 5a) predicted a general decrease throughout 
the watershed in the 10% duration flow while an increase was simulated in Hadley scenario 
(Scenario 5b) as shown in Figure 4.1-36 and Figure 4.1-37.  This may be due in part to greater 
and more frequent winter and spring run off simulated in the Hadley scenario from increases 
precipitation and temperature in these seasons, which would result in more frequent elevated 
flows in receiving watercourses rather than one primary spring freshet.  While these results, as 
with those presented above, do not provide any certainty they indicate that climate change 
may have a significant effect, either positive or negative, on the regime of frequent elevated 
flows in watershed rivers and streams. 
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Figure 4.1-32:  Change in 10% Flow Duration - Full Build-out with CGCM2 A21 Climate 
(Scenario 5a) vs. Full Build-out with Existing Climate (Scenario 5) 
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Figure 4.1-33:  Change in 10% Flow Duration - Full Build-out with Hadley CM3 A1F1 
Climate (Scenario 5b) vs. Full Build-out with Existing Climate (Scenario 5) 
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Seasonal flow volume and flow frequency results are not presented in this document for 
Scenario 6a and Scenario 6b, as the cumulative uncertainty associated with both the future 
climate projections and the performance of innovative stormwater management measures 
make it unrealistic to analyze the output data to this level of detail.   
 

 
Flooding and Flood Risk 

The modelling results from the Humber Watershed study must be interpreted with caution with 
respect to the effects of climate change on flood flows.  As noted previously in this document, 
the CGCM2 and Hadley global climate change model output used in the study provide 
projections of changes to future climate on a relatively large temporal scale in terms through 
monthly change fields.  To model the effects of climate change on precipitation with the 
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Humber HSP-F model, each point in the rainfall record from the 1991-1996 meteorological data 
series was simply adjusted upwards in proportion to the monthly change factor predicted by 
each climate change model.  However, one of the most important expected outcomes of 
climate change is an intensification of the hydrologic cycle and an increase in the frequency 
and magnitude of large rainstorm events (e.g. Houghton et al., 1996).  Current climate change 
models and other projection tools are not capable of confidently predicting this type of change, 
and therefore the HSP-F modelling could not capture this potential outcome of climate change.  
In general, the HSP-F output suggested a greater frequency and magnitude of large flows of 
flood magnitude, which is attributed simply to the increased precipitation amounts in the input 
meteorological data for both climate change scenarios.  Some exceptions were observed for 
smaller rainfall events in the late spring summer where peak flows were reduced in the climate 
change scenarios despite minor increases in precipitation.  This is likely the result of dryer soils 
having greater moisture storage capacity as a result of higher temperatures, and therefore 
added capacity to retain the initial portion of precipitation from rainfall events.  Such effects are 
only expected to apply to return period events of minor to moderate magnitude; for events of 
the greater magnitude it would be expected that the increased soil storage capacity potential 
would be insignificant in comparison to the total rainfall associated with such an event and that 
there would be no appreciable peak flow reduction.   
 
As noted above the analysis did not consider the potential increase in magnitude or intensity of 
storm events and therefore does not reflect the possibility that the increase in rainfall depth 
associated with large rainfall events could be significantly larger than that of the monthly 
average change field, an outcome that is expected by many researchers.  Predictions vary, but 
it has been estimated that under future climate conditions the return period of extreme rainfall 
events in North American mid-latitudes may be reduced by a factor of two (Zwiers and Kharin, 
1998).  For example, this would result in the depth of rainfall currently associated with a 20-year 
return period storm event occurring on a 10-year return period basis under some future climate 
scenarios.  However, studies of the magnitude and frequency of large rainfall events in Canada 
over the past century have shown that there have been no statistically significant increases in 
response to the climate change that has occurred to date (Kunkel et al., 1999; Zhang et al., 
2001).  As a result, it is not possible to estimate changes to future rainfall intensity patterns by 
extrapolating from current trends.  Further, there is no information currently available regarding 
whether rare events such as hurricanes or tropical storms will increasingly affect southern 
Ontario as a result of climate change.  This is an important information gap as the Regional 
event, which defines the regulatory floodplain areas and forms the basis for flood management 
programs in the Humber River watershed and the majority of southern Ontario, is the 1954 
Hurricane Hazel.   Although an increase in flood flows and flooding should be considered a 
possible if not probable outcome of climate change, it will be important for the field of climate 
change research to refine predictions of future impacts to extreme rainfall events and support 
adaptation planning in the Humber River watershed and elsewhere. 
 

 
Erosion Potential 

Figure 4.1-38 and Figure 4.1-39 show the simulated changes in erosion potential between 
Scenarios 5a and 5b and the baseline full build-out of the watershed with existing climate land 
use Scenario 5.  The results for the CGCM2 scenario (Scenario 5a) indicate a general decrease 
in erosion potential with a minor increase in erosion potential downstream of some areas 
assumed to be heavily developed.  This is related to the relatively large projected increase in 
temperature in proportion to the increase in precipitation described previously; additional soil 
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moisture storage capacity and vegetation in rural areas result in a greater fraction of incident 
rainfall being evaporated and transpired, reducing the peaks of frequent elevated flows that 
drive sediment transport and erosion in receiving watercourses.  Conversely, lesser decreases 
or increases in erosion potential are predicted downstream of developed areas because 
evapotranspiration is a less dominant component of the hydrologic cycle on urban surfaces.  In 
the Hadley scenario (scenario 5b) the increase in precipitation is larger relative to the increase 
in temperature, and the resulting enhanced evapotranspiration is not sufficient to offset the 
increase in run off, particularly in late fall, winter and spring when the largest increases in 
precipitation are projected. 
 
The results from modelling of erosion potential suggest that the effects of climate change could 
either offset or increase the impacts of future development, depending on the distribution of, 
and relationship between, precipitation and temperature changes.  As noted previously, there 
is also uncertainty resulting from the inability of the current modelling approach to take into 
account the increases in the intensity and magnitude of rainfall events that are expected as a 
result of climate change.  This has major significance to the estimation of future erosion 
potential.  If storm events become more frequent and intense and deliver a greater proportion 
of the total annual volume of rainfall, as many researchers predict, flows in excess of erosion 
thresholds would likely occur more often, resulting in increases in erosion potential.  This 
suggests that an increase in erosion potential may be a more likely outcome of climate change 
than a decrease.  More accurate assessment of this issue requires a greater understanding of 
the seasonality of future climate change and the potential future behavior of storms and intense 
rainfall events. 



 

 

Figure 4.1-34:  Change in Erosion Potential –Full Build-out with CGCM2 A21 2080 Climate (Scenario 5a) vs. Full Build-out with 
Existing Climate (Scenario 5) 

 



 

 

Figure 4.1-35:  Change in Erosion Potential –Full Build-Out with Hadley CM3 A1F1 2080 Climate (Scenario 5b) vs. Full Build-out 
with Existing Climate (Scenario 5) 
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Baseflow and Surface Water Withdrawals  

Climate change scenarios were not specifically modeled for the Humber River watershed using 
the PRMS-MODFLOW model.  Numerical modelling was completed recently for the Rouge 
River watershed to the east (TRCA, 2008b).  A brief discussion of these results with regard to 
possible effects on groundwater recharge, aquifer levels and discharge are provided in Section 
4.3.7. 
 
 
4.1.9 Summary and Conclusions 
 
The assessment of the surface water quantity implications of the future land use and 
management scenarios through modelling and review of other information and studies 
provided significant insight into the potential response of the Humber River watershed under 
future conditions.  The most important findings and associated recommendations for future 
action and management are discussed below. 
 
Ongoing development with conventional practices and forms, in approved municipal official 
plan areas and beyond, will alter the hydrologic water budget of the Humber River watershed.  
Evapotranspiration and infiltration will be reduced and more precipitation will run off newly 
created impervious surfaces.  A primary consequence of this change is an increase in total 
stream flows in surface watercourses, and a decrease in groundwater discharge.  The use of 
stormwater management detention ponds designed according to conventional criteria (i.e., 
control of peak flows from synthetic design events to baseline levels and extended detention 
for erosion control) will reduce the impact of increased run off by providing storage and slower 
release of the greater volume of run off.  However, this may not be sufficient to completely 
mitigate flooding and erosion impacts when considering cumulative effects at the 
subwatershed and watershed scale.  The flood control criteria used to design stormwater 
management ponds should be reassessed prior to the expansion of urban boundaries beyond 
those specified in current official plans to ensure that no increase in flood risk is created for 
existing developed areas downstream.  Erosion control criteria should also consider cumulative 
subwatershed and watershed impacts and the effects of stream flow volume increases on 
sediment transport at levels below conventional erosion thresholds.  It is likely that effective 
mitigation of the impacts of future development on erosion and stream channel integrity will 
require a focus on at-source controls and innovative stormwater management measures (e.g., 
infiltration, evapotranspiration and harvesting practices) to minimize the increase in run off 
volumes from impervious surfaces. 
 
The extended discharge from future stormwater management ponds, combined with 
reductions in infiltration, will also result in a greater proportion of low flows in streams between 
storm events being comprised of stormwater run off rather than groundwater discharge, 
particularly in summer months.  The scale of watercourse impacts from development is 
generally proportional to the amount of development occurring in the upstream catchment 
area, but is amplified in areas where undeveloped surface soils are more permeable.  Major 
reductions to groundwater discharge were predicted in the West Humber and Rainbow Creek 
subwatersheds in conventional development scenarios.  Although these subwatersheds 
contribute a very minor portion of baseflow to the Humber River, if these reductions are not 
mitigated, some permanently flowing tributaries may shift to intermittent flow regimes and 
cease to flow during dry summer months.  To mitigate these potential impacts, new urban 
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settlements should incorporate stormwater infiltration practices designed to function on the low 
permeability clay soils that occur in these areas (e.g., subsurface practices). 
 
The implementation of the known stormwater retrofit opportunities identified in municipal 
stormwater retrofit studies would result in little overall hydrologic impact at a watershed scale.  
Only the retrofit opportunities that have been identified on Black Creek address a total 
catchment area of sufficient size to realize benefits to erosion control on a subwatershed scale.  
However, it is important to note that end-of-pipe retrofits can have major benefits to water 
quality and erosion where they discharge to smaller receiving watercourses, which were not 
explicitly modelled in the current study. 
 
Enhancement of natural cover through implementation of the target terrestrial natural heritage 
system for the Humber watershed has the potential to provide hydrologic benefits with regards 
to stormwater, particularly to watercourses where large portions of upstream catchment area 
would be subject to reforestation.  The primary water quantity benefit of reforestation would be 
the reduction of run off and flow volumes and a corresponding decrease in erosion potential in 
downstream watercourses.  No significant reduction in flood flows or increase in baseflows can 
be expected from reforestation based on current knowledge, although further study is required 
in this area to fully assess the benefits of expanded natural cover in this regard.  The 
configuration of the target terrestrial natural heritage system results in most hydrologic benefits 
being accrued in the Main and East Humber subwatersheds, while the benefits further 
downstream and in other subwatersheds are less significant and are generally outweighed by 
the potential negative impacts of future conventional development.  At the watershed scale, 
cumulative benefits of expanded natural cover on groundwater recharge and discharge largely 
mitigates the potential decrease in discharge at the mouth of the Humber River, thereby 
achieving the watershed objective of maintaining natural levels of baseflow.  However, because 
the benefits of expanded natural cover are concentrated in the Main and East Humber, 
significant reductions to groundwater discharge in subwatersheds where major new urban 
growth is planned would still occur if not mitigated through application of stormwater infiltration 
practices.   
 
Modelling of future development designed according to a ’Sustainable Community’ design 
approach, including incorporation of innovative stormwater management in new development 
as well as the retrofit of such measures into existing developed areas, would help maintain a 
more natural hydrologic regime and reduce existing and potential future erosion impacts. 
Groundwater modelling completed for the Rouge River watershed also indicated that the 
enhanced infiltration and groundwater recharge provided by stormwater infiltration practices 
can increase groundwater discharge and reverse some of the impacts of previous development 
on baseflows.  A sustainable community model such as the one envisioned in the current study 
would involve major effort and expenditure to implement, and must compete against existing 
infrastructure needs and other economic priorities.  Further, the performance of some 
innovative stormwater management measures, particularly in the long-term, is not known.  
Therefore, stormwater management technologies must be developed that are effective and that 
provide an optimum cost-benefit performance over their design life.  To this end, resources 
should be directed to the design and monitoring of these technologies to identify the most 
suitable practices.  Monitoring results will also be needed to develop improved modelling tools 
to guide selection of an optimum combination of measures to achieve both local and 
watershed-scale objectives for water management.   
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The effects of future climate change on the Humber River watershed are largely uncertain.  
While increases in temperature are virtually certain and increases in precipitation are likely, the 
response of the watershed could vary substantially depending on the proportions and 
seasonality of changes in these and other climatological parameters.  Further, there is 
uncertainty regarding the effects of climate change on the future local frequency and intensity 
of storm events, as current global climate change models do not provide sufficient temporal or 
spatial resolution to predict such changes and other downscaling tools are still unproven.  
Therefore, the overall effect of climate change on the surface flow regime of the Humber River 
watershed is difficult to predict at this time, although increases in flood flows and erosion 
appear to be a strong possibility.  Notwithstanding the uncertainty, climate change has the 
potential to dramatically alter all aspects of the hydrologic cycle and surface flows in the future, 
and should be considered in management and planning of both development and natural 
systems. 
 
 
4.1.10 Management Considerations 
 
Based on the findings of the surface water quantity modelling and analysis, a number of 
recommendations are made for future study, planning, and management action: 
 
• The function of stormwater management ponds that are currently designed in the Humber 

River watershed to control peak flows from 2- to 100-year return period rainfall events 
should be assessed through a continuous hydrologic modelling study to determine if they 
are effective in preventing increases to flood flows in downstream vulnerable areas in all 
conditions.  The effect of future development on Regional event (Hurricane Hazel) flood 
flows and the associated regulatory floodplain should also be investigated, based on the 
findings of the 2002 Humber River Watershed Hydrology update.  If the outcomes indicate 
that the current criteria are not effective for this purpose, new stormwater quantity control 
criteria should be identified for future development areas beyond the currently approved 
municipal official plans.  Based on the outcomes of other studies, some potential 
modifications to stormwater quantity control criteria for flood control may include the need 
for Regional Event control in detention facilities and run off volume reduction measures. If 
the study suggests that no change is required, future development should continue to 
provide control of peak flows from the watershed design storms as a minimum standard for 
flood control, with the exception of those developments that discharge directly to the 
portions of the major tributaries identified as not needing control in the 1999 Humber River 
Hydrology study.   

 
• Future development beyond the currently approved municipal official plans should utilize 

an integrated stormwater management approach to mitigating erosion impacts in receiving 
and downstream watercourses.  This approach should utilize both conventional extended 
detention storage in end-of-pipe ponds as well as at-source and innovative approaches to 
minimize the increase in run off volume from new development.  Prior to development, 
continuous hydrologic modelling studies should be undertaken on a subwatershed basis to 
determine the optimum combination of detention volume and time, and run off reduction 
measures to prevent increases in erosion potential and maintain the predevelopment 
hydrologic regime to the maximum extent possible. 
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• Future development should utilize innovative stormwater management techniques, 
including stormwater infiltration practices, green roofs and rainwater harvesting, and 
existing development should be retrofitted with innovative measures, in order to maintain a 
natural water budget to the maximum extent possible, mitigate erosion impacts to 
watercourses, and maintain or restore groundwater recharge and baseflows in streams.  
Pilot testing of new and innovative technologies should begin as soon as possible to 
determine if they are effective in Humber River watershed conditions.  Once incorporated 
into new and existing development, representative installations of innovative technologies 
should be monitored and measures should be put in place to track the cumulative benefits 
of these technologies at a subwatershed and watershed scale. 

 
• Additional stream flow gauges should be installed in strategic locations throughout the 

watershed.  Additional gauge data is required to support the validation and calibration of  
additional hydrologic studies as described above, as well as to characterize the baseline 
hydrologic regime of currently ungauged major tributaries and to track the effects of future 
development on surface flows.  It is important that these gauges be installed as soon as 
possible to provide the sufficient duration of data for model calibration and to describe 
baseline conditions prior to the onset of development beyond current official plans. 

 
• The performance of existing stormwater management ponds should be examined and 

monitored, as there is evidence from local data and the literature to suggest the 
assumptions made in pond design are often incorrect and may result in ponds not 
achieving design objectives with respect to flooding and erosion control.  As a result, there 
may be opportunities to undertake minor modifications to pond outlet structures to improve 
their performance. 

 
• End-of-pipe stormwater retrofit opportunities should continue to be implemented as 

proposed in municipal stormwater retrofit studies.  While there are not enough retrofit 
opportunities to provide watershed-scale benefits to erosion problems or water quality 
(refer to section 4.2), retrofits are among the most cost-effective measures for attaining local 
improvements to water quality and may also provide erosion control benefits to smaller 
tributary watercourses.  Priority should be placed on the Black Creek retrofits, as an 
opportunity exists in this subwatershed to mitigate erosion on this severely impacted 
watercourse.  The Black Creek retrofit opportunities should be designed through a single 
comprehensive study to optimize the total benefit to the watercourse. 

 
• Natural cover should be expanded wherever possible throughout the watershed, as 

enhanced forest and other vegetation will reduce erosive flows and may also reduce flood 
flows.  Where possible while maintaining the objectives of the Terrestrial Natural Heritage 
strategy, revegetation efforts should be focused in subwatersheds where there is 
substantial existing or potential future development, as expanded cover will counteract 
development impacts to some degree.   

 
• When implementing the innovative technologies showcased in the Sustainable 

Communities Scenario caution should be exercised with regards to the spatial aspects of 
implementation. The selection of technologies should be site-specific based on soil and 
groundwater conditions and should consider the needs of natural features to be protected.  
Monitoring data from testing of innovative technologies should be utilized to develop 
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modelling tools to assist in the selection of appropriate technologies in stormwater 
management design. 

 
• Advances in climate change modelling and future climate projection should be monitored 

and the potential effect of climate change on flooding and erosion should be reexamined 
when projections of appropriate temporal and spatial resolution for the Humber River 
watershed are  developed.  Organizations leading climate change prediction research such 
as Environment Canada should be encouraged to develop predictive tools and data sets 
that can be used to analyze climate change effects on surface flows at a watershed scale.  
Collaborative research projects should also be undertaken with other agencies and 
academic institutions to understand the climate of the Greater Toronto Area, analyze the 
effects of climate change to date, and project future local changes, particularly with respect 
to the frequency and intensity of rainfall and storm events.  This information is critical to the 
development of adaptation strategies by the TRCA and municipalities.  Notwithstanding the 
current uncertainty, climate change effects should be considered in all aspects of 
stormwater and floodplain management planning and management so that opportunities 
for adaptation are not missed. 

 
• Additional fluvial geomorphology monitoring stations should be added to the existing TRCA 

Regional Monitoring Network sites at locations near the upstream boundary of currently 
approved municipal official plans on major tributaries and on minor tributaries in areas 
expected to develop at their confluence with major tributaries.  These should be established 
as soon as possible to allow the pre-development channel form and rates of geomorphic 
change to be characterized prior to the onset of municipal expansion, which will provide 
baseline data to compare against ongoing monitoring to assess the impacts of 
development. 
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SECTION  

4.2 

SURFACE WATER QUALITY 

 
 

4.2 SURFACE WATER QUALITY 
 
4.2.1 Key Indicators 
 
Table 4.2-1 summarizes the water quality goals, objectives, indicators and targets developed 
for the Humber River Watershed Plan.  These provide a context for evaluating the effects of 
future land use and management scenarios on water quality.  As noted in the methodology 
section below, HSP-F computer modelling of water quality generated predictions of the relative 
changes in concentrations and loadings of total suspended solids, nutrients, bacteria, chloride 
and heavy metals in the Humber River and its tributaries as a result of potential future land use 
changes and management actions.  Since many of the water quality targets refer to specific 
pollutants and to numerical quantities, the evaluation of each scenario with respect to the 
targets required interpretation of modelling results with the aid of empirical water quality data, 
literature and professional judgement. 
 
The results of the surface water modelling and analysis are presented for each scenario or 
grouping of scenarios according to the following general headings: 
 
• Total suspended solids (TSS) 
• Nutrients 
• Lead and heavy metals 
• Bacteria 
• Chloride 
• Organic contaminants 
 
In the discussion, the outcomes of each scenario are related to the targets that apply to each of 
the above constituents. For the purposes of the discussion, “Nutrients” refers to nitrates, total 
kjeldahl nitrogen (TKN) and phosphorus, and “heavy metals” refers to all heavy metals of 
concern with an emphasis on copper, zinc and lead as the heavy metal constituents modelled 
in HSP-F.  
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Table 4.2-1:  Water Quality Objectives, Indicators and Targets 

OBJECTIVES INDICATORS TARGETS 

Protect and restore 
surface water quality 
with respect to toxic 
contaminants and 
other pollutants 
such as sediment, 
nutrients, bacteria, 
and road salt 

Bacteria Bacteria levels in the Main, East and West Humber 
meet Provincial Water Quality Objective1

 

 of 100 
coliforms/100 mL more than 60% of the time; 

Bacteria levels in the Lower Humber and Black 
Creek meet Provincial Water Quality Objective1

 

 of 
100 coliforms/100 mL more than 50% of the time. 

Lake Ontario waterfront beaches are open to 
swimming for more than 70% of the season 

Conventional 
pollutants 

Levels of conventional pollutants in the Main, East 
and West Humber meet guidelines for at least 85% 
of samples.   
 
Levels of conventional pollutants in the Lower 
Humber and Black Creek meet guidelines for at 
least 75% of samples.  
 
Guidelines are as follows: 
-total suspended solids: 30 mg/L
-phosphorus: 0.03 mg/L

2 

-nitrate: 1.0 mg/L (excess algae growth)

1 

             2.5 mg/L (amphibians)

3 

-un-ionized ammonia: 0.02 mg/L

4 

-dissolved oxygen:  

1 

         6.0 mg/L warm water biota
         9.5 mg/L cold water biota

1 

-chloride: 250 mg/L

1 

Heavy metals 
and organic 
contaminants 

5 

Levels of heavy metals and organic contaminants 
meet more stringent of Provincial Water Quality 
Objectives2 or Federal Water Quality Guidelines1

 

 
more than 90% of the time; 

Banned priority toxic substances are detected in 
less than 10% of samples  
 
Persistent organic contaminant levels in young-of-
the-year fish meet IJC and CCME guidelines 

Restrictions on sport fish consumption have not 
increased from 1999 levels 

1 Provincial Water Quality Objectives (OMOE, 1999b) 
2 Canadian Water Quality Guidelines (CCME, 2006) 
3 Council for Agricultural Science and Technology (CAST, 1992) 
4 Rouse et al., 1999 
5 Environment Canada and Health Canada (EC & HC, 2006) 
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4.2.2 Modelling Methods 
 
The HSP-F computer model was the primary tool for evaluating the water quality effects of 
potential future land use and management scenarios.  In addition to hydrologic functions, HSP-
F can also be used to simulate the generation and transport of common non-point source 
stormwater pollutants throughout a modelled watershed.  The approach used literature derived 
event mean concentrations (EMCs) for different land uses as defined by Unit Response 
Functions (URFs; refer to Section 4.1 for detailed discussion of URFs and the construction of 
the HSP-F model) and multiplied by the flow time series to yield a contaminant loading input to 
the stream for each pollutant of concern.  EMCs previously determined for the City of Toronto 
in the Wet Weather Flow Master Plan Study were used in the ‘416 Area’ portion of the model 
(TSH, 2003), while EMCs for the ‘905 Area’ portion of the model were refined through 
calibration, as discussed below.  A more detailed description of the model configuration for 
water quality simulation is provided in HCCL (2008).   
 
Many of the existing urban developments within the Humber River watershed provide a 
measure of water quality treatment for stormwater runoff through end-of-pipe stormwater 
management ponds and wetlands.  In the future conditions scenarios, new development areas 
were also assumed to provide this level of water quality control.  As noted in section 4.1, 
stormwater end-of-pipe facilities were included in the construction of the model, and these 
were assumed to remove pollutants according to literature values corresponding to their size 
and configuration (Table 4.2-2). 
 

Table 4.2-2:  Pollutant Removal Efficiencies for Stormwater Pond Types 

Water Quality 

Group 

Water Quality 

Parameter 
Dry Ponds* 

Wet Ponds 

(Level II)* 

Wet Ponds 

(Level I)* 

Constructed 

Wetlands* 

Nutrients 

Total Phosphorous 20 57 65 40 

Nitrates + Nitrite 0 31 36 40 

TKN 30 22 26 30 

Heavy Metals 

Copper 30 57 65 40 

Zinc 30 63 72 40 

Lead 50 54 62 60 

Bacteria E. Coli 40 57 65 60 

General 

Chemistry 

Total Suspended 

Solids 
60 70 80 70 

PAH 
Benzo (G,H,I) 

Perylene 
60 70 80 70 

Pesticide Dieldrin 0 31 36 40 

* Note:  Removal efficiencies are expressed as a percentage of total influent concentrations. 
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Total suspended solids (TSS), total phosphorous (TP), total kjeldahl nitrogen (TKN), nitrates 
(NO3+ NO2

 

), copper (Cu), zinc (Zn) and lead (Pb) were selected as the key measures of water 
quality.  These variables were most successfully calibrated in the HSP-F model, as noted 
below, and were considered to be representative of targets relating to most of the conventional 
variables and heavy metals (see Table 4.2-1). Targets for bacteria (E.coli), chloride and organic 
variables were evaluated through a combination of empirical data, professional judgement and 
model results.   

Water quality simulations were performed using meteorological input data for a seven-month 
period from April to October, 1991.  This period was determined in the City of Toronto Wet 
Weather Flow study to be representative of average meteorological and flow conditions for the 
Greater Toronto Area (TSH, 2003).   Winter conditions were not modelled because water quality 
monitoring data used to calibrate the model were collected primarily during the growing 
season.     
 

 
Model Calibration 

After an appropriate streamflow calibration was achieved, as described in section 4.1, water 
quality calibration was undertaken using information collected at seven water quality stations 
within the Humber watershed, two of which were in the 416 area.   Samples at these stations 
were collected between 2002 and 2005 by the Ontario Ministry of Environment (OMOE) Lake 
Ontario Tributary Priority Pollutant Monitoring Program and TRCA’s Regional Watershed 
Monitoring Program.  As in most water quality modelling exercises, these calibration data 
indicated a wide range of contaminant concentrations, particularly during wet weather flows.  
As a result, the data were used as a general guide to model calibration, rather than as 
numerical targets that needed to be met within specified error ranges.  In many cases, 
professional judgement was required to determine appropriate wet weather values.     
 
Final water quality calibration was achieved through adjustments to EMC values within 
accepted ranges (as defined by 95% confidence limits), until reasonable agreement with the 
calibration targets was achieved.  Due to insufficient calibration data and associated difficulties 
in modelling, it was not possible to confidently calibrate the model for E. Coli, chloride, dieldrin 
and benzo g,h,i perylene (the latter two representing persistent organic contaminants).  
However, reasonable calibration was achieved for total suspended solids (TSS), total 
phosphorus (TP), nitrates (NO3+ NO2

 

), total kjeldahl nitrogen (TKN), copper, zinc and lead.  
Further description of the calibration process and calibration results can be found in HCCL 
(2008).  

 
Scenario Modelling 

The calibrated HSP-F model was used as the primary means of estimating effects on water 
quality of potential future scenarios of land use changes and management practices.  The 
effects of additional development in scenarios 2 and 5 were simulated by converting land uses 
in the model (primarily agricultural land uses) to urban and altering the loadings of water quality 
contaminants to reflect this change in assumed developed areas.  Similarly, the effects of 
implementation of expanded natural cover in Scenario 4 were simulated by converting 
agricultural or open space land uses to forest.  The effect of end-of-pipe stormwater retrofits in 
Scenario 3 was simulated by adding ponds into the model and assuming pollutant removal 
efficiencies for the treated upstream area according to the established values in Table 4.2-1. 
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In addition to changes in land use, the sustainable communities scenario (Scenario 6) 
assumed reductions in loadings of certain pollutants from urban areas due to improved public 
awareness and more sustainable practices.  These were reflected in the model through 
modification of EMC’s for urban areas.  Water quality improvements resulting from infiltration of 
stormwater were also reflected by the model, which assumes that groundwater inputs to 
surface streams are of significantly higher quality than surface inputs.   
 
Water quality effects from climate change were considered solely based on the hydrologic 
impacts of increased precipitation and temperature associated with the CGCM and Hadley 
climate model predictions (Scenarios 5a, 5b, 6a, 6b).  These changes were applied to the 
meteorological input data for the HSP-F model as described in Section 4.1.2.  Buildup/washoff 
parameters and EMC values from the base scenarios were maintained.  As a result, the water 
quality modelling reflects the changes to pollutant loadings that could result from the change in 
the precipitation/runoff regime under climate change conditions.  
 
Model water quality results were compiled for the same output locations used in the analysis of 
water quantity results.  The output data were analyzed on the basis of changes to both 
instream contaminant concentrations (contaminant mass per unit flow), as well as loadings 
(total contaminant mass directed through the output point over the simulation period).  Analysis 
of the results considered watershed-wide trends and patterns as well as effects specific to the 
subwatershed planning units described in Section 3.4. 
 
As noted above, the model could not be calibrated for certain water quality contaminants and 
therefore could not be confidently used to predict changes in concentrations or loadings of 
these contaminants in the scenario modelling.  As a result, the outcomes of scenarios with 
respect to E. Coli, chloride, and organic contaminants were predicted based on professional 
judgement, with support from model simulations (in terms of directional change), empirical 
evidence of past watershed water quality responses to land use changes and examination of 
current water quality downstream of areas with varying land use and land cover types.  Local 
data were used to support conclusions wherever possible, with the literature serving as a 
secondary source.  Model results for TSS, TKN, NO2+NO3

 

, TP, Pb, Zn and Cu were used more 
directly to evaluate the scenario outcomes in relation to the numerical targets listed in Table 
4.2-1.  However, even for these contaminants, the absolute simulated values exhibited an 
appreciable margin of error due to the inherent difficulties in water quality calibration and 
modelling.  As in most water quality modelling exercises, the HSP-F results are more useful in 
providing an estimate of the direction and magnitude of change than in predicting absolute 
values.  Therefore, evaluation of the results for calibrated contaminants in the context of the 
targets also incorporated professional judgement and reference to empirical evidence.    

The analysis of model results presented here focuses primarily on the concentrations of 
pollutants in the river, rather than loads.  Loads are an important measure of stress to 
watercourses as they provide an integrated measure of the effect of both flow volumes and 
concentrations.  However, aquatic organisms in river systems are impacted more by the 
concentration of pollutants and the duration of exposure to these pollutants, than they are by 
the load of pollutants carried by the stream.  Thus the primary measure of watershed water 
quality used in this analysis is the ‘flow weighted mean’ concentration, which assigns a heavier 
weight to high concentrations occurring during the wet weather period.  Where the Humber 
River discharges to Lake Ontario, loads take on new importance as the increase in loads can 
reduce the capacity of the nearshore zone to assimilate these loads, potentially causing an 
increase in beach closures, algal growth and other problems related to water quality.  These 
effects are discussed where relevant. 
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4.2.3 Baseline Conditions 
 
Figure 4.2-1 shows the location of the Regional Watershed Monitoring Program water quality 
sampling stations and the percent of samples collected between 2002 and 2004 that met 
targets for TSS, nutrients, chloride and E.coli.  A similar map for heavy metals is presented in 
Figure 4.2-2.   The monitoring data indicate that targets were being met at least 50% of the time 
for most variables.  The phosphorus guideline was exceeded most frequently.   Even the three 
stations on the relatively undeveloped Oak Ridges Moraine only met the guideline between 48 
and 71% of the time, suggesting that agricultural land uses are a significant contributor of 
phosphorus. The West Humber and two stations in the City of Toronto stand out as having the 
poorest overall water quality.  Other stations, on Centreville Creek, Cold Creek and the Upper 
Main Humber exhibit water quality more characteristic of rural catchments, with phosphorus 
and E.coli emerging as the primary variables of concern.  Nitrogen, TSS and dissolved oxygen 
met target thresholds more frequently than other variables.  The West Humber and Lower 
Humber stations had the highest TSS and nitrate levels.    
 

The concentrations of heavy metals in the Humber River were generally low, with more than 
75% of samples meeting the targets for zinc, copper and lead at most stations (Figure 4.2-2).  
Heavy metal concentrations at stations downstream of urban areas tended to be higher than 
the more rural stations, especially near the mouth of Black Creek.   Iron was an exception, 
perhaps in part because this constituent originates both from urban and natural sources, such 
as groundwater discharge (see for example the predominantly rural Cold Creek station, 83009).  
Lead levels have declined significantly since the phase out of lead in fuels and paint in the mid 
1970s.  Stream levels of lead were often below the PWQO target concentration of 5 µg/L.   
 

Monitoring of organic compounds in the Humber River was conducted by the Ontario Ministry 
of the Environment (OMOE) in 1991/92 and again in 2000/01.  These studies showed that some 
chemicals that have been phased out, such as PCBs, were still being detected in the Humber 
River, as elsewhere in the Toronto Region (Boyd et al., 1999; OMOE, 2002).  In those studies, 
PCBs were found to be occasionally in exceedance of guideline levels.   The presence of 
banned organic compounds in surface water does not necessarily indicate current use of these 
chemicals in the watershed, as these compounds are subject to atmospheric transport and 
deposition, and can reside for long periods of time in stream sediments and animal tissues.  
DDT and/or PCBs were found in the tissues of young-of-the-year fish above guideline levels at 
three of the five sites sampled in the watershed. 
 

Polycyclic Aromatic Hydrocarbons (PAHs) were also analyzed in the 1991/92 and 2000/01 
OMOE studies.  Unlike other organic compounds, PAHs are not manufactured directly by 
humans, but enter the environment indirectly as by-products of combustion processes.  
Residential heating, vehicular exhaust, power generation and wood burning are all sources of 
PAHs.  Emissions from these sources are deposited on surfaces and wash off with stormwater 
runoff into rivers and creeks (Sharma et al., 1997).  In the Humber River, sample concentrations 
of several PAHs exceeded provincial guidelines.  In a few cases, exceedance frequencies were 
over 90%.  
 

Further details regarding baseline water quality conditions in the Humber watershed can be 
found in the Humber River State of the Watershed Report – Surface Water Quality (TRCA, 
2008). 
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Figure 4.2-1: Locations of Regional Water Quality Monitoring Stations and percent of samples collected between 2002 and 2004 that meet 
guidelines for selected conventional variables 
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Figure 4.2-2: Locations of Regional Water Quality Monitoring Stations and percent of samples collected between 2002 and 2004 that meet 
guidelines for selected metals of concern 
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4.2.4 Effects of Conventional Urban Development 
 
All of the 34% increase in urban cover under the Official Plan Build-out scenario and 81% 
increase under the Full Build-out scenario (Scenarios 2 and 5, respectively) occurs in the 905 
area of the watershed, north of Steeles Avenue.  In the Official Plan Build-out scenario, urban 
cover in the West and East Humber increases by 85% and 45%, respectively.  Urban cover in 
the Main Humber increases by 68%, most of it focused on Rainbow Creek.  The vast majority of 
lands modelled as urban in the two build-out scenarios are currently classified as agricultural 
land use, consisting of a combination of pasture and cropland. 
 

 
Total Suspended Solids 

Figure 4.2-3 shows flow weighted mean TSS concentrations and unit area TSS loads (April to 
October) for existing conditions (Scenario 1) and each of the two build-out scenarios 
(Scenarios 2 and 5).  Locations selected for summary analysis include the outlets of 
subwatersheds where significant development is planned or anticipated, and near the 
watershed mouth at Old Mill.   
 
Model results indicate that urbanization will result in a decline in flow weighted mean 
concentrations of TSS at most stations, although not to levels below watershed targets (Table 
4.2-1).  This decline in TSS and associated contaminants is, in part, a result of replacing farm 
lands with urban land uses that, once stabilized, discharge lower levels of sediment than 
actively farmed areas.  These reductions in TSS are further enhanced by stormwater 
management ponds (see Table 4.2-2).  Monitoring studies have shown that ‘enhanced level’ 
stormwater ponds can produce effluents during wet weather that are substantially cleaner than 
the receiving water itself (SWAMP, 2005).    
 
At the watershed mouth, the large decline in TSS and nutrients from Official Plan Build-out to 
Full Build-out scenario is largely a result of Toronto’s 25 year Wet Weather Flow Master Plan 
(WWFMP), which was assumed in the modelling exercise to be fully implemented in the Full 
Build-out scenario.  This plan includes a large number of new and retrofit stormwater 
management practices that help to improve water quality.    
 
Figure 4.2-3: Flow weighted mean TSS concentrations and unit area TSS loads for the 
Official Plan Build-out and Full Build-out scenarios (Scenarios 2 and 5) 
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  Note:  Dashed red line represents the Canadian Water Quality Guideline of 30 mg/L. 
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Catchments with high pre-development TSS levels show greater improvements in TSS under 
build-out scenarios than catchments with low pre-development TSS levels (Figure 4.2-4).  Thus, 
as TSS concentrations decline under development scenarios, so too does the variation in TSS 
concentrations.  Under the Existing Conditions scenario, TSS concentrations at model output 
locations varied between 27 and 142 mg/L, whereas under the Full Build-out scenario, 
concentrations only varied between 20 and 76 mg/L.  Predominantly rural subwatersheds, such 
as King Creek and Cold Creek, exhibit among the highest mean TSS levels under baseline 
conditions, suggesting that urban areas with stormwater management generate cleaner (i.e. 
less sediment laden) discharges than rural areas – a conclusion that is generally supported by 
literature (e.g. Aquafor Beech, 2006).   

Figure 4.2-4: Relationship between TSS concentrations under 2002 Conditions (Scenario 
1) and percent change in TSS concentrations in Full Build-out (Scenario 5) vs 2002 
Conditions (Scenario 1) 
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Inspection of individual pollutographs during a rain event in August 1991 at the Purpleville 
Creek station indicate that improvements in TSS occur mostly during periods of high flow  
(Figure 4.2-5).  This result is consistent with stormwater pond performance monitoring 
conducted in the GTA and elsewhere, which shows TSS reductions of 80% or more during wet 
weather events (SWAMP, 2005).   TSS loads do not change as much because the decrease in 
TSS concentrations is offset by an increase in flow volumes.   
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Figure 4.2-5: Predicted flows, TSS concentrations and TSS loads at the mouth of 
Purpleville Creek during a large rain event in August. 
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While the HSPF model results are theoretically plausible, in practice there is reason to expect a 
somewhat different outcome because the model does not consider several important factors 
that may contribute to higher stream concentrations of TSS.  Chief among these are the 
sometimes devastating effects of excess sediment release during the construction period (e.g. 
Greenland and TRCA, 2001; TRCA, 2006a).  These impacts can persist for many years or even 
decades as new construction sites continuously replace older ones that have been stabilized 
downstream.  Simulating these impacts would require estimating the timing of various 
developments, which could not be accurately predicted.   
 
The simulations also assume that existing stormwater ponds and other stormwater facilities will 
be cleaned out as needed and will continue to function at design performance levels.  This 
assumption has proven in the past to be somewhat optimistic, as these facilities are rarely 
maintained in a timely manner, if at all.  Stream channel erosion associated with increased flow 
volumes would also contribute to sediment in the stream, but this important process was also 
not simulated.  Together, these factors suggest that we should expect a more conservative 
estimate of no change or only a slight decrease in TSS concentrations with build-out, rather 
than the large reductions predicted by the model. 
 

 
Nutrients 

Three nutrients were modelled using HSP-F: total phosphorus, total kjeldahl nitrogen (TKN) 
and nitrates.  As noted earlier, total phosphorus is transported primarily in particulate form with 
suspended solids and is therefore effectively removed by stormwater ponds.  By contrast, only 
about 10 to 20% of nitrogen is transported in particulate form and chemical speciation occurs 
depending on water temperature, availability of nitrifying bacteria, oxygen levels and other 
factors.  Stormwater ponds do not remove nitrogen as effectively as phosphorus, as indicated 
in Table 4.2-2. 
 
Simulated concentrations and loads for phosphorus and nitrogen presented in Figure 4.2-6 
suggest a general improvement of conditions with build-out.  Phosphorus would decrease for 
many of the same reasons that TSS would decrease, because stream concentrations of the two 
are often well correlated.   
 
Removal of nitrogen by stormwater ponds is less effective than for phosphorus.  Therefore the 
primary cause of reductions in nitrogen in build-out scenarios relates to the substitution of 
agricultural land uses (an important source of nitrogen) with urban cover.  This effect is 
strongest on tight soils (e.g. clay) because farms with these types of soils generate larger 
volumes of overland runoff (or tile drain runoff) than more porous soils.  In the Full Build-out 
scenario, nitrate levels at all but one output location meet the literature-based receiving water 
target of 1.0 mg/L.   
 
Unit area loads of nutrients increase in most subwatersheds because of the higher surface flow 
volumes associated with urbanization (Figure 4.2-6).  Normally these increases would translate 
into an overall increase for the watershed as a whole.  However, implementation of Toronto’s 
WWFMMP in the Full Build-out scenario (Scenario 5) improves water quality to such an extent 
that loading increases in the ‘905 area’ are effectively reversed,resulting in a net reduction in 
nutrient discharge to the Humber River waterfront.  
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Figure 4.2-6 :Flow weighted mean concentrations and unit area loads for nutrients under 
the Official Plan Build-out and Full Build-out scenarios (Scenarios 2 and 5) 
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  Note:  Dashed red lines represent guidelines of 0.03 mg/L for TP and 1.0 mg/L for NOx. 
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As with model predictions of TSS concentrations, there is reason to question whether nutrient 
concentrations would, in practice, decrease as much as predicted by the model.   The 
phosphorus inputs associated with increased sediment loads during the construction period 
and higher stream channel erosion rates are not considered by the model.  Discharges from 
the Nobleton Sewage Treatment plant and proposed expansions to the Kleinberg Sewage 
Treatment Plant are also not considered.  Given that the average flow weighted mean reduction 
in phosphorus from Existing Conditions to Full Build-out within the 905 area (average of Main, 
East and West Humber) is only 15%, it may be best to conservatively assume only a minor 
reduction in concentrations of this variable with build-out and increases in loads coincident with 
surface flow volume increases.  Regional Watershed Monitoring Program water quality data 
collected across the TRCA jurisdiction support this assumption, as there is little difference in 
phosphorus concentrations between predominantly rural and urban catchments.  Measured 
nitrogen concentrations vary dramatically across watersheds in the TRCA jurisdiction; therefore 
it is more difficult to assess what would constitute a reasonable prediction under a build-out 
scenario.  Simulated concentrations of nitrate and TKN in the Full Build-out scenario suggest 
that these variables will not contribute to further deterioration of water quality in the Humber 
River (i.e. levels are generally below targets). 
 

 
Metals 

Model simulations of flow weighted mean concentrations and loads indicate that build-out will 
generally result in an increase in the levels of metals, with the largest increases occurring under 
the Full Build-out scenario (Figure 4.2-7).  Implementation of Toronto’s WWFMP results in 
overall reductions in metals in Toronto and at the watershed mouth, but flow weighted mean 
concentrations of zinc and copper are predicted to remain well above receiving water 
guidelines for the protection of aquatic life, both in Toronto and at other urbanized locations in 
the watershed.  Guideline exceedance rates for these variables typically range between 10 and 
50% of the time.  
 
Pollutographs such as that shown for copper in Figure 4.2-8 indicate that the increases in metal 
concentrations are occurring primarily on the receeding limb of the hydrograph.  Peak copper 
concentrations remain roughly the same among the two build-out scenarios.         
 
Roads, driveways, roofs and parking lots constitute the largest sources of these chemicals.  
Ponds are usually effective in removing these constituents, but effluent exceedances during 
wet and dry weather are still common (SWAMP, 2005).  Monitoring data from existing urban 
areas confirm that metals are generally higher in developed areas.  However, the degree to 
which levels are higher over the full range of weather conditions is not known because wet 
weather data are sparse.  Model results indicate that the majority of exceedances will likely 
occur during these wet periods.  
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Figure 4.2-7: Flow weighted mean metal concentrations and unit area loads for the 
Official Plan Build-out and Full Build-out scenarios (Scenarios 2 and 5) 

 

0.000

0.005

0.010

0.015

0.020

0.025

0.030

C
op

pe
r F

lo
w

 W
ei

gh
te

d 
M

ea
n 

(m
g/

L)

East Humber Purpleville
Ck

West
Humber 

Main
Humber 

Watershed
Mouth 

2002 Conditions Approved OP Full Build-out ---- Guideline

0.00

0.02

0.04

0.06

0.08

0.10

0.12

Zi
nc

 F
lo

w
 W

ei
gh

te
d 

M
ea

n 
(m

g/
L)

East
Humber 

Purpleville
Ck

West
Humber 

Main
Humber 

Watershed
Mouth 

2002 Conditions Approved OP Full Build-out ---- Guideline

0.000
0.001
0.002
0.003
0.004
0.005
0.006
0.007
0.008
0.009

Le
ad

 F
lo

w
 W

ei
gh

te
d 

M
ea

n 
(m

g/
L)

East
Humber 

Purpleville
Ck

West
Humber 

Main
Humber 

Watershed
Mouth 

2002 Conditions Approved OP Full Build-out ---- Guideline

0
5

10
15
20
25
30
35
40
45
50

C
op

pe
r L

oa
d 

(g
/h

a)

East
Humber 

Purpleville
Ck

West
Humber 

Main
Humber 

Watershed
Mouth 

2002 Conditions Approved OP Full Build-out

0

20

40

60

80

100

120

140

160

Zi
nc

 L
oa

d 
(g

/h
a)

East
Humber 

Purpleville
Ck

West
Humber 

Main
Humber 

Watershed
Mouth 

2002 Conditions Approved OP Full Build-out

0

2

4

6

8

10

12

14

Le
ad

 L
oa

d 
(g

/h
a)

East
Humber 

Purpleville
Ck

West
Humber 

Main
Humber 

Watershed
Mouth 

2002 Conditions Approved OP Full Build-out
 

Note:  Dashed red lines represent Ontario receiving water guidelines of 0.005mg/L for Copper, 0.02 mg/L 
for Zinc, and 0.005 mg/L for Lead. 
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Figure 4.2-8: Predicted flows, copper concentrations and copper loads at the mouth of 
Purpleville Creek during a large rain event in August 
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Bacteria 

As noted earlier, the model could not be accurately calibrated for E.coli, chloride and organic 
contaminants.  Predicted effects of conventional development on bacteria and chloride levels 
are based on monitored data collected through the Regional Watershed Monitoring Program 
(RWMP).  The discussion of relationships between organic contaminants and development is 
based on literature references.   
 
The current RWMP data set for bacteria consists of faecal coliforms (FC) at some stations and 
E.coli at others.  Samples collected between 1988 and 1996 through the Ontario Ministry of 
Environment’s Provincial Water Quality Monitoring Network show a strong correlation between 
FC and E.coli (R2

 

=90), with FC greater than E.coli by a factor of 1.15.  Hence, the two variables 
were combined into a single data set for the purposes of analysis.   

Figure 4.2-9 shows a positive relationship between E.coli/FC densities and the percent of 
urbanized area upstream of each of the 31 RWMP stations.   A separate analysis indicated no 
relationship between E.coli/FC levels and the level of stormwater control provided within the 
urban portion of the drainage area.  Strong links between impervious cover and bacterial 
contamination in streams have also been reported in the United States by Wickam et al. (2006), 
Smith et al (2001) and Tuford and Marshall (2002). 
 

Figure 4.2-9: Relationships between E.coli/FC densities and the extent of urbanization 
upstream of monitoring stations (Regional Watershed Monitoring Program, 2002-2005) 
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Figure 4.2-10: Predicted changes in median and 75th percentile bacteria densities with 
conventional development based on monitoring data collected from 2002-2005  
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  Note:  Dashed red line represents the E.coli guideline for bathing areas of 100 CFU/100 mL. 
 
The regression equations in Figure 4.2-9 were used to predict potential increases in E.coli/FC 
associated with the two conventional development scenarios.  Figure 4.2-10 shows the result of 
this analysis for median and 75th

 

 percentile E.coli/FC densities.  This method predicts median 
density increases from Existing Conditions to Full Build-out ranging from 46% on the Main 
Humber to 436% on the West Humber.  The West Humber and other reaches of the Humber 
River in the City of Toronto already exhibit much higher levels of E.coli/FC than were predicted 
based on relationships developed in Figure 4.2-9.  Hence the flow weighted concentrations 
under build-out scenarios in these areas may be higher than predicted in Figure 4.2-10.  This 
analysis suggests that improving ‘swimmability’ criteria at Lake Ontario waterfront beaches 
near the mouth of the Humber River will become increasingly challenging if conventional 
approaches to urban development proceed as assumed in the build-out scenarios. 

 
Chloride 

Chloride levels under conventional development scenarios were predicted using methods 
similar to those employed for E.coli.  Relationships between chloride levels and urban land 
uses are presented in Figure 4.2-11. The regression relationships indicate that the extent of 
urban area upstream of the monitoring stations explains between 75 and 82 percent of the 
variation in chloride concentrations. The 75th and 90th

 

 percentile values represent winter 
chloride levels.  These levels increase exponentially with development because the area of 
paved surfaces to which de-icing salts are applied increases substantially with urbanization.  
The guideline is exceeded for most of the winter when urban development encompasses more 
than about 30 to 40% of the drainage area.  Unfortunately, stormwater ponds do not remove 
chloride because this constituent does not bind to sediment and, therefore, is not subject to 
sedimentation processes.  

Predicted increases in chloride based on the equation of the regression lines are presented in 
Figure 4.2-12. The analysis shows that the range of increases in median concentrations under 
the Full Build-out scenario ranges from 72% at the watershed mouth to 217% on the West 
Humber upstream of Clairville Dam.  The 75th percentile concentrations are predicted to rise 
more dramatically, with increases ranging from 73% on the Main Humber at Steeles Avenue to 
514% in the West Humber.  Chloride levels monitored in Toronto and on the West Humber 
already exceed the guideline of 250 mg/L for most of the winter period.   
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Figure 4.2-11: Relationships between chloride concentrations and extent of urbanization 
upstream of monitoring stations (Regional Watershed Monitoring Program, 2002-2005) 
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Figure 4.2-12: : Predicted changes in median and 75th percentile chloride concentrations 
with conventional development based on monitoring data collected from 2002-2005. 
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  *Note: Dashed red line represents the target concentration for the protection of aquatic life of 250 mg/L.
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Organic Contaminants 

As noted earlier, there were few data on organic contaminants and the model was not 
successfully calibrated for these variables.  Chemicals that were banned decades ago, such as 
PCBs and DDT, would be expected to be detected less and less frequently in the Humber River 
with the passage of time.  Although there were no local trend data for the Humber River, OMOE 
(1999a) reported a large decline in PCBs and DDT residues in juvenile fish tissues collected 
along the Toronto waterfront between the late 1970s and mid 1990s.   
 
PAHs enter the environment primarily as a byproduct of combustion (e.g. oil, gas, wood) and 
from weathering of asphalt and roofs containing tar (e.g. Clark et al., 2001).  Thus, urban areas 
tend to have higher levels of these contaminants.  Monthly composite samples collected near 
the mouth of the Duffins Creek, Don River and Humber River over a 13 month period in 2000 
and 2001 showed the highest levels of PAHs in the Don, followed by the Humber (OMOE, 
2002).  Median concentrations of most PAHs in the predominantly rural Duffins Creek were 
below the laboratory detection limit.  Boyd et al. (1999 ) found a similar result in comparing wet 
and dry weather PAH concentrations in five Toronto area tributaries.  Based on these data, an 
increase in PAHs would be expected with conventional development.    
 
Pesticides and herbicides are used liberally both in rural and urban environments.  Hence, it is 
not clear that levels would decline as agricultural lands are converted to urban developments.  
The conversion of land use would, however, result in a shift in the type of pesticides from ones 
commonly used on crops to those commonly used in lawn and garden maintenance. A 
monitoring study of in-use pesticides in two Toronto streams showed that while several 
pesticides were detected in  streams, concentrations of only one of these frequently exceeded 
guideline levels, and this chemical (diazinon) is no longer permitted for use (Struger et al., 
2002).     
 

 
Effects Specific to Subwatershed Planning Units  

Simulated increases in development explain much of the variation in model water quality 
results by subwatershed.  Thus, the West Humber, Purpleville Creek and Rainbow Creek 
tended to have higher concentrations of several conventional pollutants than areas with lower 
levels of development.  Black Creek witnessed relatively minor changes in development, hence 
water quality shifts in this subwatershed were not severe.  Concentrations of TP and TSS in the 
West Humber were higher than in other 905 area subwatersheds, presumably because of the 
predominance of fine textured, clay soils in this subwatershed.     
 
 
4.2.5 Effects of End-of-Pipe Stormwater Retrofits 
 
Discussion of end-of-pipe retrofits (as simulated in Scenario 3) is abbreviated, as the effect of 
end-of-pipe retrofits on water quality was limited to reaches downstream of where retrofits were 
implemented on Rainbow Creek, the West Humber and the East Humber.  In general, the 
modelled effects of end-of-pipe retrofits were not appreciable because the opportunities 
identified for retrofit facilities to be constructed would provide treatment for only a very small 
portion of the total land area in the subwatersheds in which they were located.  Modest load 
reductions were evident on Rainbow Creek and the West Humber.  Contaminants such as TSS, 
TP and heavy metals that are effectively removed by stormwater ponds were most affected.  
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Loading reductions for these constituents were generally between 5 and 15%, with most of the 
reduction occurring during wet weather.    
 
Although it is well-established that the construction of end-of-pipe retrofit facilities can 
significantly improve the quality of water discharged from previously untreated urban areas, 
modelling showed that there is little benefit to the Humber River watershed as a whole from 
implementing the few opportunities that have currently been identified.  Significantly more end-
of-pipe retrofits than have been identified in current municipal retrofit studies, treating a much 
larger contributing drainage area, would be required to realize a significant water quality benefit 
on a watershed scale.  This can be seen in Toronto, where a much more extensive plan to 
retrofit and add new facilities over a 25 year period was predicted to produce a substantial 
improvement in water quality.   
 
 
4.2.6 Effects of Expanded Natural Cover 
 
Conversions of farm land and open space to forest cover on lands targeted using the TRCA’s 
Toronto and Region Terrestrial Natural Heritage System Strategy methodology helped to 
improve water quality.  As would be expected, the largest concentration and loading reductions 
were predicted for nutrients and TSS.    
 

 
Total Suspended Solids and Nutrients 

Flow weighted mean TSS concentrations fell by an average of 16% under the Expanded 
Natural Cover scenario at the major subwatershed outlets (Figure 4.2-13).  In the Upper 
Humber, where forest cover was added over a larger area, TSS was reduced by 27%.  The 
simulated changes are largely associated with the modelled change in event mean 
concentration (EMC) from agriculture to forest.  This is particularly evident for TSS, for which 
the wet weather EMC ranges between 173 to 237 mg/L on agricultural lands (depending on soil 
type), compared to only 45 to 57 mg/L on forested ones.  Thus conversion of land uses 
naturally produces a measurable improvement that occurs disproportionately during wet 
weather because this is when pollutants are transported over the land surface into receiving 
waters.   
 
Forested lands produce cleaner discharges but also reduce runoff volumes (primarily through 
higher evapotranspiration) relative to agricultural lands, which helps to decrease loads.  The 
considerable water quality and quantity control benefits of natural cover are shown in Figure 
4.2-14, which compares flow, TSS concentrations and TSS loads at the mouth of the Upper 
Humber under the Official Plan Build-out and Expanded Natural Cover scenarios during a wet 
weather event in August.  
 
Phosphorus and nitrogen compounds exhibited declines similar to that of TSS.  This result is 
consistent with other studies of stream water quality downstream of natural and agricultural 
catchments (e.g. Fleming and Fraser, 1999; Bolstad and Swank, 1997; Hunsaker and Levine, 
1995).   
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Figure 4.2-13: Flow weighted mean concentrations and loads of conventional variables under the 
Official Plan Build-out (Scenario 2), Stormwater Retrofit (Scenario 3) and Expanded Natural Cover 
(Scenario 4) scenarios. 
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Note:  At the watershed mouth, the Expanded Natural Cover scenario (Scenario 4) is compared to the 
Stormwater Retrofit scenario (Scenario 3) to illustrate the predicted additional improvements that could 
be achieved if expanded natural cover were implemented in addition to stormwater infrastructure 
improvements.  Dashed red lines represent receiving water guidelines of 30 mg/L for TSS, 0.03 mg/L for 
TP and 1.0 mg/L for Nitrates 



Humber River Watershed Scenario Modelling and Analysis Report 
 

4.2-23 

Figure 4.2-14: Predicted flows, TSS concentrations and TSS loads in Official Plan Build-out and 
Expanded Natural Cover scenarios in the Upper Humber during a large rain event in August. 
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Trees function as natural pollution filters that reduce the volume of dirty water flowing over the 
ground surface and take up nutrients such as phosphorus and nitrogen compounds as part of 
their growth cycle.  Pollutants can also be adsorbed by sediment particles and soil microbes 
can help to transform chemicals into less toxic forms. Research on forested riparian buffers 
indicate that even a narrow strip of forest near the river can significantly reduce the amount of 
sediment, nutrients and other pollutants that enter streams (e.g. Klapproth and Johnson, 2000; 
Lowrance et al., 1984).   
 
There is also evidence that watercourses passing through forested areas can improve in quality 
as a result of dilution and instream processing of contaminants.  In North Carolina, Clinton and 
Vose (2006) collected weekly stream samples at three sites: one on an urban stream, another 
on the same watercourse but within a forested area 2 km downstream of the urban site, and the 
last on a forested reference tributary of the main stream.  Results showed substantial 
improvement in nutrients and bacterial indicators as water flowed from the urban site through 
the forested catchment.  The forested reference stream was much cleaner than both of the 
other sites. 
 

 
Heavy Metals 

Model simulations showed little effect of forest cover on metal concentrations.  This result was 
expected as levels of these constituents in both forested and agricultural catchments are 
usually very low.      
 

 
Bacteria 

Farm sources of bacteria include manure spreading, runoff from feeding operations, cattle 
grazing near streams, and failed septic systems.  Extensive monitoring of bacteria in the 
Humber and Rouge Rivers in the 1980s and early 1990s as part of an effort to reduce bacterial 
sources to rural beaches showed that faecal coliform densities in agricultural catchments were 
typically between 100 CFU/100 mL during dry weather and 1000 CFU/100 mL during wet 
weather.   While wildlife was identified as a potential bacterial source in natural areas, this 
source alone was not deemed sufficient to raise stream faecal coliform levels beyond 100 
CFU/100 mL for any significant period of time (TRCA, 1991; Hubbard et al., 1987).  These 
studies and the North Carolina study discussed earlier (Clinton and Vose, 2006) suggest that 
implementation of expanded natural cover would improve the bacterial quality of the river.   
 

 
Organic Contaminants 

Pesticides and herbicides applied to crops can find their way into streams.  Converting farm 
land into forest would eliminate this source of organic chemicals in the Humber River.  The 
overall reduction, however, may be relatively minor because monitoring data collected in other 
rivers in the Toronto area show levels of in-use pesticides to be very low (Struger et al., 2002). 



Humber River Watershed Scenario Modelling and Analysis Report 
 

4.2-25 

4.2.7 Effects of Sustainable Communities 
 
The stormwater ‘low impact development’ (LID) practices modelled in association with new and 
existing developments in the Sustainable Communities scenario (Scenario 6) resulted in 
substantially improved water quality relative to the conventional approach to build-out of the 
watershed assumed in the Full Build-out scenario (Scenario 5; see Figure 4.2-15).  The 
improvement can be largely attributed to the effect that LID practices (e.g. porous pavement, 
stormwater exfiltration systems, rainwater harvesting, green roofs) had on reducing flows of 
dirty surface runoff while increasing cleaner flows discharged through subsurface pathways.   
 

Implementation of LID practices reduced flow weighted mean TSS concentrations at major 
subwatershed outlets by between 9 and 29% relative to the Full Build-out scenario, bringing 
stream concentrations closer to the target level of 30 mg/L.  The West Humber showed the 
least change because the predominance of tight soils in this subwatershed limited 
opportunities for implementation of LID practices.   

TSS 
 

 
Toronto’s own ‘sustainable community’ scenario, as outlined in its 25 year Wet Weather Flow 
Plan, and shown in Figure 4.2-15 as the change between Existing Conditions and Full Build-out 
scenarios for the watershed mouth location, was predicted to result in even more dramatic 
improvements than was predicted in the 905 areas.  This difference is attributed to the greater 
number of modelled LID measures and the somewhat dirtier initial condition.  As mentioned 
previously, the initial water quality condition influences predicted changes because the 
improved (‘sustainable’) condition, has a fixed end point beyond which further improvements 
are difficult or impossible given the range of LID measures included in the model; thus the 
dirtier the initial condition, the greater the difference between the initial and improved condition.       
 
The predicted improvement in TSS concentrations and loads associated with widespread 
application of LID practices in the watershed seems reasonable.  Lower runoff rates would 
reduce transport of sediment to streams and increased groundwater contributions would help 
to enhance dilution capacity within the stream.  Results of this and previous scenarios suggest 
that it is possible to develop while at the same time reducing long term TSS concentrations – a 
result which, as illustrated in subsequent sections, extends to the full range of water quality 
variables..     
 

 
Nutrients 

The Sustainable Communities scenario affected nutrients in a manner similar to that of TSS.  
Major subwatersheds where development was concentrated exhibited a decline in total 
phosphorus and nitrogen concentrations of between 10 and 30%.  Subwatersheds with more 
pervious soils benefited most because of the larger number of opportunities for implementation 
of LID measures (particularly infiltration practices).  Improvements in the 905 area translated 
into a 10 to 15% reduction in nutrient concentrations at the mouth of the Humber River.  This 
reduction was in addition to the already significant reductions associated with the build-out 
scenarios.  These improvements resulted in fewer guideline exceedances for nutrients, but 
even with the lower concentrations, the guideline for phosphorus was still frequently exceeded 
at stations throughout the watershed. 
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Figure 4.2-15: Flow weighted mean concentrations and loads of conventional variables under the 
2002 Conditions, Full Build-out and Sustainable Communities scenarios  
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Note:  Dashed red lines represent receiving water guidelines of 30 mg/L for TSS, 0.03 mg/L for TP and 
1.0 mg/L for NOx 
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Heavy Metals 

Developing using more sustainable stormwater management techniques was shown to reduce 
stream concentrations of heavy metals by 10 to 35% (Figure 4.2-16).  However, the modelled 
decreases generally did not improve upon existing conditions, and guideline exceedences for 
copper and zinc remained above 20% at major subwatershed outlets.  The reduction in roof 
runoff associated with LID practices contributes to lower levels of metals because roofs are a 
significant source of these constituents (e.g. Clark et al., 2001).  Of course, the groundwater 
component of flow, which is enhanced through LID practices, would contain very low 
concentrations of metals. 
 
Figure 4.2-16: Flow weighted mean concentrations and loads of metals under the 2002 Conditions, 
Full Build-out and Sustainable Communities scenarios. 
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Note:  Dashed red lines represent guidelines of 0.005mg/L for Copper, 0.02 mg/L for Zinc, and 0.005 
mg/L for Lead..
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Bacteria 

As discussed in section 4.2-4 urban areas are an important source of bacterial contamination.  
The reduction of directly connected impervious cover (i.e. the storm sewer component of flows) 
through implementation of urban LID practices would, therefore, be expected to result in 
substantial improvements in stream levels of bacteria, even relative to existing conditions.  How 
these reduced levels would affect closures at Lake Ontario waterfront beaches is difficult to 
predict as the sources of beach contamination have not yet been determined.  A microbial 
source tracking study is currently being conducted by Environment Canada to identify 
predominant sources.  River sources of bacteria to the beach are predicted to decline 
significantly with implementation of the Toronto Wet Weather Flow Management Plan.  
Implementation of similar LID practices in the 905 areas would help to minimize development 
related increases in faecal contamination, as discussed in section 4.2-4. 
 

 
Chloride 

Chloride is not effectively removed by structural LID measures; hence reductions of this 
pollutant would result primarily from improvements in salt management practices during the 
winter (e.g. improved storage and handling, equipment optimization, reductions in use).  
Concentration reductions in the order of 30% may be realistically expected if current salt 
management practices are rigorously applied across the watershed.   This reduction may still 
not be sufficient to provide a high level of protection to aquatic life in catchments with future 
urbanization levels greater than 40% (e.g. Rainbow Creek, Purpleville Creek). 
 

 
Organic Contaminants 

Levels of organic contaminants would be expected to be reduced by a magnitude similar to 
that of metals, as both are relatively insoluble and tend to bind to sediment particles.  Broadly 
applied chemical controls (e.g. pesticide bylaws, etc.) modelled in the Sustainable 
Communities scenario would help to further reduce levels of persistent organic pollutants in the 
watershed.  If it is correct to assume that metals and organic chemicals would behave in a 
similar manner, then levels of organic contaminants would be lower than current levels under a 
Sustainable Communities scenario.    
 

 
Effects Specific to Subwatershed Planning Areas 

The water quality improvements resulting from implementation of LID practices occurred 
downstream of all areas where the practices were modelled.  The largest improvements were 
evident in areas with more permeable soils, where opportunities for LID practices were more 
numerous.  Areas dominated by clay or silty clay soils, such as the West Humber, Rainbow 
Creek and Purpleville Creek, showed the least improvement because of the limited number of 
LID practices considered suitable for these areas.  Another factor influencing the model 
predicted improvements from application of LID practices were the assumptions used 
regarding likely rates of adoption of LID practices that are suitable on tight soils (e.g. assumed 
adoption rates for rain water harvesting or green roof practices between 20 and 50% of new 
lots, depending on land use type).  If higher adoption rates were assumed for these practices, 
higher levels of improvement would have been predicted in the West Humber, Rainbow Creek 
and Purpleville Creek.
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4.2.8 Effects of Climate Change 
 
As discussed previously in section 4.1 two climate change scenarios were considered.  One 
based on a version of the Canadian Global Climate Model (CGCM), the other based on a 
Hadley Centre climate model (hereafter referred to as Hadley).  Both climate models predict a 
wetter and warmer climate in 2080, but the Hadley model predicts a climate that is wetter and 
warmer than the CGCM, with a substantially different seasonal distribution of precipitation and 
temperature change.  A variety of likely future climate scenarios are bracketed by these two 
climate model predictions. 
 
Figure 4.2-17 and Figure 4.2-18 show the water quality impact of the two climate change 
predictions when modelled on the Full Build-out and Sustainable Communities scenarios, 
respectively.  Overall, the simulated change in climate resulted in relatively minor increases in 
flow weighted concentrations of most constituents, and a moderate decrease in loads relative 
to conventional Full Build-out.   An important driver of these changes is evapotranspiration, 
which increases with warmer temperatures, causing lower groundwater levels and reduced 
stream discharge.  The decrease in groundwater discharge in turn reduces the water volume 
available for dilution of chemical inputs, causing pollutant concentrations to increase while 
loads decrease (GLWQB, 2003).   The increase in stream temperatures associated with a 
warmer climate also affects stream water quality in important ways, but the simple modelling 
approach used in this study did not allow for simulation of these effects.    
 

Simulated changes in climate caused a modest increase in TSS concentrations (less than 25%) 
and lower loads relative to the Full Build-out scenario (

TSS 
 

Figure 4.2-18).  TSS loads were between 
0 and 75% less than under conventional build-out, depending on the data output location.   
Results were similar when the CGCM meteorological predictions were modelled on the 
Sustainable Communities scenario.  The Hadley model produced similar concentration 
increases.  However, loads under Hadley were about 10 to 20% higher than under the 
Sustainable Communities scenario.  The discrepancy in loading predictions between the 
models is largely a result of associated differences in flow volumes discussed earlier in the 
water quantity chapter.  
 

 
Nutrients 

Climate change scenarios resulted in slightly larger increases in total phosphorus (TP) and 
nitrogen concentrations than was the case for TSS, but the changes were still relatively modest. 
As with TSS, nutrient loads tended to change more when metrological predictions were 
modelled on the Sustainable Communities scenario, with the Hadley model predicting 
increases of roughly 10% and the CGCM model indicating the opposite.  Predicted changes in 
nutrient loads were not sufficient to suggest that modelled changes in climate would have a 
significant effect on nutrient loading to Lake Ontario.   
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Lead and Heavy Metals 

Predicted concentration increases under climate change scenarios were marginally greater for 
heavy metals than for other water quality variables.  The larger concentrations pushed loads of 
these constituents higher as well.  Loads varied by ±10% depending on the climate model and 
output location.  Metals are elevated in surface runoff but extremely low in subsurface runoff; 
hence climate induced changes in the balance between surface and subsurface runoff tends to 
affect metals more significantly than other variables.    
 

 
Bacteria 

Higher water temperatures under climate change scenarios would be expected to increase 
bacteria levels.  These increases would likely be worse under conventional build-out scenarios 
(Scenarios 2 and 5) than the Sustainable Community scenario because in the former 
scenarios, more of the runoff is routed to stormwater management ponds, which act as traps 
for incoming solar radiation.  Infiltrating stormwater through LID measures increases the 
contribution of cool groundwater to streams, and helps to mitigate the negative impacts of 
higher air temperatures on stream bacterial levels. 
 

 
Chloride 

Historically, the impacts of temperature changes have been felt more in the winter than in the 
summer (i.e. annual minimum temperatures have increased more than the annual average or 
maximum temperature).   However, the effect of warmer temperatures on chloride levels is 
difficult to predict.  On the one hand, the decline in winter air temperatures may decrease 
chloride levels as warmer temperatures reduce the need to apply de-icing salts to roads and 
sidewalks.  On the other hand, chloride levels may increase if winter air temperatures more 
frequently hover around zero, because these are the temperatures when road salts are often 
applied in large volumes. 
 

 
Organic Contaminants 

It was not possible to predict how organic contaminant levels would be affected under a 
climate change scenario as the trend of organic contaminant levels would depend on a number 
of factors, such as the effect of warmer temperatures on crop pests and/or energy needs.  If, for 
instance, consumers and industry use energy more efficiently or shift to alternative ‘clean’ 
energy sources, organic pollution from combustion byproducts would decline. However, if 
crops pests become more prevalent, additional pesticides may need to be applied. 
 

 
Effects Specific to Subwatershed Planning Areas 

The greatest water quality impacts associated with climate change were in areas with a large 
percentage of natural cover, such as the Upper Humber and Cold Creek.  In these 
subwatersheds, warmer temperatures result in higher evapotranspiration, which in turn reduces 
stream flow volumes and loads.  As groundwater discharge falls, there is less dilution capacity 
within the stream, causing stream concentrations of most water variables to increase.  Impacts 
were also evident in more urbanized catchments, but generally these were of a lesser 
magnitude than in areas with extensive vegetative cover.   
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Figure 4.2-17: Flow weighted mean concentrations and loads of conventional variables under the 
2002 Conditions, Full Build-out and Climate Change scenarios. 
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Note:  Dashed red lines represent guidelines of 30 mg/L for TSS, 0.03 mg/L for TP and 1.0 mg/L for NOx 
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Figure 4.2-17 (continued):  Flow weighted mean concentrations and loads of metals under the 
2002 Conditions, Full Build-out and Climate Change scenarios.   
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Note:  Dashed red lines represent guidelines of 0.005mg/L for Copper, 0.02 mg/L for Zinc, and 0.005 
mg/L for Lead 
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Figure 4.2-18: Flow weighted mean concentrations and loads of conventional variables under the 
2002 Conditions, Sustainable Communities and Climate Change scenarios 
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Note:  Dashed red lines represent guidelines of 30 mg/L for TSS, 0.03 mg/L for TP and 1.0 mg/L for NOx 
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Figure 4.2-18 (continued):  Flow weighted mean concentrations and loads of metals under the 
2002 Conditions, Sustainable Communities and Climate Change scenarios.   
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Note:  Dashed red lines represent guidelines of 0.005mg/L for Copper, 0.02 mg/L for Zinc, and 0.005 
mg/L for Lead 
 

 
Effects Specific to Subwatershed Planning Areas 

The greatest water quality impacts associated with climate change were in areas with a large 
percentage of natural cover, such as the Upper Humber and Cold Creek.  In these areas, 
warmer temperatures result in higher evapotranspiration, which in turn reduces flow volumes 
and loads.  As groundwater discharge falls, there is less dilution capacity within the stream, 
causing stream concentrations of most water variables to increase.  Impacts were also evident 
in more urbanized catchments, but generally these were of a lesser magnitude than in areas 
with extensive vegetative cover.   
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4.2.9 Summary and Conclusions 
 
Predictions based on model simulations and empirical relationships developed from RWMP 
monitoring data indicated that a conventional approach to build-out in the Humber River 
watershed would further degrade water quality, particularly with respect to chloride, E.coli, and 
heavy metals.  The increase in contamination was equally balanced between build-out of 
approved municipal official plans (Scenario 2)and full build-out to the boundaries of the 
Greenbelt (Scenario 5).  Traditional stormwater management practices were instrumental in 
reducing peak concentrations and holding levels of nutrients and suspended solids at or below 
current levels.  Chloride was not affected by end-of-pipe treatment because it is not effectively 
removed by stormwater ponds.  Overall, results from build-out scenarios suggest that meeting 
water quality targets for metals, E.coli and chloride will become increasingly challenging as the 
footprint of development in the watershed expands.  
 
The effect of end-of-pipe retrofits was limited to downstream portions of Rainbow Creek, the 
West Humber and the East Humber, the only watercourses on which a significant number of 
retrofit opportunities were identified.  Load reductions of TSS, TP and heavy metals were 
modest (5 to 15%) even in these areas because the retrofits treated only a very small portion of 
the upstream drainage area.  Retrofits provide significant local benefits, but to show similar 
benefits at a subwatershed scale would require many more retrofits than were examined in this 
study.     
 
Conversion of farmland and open space to forest cover on lands targeted using the TRCA’s 
Toronto and Region Terrestrial Natural Heritage System Strategy methodology helped to 
improve water quality.  As would be expected, nutrients and TSS exhibited the largest 
concentration and loading reductions as neither forest nor agricultural land uses constitute a 
large source of chloride or metals.  Previous studies that have examined bacteria loads from 
rural land uses suggest that stream levels of E.coli would likely be lower under a scenario with 
less agriculture and more natural cover.   
 
The pollution prevention and low impact development (LID) practices applied in existing and 
new developments under the sustainable communities scenario helped to reduce water quality 
impacts associated  with development, but levels of metals in some subwatersheds still 
remained above levels modelled in the exiting conditions scenario.  Chloride was the only 
variable that would probably continue to rise with development, even if aggressive salt 
management practices were applied, as this pollutant is not removed by structural LID controls.   
 
Climate change did not have a major impact on water quality.  Concentrations of most 
modelled variables increased, but only by relatively minor amounts.  The effect of warmer 
winter temperatures on chloride levels depends on a number of factors, the influence of which 
requires further study.  The substantial water quality improvements associated with the 
Sustainable Communities scenario (Scenario 6) were predicted to continue even under a 
warmer and wetter climate. 
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4.2.10 Management Considerations 
 
The following recommendations are made for surface water quality management in a 
watershed planning context, based on the outcomes of the water quality modelling and 
associated technical analyses: 
 
 
• Innovative stormwater source controls (i.e. LID practices such as infiltration measures), and 

improved pollutant management practices (such as more frequent street sweeping), as 
considered in the Sustainable Communities scenario, should be extensively used in all new 
developments and retrofitted into existing developments throughout the watershed.  
Without such measures, it will not be possible to proceed with urban expansion without 
further degrading water quality in the Humber River and its tributaries.  

 
• Aggressive salt management controls should be implemented in order to minimize the 

serious environmental impacts associated with the storage and application of road salts, 
and the disposal of salt laden snow.   While municipalities in the Humber watershed have 
developed salt management plans, the measures applied thus far have not been sufficient 
to arrest the increase in stream chloride levels, which are already frequently above toxicity 
targets in many of the urbanized portions of the watershed.  The techniques required will 
likely need to go beyond those assumed in the Sustainable Communities scenario if 
development proceeds as contemplated in this scenario. 

 
• End-of-pipe stormwater retrofit projects should continue to be opportunistically 

implemented as per the Brampton, Vaughan, Richmond Hill and Caledon stormwater 
retrofit studies, and additional opportunities should be taken advantage of when they are 
identified.  Although end-of-pipe retrofits will not result in appreciable water quality 
improvements on a watershed scale, they will provide local benefits and are an important 
component of an integrated water quality improvement strategy as they provide a greater 
benefit on the basis of unit cost than many other measures. 

 
• Expansion of the forested area within the watershed should be considered in relation to the 

multiple benefits of increased biodiversity, nature-based recreation opportunities, stream 
flow control, fisheries enhancement, headwater protection, and improved air and water 
quality.  While stream water quality would likely improve with additional forest cover, this 
benefit by itself would not provide sufficient rationale to undertake the considerable effort 
needed to expand forest cover in the watershed.  

 
• Currently, the majority of bacterial sources in the Humber River are from Toronto.  As the 

905 area code municipalities continue to develop, so too will their contributions of bacterial 
contamination.  Stormwater controls that reduce surface flow volumes and increase 
groundwater discharge and evapotranspiration will help to minimize adverse impacts of 
bacterial contamination on waterfront beaches.  Other sources of bacteria either in the 
Humber marshes or along the Toronto waterfront may require measures such as geese 
control or pollution reduction from waterfront stormsewer outfalls.  A study tracking sources 
of bacteria to the beach is currently being conducted by Environment Canada and the City 
of Toronto. 
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• Innovative stormwater management approaches that treat organic contaminants should be 
supplemented with chemical bans and other regulatory measures such as pesticide-use 
bylaws or bans on the sale of certain compounds.  More efficient use of energy is 
recommended to help reduce levels of polycyclic aromatic hydrocarbons, as fossil fuel 
combustion is an important source of these compounds.      
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Section  

4.3 

GROUNDWATER 

 
 
4.3 GROUNDWATER 
 
4.3.1 Key Indicators 
 
The groundwater objectives, indicators and targets developed for the Humber Watershed Plan 
are summarized in Table 4.3-1.  These items are considered in terms of the following key 
groundwater components:  
 

 Groundwater recharge; 
 Groundwater discharge; 
 Aquifer water levels; and 
 Water budget. 

 
Groundwater modelling was used to assess the effect of three different land use scenarios on 
groundwater recharge and discharge rates and aquifer water levels.  Where applicable, the 
modelling results were related to findings from other studies and research literature to confirm 
the relevance of the results or establish limitations on their use.  Effects of land use change on 
groundwater quality and groundwater withdrawals (i.e., availability) could not be assessed 
through modelling so the potential outcomes of the various scenarios were evaluated based on 
literature, current and local historic data, and professional judgment for these parameters. 
 
Throughout this discussion, the effects of the various scenarios are described as having low, 
moderate, or high significance.  The effects of reduced recharge over the watershed from the 
various potential future land use scenarios were assessed based on changes to average 
annual groundwater levels and discharge rates, as predicted by the model.  Changes to 
recharge can be significant if they are either high magnitude reductions over a small area or 
low magnitude reductions over a large area. 
 
For simplicity, the term "aquifer water levels" in this report refers to the piezometric head of 
confined aquifers, and the water table elevation in unconfined aquifers.  Changes in these 
aquifer water levels from the various future development scenarios are compared to normal 
seasonal variations as assessed through Provincial Groundwater Monitoring Network (PGMN) 
installations in the Humber River watershed.  Generally, changes in aquifer water levels are 
more significant in areas close to where aquifers discharge to streams.  In these areas, a 0.5 
metre (m) water level drop may result in a reduction in groundwater discharge to the stream 
and in extreme cases may lead to the stream losing water to the aquifer instead of receiving 
groundwater discharge. 
 
Changes to groundwater discharge generally have greater significance in the upper and 
middle reaches of watersheds. In these areas baseflows are higher, and therefore groundwater 
discharge represents a high percentage of the total flow in the stream.  In the lower reaches, 
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the influx of groundwater over a given reach is only a small proportion of the total flow, and 
therefore, changes to the rate of groundwater discharge are less significant. 
 

Table 4.3-1:  Groundwater Objectives, Indicators and Targets 

COMPONENT OBJECTIVES INDICATORS TARGETS 

Groundwater quantity Protect groundwater 
recharge and 
discharge. 

Groundwater 
recharge 

Maintain baseline recharge 
rates and distribution

Groundwater 
discharge 

1 

Maintain baseline average 
annual baseflow rates

Groundwater 
levels 

2 

No negative trend in aquifer 
water levels

Groundwater quality 

3 

Prevent groundwater 
contamination 

Groundwater 
chemistry and 
bacteria 

The more stringent of MOE 
Ontario Drinking Water 
Standards or MOE Provincial 
Water Quality Objectives

Maintain or reduce chloride 
levels

4 

Resource use 

4 

Use ground and 
surface water at 
sustainable rates 

Water use 
restrictions 

No restrictions in use arising 
from low aquifer water levels 

Notes: 
1. As predicted by the YPDT regional water budget and groundwater flow model (TRCA, 2008a) 
2. As indicated by baseflow separation of long-term stream flow gauge data (TRCA, 2008b) 
3. As indicated by hydrographs from monitoring wells (TRCA, 2008a) 
4. As indicated by samples from monitoring wells (TRCA, 2008a) 

 
 
4.3.2 Modelling Methods 
 
The primary tool used to assess the current hydrogeologic regime of the Humber River 
watershed and for predicting effects of potential future land use and management scenarios 
was a calibrated numerical groundwater flow model developed by the York-Peel-Durham-
Toronto (YPDT) groundwater management study team.  A model of the central portion of the 
Oak Ridges Moraine area was developed in 2006 (Kassenaar and Wexler, 2006) which 
included most of the Humber River watershed.  The Central Oak Ridges (COR) flow model was 
constructed using the U.S. Geological Survey MODFLOW code (Harbaugh et al, 2000).  The 
model boundaries extend from midway through the Humber River watershed in the west to the 
Carruthers Creek in the east, and from Lake Simcoe in the north to Lake Ontario in the south. 
Vertically, the model is divided into eight layers representing the three main regional aquifers, 
three main regional aquitards, as well as the upper weathered bedrock, and surficial deposits 
(including glacial Lake Iroquois beach sands, deeper lake deposits, and weathered tills). The 
cells of the model are 100 m by 100 m in plan view, which provides sufficient resolution to 
accurately represent groundwater discharge to watercourses.  
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In 2007, the Region of Peel retained the COR model developer (Earthfx Inc.) to expand it to 
include all of Peel’s municipal wells in Palgrave and Caledon East.  At the same time, TRCA 
retained Earthfx to model the entire Humber River watershed and refine the geologic layering to 
reflect local conditions in this watershed.  The end result of these two projects was the “West 
Model” (Figure 4.3-1), which included the expanded geographical coverage and two additional 
layers in the Caledon East/Palgrave area to better represent the complexity of the Oak Ridges 
Aquifer Complex (ORAC) deposits.  This model extends beyond TRCA’s jurisdiction, 
particularly to the north and west, to ensure that any boundary effects are minimized.  The 
geologic and hydrogeologic parameters for the remainder of the watershed were taken from 
the COR model. 

Figure 4.3-1:  MODFLOW “West Model” Boundaries (shaded) 
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TRCA staff also retained Earthfx Inc. to add a surface water model component as part of the 
overall refinement process because the COR model does not have an associated surface water 
model to estimate recharge.  Without this component, it is not possible to explicitly assess the 
effect of land use changes, or simulate the overall water budget.  The Precipitation-Runoff-
Modelling-System (PRMS) was chosen as the modelling tool to estimate the hydrologic cycle 
components, including groundwater recharge, an input parameter to the MODFLOW 
groundwater flow model.  This code can be used to evaluate the effects of various 
combinations of precipitation, climate, and land use on stream flow and groundwater recharge.  
The modular design provides a flexible framework for model enhancement.  The code is well 
documented in Leavesely et al., (1983) and has been used in many applications across the 
U.S. and in Europe (CLOCA, 2009; Ely, 2006; Yeung, 2005). 
 
For the Humber watershed, a grid cell size of 25 m by 25 m was used in the PRMS model to 
represent land use mapping inputs with reasonable accuracy and to allow for simulation of the 
land use changes in the various scenarios while limiting model complexity and computational 
requirements (i.e., length of time required to run a scenario).  The PRMS model boundaries 
were limited to the Humber River watershed.   
 
The model was set up to allow evaluation of changes in water budget parameters from 
changes in land use and management in both urban and rural settings.  Whereas previous 
groundwater modelling studies that included part of the watershed had used relatively coarse 
estimates of recharge based primarily on surficial geology (Kassenar and Wexler, 2006), 
estimates developed using the Humber watershed PRMS model reflect additional landscape 
characteristics including areas of hummocky topography, surficial soil types, detailed land 
use/land cover mapping including natural cover types (i.e., forest, meadow, wetland, 
successional) and spatial variations in long-term average precipitation and temperature.   
 
PRMS requires daily meteorological inputs of precipitation, average or maximum-minimum 
temperature and pan evaporation.  Meteorological data from six climate stations within or in 
close proximity to the watershed were used to simulate spatial variations in long-term average 
precipitation across the watershed.  The model was run on a daily basis for the 8 year period 
from October 1, 1989 to September 30, 1998.   
 
The PRMS model generates volumetric daily time series outputs for runoff, evapotranspiration, 
infiltration, and groundwater recharge.  Daily precipitation input data and daily model outputs 
for evapotranspiration (ET), runoff, and groundwater recharge were summed up over each year 
and used to produce average annual estimates on a 25 m by 25 m grid cell basis for each 
scenario examined.  The average annual recharge outputs were then averaged into 100 m by 
100 m grid cells for input to the MODFLOW “West Model”, which was used to estimate aquifer 
water levels and groundwater discharge rates for each scenario examined. 
 

Values for the physical properties of the watershed were linked to maps of surficial geology for 
soil based parameters, such as hydraulic conductivity, porosity and field capacity and to maps 
of current or future land use/land cover for parameters such as natural cover type, and percent 
impervious cover.  The land use/land cover mapping information used to generate the PRMS 
model inputs for the baseline conditions scenario (Scenario 1) was generated by TRCA.  
Natural land cover types were digitized through interpretation of 2002 ortho aerial photography 

Model Inputs 
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at a scale of 1:5000.  Developed land use mapping information was derived from interpretation 
of 2002 aerial photography and other information sources such as municipal official plan land 
use schedules and city maps.  Standard assumptions regarding the typical percent impervious 
cover associated with each developed land use were associated with the land use/land cover 
mapping information.  Similar mapping information was generated for the other scenarios 
examined, with changes to developed land uses and natural land cover based on assumptions 
regarding potential future scenarios (see Appendix A for details on methods and assumptions 
regarding land use/land cover mapping for each scenario).  Climate data from the stations 
shown in Table 4.3-2 were used in this analysis to simulate the long-term distribution of 
precipitation across the watershed.  The period of record used was from October 1, 1989 to 
September 30, 1998.  Figure 4.3-2 illustrates the precipitation data used as input to the PRMS 
model in watershed map format. 
 
Only one temperature station was used in the PRMS model as noted in Table 4.3-3.  The period 
of record used for this station was also from October 1, 1989 to September 31, 1998. 
 
Table 4.3-2:  Precipitation Stations 

Station Name 
Location Elevation 

(masl) 

Average 
Precipitation 

(mm/yr) Easting Northing 

Albion Field Centre 593668 4863279 282 896 
Orangeville MOE 573596 4863026 412 924 
Richmond Hill 624514 4860083 240 926 
Toronto 628995 4836095 113 872 
Toronto Lester B. Pearson 612871 4835804 173 823 
Woodbridge 612652 4848761 164 832 

 
Table 4.3-3:  Temperature Station 

Station Name 
Location Elevation 

(masl) 

Average 
Minimum 

Temperature 
(ºC) 

Average 
Maximum 

Temperature 
(ºC) Easting Northing 

Albion Field Centre 593668 4863279 282 1.386 11.824 
 
Daily rainfall and temperature values were interpolated to each 10 m cell from the observation 
data using inverse distance squared weighting.  Missing data at the stations were infilled prior 
to the simulation from data at the nearby stations and corrected by the ratios of monthly 
average values.   
 
There were no local pan evaporation measurements available. Instead, data were obtained 
from Elora Research Station (6142285), Waterloo Wellington Airport (6149387), Hamilton Royal 
Botanical Gardens (6153330), Lindsay Frost (6164433), and Peterborough Trent University 
(6166455) stations and used to generate a composite estimate for daily pan evaporation. 
 
 



 
Figure 4.3-2:  Average Annual Precipitation (mm/yr) 
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One limitation with surface water models is that groundwater flow can cross watershed 
boundaries.  For example, in the Main Humber subwatershed, the regional groundwater divide 
is located west of the topographic divide.  This means that recharge from the west crosses the 
watershed boundary and discharges to streams in the middle reaches of the Humber River. 
This “extra” groundwater results in observed flows that are greater than would be simulated 
with a surface water model.  In other areas, groundwater in the Oak Ridges Aquifer recharges 
the underlying Thorncliffe and Scarborough Aquifers, and may not discharge into the stream 
reaches above where stream gauges are located.  In these cases, the “lost water” results in 
observed flows that are less than would be predicted by a surface water model.  To calibrate 
the surface water model (PRMS model), these gains and losses must be calculated and 
accounted for. 

Model Integration 

 
The MODFLOW “West Model” calculates the vertical and horizontal groundwater movement 
across watershed boundaries, but requires an estimate of groundwater recharge as an input 
parameter.  By coupling the groundwater and surface water models, the limitations of both are 
minimized.  Many techniques are available for coupling hydrologic and groundwater models 
and the degree of interaction between the two models can vary from fully integrated codes to a 
loose coupling where one model provides input to the other with limited feedback.  In linking 
the PRMS and MODFLOW models for the Humber watershed, a loose coupling with an iterative 
approach was employed.  PRMS was first calibrated to observed total flows and baseflows and 
used to generate estimates of annual average recharge. The groundwater model was then run 
and results were analyzed to estimate cross watershed flows.  The baseflow calibration targets 
for the hydrologic model were then adjusted to account for the cross-watershed flows and the 
process was repeated.  
 

Calibration of the PRMS model involved refining the initial estimates of watershed properties 
within accepted ranges to match average daily stream flow and estimates of average baseflow 
determined through application of baseflow separation techniques to measured flow data over 
the period of simulation (October 1, 1989 to September 31, 1998).  This 8-year period was felt 
to be sufficient to provide a meaningful estimate of average annual recharge as it covered a 
range of consecutive dry, wet and average precipitation years.  Flow data were obtained from 
the gauges listed in Table 4.3-4.  The climate and stream flow data were obtained from 
Environment Canada and processed as part of building the YPDT-CAMC database for the Oak 
Ridges Moraine COR model.   

Calibration Targets 

 
Baseflow separation was done to estimate the daily groundwater contribution to streams in the 
Humber River watershed.  Daily estimates were summed over the period of simulation to 
provide estimates of annual groundwater discharge to streams.  It is important to note that 
baseflow is not synonymous with summer low-flows (usually measured in a period with no 
antecedent rainfall).  Summer low flows are composed mostly or completely of groundwater 
discharge, but it is incorrect to assume that these low-flows represent the annual average 
groundwater discharge.  Groundwater discharge to streams varies both daily and seasonally, 
with higher rates of discharge during the spring and a gradual recession through the summer 
and a recovery during the fall. 
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Table 4.3-4:  Environment Canada Stream Flow Gauges Used For PRMS Model 
Calibration 

Subwatershed Gauge Name 
Drainage 

Area 
(km2

Period 
of Record 

) 

Total 
Flow 

(m3

Separated 
Baseflow 

(m/s) 3

% of 
Total 
Flow /s) 

Main Humber 

Cold Creek Near Bolton 64 10/01/1989 – 
09/17/1993 0.49 0.31 63 

Humber River Near 
Palgrave 167 10/01/1989 –  

09/30/1997 1.53 1.07 70 

Humber River At Elder 
Mills 303 10/01/1989 –  

09/30/1997 2.63 1.65 63 

East Humber 

East Humber River At 
King Creek 95 10/01/1989 –  

09/17/1993 0.65 0.36 55 

East Humber River Near 
Pine Grove 197 10/01/1989 – 

09/30/1997 1.39 0.75 54 

West Humber West Humber River At 
Highway No.7 

143 10/01/1989 – 
09/30/1997 1.25 0.34 27 

Black Creek Black Creek Near 
Weston Rd 58 10/01/1989 – 

09/30/1997 0.90 0.32 36 

Lower Humber Humber River At Weston 
Road 800 10/01/1989 – 

09/30/1997 6.87 3.17 46 

 
Computer-based methods have been developed to separate baseflow from hydrographs of 
total flow.  These use a variety of techniques, some physically based and some more 
mathematical in nature.  One method, (Clarifica, 2002), has been applied to several of the 
TRCA watersheds and was found to produce reasonable results.  Application of the method to 
flow data from the Main Humber River at Weston Road gauge for December 1988 to July 1998 
is shown in Figure 4.3-3. 
 
Average annual (separated) baseflows used as calibration targets for the PRMS model are 
provided in Table 4.3-4.  The data in this table indicate that baseflow as a percentage of total 
flow ranges from less than 30% in the West Humber to 70% in the headwater areas of the Main 
Humber.  These estimates should be viewed with caution for a number of reasons.  First, to use 
these estimates as calibration targets for net groundwater recharge on a surface catchment 
basis assumes that the watershed is a closed system where no long-term changes in storage 
occur and significant amounts of groundwater flow do not flow across watershed boundaries.  
In the Humber watershed, groundwater does flow across surface catchment boundaries and, 
therefore, estimates of groundwater recharge within the surface catchment need to be adjusted 
accordingly.  As mentioned, the best method for estimating cross-basin flow is with the 
groundwater model.  Second, it is difficult to verify any of the separation methods.  The method 
used in this analysis tends to be biased towards increasing the amount of groundwater 
contribution to the storm hydrograph compared to some other methods.  A more conservative 
method can be applied to determine the minimum likely groundwater contribution to flow.  
Results from application of both of these methods to Humber River stream gauge data are 
shown Table 4.3-4.  Finally, the separation methods cannot, by themselves, distinguish 
between groundwater discharge and other relatively steady flows, such as discharge from 
sewage treatment plants, discharge from stormwater sewers that intercept the water table, and 
discharge from impoundments or large wetlands.  The assumption in all the analyses was that 
groundwater is the primary source of relatively steady discharge in the Humber River 
watershed. 



 

Figure 4.3-3:  Baseflow Separation Technique (Humber River) 
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Primary calibration targets for the MODFLOW model were the static water level data obtained 
from the MOE Water Well information System (WWIS).  Errors and uncertainty associated with 
these measurements are discussed in detail in Kassenaar and Wexler (2006).  There were over 
1800 measurements for the ORAC, over 960 in the Thorncliffe Aquifer Complex (TAC), and 
close to 200 in the Scarborough Aquifer Complex (SAC).  Estimates of groundwater discharge 
to the streams served as a second set of calibration targets.  
 
As noted, the groundwater model was run in an iterative fashion with adjusted rates of recharge 
for the Humber River watershed based on the latest calibration of the PRMS model.  Minor 
adjustments were needed to the hydraulic conductivities of the aquifers and aquitards to 
improve the match to the observed heads and estimated baseflows.  In many cases, the match 
improved simply by refining the recharge estimates and distribution.   
 
An iterative process was then undertaken consisting of adjustments to the calibration of the 
PRMS model and evaluation of the PRMS model output based on the estimated groundwater 
discharge to streams and cross-basin flow resulting from MODFLOW simulations.  Through this 
process, it was realized that local groundwater flow patterns as well as the permeability of 
surficial soils (as estimated based on surficial geology mapping) and percent impervious cover 
assumptions were the most significant determinants of local recharge and the PRMS model 
was adjusted to account to these factors.  The outcome of this exercise was a more accurate 
depiction of the connection between surface water and groundwater systems than in 
conventional groundwater modelling, resulting in a strong MODFLOW model calibration.  In 
addition, the resulting calibrated PRMS model for the watershed provides a much more realistic 
representation of the hydrologic water budget on a local scale than conventional water budget 
modelling which does not generally account for the influence of the groundwater flow regime 
on surface flow.  
While the calibration of the MODFLOW model resulted in very good agreement between 
modelled results and measured data, it should be noted that a hydrogeologic model of this 
scale is most suitable for depicting groundwater flow at the watershed and subwatershed 
scales.  The model may not, however, capture or accurately depict all the smaller-scale 
groundwater systems, such as isolated shallow aquifers, that occur in the Humber River 
watershed.  Further, the steady-state nature of the model allows the model to only predict long-
term average conditions and does not reflect the natural seasonal variation of the groundwater 
regime or the transitional effects of changes to land use.  Therefore, while the MODLOW model 
is an excellent tool for characterizing the groundwater system on a long-term, watershed scale 
and for predicting the effects of future changes on this basis, there are local and short-term 
phenomena that may have ecological significance but may not be captured by the modelling 
and that require empirical data and professional judgment to characterize.  Future 
improvements to the model to simulate transient flow in the watershed are planned.   
 

The intent of the scenario modelling exercise was to estimate the possible changes to the 
groundwater flow system in the Humber River watershed based on potential future land use 
conditions.  The effect of land use change, such as expanded urban development or 
reforestation, on groundwater recharge was evaluated by modifying the calibrated existing 
conditions PRMS model on a local scale to directly reflect the assumed future distribution land 
use associated with each scenario.  The resultant PRMS estimates for groundwater recharge 

Hydrogeologic Modelling of Scenarios 
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were input to the MODFLOW model to predict the likely changes to aquifer water levels and 
groundwater discharge rates.  
 
Comparison of outputs from both models between scenarios was accomplished through 
numerical comparison, GIS analysis, and visual interpretation of graphical results.  In many 
cases, changes between scenarios were evaluated at a larger scale on the basis of the 
following five primary subwatesheds as discussed in Section 3.5, and mapped on Figure 3-2: 
 

• Main Humber; 
• West Humber; 
• East Humber; 
• Black Creek; and 
• Lower Humber. 

 
These primary subwatershed units were chosen based on major tributaries where development 
pressures, land cover, and geology are reasonably consistent.   
 
To better assess the significance of predicted changes to groundwater discharge, analysis of 
these modelling results were conducted at the secondary subwatershed scale, which divides 
the Humber watershed into 24 smaller subwatersheds (Figure 3-2). 
 
 
4.3.3 Baseline Conditions 
 
The baseline hydrogeologic conditions (i.e., Scenario 1) in the Humber watershed were 
previously documented in TRCA's Humber River, State of the Watershed Report – Geology and 
Groundwater Resources (TRCA, 2008a).  Some of the main findings were as follows: 
 

1. The surficial geology of the Humber River watershed is dominated by low permeability 
glacial tills, which generally limit infiltration to less than 100 mm/year, but also protect 
the underlying aquifers from near surface sources of contamination. The exceptions to 
this rule are the hummocky topography areas on the Oak Ridges Moraine, where runoff 
is limited by internal drainage to local depressions. 

2. The highest recharge areas (Figure 4.3-4) for the Humber River watershed are located 
in the northwest corner of the watershed, where permeable limestone bedrock from the 
Niagara Escarpment is at or close to surface.  Recharge is also high in the northeast 
portion of the watershed, where sand and gravel of the Oak Ridges Moraine outcrop at 
surface.  Elevated recharge (150-170 mm/yr) also occurs at the bottom end of the 
watershed, where the Lake Iroquois sands and gravels overlie the till. 

3. The main aquifer systems include the Oak Ridges Aquifer (or equivalent), the Thorncliffe 
Aquifer, and the Scarborough Aquifer. The flow in these aquifers is ultimately 
southwards to Lake Ontario, with deflections toward the watercourse in the headwater 
areas (Figure 4.3-5). 

4. Groundwater discharge, as shown on Figure 4.3-6, is greatest in three areas: Centreville 
Creek in the upper reaches of the main Humber; upper reaches of the East Humber; 
and Purpleville Creek in the middle reaches of the East Humber.  These areas generally 
coincide with the areas where the Oak Ridges Aquifer (or equivalent) becomes thinner, 
and is close to the ground surface; or where the Thorncliffe Aquifer is exposed in the 
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floodplain.  The Scarborough Aquifer outcrops in the lowest reaches of the watershed, 
and therefore has little interaction with the surface water flow system. 

5. Groundwater use is concentrated in the upper reaches of the watershed and beyond 
the northern watershed boundary, with municipal withdrawals in Caledon East, 
Palgrave, Kleinburg, Nobleton, and King City.  Other significant groundwater users 
include golf courses and aggregate extraction operations. 

6. Groundwater quality is generally good across the watershed, with local impacts around 
landfill sites, and naturally elevated methane and chloride in the lower aquifer systems.  

 
 
 



 
Figure 4.3-4:  Modelled Groundwater Recharge (mm/yr.) – 2002 Conditions (Scenario 1) 

 



 
Figure 4.3-5:  Modelled Oak Ridges Aquifer Water Levels (masl) and Flow Direction – 2002 Conditions (Scenario 1) 

 



  

Figure 4.3-6  Modelled Groundwater Discharge (L/s/ha) – 2002 Conditions (Scenario 1) 
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4.3.4 Effects of Conventional Urban Development 
 

Results describing the predicted changes in recharge as a result of the development 
associated with Official Plan (OP) Build-out (Scenario 2) and the Full Build-out (Scenario 5) are 
summarized in Table 4.3-5 and illustrated in Figure 4.3-7 and Figure 4.3-8 respectively. 

Recharge 

 
In the Official Plan Build-out scenario, the model predicts slight (<5%) decreases in recharge 
for most of the primary subwatersheds, with the exception of the West Humber, which declined 
approximately 10%, as compared to 2002 conditions.  Over the entire Humber River watershed 
area, these decreases represent a reduction of 4% in total annual recharge.  The effect on 
recharge of the urban growth assumed in the Official Plan Build-out scenario is muted because 
most of the development is planned for areas with low recharge capacity (clay soils and glacial 
till surficial geology), while areas with the highest recharge capacity are protected by the Oak 
Ridges Moraine Conservation Plan and the Greenbelt Plan.  While the extent of urban growth 
planned in the West Humber is significant, with the urban portion of the subwatershed growing 
from 19% in 2002 to 39% in the Official Plan Build-out scenario, the overall impact on recharge 
is still predicted to be low (10%). 
 
Table 4.3-5:  Summary of the Effects of Conventional Urban Development Scenarios 

 
Official Plan Build-out (Scenario 2) 
vs. 2002 Conditions (Scenario 1) 

Full Build-out (Scenario 5) vs. 2002 
Conditions (Scenario 1) 

Sub-watershed 
Change in 
Recharge 

(%) 

Change in 
Aquifer 

Water Level 
(m)

Change in 
Groundwater 

Discharge 
(%) 1 

Change in 
Recharge 

(%) 

Change in 
Aquifer 

Water Level 
(m)

Change in 
Groundwater 

Discharge 
(%) 1 

Main Humber -2 -0.6 -3 -4 -1.0 -4 

West Humber -10 -1.2 -10 -29 -3.0 -29 

East Humber -3 -0.7 -7 -8 -1.4 -11 

Black Creek  -4 -0.4 0 -4 -0.5 0 

Lower Humber 0 -0.1 -4 0 0.0 -9 

TOTAL -4 N/A -4 -8 N/A -9 

Notes: 
1 Aquifer water level declines are predicted by the model on a 100 m2

 

 grid cell basis.  Values in the table 
are the average change in the uppermost aquifer (which is the Oak Ridges Aquifer in all but Black Creek 
and the Lower  Humber, where it is the Thorncliffe Aquifer) over the subwatershed area.  Watershed 
averages were not calculated because no aquifer unit is continuous across the entire watershed. 

In both the OP Build-out and the Full Build-out scenarios, most of the predicted decreases in 
recharge are less than 50 mm/yr, but there are some areas with larger magnitude declines, up 
to 150 mm/yr (Figure 4.3-8).  These areas are where conventional urban development, with no 
mitigation of impacts on recharge, is assumed to occur on areas with high recharge capacity.   
 



 
Figure 4.3-7:  Decrease in Recharge (mm/yr.) – Official Plan Build-out (Scenario 2) vs. 2002 Conditions (Scenario 1) 

 



 

Figure 4.3-8:   Decrease in Recharge (mm/yr.) - Full Build-out (Scenario 5) vs. 2002 Conditions (Scenario 1) 
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At the watershed scale, the effect on recharge of full build-out is still low, at only 8%.  Again, 
this is because most of the potential future development is assumed to occur in areas with low 
recharge capacity.  However, at the primary subwatershed scale, the extensive urban growth 
assumed in the Full Build-out scenario is predicted to have significant cumulative effects in the 
West Humber.  Recharge is predicted to decrease by 29% with conventional full build-out of all 
lands not protected from urban growth by existing policies.  In this scenario the urban portion 
of the West Humber would grow from 19% in 2002 to 73%.  As indicated in the following 
section, the cumulative impact of low magnitude decreases in recharge over such an extensive 
area is predicted to have significant local impacts on baseflow in West Humber tributaries.  
While many reaches of the West Humber currently exhibit intermittent flow, it is likely that more 
reaches would become intermittent and cease to flow during extended periods of dry weather if 
impacts to recharge were not mitigated through application of stormwater infiltration practices. 
 
It is important to note that in this analysis, no landscape changes were assumed to occur 
outside of the Humber River watershed.  Therefore, any potential changes in land use or cover 
in high recharge areas north of the surface water divide that contribute groundwater flow into 
the watershed are not reflected in the results.  However, much of these areas are designated in 
the Oak Ridges Moraine Conservation Plan as Natural Core or Natural Linkage Area, where 
urban development is not permitted so major changes are not anticipated.  It is also notable 
that the extent of these external groundwater recharge areas is much less than in the Rouge 
River watershed to the east, since the groundwater divide is generally closer to the surface 
water divide in the Humber. 
 
 

The slight overall reduction in recharge at the watershed scale predicted with conventional OP 
build-out (Scenario 2) is reflected in slight decreases in the Oak Ridges Aquifer water levels, as 
shown in Table 4.3-5 and Figure 4.3-9.  The predicted effects in the Thorncliffe and 
Scarborough aquifer complexes are very similar to effects in the Oak Ridges Aquifer so maps 
of these results are not shown.  The maximum predicted drop in the OP Build-out scenario is 
about 8 m, which is about four to eight times the current average annual water level fluctuation 
(1 to 2 m), but only in limited areas in the lower reaches of both the West and Main Humber 
subwatersheds between Brampton and Bolton.  However, urban land uses already exist or are 
planned in these areas which will be serviced by Lake Ontario-based water supply, and private 
wells will be decommissioned.  Therefore impacts on groundwater takings from a decline in 
aquifer water levels of this magnitude would not be an issue with regard to water availability. 

Aquifer Water Levels 

 
The predicted decline in recharge with conventional OP Build-out will result in local reductions 
in groundwater levels in the East Humber subwatershed around King Road.  The maximum 
decrease in this area is predicted to be 2 to 3 m in the OP Build-out scenario (Figure 4.3-9) and 
5 m in the Full Build-out scenario (Figure 4.3-10).  These lower aquifer water levels could affect 
private domestic water supplies outside of the urban areas that are derived from shallow wells.  
These changes may be significant and warrant further study.  This area also includes portions 
of the communities of Nobleton and King City.  While water supplies in Nobleton and King City 
are groundwater based, the wells draw from the lower aquifer units (Thorncliffe and 
Scarborough aquifers) where water levels are predicted to decline by less than 3 m which is 
not considered a significant threat to water availability. 



 
Figure 4.3-9:  Decrease in Oak Ridges Aquifer Water Levels (masl) - Official Plan Build-out (Scenario 2) vs. 2002 Conditions 
(Scenario 1) 



 
Figure 4.3-10:  Decrease in Oak Ridges Aquifer Complex Water Levels (masl) - Full Build-out (Scenario 5) vs. 2002 
Conditions (Scenario 1) 
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The decrease in Oak Ridges Aquifer water level from the Full Build-out scenario as compared 
to 2002 conditions is summarized in Table 4.3-5 and illustrated in Figure 4.3-10.  The effects 
are focussed on the central portion of the watershed between King Road/Street and Steeles 
Avenue.  Generally, the decreases are less than 8 m, but in the areas between Brampton and 
Bolton and north of Woodbridge, the declines may be as much as 15 m.  Again, in areas where 
these larger declines are predicted, land use would be urban and water supplies would be 
Lake Ontario-based with the current private rural wells decommissioned, so impacts on 
groundwater takings would not be an issue.   
 
 

Simulation of the conventional development scenarios with the PRMS-MODFLOW model 
predicted varying reductions in groundwater discharge, and consequently baseflow, 
throughout the watershed.  Therefore, the watershed plan objective and target to maintain 
natural levels of baseflow would not be met in these modelled scenarios.  The predicted 
distribution of reductions in groundwater discharge under the OP Build-out (Scenario 2) and 
Full Build-out (Scenario 5) scenarios are illustrated on Figure 4.3-11and Figure 4.3-12, 
respectively.  The majority of changes associated with both the OP Build-out and Full Build-out 
scenarios are in the order of 1 L/s per kilometre of stream (or 100 m

Groundwater Discharge and Surface Withdrawals 

2

 

 groundwater model cell) 
and are greatest in the West Humber, because of the extent of planned development in this 
area.   

With the conventional build out of approved official plan land use schedules (Scenario 2) a 
minor reduction in average annual groundwater discharge of 4% is predicted at the mouth of 
the Humber River relative to modeled 2002 conditions.  At the primary subwatershed scale of 
analysis, reductions in groundwater discharge appear to be minor with the largest being a 
decline of 10% in the West Humber (Table 4.3-5).  However, when predicted decreases are 
examined at the tributary (secondary subwatershed) scale, the significance of these changes 
becomes clearer.  Table 4.3-6 summarizes the predicted reductions in mean annual 
groundwater discharge at the outlets of the 24 secondary subwatershed units and Figures 4.3-
13 and Figure 4.3-14 illustrate these results in watershed map format. 
 
In the OP Build-out scenario the largest reductions are in the east branch of the West Humber 
(subwatershed 9) and Rainbow Creek (subwatershed 6), where groundwater discharge is 
estimated to decrease by 37% and 19% respectively.  New urban settlement areas are planned 
in large portions of these subwatersheds, with the majority of these areas designated for 
industrial or commercial land uses which typically constitute about 90% impervious surface 
cover (i.e., roofs, parking areas, vehicle loading and storage areas, etc.).  It is important to note 
that baseflows in these subwatersheds are predicted to be very low for 2002 modelled 
conditions.  This is confirmed by 2004 baseflow sampling data which indicates that these 
subwatersheds contribute less than 1% of baseflow to the Humber River (TRCA, 2008a) and 
that most of the headwater reaches dry up during extended periods of dry weather.  The YPDT 
geologic model predicts that the underlying geology in these subwatersheds is a thick layer of 
Halton Till deposits which are highly impermeable (i.e., an aquitard) and that underlying aquifer 
complexes do not outcrop along these creeks.  This suggests that the source of baseflow 
observed in the lower reaches is shallow groundwater flow from pervious areas within the 
subwatersheds (i.e., local recharge).   
 



 
Figure 4.3-11  Decrease in Groundwater Discharge (L/s) - Official Plan Build-out (Scenario 2) vs. 2002 Conditions (Scenario 1) 

 



 
Figure 4.3-12:  Decrease in Groundwater Discharge (L/s) - Full Build-out (Scenario 5) vs. 2002 Conditions (Scenario 1) 
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Table 4.3-6:  Effect of Conventional Development Scenarios on Groundwater Discharge at 
Secondary Subwatershed Outlets 

Secondary 
Subwatershed Name 

Subwshd.
Number 

Modelled Groundwater 
Discharge (L/s) 

Change in Modelled 
Groundwater Discharge 

S1 S2 S5 S2 - S1 S5 - S2 S5 - S1 
Main - Upper 1 955.2 950.6 950.8 0% 0% 0% 
Main – Palgrave to Bolton 2 1658.9 1639.1 1624.8 -1% -1% -2% 
Centreville Creek 3 373.7 367.5 364.0 -2% -1% -3% 
Cold Creek 4 249.8 234.8 231.0 -6% -2% -8% 
Main – Bolton to 
Woodbridge 

5 2177.5 2134.2 2099.5 -2% -2% -4% 

Rainbow Creek 6 52.5 42.5 15.9 -19% -63% -70% 
West – West Branch 7 186.2 172.1 149.4 -8% -13% -20% 
West – Main Branch 8 197.2 181.3 127.1 -8% -30% -36% 
West – East Branch 9 30.9 19.6 10.0 -37% -49% -68% 
West – Lower Branch 10 470.7 422.1 336.1 -10% -20% -29% 
Albion Creek 11 7.5 7.4 7.5 -1% 1% 0% 
East – Upper Branch 12 213.0 195.7 186.5 -8% -5% -12% 
King Creek 13 55.6 47.4 43.2 -15% -9% -22% 
East – Nobleton to 
Kleinburg 

14 392.3 361.4 344.8 -8% -5% -12% 

Purpleville Creek 15 74.6 69.1 61.9 -7% -10% -17% 
East – Kleinburg to 
Woodbridge 

16 556.2 517.5 492.8 -7% -5% -11% 

Black Creek 17 63.7 63.8 63.8 0% 0% 0% 
Lower – Woodbridge to 
Rexdale 

18 2821.2 2729.0 2642.9 -3% -3% -6% 

Emery Creek 19 0.7 0.7 0.7 0% 0% 0% 
Lower – Rexdale to 
Weston 

20 3423.5 3282.4 3110.5 -4% -5% -9% 

Berry Creek 21 1.0 1.0 1.0 0% 0% 0% 
Humber Creek 22 0.2 0.2 0.2 0% 0% 0% 
Silver Creek 23 3447.0 3305.9 3134.1 -4% -5% -9% 
Lower – Lambton to Mouth 24 3588.7 3447.7 3275.9 -4% -5% -9% 
 
If reductions to groundwater recharge and discharge predicted to occur with build-out of 
approved municipal official plans are not mitigated, some reaches of these subwatersheds may 
become dry for longer periods and the number of reaches exhibiting intermittent flow may 
increase.  To mitigate these potential impacts, new urban settlements should incorporate 
stormwater infiltration practices designed to function on the low permeability clay soils that 
occur in these areas (e.g., subsurface practices like permeable pavement, soakaways, 
infiltration trenches and chambers, and perforated storm sewer systems).   
 
 



 

Figure 4.3-13:  Cumulative Change in Groundwater Discharge -  Official Plan Build-out (Scenario 2) vs. 2002 Conditions (Scenario 1) 



 

Figure 4.3-14:  Cumulative Change in Groundwater Discharge – Full Build-out (Scenario 5) vs. 2002 Conditions (Scenario 1) 
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A reduction in groundwater discharge of 15% is also predicted for King Creek (subwatershed 
13).  While the portion of King Creek subwatershed that is planned for new urban settlements is 
quite small and the designated residential land uses would comprise only about 40% 
impervious cover, some of it will occur on lands with high recharge capacity.  These areas are 
where soils and underlying geology allow significant quantities of precipitation to infiltrate and 
recharge aquifers.  However, baseflow in King Creek is also predicted to be very low for 2002 
modelled conditions and has been observed to contribute only 0.2% of total baseflow to the 
Humber River (TRCA, 2008a).  Like the east branch of the West Humber, the source of 
baseflow in King Creek is shallow groundwater flow from local recharge areas.  Again, the 
reductions to groundwater discharge predicted to occur would likely cause some reaches to be 
dry for longer periods and possibly increase the number of reaches exhibiting intermittent flow 
if they are not mitigated through stormwater infiltration practices.  Because soils in this 
subwatershed are more permeable than those in the east branch of the West Humber and 
Rainbow Creek, a wider range of stormwater infiltration practices should be considered to 
mitigate these impacts (i.e., both surface and subsurface practices). 
 
The Full Build-out scenario (Scenario 5) simulates substantial additional urban development in 
the West Humber, Rainbow Creek and Purpleville Creek (subwatershed 15) on all remaining 
rural lands where urban settlements are not prohibited by current legislation or policies.  The 
potential mixture of land uses that would comprise these new urban settlement areas were 
assumed to represent 50% impervious surface cover (see Appendix A).  This additional 
impervious cover and associated reductions in recharge are predicted to reduce groundwater 
discharge at the mouth of the Humber River by 9% relative to modeled 2002 conditions.  While 
this is still a relatively minor overall reduction, major impacts are predicted at the tributary scale. 
 
As the majority of urban growth in this scenario occurs in the West Humber, Rainbow Creek 
and Purpleville Creek subwatersheds, the largest reductions in groundwater discharge are 
predicted in these drainage areas.  Major reductions of 68% in the east branch of the West 
Humber and 70% in Rainbow Creek are estimated, relative to 2002 modelled conditions, which 
would likely cause the streams to flow only for a few months of the year or only during storm 
events, thereby greatly reducing their aquatic habitat functions.  The cumulative effect of 
reduced groundwater recharge and discharge throughout all the West Humber subwatersheds 
would be a significant decrease in groundwater discharge of 29% at the confluence with the 
main channel of the Humber River in Toronto.   
 
While simulated urban growth in Purpleville Creek subwatershed would cover a major portion 
of the drainage area, a reduction to groundwater discharge of only 17% is predicted in the 
conventional Full Build-out scenario.  This reflects the fact that the soils and underlying geology 
limit the amount of recharge that occurs within this subwatershed.  Baseflow are supported by 
both shallow groundwater flow (i.e., local recharge) and contributions from the Oak Ridges 
Aquifer Complex (ORAC), which outcrops along the stream channel.  The majority of recharge 
areas contributing groundwater flow to the ORAC are in the upper branch of the East Humber 
(subwatershed 12) and King Creek (subwatershed 13), and no further urban growth beyond 
approved municipal official plans is permitted by provincial legislation in these areas.  
Therefore, groundwater discharge from the ORAC is not predicted to change from Scenario 2 
modelled conditions.  So despite a major increase in urban land use in Purpleville Creek 
subwatershed in the Full Build-out scenario, major impacts on baseflow are not predicted.  
Similar results are predicted for the west branch of the West Humber (subwatershed 7), where 
groundwater discharge from the ORAC contributes to baseflow, and despite a major increase 
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in urban land use, reductions in groundwater discharge at the outlet are only 20% with full 
build-out. 
 
Baseflow in King Creek is estimated to decrease by 22% relative to 2002 modelled conditions 
with full build-out.  As in Scenario 2, additional urban growth would affect only a small portion 
of the subwatershed, but the lands affected have high recharge capacity.  Because the source 
of baseflow in King Creek is local recharge, this amplifies the predicted impact at the outlet of 
the subwatershed. 
 
Predicting seasonal effects on groundwater discharge is difficult given that the PRMS-
MODFLOW model provides steady state, average annual outputs, but some general 
conclusions can be made.  Approximately 67% of annual low flow conditions, where 
watercourse flows are entirely comprised of groundwater discharge, are experienced during 
the summer months (Pryce, 2004).  Both aquifer water levels and stream flows are typically at 
their minimum during dry summer months, which coincides with the period when water 
withdrawals (both groundwater and surface water) are at their highest.  Therefore it is likely that 
predicted reductions to aquifer water levels and groundwater discharge in the conventional 
development scenarios have potential to affect the availability of surface water for withdrawal 
during the summer.   
 
The ORAC and overlying tills are a key factor influencing the distribution and magnitude of 
groundwater discharge in the Humber River.  Much of this discharge occurs in small, first and 
second order streams. With predicted reductions in the ORAC water levels between 1 and 15 
metres in the conventional development scenarios, some reaches may become separated from 
the water table for much or all of the year, and have more intermittent flow regimes, reducing 
the quality and quantity of aquatic habitat.  In some cases, this effect will be partially offset by 
the increased number of stormwater management facilities associated with new development, 
which extend the duration of elevated flows from gradual release of treated stormwater.  While 
this provides additional flow, the quality and temperature of treated stormwater are poorer than 
of cold, uncontaminated groundwater discharge.  Therefore, the predicted increase in the 
proportion of stormwater discharge to groundwater discharge as a component of baseflow is 
likely to be detrimental to water quality and aquatic habitat.  Furthermore, the detention time of 
these facilities is typically 24 to 72 hours, and will have little influence on low flows during 
extended dry periods or water availability for surface water takings. 

 

As noted previously, the modelling tools were not configured to assess impacts of land use 
change or management on groundwater quality.  Prediction of potential future effects 
associated with the scenarios was conducted qualitatively based on literature and professional 
judgment.  With respect to urban development, it is expected that groundwater quality will 
decrease as a result of increased road de-icing salt application and spills and leaks from 
commercial/industrial sites.  TRCA is committed to the ongoing operation of the Provincial 
Groundwater Monitoring Network (PGMN) in our jurisdiction, and will monitor groundwater 
quality as part of that program.  To date, no negative groundwater quality impacts have been 
identified. 

Groundwater Quality 
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4.3.5 Effects of End-of-Pipe Stormwater Retrofits 
 
End-of-pipe stormwater retrofits are not expected to have any effects on the hydrogeologic 
regime of the Humber River watershed as such facilities do not alter the quantity of recharge or 
the pathways of groundwater movement.  Therefore, this scenario was not modelled as part of 
the groundwater system scenario analysis study.  Discussion of the effects of stormwater 
retrofits on surface water resources is provided in Sections 4.1 and 4.2. 
 
 
4.3.6 Effects of Expanded Natural Cover 
 
Table 4.3-7 summarizes the potential effects of natural cover expansion on the groundwater 
system if implemented concurrently with build-out of approved municipal official plans.  The 
effect of expanded natural cover on the groundwater system is minimal for two reasons.  First, 
the increase in permeability of the surface soils through root development is partly offset by 
increased evapotranspiration from higher leaf area associated with forest cover, which 
intercepts more precipitation before it can reach the soil.  Second, urban growth in the OP 
Build-out scenario is mostly planned in areas with naturally low recharge capacity because of 
low permeability soils and underlying surficial geology.   
 

Table 4.3-7:  Summary of the Effects of Expanded Natural Cover 

 

OP Build-out (Scenario 2) vs. 2002 
Conditions (Scenario 1) 

OP Build-out with Expanded 
Natural Cover (Scenario 4) vs 2002 

Conditions (Scenario 1) 

Subwatershed 
Recharge 

(%) 
Aquifer 

Level (m)
Discharge 

(%) 1 
Recharge 

(%) 
Aquifer 

Level (m)
Discharge 

(%) 1 

Main Humber -2 -0.6 -3 0 -0.4 -1 

West Humber -10 -1.2 -10 -7 -1.0 -7 

East Humber -3 -0.7 -7 1 -0.2 -3 

Black Creek  -4 -0.4 0 -10 -1.2 -2 

Lower Humber 0 -0.1 -4 -5 -0.5 -1 

TOTAL -4  -4 -1  -1 

Notes: 
1 Aquifer water level declines are predicted by the model on a 100 m2 grid cell basis.  Values in the table 
are the average change in the uppermost aquifer (which is the Oak Ridges Aquifer in all but Black Creek 
and the Lower  Humber, where it is the Thorncliffe Aquifer) over the subwatershed area.  Watershed 
averages were not calculated because no aquifer unit is continuous across the entire watershed. 
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As summarized in Table 4.3-7, the effects of expanded natural cover on groundwater recharge 
vary by area, but are overall positive.  As illustrated in Figure 4.3-15, in the OP Build-out with 
Expanded Natural Cover scenario, recharge is expected to increase in the headwaters of the 
Main and East Humber subwatersheds, where the majority of additional natural cover is 
targeted.  Increases in annual recharge that would occur through conversion of gently sloping 
meadow or cropland to forest cover (the typical land cover conversion targeted) are predicted 
by the PRMS model to be approximately 50 mm/yr.  The model also predicts that conversion of 
meadow or cropland to forest cover in areas of hummocky topography could increase annual 
recharge by as much as 100 mm/yr.  Overall, expanded natural cover is expected to mostly 
offset the impacts of OP build-out on total recharge over the watershed (reduces the decline to 
1%).  However, the changes are close to the predictive accuracy of the model and are not 
considered conclusive.  

Recharge 

 
 

The predicted decreases in Oak Ridges Aquifer water levels from OP build-out with expanded 
natural cover are shown on Figure 4.3-16.  In comparison with Figure 4.3- 9, the effects are 
slightly less than would be predicted without expanded natural cover, but are close to the limits 
of predictive accuracy of the model and observed annual fluctuations in aquifer water levels.  
The local areas in the East Humber subwatershed along King Road where aquifer water level 
declines in the order of 2 to 3 m were predicted in the conventional OP Build-out scenario 
become much smaller with expanded natural cover.  This reflects the benefits to the 
groundwater system of the significant quantity of additional natural cover that is targeted in the 
headwaters of the East Humber. 

Aquifer Levels 

 
 



 
Figure 4.3-15:  Increase in Recharge (mm/yr) – Official Plan Build-out with Expanded Natural Cover (Scenario 4) vs. 2002 
Conditions (Scenario 1) 



 
Figure 4.3-16:  Decrease in Oak Ridges Aquifer Water Level (masl) – Official Plan Build-out with Expanded Natural Cover vs. 
2002 Conditions (Scenario 1) 
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In the OP Build-out with Expanded Natural Cover scenario (Scenario 4), increased natural 
cover associated with implementation of the target terrestrial natural heritage system is 
predicted to have a slightly positive effect on aquifer water levels and groundwater discharge, 
relative to Scenario 2 modelled conditions.  The predicted distribution of reductions in 
groundwater discharge under the OP Build-out with Expanded Natural Cover scenario 
(Scenario 4) are illustrated on Figure 4.3-17.  While the distribution of decreases in 
groundwater discharge does not differ greatly from that predicted for the conventional OP 
Build-out scenario (Figure 4.3-11), cumulative benefits of expanded natural cover are 
detectable at the tributary scale of analysis.  Table 4.3-8 summarizes the predicted effects on 
mean annual groundwater discharge at the outlets of the 24 secondary subwatershed units 
and Figures 4.3-18 and 4.3-19 illustrate these results in watershed map format.   

Groundwater Discharge 

 

Table 4.3-8:  Effect of OP Build-out with Expanded Natural Cover (Scenario 4) on 
Groundwater Discharge at Secondary Subwatershed Outlets 

Secondary 
Subwatershed Name 

Subwshd. 
Number 

Modelled Groundwater 
Discharge (L/s) 

Change in Modelled 
Groundwater Discharge 

S1 S2 S4 S2 - S1 S4 - S2 S4 - S1 
Main - Upper 1 955.2 950.6 959.6 0% 1% 0% 
Main – Palgrave to Bolton 2 1658.9 1639.1 1670.2 -1% 2% 1% 
Centreville Creek 3 373.7 367.5 377.0 -2% 3% 1% 
Cold Creek 4 249.8 234.8 255.1 -6% 9% 2% 
Main – Bolton to 
Woodbridge 

5 2177.5 2134.2 2190.1 -2% 3% 1% 

Rainbow Creek 6 52.5 42.5 42.9 -19% 1% -18% 
West – West Branch 7 186.2 172.1 176.8 -8% 3% -5% 
West – Main Branch 8 197.2 181.3 189.1 -8% 4% -4% 
West – East Branch 9 30.9 19.6 20.0 -37% 2% -35% 
West – Lower Branch 10 470.7 422.1 436.3 -10% 3% -7% 
Albion Creek 11 7.5 7.4 7.5 -1% 1% 0% 
East – Upper Branch 12 213.0 195.7 209.7 -8% 7% -2% 
King Creek 13 55.6 47.4 51.6 -15% 9% -7% 
East – Nobleton to 
Kleinburg 

14 392.3 361.4 379.6 -8% 5% -3% 

Purpleville Creek 15 74.6 69.1 72.6 -7% 5% -3% 
East – Kleinburg to 
Woodbridge 

16 556.2 517.5 539.6 -7% 4% -3% 

Black Creek 17 63.7 63.8 62.7 0% -2% -2% 
Lower – Woodbridge to 
Rexdale 

18 2821.2 2729.0 2806.2 -3% 3% -1% 

Emery Creek 19 0.7 0.7 0.7 0% 0% 0% 
Lower – Rexdale to 
Weston 

20 3367.9 3235.0 3319.7 -4% 3% -1% 

Berry Creek 21 1.0 1.0 0.9 0% -10% -10% 
Humber Creek 22 0.2 0.2 0.2 0% 0% 0% 
Silver Creek 23 3447.0 3305.9 3394.9 -4% 3% -2% 
Lower – Lambton to Mouth 24 3588.7 3447.7 3535.0 -4% 3% -1% 



 
Figure 4.3-17:  Decrease in Groundwater Discharge (L/s) – Official Plan Build-out with Expanded Natural Cover (Scenario 4) 
vs. 2002 Conditions (Scenario 1) 

 



 

Figure  4.3-18:  Cumulative Change in Groundwater Discharge – Approved Official Plan Build-out with Expanded Natural Cover (Scenario 
4) vs. Approved Official Plan Build-out (Scenario 2) 



 

Figure 4.3-19:  Cumulative Change in Groundwater Discharge – Approved Official Plan Build-out with Expanded Natural Cover (Scenario 
4) vs. 2002 Conditions (Scenario 1) 
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At the mouth of the Humber River (subwatershed 24) it is predicted that the cumulative benefit 
of increased natural cover would mostly offset decreases in groundwater discharge from build-
out of approved municipal official plans.  Likewise, predicted reductions in the main branch of 
the West Humber, King Creek and Purpleville Creek would be significantly reduced.  This is 
because these tributaries receive groundwater discharge from the Oak Ridges Aquifer Complex 
(ORAC) which is fed by recharge areas in the headwaters of the Main and East Humber where 
major increases in natural cover are targeted, which would reduce surface runoff, increase 
recharge and help to maintain aquifer water levels.  However, the magnitude of change 
predicted by the model in this scenario is close to the limit of predictive accuracy and results 
are not considered conclusive.   
 
Significant decreases in groundwater discharge are still anticipated in the east branch of the 
West Humber and Rainbow Creek because the target terrestrial natural heritage system calls 
for increases in natural cover primarily in the headwaters of the Main and East Humber and not 
in the subwatersheds where the majority of urban growth is planned.  Reductions to 
groundwater discharge in these subwatersheds are predicted to be largely unchanged with 
expanded natural cover.  This is because very little additional natural cover is targeted in these 
drainage areas.  Due to the extensive areas planned for new urban settlements, restoring 
natural cover in upstream areas would not significantly offset impacts on groundwater recharge 
and discharge from increased impervious surface cover.  To mitigate these impacts, 
stormwater infiltration practices designed to function on the low permeability clay soils that 
occur in these areas (i.e., subsurface practices) should be included in stormwater management 
strategies for new developments. 
 
In Berry Creek (subwatershed 21) and Black Creek subwatershed (subwatershed 17), it is 
predicted that groundwater discharge rates would decrease slightly with implementation of the 
target terrestrial natural heritage system (see Table 4.3-8 and Figure 4.3-19).  This is because 
many existing patches of natural cover in these areas are so small and isolated from other 
patches, that their contribution to natural heritage system function is considered insignificant.  
Also, because these subwatersheds are fully developed, very few opportunities remain to 
restore natural cover.  Therefore, some very small, isolated natural cover patches present in 
2002 were not included in the targeted system in these areas.  In Scenario 4, it was assumed 
that these small natural areas would be developed with land use type and percent impervious 
cover assumptions corresponding with the surrounding land use. 
 
Groundwater discharge in Cold Creek (subwatershed 4) is predicted to increase by 2%, relative 
to 2002 modelled conditions with expanded natural cover, thereby not only offsetting the 
predicted decrease with build-out of approved official plans, but resulting in a net benefit.  This 
is because the target terrestrial natural heritage system calls for a major increase in natural 
cover in the headwaters of Cold Creek, in areas that have high recharge capacity.   
 
One benefit to baseflow which is not reflected in the scenario modelling results is the effect of 
expanded natural cover on baseflow index (BFI), or the proportion of total annual flow that is 
groundwater discharge.  Enhanced natural cover not only increases recharge, but also 
increases evapotranspiration, which collectively reduces surface runoff.  This would increase 
the baseflow index (BFI), as groundwater discharge would comprise a greater proportion of 
flow relative to surface runoff.  This shift in the ratio of baseflow to total flow has the potential to 
reduce average stream flow temperatures which could have benefits to sensitive aquatic 
species.  
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As discussed above, groundwater quality was not modeled.  However, because plants and 
trees uptake minerals and some contaminants from the shallow groundwater, it is expected 
that increasing natural cover will ultimately increase overall groundwater quality. 

Groundwater Quality 

 
 
4.3.7 Effects of Sustainable Communities 
 
Although this scenario was not specifically modelled for the Humber River watershed, numeric 
modelling was completed for a similar scenario in the Rouge River watershed to the east 
(TRCA, 2008c).  Based on the findings from the Rouge watershed planning study it can be 
concluded that maintenance or restoration of recharge through incorporation of stormwater 
infiltration practices in new and existing developments could substantially mitigate the effects 
on recharge, aquifer water levels and groundwater discharge,, and even improve upon existing 
conditions in some areas.  Therefore, further study and promotion of these technologies is 
warranted. 
 
 
4.3.8 Effects of Climate Change 
 
Although climate change was not specifically modelled for the Humber River watershed, 
numeric modelling was completed for two different climate change scenarios (Hadley -UK, and 
the Canadian Global Circulation Model 2 -CGCM2) in the Rouge River watershed to the east 
(TRCA, 2008c).  The Rouge watershed planning study concluded that the increase in 
precipitation expected to occur in southern Ontario as a result of climate change could result in 
significant increases in recharge, aquifer levels, and groundwater recharge, despite increased 
evapotranspiration resulting from higher air temperatures.  
 
The potential effects of climate change on the groundwater system are more dramatic under 
the Hadley (UK) model 2080 predicted climate, which has a greater increase in precipitation 
and a different seasonal distribution of temperature and precipitation changes than the CGCM2 
model 2080 prediction.  This suggests that the effects of climate change will be strongly 
dependent on the manner in which climate change is manifested in the Toronto area.  In many 
areas, the modelling suggests that this could potentially offset the negative effects of 
development.  However, there is considerable uncertainty in current climate modelling science 
as evidenced by the different predictions of the Hadley and CCGM models, and it is not 
possible to predict or model changes to the short-term distribution of rainfall, which plays a 
large part in determining the fate of the increased precipitation.  As a result, the climate change 
modelling results should be interpreted only to mean that climate change may potentially have 
significant effects on the groundwater system, but whose magnitude and direction cannot 
confidently be predicted with current knowledge. 
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4.3.9 Summary and Conclusions 
 
Using a combination of the PRMS algorithm for computing changes to surface water balance 
and providing recharge input for simulation of the groundwater regime in MODFLOW, TRCA’s 
consultants were able to model the effects of land use change and watershed management 
practices on the hydrogeologic system of the Humber River watershed.  The modelling 
provided insight into the connections between recharge, aquifer levels and groundwater 
discharge, showed probable spatial patterns of change throughout the watershed, and 
identified the areas most critical or sensitive to change.  As in all modelling exercises the output 
cannot be considered an exact prediction of future conditions due to model sensitivity and 
necessary simplifying assumptions.  However, the results are consistent with the literature, 
professional judgment and hydrogeologic theory and are considered to provide a useful and 
realistic depiction of the magnitude, scale, and distribution of changes that would occur as a 
result of the various land use and management changes considered in the watershed plan. 
 
Ongoing conventional development of the watershed, as contemplated in Scenarios 2 and 5, 
will result in lower recharge, aquifer levels, and groundwater discharge.  As noted in Section 
4.1, when combined with changes to the surface flow regime this will decrease the proportion 
of total watercourse flows comprised of groundwater discharge and will increase the proportion 
made up of stormwater runoff, which could have negative impacts on water quality and 
temperature.  Widespread impacts on groundwater withdrawals are not expected due to the 
presence of few municipal wells in areas where significant reductions in aquifer water levels are 
predicted.  However, lower aquifer water levels predicted in the East Humber around King 
Road with conventional full build-out could affect private domestic water supplies outside of 
urban areas that are derived from shallow wells and warrant further study.   
 
Reductions in groundwater discharge are predicted to be most intense in the upper reaches of 
the West Humber subwatershed, Rainbow Creek and King Creek in terms of greatest 
reductions relative to existing conditions.  If reductions to groundwater recharge and discharge 
predicted to occur in conventional development scenarios are not mitigated, some reaches of 
these subwatersheds may become dry for longer periods and the number of reaches exhibiting 
intermittent flow may increase.  To mitigate these potential impacts, new urban settlements 
should incorporate stormwater infiltration practices designed to function on the low 
permeability clay soils that occur in these areas (e.g., subsurface practices like permeable 
pavement, soakaways, infiltration trenches and chambers, and perforated pipe storm sewer 
systems).   
 
Modelling of the implementation of the target terrestrial natural heritage system for the Humber 
River watershed does not show significant direct improvements to the hydrogeologic system as 
compared to OP build-out without it.  This is a reasonable outcome given the incomplete 
knowledge of the effect of natural cover on recharge. However, there are significant hydrologic 
and ecological benefits from reforestation, as discussed in Sections 4.1, 4.4 and 4.5. 
 
 
4.3.10 Management Considerations 
 
Based on the outcomes of the groundwater modeling and technical analysis, the results of 
which are presented above, the following management recommendations are made: 
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• The effects of urbanization in the Humber River watershed on the groundwater system 
are muted because most of the development is projected to occur in areas with below 
average recharge. 

 
• The utilization of stormwater infiltration practices to maintain groundwater recharge in 

new developed areas, or to restore it in existing developments, should be investigated 
and promoted.  While the performance of such practices is to some degree uncertain, 
they represent the only means available to mitigate the current and future effects of 
development on the groundwater system.  

 
• Groundwater effects should not be a determining factor in prioritization for 

implementation of the target terrestrial natural heritage system for the watershed.  There 
is insufficient evidence to suggest that there will be either positive or negative 
outcomes.  However, the state of the science should be monitored to determine if 
conclusive evidence is found applicable to conditions such as those of the Humber 
River watershed. 

 
• Because of the uncertainty of future forecasting with respect to groundwater flow and 

climate change, monitoring of groundwater levels and stream baseflow is required to 
assess the impacts.  Such monitoring programs can inform adaptive management 
strategies.  
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SECTION  

4.4 

AQUATIC SYSTEM 

 
 
4.4 AQUATIC SYSTEM 
 
4.4.1 Key Indicators 
 
The aquatic system objectives, indicators and targets for the Humber River watershed are 
summarized in Table 4.4-1: Aquatic System Objectives, Indicators and Targets.  Of these 
indicators, the one that was used to describe the predicted changes in aquatic system 
conditions in response to future land use and management scenarios was: 
 

• Fish Community 
 

As explained in Section 4.4.2.2, although the modelling tool used in this study is capable of 
predicting effects of landscape alteration on benthic invertebrates and habitat variables, the 
results are currently only applicable at a regional scale, not the watershed scale.  Field 
observations of the other indicators were used to help define the existing aquatic ecosystem 
conditions as, detailed in the Humber River State of the Watershed Report – Aquatic System 
(TRCA, 2008).  This information together with information on the surface water flow, terrestrial 
and groundwater systems provided a basis from which future landscape conditions could be 
assessed and interpreted. 
 

Table 4.4-1: Aquatic System Objectives, Indicators and Targets 

OBJECTIVES INDICATORS TARGETS 

Aquatic Ecological Integrity 
Protect, restore and 
enhance the health 
and diversity of native 
aquatic habitats 
communities and 
species. 
 
 

Fish Community Maintain or restore target fish communities, as 
specified in the draft Humber River Fisheries 
Management Plan (OMNR and TRCA, 2005), 
and Humber River Watershed Plan. 
All RWMP sites upstream of urban development 
rated as “good” based on Index of Biotic 
Integrity (IBI) scores 
 
RWMP sites in urban areas should maintain or 
improve over baseline conditions  

Benthic 
Invertebrates 

Minimum of 70% of RWMP sites rated as “fair” 
or “good” based on benthic invertebrate 
indices. 

Invasive and 
Exotic Species 

Prevent the introduction of any invasive or 
exotic species. 
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Table 4.4-2: Aquatic System Objectives, Indicators and Targets (continued) 

Aquatic Habitat 

Protect, restore and 
enhance the health 
and diversity of native 
aquatic habitats 
communities and 
species. 
 

In-stream 
Barriers 

Only strategic in-stream barriers remain; barriers 
removed/mitigated in a priority sequence as identified in 
the draft Humber River Fisheries Management Plan 
(OMNR and TRCA, 2005). 

Quantity of 
Wetland Cover 

Increase wetland cover to 10% of total watershed area  

Portion of 
Riparian Areas 
With Natural 
Cover  

Greater than 75% of riparian areas with natural cover 
(60% forest or successional; 15% meadow or wetland) 

Human Resource Use 

Provide for sustainable 
fishing opportunities 
and the safe 
consumption of fish 

Consumption of 
Sport Fish 

Restrictions on sport fish consumption have not increased 
from 1999 levels. 

 
 
4.4.2 Aquatic System Analysis Methods 
 
The aquatic system is an ultimate integrator of all physical and chemical conditions around it, 
and therefore a more complex approach had to be applied in the analysis of the current system 
and the potential effects of future land use and management scenarios than in other study 
components.  First, multiple watershed attributes were examined to determine the existing 
aquatic ecosystem condition and develop a proposed management framework against which 
ecological changes could be judged.  Second, an innovative predictive tool was employed to 
assess how landscape changes would affect the aquatic ecosystem.  Finally, the results of 
scenario analysis for other components of the watershed ecosystem, described in earlier 
chapters of this report, were reviewed with regard to their implications on the aquatic system.  
Sections 4.4.2.1 – 4.4.2.3 describe these three steps in more detail. 
 
 
4.4.2.1 Data Sources and Management Framework 
 
A variety of watershed attributes were characterized and considered in the development of a 
management framework.  Information and approaches are discussed in the following sections: 

• Current and historical fisheries data sets for the watershed 
• Fisheries management zone (FMZ) 
• Target fish species 
• Index of Biotic Integrity (IBI) 
• Benthic Invertebrate Aggregate Assessment (BAA) 
• Thermal Regimes 
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Current & Historical Fisheries Data Sets for the Watershed 

Fisheries data for the watershed consists of two different types. The first type is largely 
historical survey data that supports our understanding of species presence/absence over time, 
and relative species distribution both spatially and temporally across the watershed. The 
second type of fisheries data encompasses both detailed biological as well as detailed habitat 
information, which allows for repeatability in subsequent years to assess trends over time. This 
second data set consists of more recently collected data, including the following years (1999, 
2000, 2001, and 2004). 
 
The fisheries data used in this analysis consisted of all of the information that was available 
from the Ontario Ministry of Natural Resources (OMNR) offices as of December 2000.  This 
information includes consultant, non-profit and agency records. All of the records that were 
obtained from OMNR were checked, corrected and entered into an electronic database, which 
can be displayed visually. In all, over 400 stations and more than 1000 individual surveys have 
been entered into the database. The total number of individual surveys within the database 
includes multiple years ranging from 1953 - 2004, and spanning decades at some individual 
locations. This dataset has allowed for enhanced resolution and interpretation of the condition 
of the aquatic ecosystem from previous work conducted in the Humber River watershed. 
 
Most of the analysis utilized fisheries information collected as part of the regular Regional 
Watershed Monitoring Program (RWMP).  The analysis was augmented with additional survey 
data collected in 2000 and 2004 as part of the Humber River Watershed Fisheries Management 
Plan. This field data established a baseline from which available model results and predicted 
future conditions could be interpreted. The field data consisted of a variety of information 
including: fish, benthic invertebrates, thermal conditions, and in-stream barrier information 
collected at specified locations. The primary datasets are as follows: 
 

- TRCA Humber River Fisheries surveys from 2001 and 2004 
- Benthic invertebrate data TRCA Regional Watershed Monitoring Program (RWMP) 

stations (annually from 2001-2004) 
- Existing in-stream barrier information (1999). 
- Thermal information for watercourses included Ontario Stream Assessment Protocol 

(OSAP) point measurements from 2000, and continuous temperature logger data from 
2001, 2004 and 2005 temperature surveys. 

 
The fisheries, temperature and habitat data that TRCA collects and utilizes, follows a 
standardized protocol as developed by Ontario Ministry of Natural Resources in the Ontario 
Stream Assessment Protocol, Version 7 (OSAP; Stanfield, 2005). As such all data are collected 
in a standardized manner and are directly comparable to each other at a site level for similar 
habitat types and will allow for change over time to be observed. 
 

 
Fisheries Management Zones 

Individual watercourses can be biologically or physically unique in nature, or can be influenced 
by various anthropogenic factors, some of which may be poorly understood.  Therefore, our 
understanding of individual watercourses may be incomplete or misinterpreted. Site level 
impacts can also influence our understanding of how a local system operates, particularly 
when monitoring sites are influenced directly by local discharges or impacts. It is important to 
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examine conditions at a larger scale that considers the functional boundaries of the aquatic 
ecosystem which go beyond the site level, to one that exhibits similar characteristics and 
biological responses and minimizes influences by site level impacts.  These aquatic ecosystem 
boundaries are defined as Fisheries Management Zones (FMZ). 
 
For scenario modelling and analysis purposes, the goal was to understand the cumulative 
impacts of landscape alteration on the downstream aquatic ecosystem. As such, fisheries 
management zones were utilized in the analysis process, and informed the management 
recommendations. Fisheries Management Zones are defined as geographic areas that have 
relatively homogeneous hydrogeological characteristics and ecological functions, and support 
a characteristic fish community (see Figure 4.4-1: Humber River Fisheries Management Zones). 
These fisheries management zones were developed using an overlay exercise that primarily 
used the following six layers of information: 
 

• Thermal map layers – developed from temperature information collected in 2000, 2001 
and 2004 using methods outlined in the OSAP protocol. 

• Geology map layer – Geological Survey of Canada 1:50 000 layer and surficial geology 
layers from the York-Peel-Durham-Toronto (YPDT) Groundwater Study. 

• Fish community— the most recent OSAP field sampling data available, including 
fisheries information collected in the 2000, 2001, and 2004 field surveys. 

• Predictive model - The Landscape and Stream Assessment Tool (LSAT) developed by 
OMNR (described further in section 4.4.2.2); modelling results help with the 
interpretation of trends through time associated with landscape alteration. From this 
model three components were used: 

• stream temperature – the predicted stream temperature under existing 
conditions. 

• pre-settlement conditions (hindcasted condition) – a historic aquatic condition 
prior to European colonization of the area. 

• fish community – the expectation that a given community type would be found in 
specific watershed locations.  These communities were described as being 
impaired, moderately impaired or unimpaired. 

 
Fisheries management zone boundaries were initially defined through the use of physical 
landscape attributes such as geology and water temperature. The management zones were 
then compared to the existing fisheries database, which contains the best available fisheries 
sampling data, to check if they represented distinct fish communities.  The fisheries data in 
most locations lined up exactly with the defined fisheries management zones. The landscape 
changes within each fisheries management zone predicted for each scenario could then be 
extrapolated to the whole fisheries management zone from a site level or reach level result. 
From this examination, specific management options could be developed for each 
management zone to deal with the expected stressors on the aquatic ecosystem as a result of 
current conditions or future development scenarios.  



Figure 4.4-1: Humber River Fisheries Management Zones 
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Target Fish Species 

The term “indicator species” refers to a species whose habitat needs reflect the present 
condition of the watercourse in which they are found.  As management efforts work to improve 
a given habitat condition, “target species” are selected as the species to reflect the desired 
condition.  In some cases, for example when the management objective would be to maintain 
current conditions, the indicator species may be the same as the target species.  Target 
species were selected to represent fish that are indicators of ecological change within the 
watershed. Management measures and activities should not only ensure the conservation of 
target species themselves, but should also manage the landscape variables that influence 
aquatic ecosystem functions, which work to support the target species.  Additionally other 
species belonging to the same ecosystem, associated with, or dependent on the target species 
should not be negatively impacted by management decisions. 
 
The methodology for defining the target species selected for the Humber River Fisheries 
Management Plan (OMNR and TRCA, 2005) and watershed plan began with reviewing the 
historic list of species that have been captured and documented in the Humber River.  An initial 
screening method was used to examine environmental sensitivities that were common 
amongst all species. Literature on each species was examined, and common physical 
attributes or environmental sensitivities were complied into a spreadsheet. The spreadsheet 
was used to help determine if the particular species would be susceptible to aquatic ecosystem 
change and therefore make them a candidate target species. It was decided that the following 
criteria would be examined. 
 

• Length – Larger fish are better to hold their position in-stream under high stream flows, 
and have a lower body mass to surface ratio and may be less susceptible to 
contaminants and pollution. Although it is acknowledged that larger fish of some 
individual species may be more impacted by thermal instability than smaller individuals, 
it was felt that major impacts that occur in the aquatic system relate to changes in 
overall stream flow regime. Three ranges were selected for the examination, 200 mm or 
less, 200-400 mm, and over 400mm in size. The smallest size range was deemed to be 
the group at a higher risk from potential impacts and the largest fish species were 
deemed to suffer fewer impacts. 

 
• Parental Care – Fish that guard the eggs have a lower incidence of predation, and are 

less likely to feel impacts from siltation, as a parent is there to take care of the eggs. The 
examination again focused on 3 categories, guarders, non-guarders and guarders that 
are reliant on macrophytes.  Guarders were deemed to be the least sensitive to 
potential ecological impacts, while non-guarders were deemed the most sensitive. 
Those that are guarders, but which are reliant on macrophytes (Phytophils) for habitat 
were felt to fall between the other two groups. The rationale behind categorizing 
guarders that utilize macrophytes, was the fact that this group of fish would be more 
impacted to increased flow velocities and siltation than typical guarding species. 
Aquatic macrophytes growth and reproduction would be compromised by increases in 
flow velocities, changes in duration and timing of flow and increases in siltation to 
watercourses. These fish require the presence of macrophytes to reproduce; however, 
do not contribute to the macrophytes persistence in the watercourse.  As such these 
species are at an increased risk from changing ecosystem conditions than are guarding 
species. 
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• Hatching Time – The longer that eggs lay in the stream the more at risk they are to 
impacts by external factors. The various documented hatching times for each species 
were examined. If a maximum and a minimum were documented then the average of 
the two was taken. The averaged lengths of time were grouped into the 3 categories. 
These groupings were 200 hours or less, greater than 200 hours, and greater than 400 
hours. Hatching times that fell into the first category (<201 hours) were deemed to be at 
least risk from potential impact, while those eggs that laid in the stream for the longest 
time period (>400 hours) were deemed to be at the highest risk from potential impacts. 

 
• Co-dependence - If a species is reliant on another fish species for its life cycle 

requirements, it was deemed to be at higher risk of impact to changes in the aquatic 
ecosystem. As such, species were examined to determine co-dependence, and were 
categorized as being either co-dependent or non co-dependent. 

 
• Status – Species that have status with either the Committee on the Status of 

Endangered Wildlife in Canada (COSEWIC) or the Committee on the Status of Species 
At Risk in Ontario (COSSARO) were deemed to be at higher risk from ecosystem 
changes. As the above noted listing processes specifically examine species in relation 
to their ability to persist into the future, we considered their listing as rationale for 
focused management. Species that have status with the above noted committees were 
categorized as being at higher risk from ecosystem change, and those, which did not, 
were deemed less at risk. 

 
• Upper Lethal Temperature for Adult Fish – This temperature range was examined for all 

species and was selected because it is an absolute value that can be empirically 
assessed. Fish species are known to have thermal tolerances, preferences and critical 
limits. This measure also allows for targeted management; where water temperatures 
can be examined in relation to the levels at which known impacts occur to specific 
species. Species that had the lowest tolerance to warm temperatures were categorized 
as being the most sensitive to thermal impacts. Fish species that require temperatures 
<19˚C were categorized as most sensitive, while those in the highest temperature 
range category (>25˚C) were deemed the least sensitive. 

 
• Upper Lethal Temperature for Eggs - This temperature range was examined for all 

species and was selected because it is an absolute value that can be empirically 
assessed. Fish eggs are known to have thermal tolerances, and critical limits. This 
measure also allows for targeted management; where water temperatures can be 
examined in relation to the levels at which known impacts occur to specific species. 
Species that had the lowest tolerance to warm temperatures were categorized as being 
the most sensitive to thermal impacts. Fish species that require temperatures <19˚C 
were categorized as most sensitive, while those in the highest temperature range 
category (>25˚C) were deemed the least sensitive. 

 
The results produced several potential target fish species for each fisheries management zone. 
The list was examined, and species were either selected or removed using expert opinion and 
further biological and behavioural understanding of each individual species. From the 
examination it was felt that the key target species against which impacts should be examined 
were brook trout (well understood sensitivities and utilizes the full extent of coldwater habitat), 
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redside dace (provincial and federally listed as a Species at Risk) and rainbow darter (sensitive 
benthic species that occurs in the lower reaches of watershed). It should be understood that by 
focusing on managing for habitat conditions that support these key species, the other target 
species are also being “cared for”. Inclusion of the other target species will achieve other 
desired objectives: 
 

1. to promote biodiversity; 
2. to protect species that have specific sensitivities to changes in the aquatic ecosystem; 

and 
3. to specifically address cumulative downstream impacts of landscape change. 
 

Target species selected represent ones with ecological sensitivities and/or habitat 
specializations. Both the physical parameters of the watercourse and the physical habitat 
present in the watercourse need to be specifically addressed in order to maintain the long-term 
survival of individual populations. For example redside dace and brook trout, are both primarily 
pool dwelling fish species and are good ecological indicators of cool and cold water habitats. 
Changes to water temperature (a physical parameter) or channel morphology that reduce pool 
habitats will negatively impact the species. Additionally, wetland species (e.g. central 
mudminnow) are impacted by changes that increase stream flow velocity.  High stream flow 
velocities scour stream beds and cause aquatic macrophytes to break and become dislodged, 
reducing the available habitat for fish species that are dependant on macrophytes for 
components of their life cycle. These species are also impacted by increased sediment loads in 
streams, where wetland margins can become smothered. Sediment loads as low as 0.25 cm 
thick have a significant effect on reducing the germination of many wetland plant species 
(Maynard and Wilcox, 1996) and thus have related target species impacts. 
 
Because not all target species occupy the watershed uniformly, they can be used to help 
identify specific areas where landscape-scale or other changes will be of concern.  Concerns 
may be in terms of physical parameters and habitat quantity and type. Depending on the 
location of the activity and the target species present, actions can be identified that would 
minimize the predicted impacts of a given landscape activity.  
 
For the purpose of this report species specific discussions will pertain primarily to the following 
key target species. 
 
Brook Trout 
Brook trout (Salvelinus fontinalis) have no specific legislative protection beyond the federal 
Fisheries Act. Their significance in terms of the watershed plan analysis and future monitoring 
is as an ecological indicator. As indicated in the groundwater section, brook trout are linked to 
the groundwater discharge areas in the watershed. Impacts that have already occurred in the 
watershed have squeezed the remaining brook trout populations into isolated and fragmented 
headwater habitats. Brook trout are currently only found in FMZ 1, 2 and the extreme 
headwaters of FMZ 4 and 9. As such they represent habitat quality in the upper most 
watersheds. The species also has known ecological sensitivities, which include sensitivities to 
turbidity, changes in groundwater discharge, hydrologic instability, and thermal preferences 
and critical limits. Brook trout presence/absence is also strongly correlated to landscape 
change and quantity of natural cover in the landscape. 
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Redside Dace 
Redside dace (Clinostomus elongatus) are currently a provincially threatened species and 
federally listed as a species of special concern. The species is scheduled for review under 
Species at Risk Act (SARA) legislation in the spring of 2007. Due to the relatively wide 
distribution and high localized abundances of this species within the Humber River watershed 
there are uncertainties around the impacts to current recommendations should this species 
receive greater protection under the SARA legislation. Recommendations in this planning study 
have been made with the understanding of the species’ current legal status, as the outcome for 
the Spring 2007 review is unknown. Through the target species selection process we know that 
this particular species has ecological sensitivities, which include sensitivities to turbidity, 
hydrologic instability, riparian zone alteration and thermal preferences and critical limits. 
Additionally the species is spatially limited to the middle and lower upper portions of the West 
Humber, middle and lower portions of Purpleville Creek, the East Humber subwatershed, and a 
small portion of the Upper Humber within the middle of Fisheries Management Zone 1 (FMZ 1). 
A large portion of the habitat occupied by this species will represent habitat conditions in the 
portion of the watershed that will be urbanized during the Full Build out in Scenario 6. 
 
Rainbow Darter 
Rainbow darter (Etheostoma caeruleum) although not provincially significant, are locally 
significant, as this species has already disappeared from four of the most urbanized 
watersheds in the TRCA’s jurisdiction. Within the Humber River watershed the species 
occupies a wide spatial distribution, from the very bottom to the lower most portions of the 
upper watershed. However, the species abundance is highest in the mid and lower portions of 
the watershed. The species has noted sensitivity to chemical pollution in watercourses and is 
very likely impacted both by changes to flow regime and increased levels of siltation. These fish 
are typically a warm water species and are less reliant on groundwater discharge than the 
other two species. However, with this species population distribution being centred lower in the 
watershed than the other key target species it is anticipated that the cumulative impacts from 
upstream development will impact this population in advance of the other key target species. 
 
Rainbow darter was not ranked in the top three categories for target species in initial screening. 
Rainbow darter fell just short of making the initial potential target species list, with the defined 
criteria selected. The species was recommended for addition to the target species list based on 
literature that notes that this species has sensitivity to poor water quality and chemical 
pollution, and the current distribution of the species in the watershed. These were factors that 
were not specifically addressed in the ranking process. One study lists the species as being 
highly sensitive to urbanization, ranking 4th

 

 on the sensitive species list behind the three 
different trout species (Wichert, 1995). Additionally preliminary aquatic modelling results 
suggest the watershed is near a point at which changes to habitat quality may eliminate the 
species from the system. The species was therefore included in the target species list to allow 
for species specific monitoring and targeted management. This species has disappeared from 
sampling records in nearby watersheds such as the Etobicoke Creek, Mimico Creek, Highland 
Creek and most recently in the Don River in the mid 1980’s. Rainbow darters are anticipated to 
provide an early warning for degradation of aquatic ecological integrity in the lower reaches of 
the watershed.  
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Index of Biotic Integrity (IBI) 

In general the composition of a fish community within a consistent habitat type or in some 
cases, the presence of individual fish species, is widely accepted as an indicator of the health 
of the aquatic ecosystem (Steedman, 1987).  As such the Index of Biotic Integrity (IBI) is a 
system of evaluating aquatic ecosystem health. The IBI is a measure of fish community 
associations that is used to identify the general health of the broader stream ecosystem.  It was 
first developed to assess small to moderate sized warmwater rivers in the United States (Karr, 
1981).  Steedman (1987) adapted this method for streams in southern Ontario.  He used ten 
measures of fish community composition to determine an IBI on a scale from ten (poor) to 50 
(very good) grouped into four general categories: species richness, local indicator species, 
trophic composition and fish abundance (see below).  A detailed explanation of these indices 
can be found in Steedman (1987). 
 
Two modifications of Steedman's work were necessary for the calculation of IBI.  The 
presence/absence of blackspot (a parasite of fish) was eliminated from the IBI because the 
presence of blackspot does not necessarily reflect unhealthy conditions. The second 
modification relates to the presence/absence of brook trout, which Steedman (1987) assumed 
should be present at all stations.  While brook trout were more widespread historically, they 
were not found in all streams and their absence does not necessarily reflect unhealthy 
conditions.  Based on this, the brook trout sub-indices were only calculated for stations that are 
considered to be, or potentially are coldwater habitats.  IBI scores for stations located on 
warmwater streams were calculated based on eight rather than nine sub-indices and were then 
transformed for direct comparison with scores from coldwater streams. The modified IBI scores 
range from a low of nine to a high of 45, with four ranges designated to reflect stream quality: 
poor; fair; good; and very good. IBI scores have been calculated for all of the fish surveys 
conducted by TRCA in 2000, 2003 and 2005 for the Humber River watershed. The nine sub-
indices that form the Index of Biotic Integrity are as follows: 

Species Richness 
• Number of native species 
• Number of darter and/or sculpin species 
• Number of sunfish and/or trout species 
• Number of sucker and/or catfish species 

Local Indicator Species 
• Presence or absence of brook trout (coldwater stations only) 
• Percent of sample as Rhinichthys species 

Trophic Composition 
• Percent of sample as omnivorous species 
• Percent of sample as piscivorous species 

Fish Abundance 
• Catch per minute of sampling 

 
The number of sampling events and locations within the Humber River watershed allow for a 
good understanding of current conditions and of aquatic ecosystem health. The large majority 
of sampling events that occur outside of the urban boundary reflect a healthy stream condition 
as scored by the IBI (see Figure 4.4-2: Humber River Watershed IBI Scores). As with all indices 
and metrics, there is some level of interpretation required in the analysis. However, the trend 
seems to clearly reflect that within the urban boundary IBI scores reflect “fair” or “poor” 
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conditions of stream quality. It is assumed that without significant changes to standard 
development practices this trend shall continue as the watershed urbanizes. There is no 
evidence that would run contrary to this assumption that has been identified to date. 
 

 
Benthic Aggregate Assessment 

Benthic invertebrates can be used to detect environmental change and to understand the 
ecological conditions of the various watercourses in the watershed. The 38 TRCA Regional 
Watershed Monitoring Program (RWMP) stations for which there are benthic invertebrate data 
were examined to help determine the current ecological condition of the watercourses. Benthic 
invertebrate monitoring was conducted at each RWMP site once during the summer months 
(June to September) over the three-year period. Samples were collected using a traveling kick 
and sweep-transect method (Stanfield, 2003). This method maximizes reproducibility between 
years and provides a more complete community assessment as sampling is conducted in all 
stream microhabitats (e.g. riffles, pools, glides).   Sampling for invertebrates is performed by 
kicking up the bottom sediment and catching the dislodged invertebrates in a net for 
identification.  Like fish, benthic invertebrates have an index associated with them to reflect 
habitat condition. 
 
A benthic aggregate assessment (BAA) was used to make informed decisions about water 
quality and aquatic habitat conditions at the specific RWMP monitoring sites. Benthic 
aggregate scores were only examined for the years that were available 2001-2003. The BAA 
uses ten indices (Table 4.4-2:  Indices used in TRCA Benthic Aggregate Assessment with 
Condition/Criteria and Literature Source(s), 2004), which are applied to the benthic invertebrate 
data, as one alone can sometimes be misleading.  Each index has a formula whose value 
indicates either “unimpaired”, “possibly impaired” or “impaired” stream condition.   If five or 
more of the ten indices were calculated to be either “potentially impaired” or “impaired”, the 
site condition is reported as "potentially impaired".  Alternatively, if four or fewer indices were 
shown to be “potentially impaired” or “impaired”, the site is declared "unimpaired" for that 
sampling event.   Using multiple variables in the analysis reduces the chance that a site may be 
incorrectly portrayed as “unimpaired” or “potentially impaired. 
 
Benthic invertebrates can be represented by the total number of different species, as well, as a 
simple measure of species richness.  In addition, the benthic community can be examined for 
particular species that are sensitive to changes in physical attributes of their environment. This 
allows for further detailed interpretation about the health of the aquatic ecosystem 
 



Figure 4.4-2: Humber River Watershed IBI Scores 
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Table 4.4-2:  Indices used in TRCA Benthic Aggregate Assessment with Condition/Criteria 
and Literature Source(s), 2004 

Index Impaired 
Potentially 
Impaired 

Unimpaired Source(s) 

% Worm > 30 10 to 30 < 10 Griffiths (1998), David et al. 
(1998) 

% Midge > 40 10 to 40 < 10 Griffiths (1998) 
% Sowbug > 5 1 to 5 < 1 in part from Griffiths (1998) 
Number of 
Groups 

<13  >13 David et al. (1998) 

Diversity <1 1 to 3 >3 Wilm and Dorris (1968)  
% 
Dominant 
Group 

>45 40 to 45 <40 David et al. (1998), Barbour et al. 
(1999) 

% EPT <5 5 to 10 > 10 David et al. (1998), Kilgour (2000) 
% Diptera < 15 or 

> 50 
15 to 20, or  
45 to 50 

20 to 45 David et al. (1998) 

% Insects < 40 or  
> 90 

40 to 50, or 
80 to 90 

50 to 80 David et al. (1998) 

Hilsenhoff 
Biotic Index 

>7 6 to 7 <6 Kilgour (1998) 

 
More specifically, the individual indices were examined to determine if the existing 
understanding of how the aquatic system was functioning was being represented by the 
benthic invertebrate community. The use of the benthic invertebrate data is greatly enhanced 
when identification is carried out to their lowest practical taxonomic level (i.e. genus/species). 
There is often great variability in species sensitivities to impacts that are not detected or 
misdiagnosed at higher taxonomic levels. The species level of data was used in this specific 
analysis process. By examining individual site species lists combined with knowledge of the 
species habitat and water quality preferences, it is possible to make a more informed 
evaluation of impacts and possible sources (Golder Associates, 2002).  For instance, in this 
analysis the species level of detail is particularly important because of the presence of invasive 
species, which have the ability to shape their ecosystem, and potentially impact how the 
aquatic ecosystem functions.  Invasive invertebrate species are generally not identified in 
higher level taxonomy, and our understanding of how the system operates is diminished as a 
result. Of particular interest are the potential impacts to the structure and function of native fish 
and aquatic communities and the target species within each fisheries management zone.  
 

 
Other Benthic Indicators 

Crayfish 
The importance of species identification is broadened to include other benthic dwelling 
organisms such as rusty crayfish (Orconectes rusticus), an invasive species identified in 
Humber River aquatic surveys.   Although the crayfish do not appear to directly impact water 
quality, they have been noted to remove aquatic vegetation in ponds and wetlands (of 
particular concern in the West Humber habitats), which in some circumstances may alter the 
sediment trapping and removal capacity of these ecosystems.  The presence of this crayfish 
species is expected to negatively impact the aquatic ecosystem, influencing fish and benthic 
invertebrate populations, aquatic plants and overall nutrient cycling.  The rusty crayfish will 
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likely impact the fish communities in the areas in which they have been introduced by affecting 
those species, which use similar habitat types.  This understanding is important because in 
some cases “degraded” aquatic ecosystem conditions may result from biotic interactions as 
opposed to physical changes to the landscape. This analysis helps to determine what is likely 
causing changes observed in the aquatic ecosystem. 
 
For example rainbow darters (a key target species) will likely be one of the first fish impacted 
by the introduction of this crayfish species, as they will have to directly compete for similar 
habitat type. Additionally, species such as central mudminnow that lay their eggs on aquatic 
vegetation, or sunfish species which use aquatic macrophytes for feeding and habitat could be 
affected in a negative manner. This additional biological stressor in combination with other 
anthropogenic stressors needs to be considered when examining the existing or predicted 
responses of the aquatic ecosystem to landscape change. 
 
Mussels 
The specific life history requirements of benthic invertebrate species can be utilized to better 
understand aquatic system health and influences of the landscape. For instance, freshwater 
mussels are filter feeders that feed primarily on algae and E. coli., two substances that people 
often work to remove from the water column to improve water quality. They are particularly 
sensitive to chemical and nutrient discharges (i.e. pesticides, copper and potassium) and 
where they are present water quality is generally very good (Imlay, 1973 and Jacobson et. al. 
1997). Additionally mussels are largely sedentary and cannot move very far during the course 
of their life. Mussels are therefore very sensitive to changes in hydrologic conditions and suffer 
from the effects of both erosion and siltation as beds can be scoured out, or smothered by as 
little as .5 cm of sediment). This analysis specifically examined known mussel species 
distributions to help gauge the health and quality of stream reaches. 
 
Additionally the presence of freshwater mussels provide indirect information about the fisheries 
community as they depend on a single host fish or a range of host fish species to complete 
their life cycle.  So where mussels are found it is important to maintain an ecosystem condition 
that supports not only the mussel itself, but its host fish species also, which may have very 
different sensitivities. Consideration for the life history and ecological response of both fish and 
interconnected mussel populations have been examined and elktoe (Alasmidonta marginata), a 
species reflective of high quality riffle habitat, was considered in particular. 
 
More traditional invertebrate analysis has also been conducted at a species level of detail for 
site specific locations. For instance, a particular species of caddisfly (Glossosoma) was 
examined to help understand site level conditions and habitat type at specific RWMP sites, and 
how this may change through the various scenarios. Glossosoma is a species of caddisfly that 
occupies high gradient coldwater steams with enclosed riparian canopies. When compared to 
the available model results for the scenarios we can make predictions about how these site 
level conditions may change and how the resulting aquatic communities may respond. 
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Thermal Regimes 

Using continuous measurements of stream temperature at monitoring stations established in 
2003, 2004 and 2005, thermal regimes were defined for a limited number of watercourses in the 
Humber River watershed.  The various watercourses were examined using two different 
analytical methods. 
 
Temperature data loggers were set up at 30 aquatic monitoring stations in the 2003 
temperature survey, at 29 aquatic monitoring sites in the 2004, and at 9 in 2005. These data 
loggers recorded temperature over the course of the summer continuously at 15 minute 
intervals. Additional stream temperature information was examined from the 2000 temperature 
survey; however this information was point in time measurements and is more limited in terms 
of use. 
 
To help classify streams beyond maximum, minimum and average temperatures over the 
course of the survey period, the method outlined in the Ontario Stream Assessment Protocol 
(Stanfield, 2005) was used to calculate the thermal stability of each aquatic monitoring station.  
The temperature of the stream is logged for the warmest months of the summer for the period 
between July 1st and September 10th

 

.  The temperatures selected for thermal analysis were 
based on the following points: 

• taken after 12:00 pm and as close as possible to 4:00 - 5:00 p.m; 
• taken between July 1st and September 10th

• taken on days when maximum daily air temperature exceeds 24.5
; 

o

• during a heat wave (> two days) and no rainfall to affect baseflow 
C; and 

 

The stream temperatures are then compared to the maximum air temperature recorded on a 
data logger that has been set up within the watershed.  The calculation for thermal stability is 
determined through a formula in the “habprogs” database that relates the air temperature to 
the water temperature that occurs at the site under the above noted conditions. The OSAP 
method of assessing thermal stability relates air temperature to water temperature, however 
further temperature analysis was conducted to provide more detail about the thermal 
conditions of the various watercourses. 

 
The second method used was the thermal habitat classification analysis (Werhly et. al, 2003). 
This method establishes thermal stability and thermal habitat based on the fluctuation in every 
temperature point logged for the first three weeks in July. The result is a thermal stability rating 
of either: stable, moderately stable or extremely unstable and a thermal habitat rating of either: 
cold, cool or warm. By using more of the data, typically over 2000 data points, as compared to 
the OSAP method (one stream temperature, one air temperature measurement) it was felt that 
the results from the thermal habitat classification analysis were more representative of the 
actual stream conditions. Additionally it was felt that the thermal habitat classification analysis 
more specifically addresses the level of groundwater input into the system. 
 
All of the above information was summarized and each watercourse was classified into one of 
three categories: cold, cool or warm. These streams were then examined against the scenarios 
to predict which fisheries management zones would be the most impacted from landscape 
change. As landscape development takes place the general documented trend and concern is 
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for the warming of water. Those streams that were classified as cool or coldwater were deemed 
most sensitive to the impacts from landscape change. However, in sections of the watershed 
that are warm water there are still concerns for the extreme temperatures that may be seen 
more often into the future unless trends are stabilized and eventually reversed. 
 
Through this examination we are able to identify cold or cool water streams that have extreme 
or moderate instability, which suggests that they have lower overall contributions from 
groundwater sources.  Cold and cool watercourses that exhibit this thermal instability are likely 
more sensitive to impacts from landscape alteration, and as such require more focused 
attention from a management perspective. These particular watercourses are more susceptible 
to a thermal shift to a warmer water temperature regime. These potential shifts place the cold 
and cool water biota existing within them at higher risk of extirpation from those ecosystems. 
As we already know that cold and cool water aquatic habitat are more sensitive habitats, the 
thermal instability measure provides a gauge for how sensitive an individual watercourse may 
be when compared to one another. This process allows for a level of prioritization to occur, and 
allows for more focused management to occur on watercourses that may have higher 
ecological sensitivities. 
 
 
4.4.2.2 Predictive Modelling Methods 
 
There were two predictive modelling methods that were employed for this planning exercise. 
The first method used a computer based statistical model, the Landscape and Stream 
Assesssment Tool (LSAT) that has been developed by OMNR in Arcview 8.3 (Stanfield and 
Irvine-Alger, 2006).  The LSAT is intended to provide a means for resource managers to obtain 
information about the landscape, riparian and proximal conditions influencing a stream and to 
evaluate the predicted biological and physical properties of a network of streams and the 
potential change in these conditions under varying land cover\land use scenarios. The tool can 
model changes to watercourses given changes to landscape conditions.  Fifteen different 
parameters can be predicted using LSAT. From these only the following seven were examined: 
Standardized Temperature; Width to Depth Ratio; Mean Stream Width; Fish Cannonical 
Correspondance Analysis (CCA) 1 Axis; Hilsenhoff Index; Brook Trout Density; and Rainbow 
Trout Density. Of these seven parameters only Fish CCA1 Axis was used for scenario analysis 
(See Aquatic Ecosystem Modelling – Landscape and Stream Assessment Tool). 
 
The second method was knowledge based, drawing on our understanding of current 
conditions and the fisheries management zone framework discussed previously (see Section 
4.4.2.1) to examine biotic communities and their life history requirements, and the aquatic 
habitat features and related ecological processes that generated these habitat conditions. 
From the surface water and groundwater modelling results, professional judgments were made 
regarding the degree of change observed in these systems in response to the scenarios.  
These judgements were used to predict changes and ecological response of both aquatic 
habitats and biotic communities.  As the available aquatic system model is driven by broad 
landscape scale changes, it was felt that additional professional judgment regarding aquatic 
ecosystem response would provide more detailed interpretations at smaller scales. 
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Aquatic Ecosystem Modelling – Landscape and Stream Assessment Tool (LSAT) 

This application was developed through a partnership between the Aquatic Research and 
Development and the South Region (IM) and Spatial Analysis Unit of the Ministry of Natural 
Resources, and partners within the Lake Ontario Modelling Team (LOMT), including the 
Toronto Region Conservation Authority.  The spatial tool evolved from a collaborative effort in 
the Lake Ontario eco-region to develop regionally based models of the relationship between 
stream condition and landscape and is described in Stanfield and Kilgour (2005) and Stanfield, 
Gibson and Borwick (2005). The models contained within the LSAT tool are still in the early 
stages of development and are under constant refinement as newer data becomes available 
and the identified relationships are strengthened. 
 
The scale of research undertaken by LOMT is regional, which encompasses the whole north 
shore of Lake Ontario. As such, the LSAT results that are generated and the relationships upon 
which they were determined are based at this regional scale level of detail. The interpretation 
from this model data must be examined with this in mind. The use of the application at the 
watershed level of detail can be used to develop broad scale relationships between land cover 
type and resulting aquatic ecosystem conditions. For instance, a certain level of urban 
development within the watershed can be used to predict the shift in the aquatic ecosystem to 
a certain ecological state that will support a general community type. The model does not 
predict exact species relationships or abundances. The LSAT “tool” has not been refined to 
accurately portray all the existing conditions within the Humber River watershed. The “tool” is 
based on known broad scale physical understanding of the landscape and has not been 
designed to incorporate the many local anthropogenic influences exerted on the aquatic 
ecosystem (e.g. instream barriers or groundwater augmentation). In some cases local 
watershed aquatic conditions may be different than the condition predicted in the model. In 
these cases the management framework and professional judgement will be relied upon. 
 
The approach used in this modelling initiative enables the user to hindcast and forecast aquatic 
ecosystem conditions that are predicted to be present under different land cover scenarios. 
Users can hindcast to a predevelopment condition before European settlement to compare 
with existing conditions. For example the presettlement condition was examined, and brook 
trout were predicted to have used habitat throughout the watershed from headwaters almost 
down to the lake. When compared to current conditions the model finds that brook trout are 
very restricted to the upper most headwater habitats. The model is also able to examine future 
predicted landscape conditions. In this case the defined Scenarios 1, 2, 4, 5, and 6 for the 
watershed plan were examined (see Section 4.4.3). 
 
Note that the sensitivity of the model to change is based on landscape conditions and is 
reflected in varying slopes and confidence limits (in this case two standard deviations). The 
Fish CCA1 Axis model does not consider the effect of biological interactions (i.e. competition 
between species), adjacent land uses or riparian vegetation/valley condition. We know that 
these biological interactions and adjacent landscape conditions are important to stream 
condition and therefore must remind users that these modelling tools are only appropriate for 
planning purposes (Stanfield and Irvine-Alger, 2006). For these reasons it is also important to 
apply the management framework in order to understand the results presented, and to gain a 
more accurate picture of future aquatic ecosystem conditions. 
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LSAT Model Output and Interpretation 

This tool has been used to assess the relative change that is anticipated to occur within the 
aquatic ecosystem in response to the defined scenarios. The results were used to identify 
potential areas of concern and areas for which further examination of landscape and related 
ecological conditions were required. The model helps to develop an understanding of how 
landscape alteration within the watershed is anticipated to influence the aquatic community. 
 
The results produced from LSAT are derived from a canonical correspondence analysis (CCA), 
which was used to illustrate how fish assemblages varied with landscape attributes. Canonical 
correspondence analysis is an extension of correspondence analysis (CA), except that the 
ordination of the response (e.g., fish or benthos assemblage) is constrained to a set of 
predictor variables (e.g., landscape features). As with CA, CCA was conducted separately for 
fish and for benthos. The method is commonly used in ecological studies of this nature and 
has been used to demonstrate fish–landscape relationships. Bi-plots of taxa and environmental 
variable scores indicate general associations between taxa and environmental conditions. 
(Stanfield and Kilgour, 2005). The results used are displayed as integers along the CCA1 axis 
line. Fish communities have been associated with specific integer values as illustrated in 
(Figure 4.4-3: Fisheries CCA Axis 1 Results by Species Taken from Standfield, 2005.). 
 
Adequately scaled LSAT outputs could only be produced for the finned fish community within 
this study. Although LSAT can produce model results for both benthic invertebrates and habitat 
features of watercourses, these results are currently only applicable at the regional rather than 
watershed scale. Although the following discussion describes Fish CCA1 Axis outputs (for 
finned fish), the management recommendations process ultimately included evaluation and 
interpretation of other biological (benthic invertebrates: insects and mussels) and physical 
(thermal regime, flows, groundwater and surface water regimes) components of the aquatic 
ecosystem. However, for benthic invertebrates an appropriate scale for such an assessment is 
not the subcatchment or watershed,rather as an integral piece in understanding the instream 
dynamics at the site or reach level. 
 
Thirty three selected watershed locations were run through the LSAT tool for Scenarios 1, 2, 4, 
5, 6 to obtain Fish CCA1 integer values that could be related to a specific type of fish 
community for each upstream drainage area. These values were mapped and changes in the 
predicted fish communities were observed through the different scenario runs. Higher negative 
values are presented on the left side of the graph in (Figure 4.4-3: Fisheries CCA Axis 1 Results 
by Species Taken from Standfield, 2005.) and represent an increasing trend towards coldwater 
habitat dominated by coldwater fish communities. The higher positive values on the right side 
of the graph in (Figure 4.4-3: Fisheries CCA Axis 1 Results by Species Taken from Standfield, 
2005.) represent an increasingly warm water community. At either extreme end of the scale 
there is an expectation that overall aquatic species diversity will be low. 
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Figure 4.4-3: Fisheries CCA Axis 1 Results by Species Taken from Standfield, 2005. 

 
The values presented for each point have to be examined in relation to a physical habitat unit 
(fisheries management zone) in which they are situated, and are listed below.  The fisheries 
management zones in which a coldwater fish community is desirable are improved if 
represented by higher negative values that result from CCA1 scores. These higher negative 
values are only expected in areas of coldwater habitat. Negative values would not be 
anticipated in the lower sections of the Main Humber or West Humber within warmwater 
habitat, nor would that be considered as an appropriate fish community. In general terms the 
CCA1 integer scores represent the cumulative result of the landscape condition on the aquatic 
ecosystem for the entire upstream area. 
 
FMZ 1 Upper Reaches Humber – Coldwater Habitat 
FMZ 2 East Cold Creek - Coldwater Habitat 
FMZ 3 Upper East Humber - Coldwater Habitat 
FMZ 4 Purpleville Creek - Coldwater Habitat 
FMZ 5 Middle Humber – Coldwater Habitat 
FMZ 6 Rainbow Creek - Warmwater Habitat 
FMZ 7 West Humber - Warmwater Habitat 
FMZ 8 Upper West Humber - Warmwater Habitat 
FMZ 9 Campbell’s Cross/Kilmanaugh Creek - Coldwater Habitat 
FMZ 10 Lower Humber - Warmwater Habitat 
FMZ 11 Black Creek – Warmwater Habitat 
FMZ 12 Humber Marshes – Warmwater Habitat 
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The community types referred to above are management classifications, and actually reflect a 
range of habitat types that range from warm, through cool to truly coldwater habitat. The river 
continuum concept states that “from headwaters to mouth, the physical variables within a river 
system present a continuous gradient of physical conditions. This gradient should elicit a series 
of responses within the constituent populations resulting in a continuum of biotic adjustments 
and consistent patterns of loading, transport, utilization, and storage of organic matter along 
the length of a river” (Vannote et al., 1980). In the management zones defined as coldwater 
habitat there is an expectation of transition between cold, cool and warm as the river flows 
downstream. The aquatic habitat condition and aquatic communities become more reflective of 
coldwater communities as one travels north into the headwater habitats. Nevertheless, in the 
modelling exercise the expectation for these zones is that the CCA1 integer should become a 
higher negative value in order to support better quality of habitat. 
 
With fisheries management zones defined as warm water, there is an expectation that the water 
remains within the warm water habitat category. However, at the most downstream point within 
each of these catchments we would anticipate that there would be a high mid range value in 
order to support the maximum number of warm water species. As one travels up through each 
of the warm water categories there is an expectation that the habitat would transition into a cool 
water habitat, where it would eventually abut against the upstream coldwater habitat. 
 
In all cases, better quality habitat within each fisheries management zone would be 
represented by a shift towards the left on the graph illustrated by Figure 4.4-3: Fisheries CCA 
Axis 1 Results by Species Taken from Standfield, 2005.. However, it is important to note that 
this maps the transition of fish communities that are appropriately supported under thermal 
regimes and habitat conditions present in a natural system.  As mentioned earlier, the left and 
right edges of the graph represent habitat conditions that would support a low diversity of 
species (cold on the left, warm on the right). In headwater habitat we see coldwater 
ecosystems that generally reflect low nutrient streams reliant on allochthonous (external) 
sources of nutrient and detrital loads entering the stream.  As such, headwater streams are 
naturally low productivity systems and maintain a low diversity of species. This condition differs 
from lower reaches of the watershed where warm water habitats have much higher instream 
productivity and support very diverse aquatic communities. However, there is also a point (a 
potential threshold) at which the habitat conditions associated with the extreme end of the 
warm water communities are only able to support a few warm water species within a riverine 
ecosystem. The results presented at the ends of CCA1axis have been interpreted to mean that 
there is a degree of habitat specialization at both ends of the aquatic community (cold and 
warm). Conditions of the aquatic system are such that there are only a limited number of 
species specialized enough to take advantage of these habitat conditions. Within the coldwater 
habitat the specialists are very sensitive to ecological change, while in the warmwater habitat, 
specialization occurs by generalist species that are the most tolerant to widely varying 
ecological conditions. 
 
Under the paradigm of a “natural system”, this shift maps the type of fish community 
associated with a thermal regime and associated habitat. 
 
In order to have a desired aquatic ecosystem that represents existing conditions and includes a 
diverse range of species, we need to examine the aquatic community as a whole. In order to 
provide for this diverse aquatic ecosystem condition, the watershed requires habitat that will 
support both generalist and specialist species. As such, portions of low diversity habitat in both 
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cold and warm water habitat are acceptable. However, in terms of management, because the 
aquatic system naturally has coldwater low productivity communities it is felt that this condition 
is an unimpaired desirable condition within the specified management zones. Additionally 
because the historic range of coldwater habitat in the watershed was much greater than there 
is presently, there is a focused effort to preserve the remaining habitat, and ultimately expand 
its range. Warmwater habitat has also always been present in the watershed however the range 
of this habitat has expanded. The expanded warmwater habitat range is considered to be an 
anthropocentric condition imposed by landscape change.  The extreme nature of the habitat 
portrayed on the right hand side of Figure 4.4-3: Fisheries CCA Axis 1 Results by Species 
Taken from Standfield, 2005. is considered to be undesirable, as the few species that can 
tolerate and take advantage of this habitat condition do not require it for their ultimate survival. 
All of the species that can be found in this habitat can also be found in less extreme habitat 
conditions. The reverse cannot be said for coldwater species. 
 
 
4.4.2.3 Integrated Analysis of Other Technical Disciplines 
 
It is essential to stress that fish are part of a larger and very complex community that must be 
managed comprehensively. Fisheries management cannot occur strictly at the end of pipe and 
instream. Water flows through the entire landscape before it reaches the streams and rivers, 
and therefore aquatic life is influenced by the broader landscape through which that water has 
flowed. Landscape form (i.e. the mix of natural and urban land cover) drives aquatic ecosystem 
function.  
 
As such, the results from scenario analysis for other components of the watershed ecosystem, 
described in earlier sections of this chapter were reviewed with regard to their implications for 
the aquatic system.  These components included surface flow and channel morphology, 
groundwater discharge, baseflow and water quality.  Such detailed information for these 
systems is not often available to fisheries biologists during the preparation of management 
plans so this study represents a unique opportunity to undertake a more informed, integrated 
analysis of current and potential future watershed conditions that may affect aquatic 
management decisions. The combined results of the integrated analysis are presented in 
section 4.4.6 of this document. 
 
 
4.4.3 Baseline Conditions 
 
The Humber River State of the Watershed Report – Aquatic System (TRCA, 2008) contains a 
detailed discussion of the current conditions that exist in the watershed today. While there are 
areas (especially headwaters) in the watershed that continue to support healthy populations of 
coldwater species such as brook trout, there has been a general trend towards the conversion 
of habitats to warmwater types as the watershed has shifted from forest to agriculture and 
urban dominated landscapes. For example, there are records of species such as green sunfish 
in headwater areas (a warm water fish that appears in cold water habitat). Additionally records 
show an increasingly warmwater/generalist, lacustrine-type fish community in the middle 
reaches of the watershed. The aquatic objectives for the watershed call for maintenance of 
existing conditions with recovery of past conditions if possible. With this as a base, we consider 
aquatic habitat degradation as any change in habitat structure or function that moves away 
from that objective. So, degradation includes not only the conversion of historic coldwater to 



Humber River Watershed Scenario Modelling and Analysis Report 

4.4-22 

warmer habitats but also cooling of historic or existing warmwater habitats. It should also be 
noted that degradation encompasses the metrics of diversity and relative abundance of 
species present in the watershed. 
 
Brook Trout (Headwater reaches, coldwater habitats) 
Currently there appears to be minimal direct impacts on brook trout habitat from the existing 
conditions scenario. The large majority of development activities have taken place in areas 
outside brook trout habitat. The species currently has a restricted range in portions of the 
watershed mainly in FMZ 1, 2, 4 and 9, with the best and most intact habitats in FMZ 1.  Within 
these habitats it is felt that the current impacts to the species are primarily caused by the 
fragmentation of habitat through instream barriers (dams and weirs), which limit access to 
suitable habitat and spawning areas and impact local genetics. The installation of these 
structures has also altered suitable habitat through sedimentation, which has impacted 
spawning substrates, and thermal warming, which makes habitat unsuitable for various life 
stages. 
 
Redside Dace (Middle reaches, coolwater habitats) 
This species appears to have experienced some marginal or complete declines in those areas 
that have already experienced urban development under existing conditions. However, the 
large majority of the current population is found outside of the existing conditions urban 
boundary, and where they are present they can occur in relatively high numbers. The species 
has been extirpated from FMZ 11 (Black Creek). For the most part redside dace occupy habitat 
below the Oak Ridges Moraine (ORM) in Fisheries Management Zones 9, a small portion of 8, 
7, 5, and 4. The only known populations of the species that occur on the ORM, occur within a 
tiny portion of FMZ 1 and a small portion of FMZ 3. However, population numbers for the 
species and their actual status within the watershed have not yet been firmly established. It is 
likely that the species has experienced some decline within FMZ 7. Ongoing decline of the 
species is thought to be a result of the fragmentation of habitat through instream barriers 
(dams and weirs), which limit access to suitable habitat and spawning areas. The installation of 
these structures has also altered suitable habitat through sedimentation, which has impacted 
spawning substrates, and thermal warming, which makes habitat unsuitable for various life 
stages. Additionally the species habitat has likely been impacted by landscape change 
resulting in an altered hydrologic regime, and increased levels of turbidity. The portions of the 
watershed where the largest current population exists, tends to be more continuous with much 
less fragmentation. Redside dace habitat also appears to coincide with areas of shallow depth 
to groundwater and reaches receiving groundwater discharge. This ecological linkage may 
help to buffer these communities against increased watercourse temperature and flow 
instability and the effects of higher turbidity. 
 
Rainbow darter (Middle and lower reaches) 
This species has a broad distribution within the watershed and occupies major portions of FMZ 
1, 3, 4, 5, 7 and 10 and has been identified in the lower most portions of FMZ 6, 8 and 9 but 
does not occupy a significant amount of habitat. FMZ 11 (Black Creek) is the only area where 
the species has been extirpated. The species does not appear to have experienced major 
range contraction (except for FMZ 11).  However they are much more common and occur in 
higher abundance within the middle to lower reaches of the watershed in the warmwater 
habitat. Upper reaches of the watershed are typically cool and cold water habitat, which is less 
suitable for the species. Under existing conditions there appear to be a healthy population 
within the watershed, however the species has likely experienced some negative influences 
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from high water temperatures in the lower portion of FMZ 7 and 10 as well as impacts related to 
changes in flow regime, chemical pollution, high turbidity and sedimentation. 
 
 
4.4.4 Effects of Conventional Urban Development  
 

 
Effect of Official Plan Build out (Scenario 2)  

Surface water quantity analysis (Section 4.1) suggests that streams in the watershed are likely 
to respond to Official Plan build-out (Scenario 2) with increased annual flow volume from 
increased surface runoff. Literature documents that the most immediate response of 
watercourses to increased quantities of surface runoff is an enlargement of the channel cross-
section, either through widening or deepening, or both.  Hammer (1972) and Roberts (1989) 
found that channel cross-sectional area in urbanized watersheds can be up to 6 times greater 
than that of rural streams.  During this process of expansion there is an increase in bank or bed 
erosion, which increases the sediment load to downstream areas (Center for Watershed 
Protection, 2003; Paul and Meyer, 2001).  These dramatic examples are from systems without 
stormwater management controls, but are felt to represent the processes which occur in the 
modeled scenarios, however to a lesser degree and on a longer time scale.  The basic life 
history of fish species that rely on wetland and pool habitats suggests that they are at greatest 
risk of impact in this case, because erosive forces under this scenario will work to eliminate 
much of their habitat. 
 
LSAT results suggest that streams may start to degrade relative to existing and historical 
conditions as natural and agricultural land cover is converted to urban land uses (Figure 4.4-4) 
Such degradation is likely to include increased stream temperatures, reduced groundwater 
discharge, increased surface flow volumes, frequency of high flows, siltation and reduced 
riparian habitats.   
 
Several FMZ are predicted to experience negative ecological responses to this scenario 
including: the western portion of FMZ 7 and the lower end of FMZ 9 with planned urban growth 
in Brampton and Bolton, the lower west portion of FMZ 1 with planned urban growth in 
Caledon East and Palgrave Estates, and the upper east portion of FMZ 3 with the planned 
urban growth in Richmond Hill, King City and Nobleton. Of these changes the ones of most 
concern are those in FMZ 7 and FMZ 3. These two zones are very similar in terms of physical 
habitat with both consisting of sinuous watercourses with portions consisting of significant 
wetland habitat and localized groundwater discharge areas that offer limited coldwater habitat. 
It is likely that the impacts predicted for watercourses in the western parts FMZ 7 and the upper 
east portions of FMZ 3 will be of significant concern because of the sensitive species and 
habitats which are found there. 
 



Figure 4.4-4: Scenario 1, 2, 4, 5 and 6 Predicted Fish Community Results  
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FMZ 4 is likely to experience similar shifts in the aquatic ecosystem condition under this 
scenario within the urbanizing area south of Teston Road. In addition to rainbow darter and 
redside dace, this zone is also characterized by the presence of brook trout, a coldwater 
species.  However, the LSAT model does not predict FMZ 4 to be cool or coldwater habitat 
under current conditions, whereas, based on field observations, it is known to be such.  This is 
likely due to the broad scale geologic information (i.e. surficial geology) used by the LSAT 
model.  The 3-D regional groundwater flow model (Viewlog/MODFLOW) was used to better 
inform our understanding of groundwater-surface water interactions in FMZ 4.  The regional 
groundwater flow model predicts that much of the cool and coldwater habitat in this catchment 
is supported by groundwater discharge supplied by recharge occurring on the porous soils of 
the Oak Ridges Moraine in the upper East Humber (i.e. outside of the catchment). The 
increases in flow volume and frequency of high flows predicted by the hydrologic model in this 
catchment with official plan build-out (Section 4.1.3) will likely significantly change the thermal 
regime of this watercourse.  Therefore, in FMZ 4 we anticipate seeing a shift in aquatic 
ecosystem conditions to a more tolerant warm water community with build-out of approved 
official plan land use schedules, even though this was not predicted by the LSAT model.  It is 
likely that declines in abundance and distribution of brook trout, redside dace and rainbow 
darter will occur, with potential for complete elimination of brook trout habitat in this zone. 
 
FMZ 1 is also predicted to experience negative impacts from landscape alteration, but not likely 
to a degree that would shift the zone to a new community state.  However, the urbanization 
occurring within this zone is located in very productive breeding habitat for brook trout.  
Landscape alterations from the build-out of approved official plan land use schedules may 
cause breeding success and local abundance of brook trout to decrease in areas downstream 
of urban development.  Such landscape changes in FMZ 1 are also of moderate concern for 
redside dace and rainbow darter. 
 
Both rainbow darter and redside dace are likely going to be impacted throughout FMZ 3 and 7 
where the cumulative effects of planned urban growth will be manifested.  Both species still 
occupy a limited quantity of habitat upstream of planned urban growth areas and as such, 
should remain minimally impacted in a small portion of their current range within the zones. 
However, this habitat is likely sub-optimal habitat for both target species.  The combination of 
hydrologic and channel morphology changes that are likely to result from official plan 
implementation strongly suggest that there is reasonable probability that fish habitats and 
therefore communities through much of FMZ 3 and 7 will shift to a warmer water fish 
community. This poses risks to the populations of redside dace and rainbow darter, as well as 
other native coolwater specialists.  
 

 
Effect of Full Build-out (Scenario 5) 

The LSAT model (Figure 4.4-4: Scenario 1, 2, 4, 5 and 6 Predicted Fish Community Results ) 
predicts continued degradation of fish habitats under the Full Build-out scenario with an 
expansion of the area that becomes significantly impacted. It is predicted that significantly 
more fish habitat is likely to shift toward warmer water communities and may not be capable of 
supporting cool water fish communities where they exist in FMZ 3 (lower portion) and FMZ 7. 
Additionally under this scenario a significant decline is predicted in aquatic ecosystem 
condition for FMZ 4, which would likely eliminate both the cold and cool water habitat that 
supports the target species brook trout and redside dace. These results appear to be 
supported by the groundwater and surface flow modeling results and from primary field data.  
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The predicted increases in flow volume, frequency of high flows and channel erosion would 
likely contribute to aquatic habitat degradation (CWP 2003; Paul and Meyer, 2001). The cold 
and cool water habitat would likely become warmer as, overland flow to watercourse (as runoff) 
absorbs heat from the land cover before entering the watercourse, resulting in altered fish 
habitat. The predicted increases in channel erosion will likely alter channel form putting aquatic 
species under an additional level of stress. 
 
The aquatic habitats that are likely to emerge under the Full Build-out scenario in FMZ 3, 4 and 
7 will be dominated by aquatic conditions that support tolerant warm water communities. 
However this may include a very small proportion of cool water refugia habitat that may remain 
for some species in the low order tributaries on the Oak Ridges Moraine within FMZ 3, and 
perhaps the western most tributary of FMZ 4.  However, model results generally indicate that 
there will likely be a complete loss of target species within the large majority of their habitat to 
the south of each modeling point in FMZ 4 and 7. Within FMZ 3 there is likely to be a gradation 
of impaired habitats starting with the most impaired in the upper reaches and improving slightly 
as one approaches the downstream end of the FMZ. Within this zone both rainbow darter and 
redside dace may find refugia habitats in more resilient portions of the watercourse, where 
localized groundwater discharges occur.  
 
All three of the target species are predicted to suffer major declines or potential localized 
extirpations in this scenario (rainbow darter, redside dace and brook trout). The downstream 
cumulative impacts from this scenario are anticipated to contribute to declines in species 
abundance of rainbow darters in zones affected by urban growth (FMZ 3, 4, 6, 7, 8 & 9) as well 
as within the main channel of the Humber River, specifically in FMZ 5 and 10. However, this 
scenario is not anticipated to eliminate the species from the lower reaches.  
 
Redside dace are anticipated to be severely reduced or extirpated from FMZ 7 however they 
may be able to persist in the West Humber within the mid to lower portion of FMZ 9. However, 
access to suitable habitat in the middle reaches of the zone may be an issue due to instream 
barriers. Within FMZ 4 redside dace will likely be eliminated but may be able to find some 
refugia habitat within the western edge of the zone. However, there would be a very limited 
amount of habitat in the western portion of the zone.  Within FMZ 3 it is likely that the species 
will be eliminated from the upper portion of the zone in the main channel, but may find refugia 
habitat within the low order tributaries of the zone and in some localized high groundwater 
discharge locations, which may provide limited but suitable habitat. However, downstream 
impacts from FMZ 4 will work to eliminate habitat for redside dace in the lowest portions of FMZ 
3, minimizing available habitat. The one zone where the species is anticipated to remain 
relatively unimpacted is FMZ 1, as no further urban develop is permitted upstream of their 
habitat. However, this population is likely very small and disconnected from other populations 
within the watershed, which in itself puts this population at risk of long term decline. 
 
The large majority of brook trout habitat is outside the urbanizing zone defined in this scenario.  
So brook trout populations should remain largely unimpacted. The exception will be the 
population occupying FMZ 4, which will be heavily impacted by the functional ecosystem 
changes anticipated with full build-out. It is anticipated that brook trout will be extirpated from 
FMZ 4 if this scenario were to be realized. Another population that should be watched carefully 
is in the headwaters of FMZ 9. Although largely protected by the Greenbelt Plan, additional 
development beyond approved official plans may occur in this zone in addition to development 
of infrastructure to service areas to the east and west.  
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4.4.5 Effects of End of Pipe Stormwater Retrofits 
 
LSAT results could not be generated for this scenario as the model only examines changes in 
land cover type, and this scenario did not involve changing land cover.  However, surface water 
modelling results showed a limited effect on flow regime moderation, reduction in erosion 
potential and treatment of potentially toxic contaminants (e.g. metals) afforded by the few SWM 
pond retrofits (see Section 4.1 and 4.2).  Based on an understanding of species life history and 
flow regime it is anticipated that this scenario will only marginally improve the aquatic 
ecosystem conditions from existing conditions, but cannot buffer the negative impacts of new 
development on the aquatic ecosystem. 
 
 
4.4.6 Effects of Expanded Natural Cover 
 
The results of LSAT calculations for the Expanded Natural Cover scenario (Scenario 4) suggest 
that implementation of expanded natural cover may maintain or improve baseline fish habitat 
and associated communities particularly in FMZ 1, 2 and 5. The greatest benefit to aquatic 
habitat is anticipated within the upper headwaters of FMZ 1 and the whole of FMZ 2. Within all 
of this headwater habitat there is predicted to be an improvement to habitat over the existing 
conditions. This is in part due to the limited amount of existing development, combined with the 
large increase in natural cover. Aquatic habitat conditions are also predicted to improve within 
the lower and western part of FMZ 3, the western portion of FMZ 4, and in the West Humber 
within the upper reaches of FMZ 9, but to a lesser degree. Additionally some small 
improvements in aquatic habitat are predicted within the main channel of Humber River in FMZ 
10 and in a small portion of FMZ 6. 
 
The amount of improvement predicted in this scenario in FMZ 1 and 2 will not likely shift the 
community type, but will likely increase the health of the fish populations present, and perhaps 
increase the abundance and range of coldwater species. The effect on target species would be 
an increase in the range and abundance of brook trout within FMZ 1 and 2. This range 
expansion of coldwater habitat will likely put the small redside dace population with FMZ 1 
under an increased level of stress, as coolwater habitat, the species preferred habitat condition, 
would be minimized. Within FMZ 5 the range of coldwater habitat would likely be extended 
south, as would the available coolwater habitat. Warmwater habitat within the zone would likely 
be minimized. The result may be a reduction in the overall abundance of the rainbow darter 
population and a constriction of their overall range.  
 
Habitat improvements are also predicted for the eastern and southern portion of FMZ 3 with 
expanded natural cover. This habitat improvement would not significantly alter the presence of 
rainbow darter within the zone, and may help stabilize the population by restoring a more 
natural flow regime. Redside dace habitat would likely be significantly enhanced with the 
restoration of a more natural flow regime and moderation of temperature regimes in the cool to 
coldwater habitat range. Although brook trout are not currently present in FMZ 3, the LSAT 
model suggests that with restoration of natural cover in targeted portions of the zone, it may 
become possible for the species to be reintroduced. 
 
In FMZ 4 there is a significant enhancement of habitat conditions for aquatic species in the 
western portion of the zone. The eastern portion of the zone will see a minor improvement in 
aquatic conditions. This scenario will help to stabilize the brook trout habitat in the eastern 
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portion of the zone (however the species is not anticipated to persist), while expanding and 
enhancing the existing redside dace habitat in the western portion of the zone. An expansion of 
redside dace habitat may occur to the north into what are now very marginal watercourses for 
the species, which currently have very low stream flows during summer months. It is likely that 
rainbow darter will benefit from the flow stabilization that should accompany the expansion of 
natural cover. 
 
Within FMZ 9 enhancement of the existing coldwater habitat is predicted with expanded natural 
cover through the stabilization of both flow regime and thermal regime. This may allow for 
range expansion of brook trout into the mid or lower portions of the zone. However, 
enhancement of coldwater conditions may further restrict both redside dace and rainbow darter 
habitat in the lower portion of the zone.  
 
Within FMZ 10 the benefits to the aquatic ecosystem appears to be largely related to the 
cumulative benefit of expanded natural cover in upstream drainage areas. Improved aquatic 
conditions are predicted in the upper reaches of main channel within the zone. This change 
would help to support local and upstream populations of rainbow darter as well as other 
aquatic species. The lower reaches of the Humber River are predicted to continue to exhibit 
degraded warmwater conditions. This is in large part due to the urbanized landscape of the 
City of Toronto and influence from the highly urbanized Black Creek subwatershed (FMZ 11) 
where opportunities for additional natural cover are very limited, and the model predicts no 
changes in aquatic habitat in the expanded natural cover scenario. 
 
The benefits predicted in the LSAT model are related to natural cover but the functional 
processes that would be improved through expanded natural cover are not defined by the 
model. It is assumed that a combination of ecological variables including increased infiltration 
of precipitation, reduced runoff, stream flow and channel erosion and increased shading by 
riparian vegetation resulting from expanded natural cover would contribute to improving 
aquatic habitats. 
 
 
4.4.7 Effects of Sustainable Communities 
 
With implementation of the Sustainable Community scenario (Scenario 6), benefits to the 
condition of aquatic ecosystems in the majority of the watershed are predicted with the 
exception of Rainbow Creek (FMZ 6) and Purpleville Creek (FMZ 4), where aquatic habitat 
conditions are predicted to degrade. Similar to the Expanded Natural Cover scenario (Scenario 
4), FMZ 1 and 2 are predicted to show the most improvement. All aquatic conditions for this 
scenario improve in a similar manner to Scenario 4, with the exception of the lower and upper 
eastern portion of FMZ 4, which declines in habitat quality, with the lower portion being slightly 
improved from existing conditions, and the upper portion degrading in habitat quality.  
 
Overall there was a predicted shift towards a slightly warmer water community habitat type 
from Scenario 4, due to major increases in urban land cover. An interpretation that can be 
drawn from these model results is that expanded natural cover alone is not enough to fully 
mitigate the predicted impacts of full build-out on aquatic habitat conditions. Unless natural 
cover is expanded to a greater magnitude than what was examined in this scenario, aquatic 
conditions at this scale will likely continue to degrade in some portions of the watershed unless 
additional technological solutions are employed (e.g. lot level/source controls for stormwater 
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management, reduced impervious cover, etc.). Although scenario 6 was designed to include 
such technologies, it was not possible to model the innovative stormwater controls, assumed 
to be implemented in this scenario, using the LSAT model. The LSAT results are influenced by 
the amount of urban and natural cover present in the scenario and not the implementation of 
the sustainable community technologies. Further analysis of the implications of surface flow 
results for this scenario on the aquatic system is in Section 4.4.9. 
 
 
4.4.8 Effects of Climate Change 
 
LSAT results could not be generated for the climate change scenarios as the model only 
examines changes in land cover type. As these scenarios did not involve changing land cover, 
no relationships could be established.  However, based on an understanding of species life 
history, temperature and flow regime, it is anticipated that climate change will cause an overall 
continued aquatic ecosystem decline in quality, quantity and function.  
 
Please see the surface flow, groundwater and water quality Sections (4.1-4.3) for details 
regarding climate change scenario analysis. 
 
 
4.4.9 Aquatic Evaluation of Findings from Other Technical Disciplines 
 
The aquatic modelling results described in Sections 4.4.3 to 4.4.7 generally quantify the type of 
shift that is predicted to occur in the aquatic community in response to landscape changes 
assumed in the scenarios. What the aquatic model does not do is identify the pathway of 
effects responsible for the shift. To this end an examination of the other model results was 
undertaken to help identify the landscape factors and ecological processes which explain the 
aquatic community response. The model results from surface flow, groundwater and water 
quality (Section 4.1 to 4.3) were examined in comparison to existing conditions. 
 

 
Surface Flow 

The surface flow analysis examined changes in erosion potential in various watercourses for 
the different scenarios. The erosion potential of watercourses within and downstream of urban 
areas was predicted to increase in both Scenario 2 (Official Plan Build-out), and 5 (Full Build-
out). The fisheries management zones that correspond with predicted significant increases in 
erosion potential include FMZ 4, 5, 6, 7, and the lower portion of 9. Most of these fisheries 
management zones support sensitive aquatic communities, especially FMZ 4, 7, and lower 
portion of 9, based on Figure 4.4-2: Humber River Watershed IBI Scores and an examination of 
the historical fisheries databases.  In FMZ 6, where the largest increases in erosion potential 
were predicted (99% increase in Scenario 2; 190% increase in Scenario 5), degraded aquatic 
communities are already being observed. Although impacts on aquatic habitat conditions in 
FMZ 6 are not of the highest concern (because habitats are already degraded), impacts on 
downstream aquatic habitat (FMZ 10) is of concern. Additionally the relationship between the 
surface flow alteration (as a response to landscape change and increased impervious cover) 
and aquatic community structure and function has been extensively documented in literature, 
as noted above. 
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The neighbouring urbanized watersheds of the Don River and Highland Creek also illustrate the 
impacts of altered surface flow on the aquatic ecosystem. Target species in these watersheds 
have disappeared from sampling events altogether and are now presumed extirpated. Of 
particular interest is the adjacent Don River watershed where rainbow darters were last 
sampled in the mid 1980’s and where redside dace have a small, highly fragmented 
population. 
 
Reaches with the largest predicted increase in erosion index are areas of concern for aquatic 
ecosystem and fisheries management. Of particular concern are FMZ 4, 5, and 7. The 
increases in erosion potential that are expected to follow urbanization will likely result in wider 
channels with less morphologic variability (i.e. shallower pools). Consequently low flows are 
generally expected to become wider and shallower. All of these conditions will work to 
minimize suitable habitat and fish food organisms, and lead to the loss of key target species.  
Although there is no method to quantify impacts to the aquatic ecosystem due to increases in 
channel erosion, the assumption is that a net decrease in erosion potential would benefit the 
aquatic ecosystem through more stable streambanks and reduced siltation and that minimizing 
increases in erosion potential downstream of urbanizing areas is desirable. The implementation 
of sustainable community design is predicted to significantly benefit the watershed in terms of 
helping to mitigate increases in erosion potential. It is therefore predicted that the Sustainable 
Community scenario (Scenario 6) would benefit aquatic habitat conditions over full build-out 
with conventional approaches to management (Scenario 5), where much higher increases in 
erosion potential were predicted. 
 
The climate change modelling results from the surface flow model suggest that the total annual 
flow in the watershed would decrease. This would likely result in less fish habitat during the 
summer months and increased stream temperatures. Although, the distribution of the 
precipitation events were not modelled, the expectation is that there will be more random storm 
events that occur at greater intensities. These conditions were taken into consideration when 
making recommendations in the watershed plan. 
 
Management efforts should continue to support a range of habitats from cold to warm. 
However, there is an expectation that if the models hold true, cold water and cool water species 
may be extirpated from the aquatic ecosystem in some areas. Under the climate change 
scenarios, in order to support a healthy aquatic ecosystem in the future, a diverse warm water 
community should become the focus for management in some portions of the watershed. In 
order to achieve this diverse warm water community in a changed climate, overall quantity and 
quality of water must be managed so that the distributions of flows are reflective of a natural 
system. It is desirable to minimize periods of extreme low flow during the summer months, and 
extreme high flow from spring and fall storm events. These events eliminate habitat in the 
summer and radically alter channel morphology in the spring and late fall.  Achieving the 
appropriate ecological dynamic could be done through a combination of technological 
solutions and the restoration of natural cover through implementation of the target terrestrial 
natural heritage system. 
 
From the predicted climate change scenarios, we have assumed that aquatic species that are 
dependent on cool and coldwater conditions will become more restricted in their range, or 
possibly disappear from the watershed all together. Therefore, maintaining a diverse and 
robust warm water community will help make the aquatic system resilient to change with more 
species available to fill the ecological niches left vacant by the potential loss of cool and 
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coldwater species. What is unclear is whether implementation of technological solutions and 
expanded natural cover will occur to an extent or rate that will allow for a diverse warm water 
community to be preserved into the future. 
 
Key Findings from the Surface Flow Analysis 
 
 The increases in erosion potential that are expected to follow urbanization will likely 

result in wider channels with less morphologic variability (i.e. shallower pools). 
Consequently low flows are generally expected to become wider and shallower. All of 
these conditions will work to minimize suitable habitat and fish food organisms, and 
lead to the loss of key target species; 

 
 The middle of the Humber River system (FMZ 5) has been identified as a “stronghold” 

for the warm water fish community. 
 

 
Groundwater 

Through the groundwater and subsequent fisheries community analysis, strong linkages 
between observations of sensitive fish communities and the spatial extent of modeled 
groundwater discharge locations. In many locations where the groundwater model predicts 
high rates of groundwater discharge to watercourses, both redside dace and brook trout 
populations have been observed. Although redside dace are understood to be less reliant on 
the direct influence of groundwater discharge for life history requirements, they are 
nevertheless observed in these high groundwater discharge areas. It is assumed that the 
benefit of groundwater to redside dace would occur through the stabilization of flow and the 
moderation of watercourse temperatures. A high groundwater table may help to support higher 
quality riparian habitat in terms of structure that may result from increased soil moisture, and 
stable flows that may allow for riparian habitat to develop closer to the stream edge. Both 
conditions greatly improve habitat conditions for redside dace. It is also assumed that many of 
these high groundwater discharge areas may offer the additional benefit of enhanced water 
clarity for this visually reliant species, which feeds on terrestrial flying insects during the late 
spring to early fall months of the year. The correlation between observed redside dace habitat 
and modeled groundwater discharge areas is strongest in FMZ 1, 3, 4 and 9. 
 
Brook trout are directly reliant on groundwater discharge through the streambed in order for 
successful spawning to occur. The species spawns directly over groundwater discharge areas 
within the watercourse in areas of clean gravel substrate. The species historic range was more 
extensive than their current distribution, as indicated by sampling data, and likely 
encompassed the large majority of the watershed historically (early 1900’s). Spawning activity 
likely occurred in a very limited portion of the upper watershed. Anecdotal evidence and 
descriptions of historic brook trout distributions in the watershed are supported by hindcasting 
of pre-settlement conditions using the LSAT (aquatic system) model. 
 
The current distribution of the remaining brook trout population is very restricted to low order 
tributaries in specific subwatersheds and watercourses (FMZ 1, 2, 4 and 9). FMZ 1 and 2 are 
currently the best available habitat for the species. The available spawning habitat in FMZ 4 
and 9 appears to be restricted to isolated reaches where pairs may be competing for actual 
spawning success. The remaining brook trout populations within FMZ 4 and 9 will therefore be 
greatly influenced by any changes to groundwater recharge and discharge functions that 
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contribute to existing habitats and would put the species at risk of extirpation from these 
catchments. 
 
Groundwater also acts to shape the thermal regime of the whole aquatic ecosystem (Wehrly et 
al., 2003) and supports habitat for non-target species such as freshwater mussels (Arbuckle 
and J. A. Downing, 2001) and coolwater bony fishes. The thermal habitat classification analysis 
(Wehrly et al, 2003) performed on available monitoring data has identified reaches where 
groundwater supply is critical to maintaining coldwater ecosystems, such as in the upper 
portions of FMZ 1, 2, 4 and 9. It also has identified reaches that are potentially on the verge of, 
or more sensitive to, shifting away from a coldwater system to a warmwater system. These 
thermally unstable watercourses should be priorities in the watershed plan for focused 
management actions. 
 
If unmitigated, decreases in recharge from the Official Plan Build-out (Scenario 2) are 
anticipated to cause significant changes in groundwater discharge in FMZ 6 (Rainbow Creek) 
and FMZ 7 (West Humber). The Full Build-out (Scenario 5) would result in further significant 
decreases in recharge and aquifer water levels in the middle reaches of the watershed as 
compared to the Official Plan Build-out Scenario.  As indicated in Section 4.3.4, if such 
reductions are not mitigated, some reaches of these subwatersheds may become dry for 
longer periods and the number of reaches exhibiting intermittent flow may increase.   
 
In the Expanded Natural Cover Scenario (Scenario 4), increased natural cover associated with 
implementation of the target terrestrial natural heritage system is predicted to have a slightly 
positive effect on aquifer water levels and groundwater discharge, relative to Scenario 2 
modelled conditions.  Predicted decreases in the main branch of the West Humber, King Creek 
and Purpleville Creek (FMZ 4) would be reduced.  However, the magnitude of change 
predicted by the model is close to the limit of predictive accuracy and the results are not 
considered conclusive.  Significant decreases in groundwater recharge are still anticipated in 
small tributaries to the West Humber (FMZ 7 and 8) and Rainbow Creek (FMZ 6) because very 
little additional natural cover is targeted in these drainage areas.  To mitigate these impacts, 
stormwater infiltration practices designed to function on the low permeability clay soils that 
occur in these areas (i.e., subsurface practices) should be included in stormwater management 
strategies for new developments. Groundwater discharge in Cold Creek (FMZ 2) is predicted to 
increase by 2%, relative to 2002 modelled conditions, not only offsetting the predicted 
decrease with build-out of approved official plans, but resulting in a net benefit.  This is 
because the target terrestrial natural heritage system calls for a major increase in natural cover 
in the headwaters of Cold Creek, in areas that have high recharge capacity. 
 
Although the groundwater system of the Humber watershed was not modeled for the 
Sustainable Communities scenario (Scenario 6), numeric modelling results were completed for 
the Rouge River watershed (TRCA, 2008).  Based on the findings from the Rouge River 
watershed if can be predicted that maintenance or restoration of recharge through 
incorporation of stormwater infiltration practices in new and existing developments could 
substantially mitigate the effects on recharge, aquifer water levels and groundwater discharge, 
and even improve upon existing conditions in some areas. 
 
These results represent average annual flow volumes of groundwater discharge and do not 
consider the seasonal nature of flows. Impacts to the aquatic ecosystem and ecological 
integrity can be more accurately assessed by examining the seasonality of flow, the range of 
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high flows to summer baseflows (Baron et al., 2003). There is potential for even the minor 
changes demonstrated by average annual results to have large impacts on aquatic ecosystem 
integrity. Additional analysis should focus on predicted changes to groundwater discharge 
volumes and should be examined in relation to seasonal flow and total baseflow volumes of 
individual watercourses. There is a low probability that actual changes to groundwater levels 
will be uniformly distributed throughout the year.  There is a higher probability that the largest 
decreases in groundwater levels would occur during dry summer months. 
 
It is important to note that these analyses do not address the cumulative impact of predicted 
changes on individual watercourses in terms of overall stream flow regime because the 
information is based on average annual flow volumes and not reflective of the seasonal nature 
of stream flow. Further analyses of how these changes may impact aquatic ecosystem function 
as a result of hydrologic modification, and possible responses to additional anthropogenic 
stresses as a result of these changes, are not possible with available modeling tools.  This is an 
important detail to consider when making broad scale planning decisions. 
 
Key Findings from the Groundwater Discharge Analysis 
 
 Seasonal patterns of baseflow should be considered in planning decisions and not 

simply average annual flows. Ecological impacts to the aquatic ecosystem will likely be 
most severe during the summer low flow period. This is supported by surface flow 
scenario analysis results.  

 Surface flow analysis of all scenarios suggest that summer baseflows will occur in 
progressively wider and shallower channels, and when combined with predictions of 
lower baseflow rates, significant impacts to fish habitat are anticipated (e.g. reduced 
quantity of habitat, stream passage issues, higher water temperatures). 

 Reductions in river baseflows are predicted to have the greatest impacts on the aquatic 
ecosystem in the West Humber (FMZ 7 and 8) and Rainbow Creek (FMZ 6); 

 Elevated and unstable stream temperatures that may result from future urban growth 
are most critical in the short term for FMZ 4, 7, 9 and the lower portion of 3; 

 Mitigation of urban development impacts on the aquatic ecosystem will rely on 
implementation of sustainable community design. This will involve the use of new 
technologies, development standards, and urban forms.  

 Although sustainable community design would likely help to maintain and possibly 
improve aquatic ecosystem conditions, there has been no consideration of the rate at 
which the shift to sustainable community design could be achieved. Additionally, there 
has been no examination of the feasibility of implementing sustainable community 
design in existing urban developments. The rate at which the aquatic ecosystem is 
degraded will likely proceed faster than sustainable community design and expanded 
natural cover implementation can be achieved. Further consideration of change over 
time is needed to develop better predictions regarding the quantity of high quality 
habitat that could be maintained in the watershed in the future. 

 

The analysis examined a limited number of water quality parameters that are known to directly 
impact riverine aquatic ecosystems in a significant way. The substances of concern are those 
of total suspended solids (TSS), copper (Cu), chloride (Cl) and dieldrin. As modelled results 
were only available for TSS, copper and chloride, these parameter became the focus of aquatic 
ecosystem interpretation. As with the groundwater and surface flow analysis, the urbanizing 

Water Quality 
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zone will experience the greatest change and experience higher copper and chloride 
concentrations and loads (Section 4.2.4).  Model results indicate that urbanization will result in 
a decline in flow weighted mean concentrations and loads of TSS at the outlets of the Main, 
East and West Humber subwatersheds and the mouth of the Humber River, although not to 
levels below watershed targets.  It is important to note that the model simulates fully stabilized 
catchment conditions following development, and not conditions that would occur during 
active construction, when disturbed soils are exposed to the elements and most susceptible to 
erosion and transport to receiving watercourses.  Therefore, it is likely that the model greatly 
underestimates the effects of new development on TSS concentrations and loads.  The 
resulting impacts on fish and aquatic organisms can include (DFO, 2006): 
 
 clogging and abrasion of the gills of fish and other aquatic organisms 
 behavioural changes, including movement and migration 
 decreased resistance to disease 
 impairment of feeding, for example, turbidity interferes with feeding for visual feeders 

such as trout and bass and redside dace 
 poor egg and fry development 
 fatal impacts to small aquatic animals that are food for fish. 

 
Key Findings from the Water Quality Analysis 
 
 Aquatic species including redside dace are anticipated to suffer from the impacts of 

higher copper and chloride concentrations and loads and TSS concentrations and 
loads that are above guidelines for aquatic ecosystem protection, particularly in FMZ 4, 
5, 6 and 7; 

 Chloride concentrations and loads are expected to rise rapidly with urbanization and 
are of particular concern to aquatic ecosystems. 

 Additional detailed information regarding water quality parameters for individual 
watercourse will be required to address specific impacts to aquatic ecosystem integrity. 

 
General Findings from other Technical Disciplines 
 
The current quality, quantity and distribution of surface flow and baseflow in all aquatic habitats 
across the watershed is considered to be the major driving force behind the structure and 
resulting function of the aquatic ecosystem. The seasonal contribution of these hydrological 
parameters is also considered to be essential, not just the average annual volumes. The 
challenge of maintaining flow conditions as close to current conditions as possible will be 
confounded by the cumulative impacts of upstream development and finding realistic and 
timely solutions to these impacts. 
 
However the synergistic and cumulative impacts from eroding streams during high flows, 
potential lowering of groundwater discharges and baseflows and the potential increases in 
turbidity and temperature need to be carefully examined and addressed. 
 
Watershed-scale analyses and modelling should be continued. Each analysis has been 
conducted examining the impacts of individual components of the watershed.  The cumulative 
impacts of changes to the various components of the watershed have only been initially 
investigated.  Ongoing analysis of information will allow for adaptive management to be 
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employed, and allow for management that would support an aquatic ecosystem with more 
ecological integrity. 
 
 
4.4.10 Summary and Conclusions 
 
The aquatic management framework for analysis consisted of the twelve fisheries management 
zones (FMZ) that were developed for this planning exercise and based on both physiographic 
and biological components of the watershed. As such the zones reflect a continuum of habitat 
conditions ranging from warm water in the lower and mid reaches of the watershed, through 
cool and to truly cold water habitat in headwater streams. The target species were selected to 
represent the various habitat conditions found within this continuum of habitat types, brook 
trout (coldwater), redside dace (cold to coolwater) and rainbow darter (warmwater). The main 
component of the analysis focused changes to ecological processes as a result of the future 
scenarios. Potential effects on the existing fisheries communities within the fisheries 
management zones, and target species in particular, were predicted and used to develop 
recommendations. It should be understood that by protecting ecological processes and related 
habitat conditions for these target species, various other species within the community will also 
be “cared for”. 
 
Predictions regarding the potential impacts to the aquatic ecosystem from the future land use 
and management scenarios examined in this study were made using the Landscape and 
Stream Assessment Tool (LSAT) of the Ministry of Natural Resources, interpretation of the 
modeling results from other disciplines, and professional understanding based on literature 
and experience. 
 
Approved Official Plan Build-out (Conventional Management Approach) – It is predicted 
that there will be a moderate impact on the aquatic ecosystem overall. This impact is expected 
to occur within and downstream of urban growth areas. Although the system may be 
moderately impacted as a whole, specific species can be significantly impacted. The results 
from application of the LSAT model suggest that landscape changes associated with build-out 
of approved official plans will threaten populations of redside dace and rainbow darter, which 
are target species for fisheries management in the Humber River watershed. Populations of 
these species may suffer major declines and begin to disappear from sampling records. The 
predicted impacts to aquatic habitat conditions in the lower portions of FMZ 4, 7 and 9 are of 
primary concern for redside dace and rainbow darter. Additionally, within FMZ 3 there are 
anticipated to be negative ecological impacts on both species however, to a lesser degree. The 
likely factors influencing the aquatic community are changes in the stream flow regime, a 
decline in water quality and an increase in stream temperatures. 
 
 
End of Pipe Stormwater Retrofits - This scenario will likely have a minimal positive effect on 
the aquatic ecosystem. If applied as a management option it is anticipated that there would be 
a decline in quality of the aquatic community, and impacts on redside dace and rainbow darter 
in particular. The likely locations of the impacts and the main causes of those impacts will 
remain the same as in the Approved Official Plan Build-out scenario (Scenario 2).  
 
Expanded Natural Cover – In general, expanded natural cover is predicted to significantly 
benefit the aquatic ecosystem, however not equally throughout the watershed. Where major 
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increases in natural cover are assumed, greater benefits to aquatic ecosystems are predicted. 
It is the total amount of natural cover that dictates what quality of aquatic habitat can be 
supported as the landscape is altered. This is particularly true within FMZ 1, in the headwaters 
of the Main Humber, where significant benefits to the aquatic ecosystem are predicted. Despite 
improvements in headwater habitats, much of the aquatic habitat in the lower reaches of the 
watershed is still predicted to degrade with build-out of planned urban growth. While the lower 
reaches would benefit from improved conditions upstream, it would not be enough to ensure 
healthy aquatic habitats are maintained in reaches within, and downstream of urban 
development. 
 
Full Build-out (Conventional Management Approach) - The scenario is predicted to 
dramatically alter the aquatic community and populations of three target species (brook trout, 
redside dace and rainbow darter). With application of only conventional management 
approaches it is unlikely that healthy aquatic ecosystems will remain in reaches within and 
downstream of urban development, leaving only highly fragmented headwater habitats as the 
last remaining refuges. Leaving isolated and fragmented populations of target species in 
headwater habitats will not be conducive to the long-term viability of the populations. This 
scenario would have a strong negative impact on the aquatic ecosystem and the watershed 
objectives for the aquatic system would not be achieved. 
 
Sustainable Communities - All aspects of the scenario were not specifically modelled through 
LSAT (a limitation of the model), however, the modelling results from other disciplines were 
interpreted with regard to likely impacts on aquatic habitat conditions. These results suggest 
that if sustainable community design was applied to new and existing urban development, that 
improvement could be achieved over aquatic habitat conditions that would exist if full build-out 
was to proceed with conventional management approaches. However, there is an implicit 
assumption that the technologies assumed to be implemented in the Sustainable Communities 
scenario, such as retrofitted stormwater source controls, green roofs, rain harvesting and other 
green technologies, can mitigate impacts on aquatic habitat associated with landscape 
alteration. The effectiveness of these technologies at mitigating impacts on the aquatic 
ecosystem is not well established so uncertainty remains regarding the predicted effect of this 
scenario on the aquatic system. 
 
Climate Change - An examination of the modelling results from the other disciplines and a 
review of available literature were utilized to make informed predictions about how future 
climate change may impact the aquatic ecosystem. However, uncertainty associated with the 
application of large scale climate models to highly specific localized locations and ecosystems 
makes definitive predictions difficult. Generally, in a warmer climate it is anticipated that aquatic 
ecosystems will shift from their current composition and form to warmer water habitats. It is 
therefore very important that current approaches to management of the aquatic ecosystem 
retain high species diversity to allow for adaptation and change as the local climate changes 
over time.  Critical to this management approach is the objective of maintaining or restoring 
pre-development water balance to maintain or restore more natural patterns of stream flow and 
prevent increases in channel erosion.  One of the first aquatic populations to respond to 
changes in climate will likely be rainbow darter, so tracking the status of this species may 
provide and early indication of aquatic ecosystem change. 
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4.4.11 Management Considerations 
 
The management focus for the Humber River aquatic ecosystem is on ensuring the low order 
watercourses and surrounding landscape provide a healthy and functional ecosystem for 
redside dace, which are Provincially Threatened and Federally listed as a species of Special 
Concern, and for native brook trout populations.  With watershed management in support of 
these key target species, other sensitive target species are compatibly supported within stable, 
cool or coldwater habitat regimes in higher order streams. The uniqueness and complexity of 
the Humber River watershed is further highlighted by the presence of large tracts of forested 
land on the Oak Ridges Moraine and Niagara Escarpment. These areas present opportunities 
to preserve and enhance a very functional aquatic ecosystem, which should in turn help to 
maintain a biodiverse warmwater fish community through the lower reaches of the Humber 
River. It is this maximizing of biodiversity, both species and habitat that may well serve to buffer 
the predicted larger, overriding effects of climate change. 
 
With the selection of redside dace and brook trout as key target species, management efforts 
must address the concerns of changes to the stream flow regime, rate and pattern of 
groundwater discharge, more frequent episodes of high turbidity and the warming of streams 
as portions of the watershed undergo landscape change.  Potentially significant recharge areas 
identified through modelling of the groundwater system, which likely contribute to maintaining 
existing cold and cool water aquatic habitats, are priority areas for maintaining or restoring pre-
development infiltration rates (i.e. groundwater recharge) in urban areas. 
 
It has been predicted through modelling that expanded natural cover will benefit the ecological 
integrity of the aquatic system, however, in the face of broad scale landscape change it alone 
will not be sufficient to ensure existing conditions are maintained throughout the watershed. 
Aquatic systems will require further functional design changes to landscape planning activities 
in order to maintain ecological integrity and target species. Natural cover restoration activities 
(both reforestation and wetland restoration) should be focused across the top of the watershed 
and in potentially significant recharge areas (i.e. FMZ 1, 2, 3, 4, and upper portions of 7, 8, and 
9). 
 
The integrity of headwater ecosystems is considered critical to achieving the watershed 
objective to protect, restore and enhance the health and diversity of the aquatic system. 
Making protection and rehabilitation activities in headwater habitats a high priority will help to 
buffer downstream reaches from cumulative negative impacts from continued urbanization. In 
some fisheries management zones, upstream management activities will be critical to maintain 
the productivity and diversity of healthy and sensitive middle reaches (i.e. FMZ 5). 
 

 
Overriding management goals and recommendations 

1.  Maintaining the function of small streams (first and second order) and enhancement of 
their ecological condition throughout the Humber River watershed is one of the highest 
management priorities.  Analysis of the groundwater regime from other watersheds in 
the jurisdiction indicates that approximately 67% of groundwater discharge occurs in 
these small streams. When fisheries data is integrated with this finding, it is not 
surprising that existing, healthy populations of target species (i.e. redside dace and 
brook trout) are largely occupying these same low order streams. This habitat is critical 
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to maintaining target fish populations in low order watercourses and aquatic biodiversity 
further downstream. 

 
2.  Maintaining the existing stream flow conditions in all watercourses is considered an 

appropriate target for future management actions.  In the absence of published 
research on the biological flow requirements of redside dace, we have concluded that 
since the existing flow regimes are compatible with supporting abundant redside dace 
populations, these flows must be maintained at a minimum. There are some published 
data on the baseflow requirements for brook trout (between 25%-50% groundwater 
contribution to baseflow).  This information contributes to setting management targets, 
but the same underlying rationale is applied for maintaining current baseflow, that is, 
brook trout are presently productive and abundant and these conditions should be 
maintained or improved as the literature supports.  A critical caveat is that maintenance 
of existing seasonal distribution of surface flow AND relative contribution of groundwater 
to low flow conditions (i.e., baseflow) are recommended.  Just maintaining an average 
total annual surface flow is not going to provide the level of protection being sought. 
Annual flows may not change even if summer time flows decrease but spring/fall flows 
increase, either of which can have significant impact to fish and other aquatic 
communities. 

 
3. Increasing the amount of tree cover along stream corridors, and the total proportion of 

upland forest is considered an important management action for maintaining stream 
flow. This holds true even under the modelled scenarios that predict a reduction in the 
total flow of water to watercourses with increased tree cover. Greater infiltration 
opportunity through root system and organic soils, water storage on leaves 
(interception) and tree body (through flow) that keeps water in the system (contrasted 
with loss from the system through evapotranspiration) and shading watercourses that 
effectively reduces evaporation are examples of how increased tree planting is expected 
to maintain potential stream flow in the face of landscape alteration and climate change.  
There are case studies in the literature that show a return of stream flow after 
reforestation is undertaken (Richardson, 1944).  

 
4. It will be important to specifically assess the status of populations of redside dace and 

rainbow darter in future monitoring activities. Extirpation of these species have been 
observed in neighbouring watersheds and provides key evidence that these particular 
species may be at risk of extirpation in this watershed in advance of other target 
species.  Tracking the status of populations of these species may provide an early 
indicator of aquatic ecosystem degradation.  
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Section  

4.5 

TERRESTRIAL SYSTEM 

 
 
4.5 TERRESTRIAL SYSTEM 
 
In the Toronto Region, terrestrial natural heritage cover consists of forests, wetlands, meadows 
(including prairies, savannahs) and coastal habitat (including beach, bluff).  These features 
represent one component of the overall terrestrial natural heritage system, which also includes 
natural processes (functions) and the linkages between features and functions.  While this 
study focuses on an analysis of the terrestrial system within the Humber River watershed, it is 
important to understand that this system is an interdependent part of a broader regional 
terrestrial natural heritage system. 
 
The Toronto Region Conservation Authority’s (TRCA) Toronto and Region Terrestrial Natural 
Heritage System Strategy (TRCA, 2007a) defines the regional system for its jurisdiction and 
provides guidance toward achieving the Authority’s objective for regional biodiversity which is:  
to protect and restore a regional system of natural areas that provide habitat for plant and 
animal species, improve air quality and provide opportunities for enjoyment of nature.  The 
objective for regional biodiversity is critical to other Living City objectives in its contribution to 
water management and liveable communities.  The Strategy represents a new approach to 
terrestrial systems analysis and management.  It is in response to decreasing trends in the 
abundance and diversity of species within Toronto watersheds and recognition that “business 
as usual” has not resulted in the protection of ecological function and biodiversity. 
 
 The framework of indicators, analytical approaches and tools used in the Humber River 
watershed scenario modelling and analysis are drawn from the TRCA’s Terrestrial Natural 
Heritage System Strategy (TNHSS) and are described in the following sections. 
 
 
4.5.1 Key Indicators 
 
The terrestrial system objectives, indicators and targets developed for the Humber River 
watershed are summarized in Table 4.5-1.  The condition of the existing terrestrial natural 
heritage system and predicted changes in that system in response to future land use and 
management scenarios can be described using indicators of, quantity, quality and the 
distribution of quality of natural cover.  These indicators contribute to an assessment of overall 
biodiversity.
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Table 4.5-1: Terrestrial System Objectives, Indicators and Targets  
 

OBJECTIVES INDICATORS TARGETS 
Protect, restore and enhance 
natural cover to improve 
connectivity, quality, biodiversity 
and ecological function. 
 
Minimize the negative influences 
of surrounding land uses on 
terrestrial system quality and 
function 

Quantity of 
natural cover 

Increase natural cover to at least thirty-nine 
percent (39%) of the total watershed area. 

Quality and 
distribution of 
natural cover 

Average habitat patch total quality rating of 
“good” for all patches within, or partially 
within the watershed (11.2  or B grade 
based on the weighted scores for size, 
shape and matrix influence). 

Improve the distribution of “good” quality 
habitat patches across subwatersheds in 
accordance with the targeted terrestrial 
natural heritage system for the Humber 
River watershed. 

 
Subwatersheds: 

Main Humber L2 [Good (B) 11.8] 
East Humber L2 [Good (B) 11.2] 
West Humber L3 [Fair C) 9.5] 
Lower Humber L4 [Poor (D) 8.6] 
Black Creek L4 [Poor (D) 7.4] 

 

 

Disturbances in 
natural areas 

Maintain or reduce the ratio of severely 
disturbed area to total ELC evaluated area 

Biological 
diversity 

Maintain or improve native habitat type and 
species representation in the terrestrial 
system 

Maintain or improve native habitat type and 
species abundance and distribution in the 
terrestrial system 

 
 
4.5.2 Terrestrial Natural Heritage Analysis Methods 
 
Analytical tools developed as part of work on the Toronto and Region Terrestrial Natural 
Heritage System Strategy (TRCA, 2007b) were instrumental in the development of the expanded 
natural cover scenario and evaluation of the effect of each scenario on the terrestrial system.  A 
brief description is provided below of the methods used to delineate existing natural cover; 
develop and evaluate future scenarios, and define and refine a target terrestrial natural heritage 
system.  The Toronto and Region Terrestrial Natural Heritage System Strategy provides further 
information regarding the scientific foundation for this approach, details of the methodology, 
and review process that contributed to the Strategy’s development (TRCA, 2007a). 
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Delineation of Baseline Natural Cover 

The most recent colour digital aerial ortho photography available (spring 2002) was interpreted 
to delineate forest, successional, wetland, meadow (usually retired agricultural fields), beach 
bluff, rural/agriculture and urban areas in the watershed. Urban trees and manicured areas 
were not considered to be forest cover unless a group of trees, large enough to qualify as a 
forest patch, was present. 
 
To test the accuracy of the photo interpretation, the interpreted natural cover was compared 
with that observed during field inventories of selected sites during 2000-2005.  Approximately 
40% of natural cover in the watershed was inventoried during this period for vegetation 
communities and species using the standard survey protocol of the TRCA Regional Watershed 
Monitoring Program (RWMP).  Vegetation communities were mapped based on an 
approximation of the Ecological Land Classification (ELC) System for Southern Ontario 
produced by the Ontario Ministry of Natural Resources (OMNR) (Lee et al. 1998).  Detailed 
records of biota and disturbances such as trails, dumping and invasive non-native plants were 
recorded for each community sampled.  In addition, species of concern1

 

 to TRCA (usually 
those with exacting habitat requirements) and Canadian Federal Species at Risk Act (SARA) 
species were recorded on site-specific maps using the protocols described by TRCA (2005).  
Additional historic field inventory data collected by TRCA, OMNR biologists and volunteers 
dating back to 1994 were also assembled as part of the overall characterization study.  Digital 
data were all incorporated in the TRCA Arcview Geographic Information System (GIS) and 
subsequently analysed with that software. 

The baseline land cover map was altered to create future scenarios by depicting natural cover 
gains or losses that would result from urbanization or renaturalization activities assumed in the 
future scenarios. 
 

Quantity, quality and distribution of natural cover were the indicators used to measure and 
evaluate the state of the watershed’s natural cover in each scenario. 

Evaluation Criteria 

 

Arcview GIS was used to estimate the amount of natural cover.  Quantity was measured as a 
proportion (or percent) of the total land surface area of the watershed or subwatershed. 

Quantity of Natural Cover 

 

Habitat patch quality was assessed by using the TRCA Landscape Analysis Model (LAM; 
TRCA, 2007a).  The LAM assigns scores to each natural cover patch (i.e. habitat patch) on the 
basis of size (area), shape (perimeter to area ratio), and the influence of surrounding land use 
(“matrix influence”; the land use context or “matrix” within 2 km of the patch).  The size, shape 
and matrix influence scores were combined to provide a total quality score for every patch (with 
a potential of 15 points), and the scores were broken into ranks based on their potential to 
support species.  Each patch then received one of five ranks for quality, either “very poor”, 
“poor”, “fair”, “good” or “excellent”. 

Quality of Natural Cover 

                                                 
1 TRCA Species of Conservation Concern – Generally refers to species which are disappearing in the 
regional landscape, primarily as a result of land use changes.   
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Past observations and analysis of biota distribution suggest that there is a range of species-
specific responses to habitat fragmentation and urban development that ranges from tolerant 
(i.e. well adapted) to intolerant (i.e. averse).  The TRCA has classified species and vegetation 
communities along that continuum into classes L5 (tolerant) to L1 (intolerant).  Based on the 
LAM, a few species can live in “poor” quality patches, however most Species of Concern 
require at least “fair” quality habitat (Table 4.5-2). This information suggested that if the system 
supported a full range of quality, but emphasized “good” quality patches (11-12 points), then 
most Species of Concern (and associated ecosystem benefits) would be protected throughout 
the system, notwithstanding potential influences from climate change.  This information guided 
the evaluation of habitat conditions in each scenario. 
 

Distribution of quality habitat was considered across the landscape.  For a watershed to have 
and maintain a complex, dynamic and more sustainable terrestrial system, good quality habitat 
should be distributed evenly.  For the purposes of the watershed study, the distribution of 
quality habitat was considered by subwatershed. 

Quality Distribution of Natural Cover 

 

Table 4.5-2:  Natural Cover Patch Total Quality Score Rating Criteria 

Total Score Rating Rank Description 

13 + Excellent 
(A) 

Local Rank 1 
(L1) Habitat 

Habitat that is of the highest quality and supports both 
regional species and vegetation communities of 
conservation concern that are the most sensitive and 
the most threatened. 

11 - 12.99 Good (B) Local Rank 2 
(L2) Habitat 

Habitat of good quality that supports both regional 
species and vegetation communities of conservation 
concern. 

9 - 10.99 Fair (C) Local Rank 3 
(L3) Habitat 

Habitat of a fair quality that supports or is on the cusp 
of supporting both regional species and vegetation 
communities of conservation concern. 

6 - 8.99 Poor (D) Local Rank 4 
(L4) Habitat 

Habitat of a poor quality that generally will not support 
regional species or vegetation communities of 
concern, but will support urban species and 
vegetation communities of conservation concern. 

0 - 5.99 Very Poor 
(F) 

Local Rank 5 
(L5) Habitat 

A patch of very poor quality which will generally only 
support those species and vegetation communities 
that are the most common, and not of either regional 
or urban concern. 
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4.5.3 Development of a Target Terrestrial Natural Heritage System 
 
Scenario 4 (Official Plan Build-out with Expanded Natural Cover) warrants explanation 
regarding its development, because the tools and methodology used to develop the terrestrial 
natural heritage component of the scenario are related to those used to evaluate natural 
system condition under each of the scenarios.  It should be noted that the terrestrial system in 
scenario 4 was also the foundation for the development of scenario 6 (Sustainable 
Communities). 
 

 
Scales of Targeted Systems 

Having evaluated the existing regional terrestrial natural heritage system throughout the TRCA 
jurisdiction and determined that it did not meet objectives, the TRCA applied their System 
Design Model to design a more robust regional terrestrial system.  The model was used to 
develop a scenario that would achieve quality and distribution targets, but with as little land as 
possible, recognizing competing land use interests.  As a starting point, projected long range 
urban growth was mapped so that the target system could be evaluated in the context of the 
future matrix. 

Regional Targeted System 

 
The model used GIS raster analysis to assign scores to each 10 x 10 m cell throughout the 
jurisdiction, in terms of its potential to contribute to the target system, using a number of 
ecological criteria (e.g. distance from natural areas) and planning criteria (e.g. protective policy 
designations (e.g. environmentally significant areas, TRCA ownership etc.).  Cells with the 
highest potential (highest score) were identified for inclusion in the target system.  Through 
preliminary modelling and literature research it was determined that a minimum of 30% of the 
TRCA jurisdiction would need to be natural cover in order to achieve targets for habitat quality 
and biodiversity.  Subsequent evaluation of habitat quality of the expanded system, using the 
LAM described above, confirmed that the target system achieved the objective of having 
average natural cover patch quality total scores of “fair” to “good” thus suggesting it would be 
capable of supporting species of concern.  Further refinement of the regional target system is 
intended to be carried out at more detailed scales, such as through watershed planning studies 
as described below. 
 

The Humber watershed portion of TRCA’s interim regional target terrestrial natural heritage 
system

Refined Targeted System for the Humber River Watershed 

2

                                                 
2 An interim regional target terrestrial natural heritage system (dated fall 2005) was refined for the 
Humber watershed for use in the scenario modelling and analysis study.  This interim target was based 
on a modification of the TRCA’s draft 1999 Terrestrial Natural Heritage System Strategy, but preceded 
final system recommended in the final Strategy, as published in 2007.  The interim target represents 
about 1% more natural cover throughout the Humber watershed overall, as compared to the Humber 
watershed component of the final regional target terrestrial natural heritage system in the 2007 Strategy.  
This difference is considered to have relatively insignificant effects on the final study outcome. 

 underwent further refinement with the aid of more detailed land use planning 
information, local field data, and other current information.  This refined targeted system for the 
Humber watershed formed the basis for scenarios 4 (Official Plan Build-out with Expanded 
Natural Cover) and 6 (Sustainable Communities).  This refinement process was repeated using 
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the Humber watershed portion of the TRCA’s final regional target terrestrial natural heritage 
system to produce the final target terrestrial natural heritage system that is recommended for 
the Humber River watershed. 
 
In preparation for the refinement processes, ArcReader files were created using ArcMap to 
assemble digital data layers of the following reference information for the Humber watershed: 
 

• TRCA Regional Target Terrestrial Natural Heritage System; 
• Digital colour aerial photography (2002) and up to date imagery from Google Earth©; 
• Detailed 2002 land cover 
• Approved official plan land use (as of January 2006);  
• Oak Ridges Moraine Conservation Plan (2002) and Greenbelt Plan (2005) boundaries 

and designations; 
• Detailed field information/data on the locations of species and communities of 

conservation concern and species at risk (where available);  
• Existing locations of forest, wetland, meadow, and beach/bluff habitat types, 

watercourse, roads and other land features; and 
• Information from development applications approved since 2002. 

 
The refinement processes involved the following steps: 
 
1. The targeted terrestrial system was carefully inspected to correct instances where urban 

cover or incompatible land use designations were incorrectly classified as natural and 
these patches were removed from the target terrestrial system. When this occurred the 
cover that was removed was replaced manually in equal area in a location nearby. 

 
2. Known locations of species and communities of conservation concern and species at 

risk were captured in the watershed target system.  The target system boundary was 
increased around the locations when sensitive species and communities of concern 
were outside of the modelled target area. 

 
3. Gaps between areas of the regional target system were filled in to ensure the target 

system was as contiguous as possible. 
 
4. In some cases, such as within the Greenbelt Natural Heritage System area, additional 

core areas were created to improve the distribution of high quality habitat patches 
throughout the watershed.  These areas included locations that are largely suitable for 
the restoration of swamps or tableland forest. 

 
5. Connections and linkages in the system were improved wherever possible. 

 
The final target terrestrial natural heritage system recommended for the Humber River 
watershed represents approximately thirty-nine percent (39%) of the total watershed area (see 
boxes on pages 4.5-20 and 4.5-21). 
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4.5.4 Scenarios of Focus for Terrestrial Natural Heritage Evaluation  
 
The evaluation of natural cover, using the LAM, focused on Scenario 1 (Baseline Conditions, 
2002), Scenario 2 (Official Plan Build-out), Scenario 4 (Official Plan Build-out with Expanded 
Natural Cover), Scenario 5 (Full Build-out), and Scenario 6 (Sustainable Communities), as 
these five scenarios represented ones with substantially different natural and urban land cover 
configurations (Table 4.5-3). Scenario 3 (Official Plan Build-out with End-of-Pipe Stormwater 
Retrofits) did not involve any change in land cover, as compared to Scenario 2.  The LAM is not 
capable of evaluating the effects of climate change (Scenarios 5A, 5B, 6A, and 6B).  Therefore, 
LAM results were extrapolated and additional considerations identified in the discussion for the 
“unmodelled” scenarios. 
 
It was not possible to adjust the LAM inputs to reassess matrix influence for the urban portions 
of Scenario 6 (Sustainable Communities), although it could be assumed that more sustainable 
community design and behaviours would pose less negative influence on the natural heritage 
system.  With improvements in the science and data inputs it is possible that this consideration 
could be added in future assessments.  Therefore, the results for Scenario 6 (Sustainable 
Communities) represent a conservative assessment of the likely negative matrix influence on 
the terrestrial natural heritage system.   
 

Table 4.5-3: Humber River Watershed Scenario Comparison – (A) Percent Natural Cover 
and (B) Percent Urban Cover  

A: Percent Natural Cover     
Subwatershed Scenario 1* Scenario 2 Scenario 4 Scenario 5 Scenario 6 
Main Humber 46% 44% 60% 43% 60% 
East Humber 35% 33% 51% 32% 51% 
West Humber 17% 15% 26% 14% 26% 
Lower Humber 15% 15% 12% 15% 12% 
Black Creek 12% 12% 9% 12% 9% 
Humber Watershed 32% 30% 42% 30% 42% 
      
      
B: Percent Urban Cover     
Subwatershed Scenario 1* Scenario 2 Scenario 4 Scenario 5 Scenario 6 
Main Humber 12% 21% 19% 28% 24% 
East Humber 18% 25% 23% 36% 32% 
West Humber 21% 39% 37% 73% 65% 
Lower Humber 83% 83% 86% 83% 86% 
Black Creek 87% 88% 91% 88% 91% 
Humber Watershed 27% 36% 35% 49% 45% 
*based on 2002 aerial photo interpretation 

 
The following sections summarize and compare results of the evaluation of the terrestrial 
natural heritage system under each scenario. 
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4.5.5 Baseline Conditions 
 
This scenario represents baseline conditions (i.e., Scenario 1) that existed in 2002 (Figure 4.5-
1). Approximately 32% of the watershed area is in some form of natural cover, although that 
cover has been significantly modified in the past two centuries.  Of this, about 18% is forest, 
11% cultural meadow3

Figure 4.5-1: Land Cover in the Humber Watershed, 2002 Conditions (Scenario 1) 

 and less than 2% wetland and beach/bluff communities.  The terrestrial 
system that existed in 2002 was, and remains extremely fragmented and much reduced from 
its historical state.  The result of this reduction has been the loss of many native terrestrial and 
wetland species since European settlement.  Inventories that have been conducted over the 
past 30 years show that habitat losses continue despite habitat protection efforts (see Humber 
River State of the Watershed Report – Terrestrial System; TRCA, 2008). 

Humber River Watershed General Land Use/Cover
Baseline Conditions (Scenario 1) 

(as % of total watershed area)
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The quality of the majority of habitat patches rank “fair” under the LAM analysis, largely 
because of their irregular shape and the highly urbanized matrix in a large part of the 
watershed (Figure 4.5-2, Table 4.5-4 and Figure 4.5-3) Conditions do vary considerably from 
one subwatershed to the next with the distribution of quality being poor in the West Humber, 
Lower Humber and Black Creek subwatersheds. Typically, the most abundant and highest 
quality habitats are located on the Oak Ridges Moraine and in the areas associated with the 
East and Main Humber River valleys extending south to the confluence of the two rivers (i.e., 
Main Humber and East Humber subwatersheds). The Main Humber not only contains the most 
natural cover but also has the best quality of habitat patches. 
                                                 
3 Cultural meadow – usually retired agricultural fields; a general term to describe early successional 
communities that have regenerated from abandoned agricultural land (Lee et al., 1998) 



Figure 4.5-2: Results of the LAM habitat quality analysis for Humber watershed – 2002 Conditions (Scenario 1) 
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Table 4.5-4: Landscape Analysis Model results showing quality of habitat patches under 
2002 Conditions (Scenario 1) 

Scenario 1 – Baseline Conditions (2002) 
Subwatershed Total Quality Score 
Main Humber 10.3 [Fair (C)] 
East Humber 9.9 [Fair (C)] 
West Humber 8.8 [Poor (D)] 
Lower Humber 7.7 [Poor (D)] 
Black Creek 8.0 [Poor (D)] 
Humber Watershed 9.9 [Fair (C)] 

 

Figure 4.5-3: Subwatershed histograms of area of patches by total quality score rank – 
2002 Conditions (Scenario 1) 

 
 
The majority of the habitat in the watershed is ranked “fair” in quality, suggesting that there is 
only a fair capacity of the existing natural cover to support native biodiversity, especially 
sensitive species (e.g. TRCA Species of Conservation Concern).  This capacity is likely strongly 
affected by the negative matrix influence exerted by surrounding urban land uses. In particular, 
there are insufficient large, high quality (“excellent” and “good”) patches in the watershed to 
support sensitive species, specifically in the lower and western portions of the watershed.  
Analysis of TRCA Regional Inventory Site Reports conducted throughout the TRCA jurisdiction 
show that there is a negative relationship between residential development and native species 
and that this relationship is stronger than the relationships with industrial and commercial 
urban land uses.  This experience suggests that adjacent residential areas result in greater 
encroachment, recreational use pressure, informal trails, trampling, plant collection, alien 
invasive species introduction, and predation by pets that do not occur to the same extent with 
other adjacent urban land uses. 
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4.5.6 Effects of Conventional Urban Development 
 

Implementation of municipal official plan land use schedules
Effect of Official Plan Build-out (Scenario 2) 

4

Figure 4.5-4

 will result in an increase in urban 
cover from 27% to 36% of the watershed area (a 34% increase from what existed in 2002), with 
an estimated loss of natural cover of 2% of the watershed area (see ), which is a 
6% decrease from what existed in 2002.  This increase in urban cover has the potential for 
direct loss of habitat and reductions in habitat patch quality.  Urban cover increases in the 
Main, East and West Humber subwatersheds with the greatest increase occurring in the West 
Humber. 
 

Figure 4.5-4: Land Cover in the Humber Watershed, Official Plan Build-out (Scenario 2) 

Humber River Watershed General Land Use/Cover
Official Plan Build-out (Scenario 2) 
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As shown in Table 4.5-5 no major decline was predicted in the average habitat patch total 
quality score over the whole watershed with the build-out of approved official plans. These 
results are intuitive considering much of the existing habitat is retained and much of the 
planned urban growth is located in areas with little existing habitat.  However, there is little 
doubt that the natural system will be impacted by anticipated urban growth. These impacts 
include reductions in habitat size, impaired shape, increases in the negative influence from the 
larger surrounding urban land use matrix, as well as increased fragmentation. Landscape 
connectivity will also be further impaired reducing the ability for species to move through the 
watershed. These impacts will be most significant in the subwatersheds where urban growth is 
planned, specifically the West Humber, East Humber and Main Humber (particularly in the 
Rainbow Creek portion). As illustrated in Figure 4-5-5, significant decreases in the quantity of 
                                                 
4 Scenario 2 represents municipal official plan land use scheduled approved as of January 1, 2005. 
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“fair” quality habitat patches are predicted in the West Humber, East Humber and Main 
Humber subwatersheds, relative to Baseline Conditions (Figure 4.5-3). Reductions in habitat 
patch quality are also predicted in both the Lower Humber and Black Creek subwatersheds, 
likely due to increased negative matrix influence from urban growth in adjacent subwatersheds.  
 

Table 4.5-5: Landscape Analysis Model results showing quality of habitat patches under 
the land use in Official Plan Build-out (Scenario 2) 

Scenario 2 – Official Plan Build-out 
Subwatershed Total Quality Score 
Main Humber 10.3 [Fair (C)] 
East Humber 9.7 [Fair (C)] 
West Humber 8.4 [Poor (D)] 
Lower Humber 7.3 [Poor (D)] 
Black Creek 7.3 [Poor (D)] 
Humber Watershed 9.8 [Fair (C)] 

 

Figure 4.5-5: Subwatershed histograms of area of patches by total quality score rank - 
Official Plan Build-out (Scenario 2)  

 
 
 

 
Effects of Full Build-out (Scenario 5) 

Simulated implementation of the Full Build-out scenario is expected to result in considerable 
habitat fragmentation and reduction in quality relative to Baseline Conditions (Scenario 1) and 
further loss of habitat relative to Scenario 2. Urban cover increases to 49% of the watershed 
area (an 81% increase from what existed in 2002) with an estimated loss of natural cover of 3% 
of the watershed area (see Figure 4.5-4), which is an 8% decrease from what existed in 2002.  
Much of the change occurs as conversion of agricultural land to urban cover, with associated 
increases in negative influence on the terrestrial natural heritage system. 
 
The subwatersheds in which the terrestrial system would suffer the most due to increases in 
urban cover are the East and West Humber.  This increase in urban cover corresponds to a 
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direct loss in agricultural lands in the watershed. This also represents a potential loss of 
opportunity for terrestrial natural heritage system expansion and restoration. 
 

Figure 4.5-6: Land Cover in the Humber Watershed, Full Build-out (Scenario 5) 
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Table 4.5-6: Landscape Analysis Model results showing quality of habitat patches – Full 
Build-out (Scenario 5) 

Scenario 5 – Full Build-out 
Subwatershed Total Quality Score 
Main Humber 10.3 [Fair (C)] 
East Humber 9.6 [Fair (C)] 
West Humber 7.9 [Poor (D)] 
Lower Humber 7.3 [Poor (D)] 
Black Creek 7.3 [Poor (D)] 
Humber Watershed 9.6 [Fair (C)] 

 

 
 



Figure 4.5-7: Results of the LAM habitat quality analysis for Humber watershed – Full Build-out (Scenario 5) 
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Figure 4.5-8: Subwatershed histograms of area of patches by total quality score rank - 
Full Build-out (Scenario 5) 

 
 
The previous analysis of the Official Plan Build-out (Scenario 2) concluded that implementation 
of the approved municipal official plans would have negative impacts on native terrestrial 
biodiversity, primarily through direct habitat losses and negative matrix influence from adjacent 
urban development. While only minor further reductions in natural cover occur in the Full Build-
out scenario, the increased amount of urban land would have additional negative matrix 
influence on adjacent habitats.  Likewise, habitat fragmentation is greater as connections for 
movement and migration across the landscape would be further disrupted or severed.  As a 
result, the terrestrial natural heritage system would continue to decline in biodiversity with many 
habitat patches no longer able to support species of conservation concern.  With the loss of 
diversity and connectivity, the system would have a reduced ability to recover from 
disturbances thus affecting its long term health and sustainability. 
 

 
Effects Specific to Subwatershed Planning Units 

The quality of most of the natural cover in the Full Build-out scenario is rated as “fair” (L3), 
which is the same as the rating under the 2002 conditions. However, when analyzed at the 
subwatershed level, the impacts become more evident. 
 
As stated above, the majority of the assumed urban growth in Scenario 5 occurs within the East 
and West Humber subwatersheds. Therefore, the most pronounced impacts occur within these 
areas. The amount of “good” quality habitat within the East Humber subwatershed is 
significantly reduced. In fact, virtually all “good” quality habitats remaining in scenario 5 are 
restricted to the Oak Ridges Moraine area.  Much of the upper West Humber subwatershed 
and the major valley systems in the lower reaches contain “fair” quality habitats based on 2002 
conditions (Figure 4.5-2: Results of the LAM habitat quality analysis for Humber watershed – 
Baseline (2002) Conditions (Scenario 1)), Much of this habitat is converted to “poor” quality in 
scenario 5 (Figure 4.5-7: Results of the LAM habitat quality analysis for Humber watershed – 
Full Build-out (Scenario 5)).  In scenario 1 the total amount of “fair” and “poor” habitat in the 
West Humber subwatershed are approximately equal (Figure 4.5-3) When this is compared to 
Figure 4.5-8 (Full Build Out), it is clear that there will be significant impacts, with the majority of 
the “fair” habitat converted to “poor”. Habitat quality impacts can also be observed in the 
Lower Humber subwatershed (see Figure 4.5-2 and Figure 4.5-7). 
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4.5.7 Effects of End-of-Pipe Stormwater Retrofits 
 
Scenario 3 (Official Plan Build-out with End-of-Pipe Stormwater Retrofits) did not involve any 
change in land cover, as compared to Scenario 2 (Official Plan Build-out).  Therefore, 
evaluation of the terrestrial natural heritage system in Scenario 2 was considered representative 
of this scenario and no further modelling was conducted. 
 
4.5.8 Effects of Expanded Natural Cover 
 
The Expanded Natural Cover scenario (Scenario 4) explores the impact of implementation of a 
target terrestrial natural heritage system5

Figure 4.5-9: Land Cover in the Humber Watershed, Official Plan Build-out with Expanded 
Natural Cover (Scenario 4) 

 together with municipal official plan build-out.  In this 
targeted system it is assumed that natural cover is increased from the baseline level of 32% of 
the watershed area to 42%.  While it is clear that the quantity of natural cover significantly 
increases, the distribution of the habitat remains very unbalanced.  The increases are 
concentrated in the Main, East and West Humber subwatersheds, where the most 
opportunities remain, with a decline in the Lower Humber and Black Creek subwatersheds.  
Connectivity is improved in the headwaters with better east-west connections but the system 
still lacks connections from the river valleys across tablelands in the middle reaches of the 
watershed. 
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Along with the increase in the quantity of natural cover, there are obvious increases in the 
terrestrial system quality (see Table 4.5-7and Figure 4.5-10) compared to Baseline (2002) 

                                                 
5 As noted in section 4.5.3, this scenario was defined through refinement of an interim regional target 
terrestrial natural heritage system (See text box on page 4.5-20). 
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Conditions (Scenario 1). The average habitat patch total quality score for the Humber 
watershed goes from 9.9 to 11.2, or from “fair” to “good”. 
 

Table 4.5-7: Landscape Analysis Model results showing quality of habitat patches – 
Official Plan Build-out with Expanded Natural Cover (Scenario 4) 

Scenario 4 – OP Build-out with Expanded Natural 
Cover 

Subwatershed Total Quality Score 

Main Humber 11.7 [Good (B)] 

East Humber 11.3 [Good (B)] 

West Humber 10.0 [Fair( C)] 

Lower Humber 8.3 [Poor (D)] 

Black Creek 8.2 [Poor (D)] 

Humber Watershed 11.2 [Good (B)] 
 
 

Figure 4.5-10: Subwatershed histograms of area of patches by total quality score rank - 
Official Plan Build-out with Expanded Natural Cover (Scenario 4) 
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Figure 4.5-11: Results of the LAM habitat quality analysis for Humber watershed - Official Plan Build-out with Expanded Natural Cover 
(Scenario 4) 
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Substantial increases in the quantity of natural cover are targeted for the Main Humber and 
northern portions of the East Humber. This results in significant improvements in habitat quality 
in these two subwatersheds, including the establishment of some “excellent” quality patches.  
 
The quality of habitat in the West Humber subwatershed is also predicted to majorly improve 
over 2002 conditions as a significant amount of habitat in the upper portion of the 
subwatershed achieves a rank of “good” with implementation of the targeted system, while 
very few patches were predicted to be “good” quality in 2002. The habitats associated with 
Claireville Conservation Area have the best potential for improvement in the lower portion of the 
West Humber subatershed in this scenario. 
 
Although both the Lower Humber and Black Creek subwatersheds lose minor amounts of 
habitat in the targeted system, the quality of the remaining habitats would likely increase 
marginally. However, both subwatersheds would not contain any “good” quality habitats.  
 
The impacts of these improvements in the terrestrial system are likely to improve the probability 
of conservation of native species, biodiversity and natural habitats.  Such a system would be 
more resilient to disturbance from adjacent development and the potential affects of climate 
change.  Despite this, there is still the need to consider opportunities for additional natural 
cover in fully urbanized areas such as in Black Creek and the Lower Humber.   
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Comparison of Scenario 4 with Final Target Terrestrial Natural Heritage System 
recommended for the Humber River watershed 

 
An interim regional target terrestrial natural heritage system (dated fall 2005) was used and 
further refined for the Humber watershed to define the natural land cover assumptions in the 
Expanded Natural Cover scenario (Scenario 4) and Sustainable Communities scenario 
(Scenario 6).  The interim regional target preceded the final regional target terrestrial natural 
heritage system recommended in the Toronto and Region Terrestrial Natural Heritage System 
Strategy (TRCA, 2007a).  The interim target represents about 1% more natural cover throughout 
the Humber River watershed, as compared to the Humber watershed portion of the final 
regional target terrestrial natural heritage system recommended in the 2007 Strategy.  The 
difference is a result of refinements made to the System Design Model and input criteria 
subsequent to 2005. Changes made to the model related to how the model treated meadows 
and existing habitats within developed areas.  The Greenbelt Plan boundary was also included 
as one of the criteria in the 2007 System Design Model. 
 
Subsequent to completion of scenario modelling and analysis work, the watershed scale 
refinement process was repeated using the Humber watershed portion of the final regional 
targeted system to produce the final target terrestrial natural heritage system recommended for 
the Humber River watershed.  While the size of the targeted system assumed in Scenario 4 was 
42% of the watershed area, the final targeted system arrived at through this refinement process, 
and that is recommended for the Humber watershed, is 39% of the watershed area.   
 
The Landscape Analysis Model (LAM) was used to evaluate the final targeted system for the 
Humber watershed and the results were compared with results for Scenario 4.  This 
comparison revealed slight reductions in average habitat quality scores in each of the 
subwatershed areas, as shown in the table below.  However, the reductions in scores did not 
translate into any changes in quality rankings (“L” rank) for any of the subwatersheds, nor the 
overall rank for the entire watershed.  Such reductions in quality scores are intuitive as the total 
size of the final targeted system for the watershed is slightly smaller than what was assumed in 
Scenario 4, and additional urban growth in the East and Main Humber subwatersheds, 
approved after January 2006, was assumed in the assessment of the final targeted system. 
 
Table 4.5-8:  Comparison of LAM results for quality of habitat patches between Scenario 4 
and the final targeted system recommended for the Humber River watershed 
Subwatershed Scenario 4 Total Quality 

Score 
Final Watershed Target 
Total Quality Score 

Main Humber 11.7 (L2) good (B) 11.6 (L2) good (B) 
East Humber 11.3 (L2) good (B) 11.1 (L2) good (B) 
West Humber 10.0 (L3) fair (C) 9.5 (L3) fair © 
Lower Humber 8.3 (L4) poor (D) 7.9 (L4) poor (D) 
Black Creek 8.2 (L4) poor (D) 7.0 (L4) poor (D) 
Humber Watershed* 11.2 (L2) good (B) 11.0 (L2) good (B) 

 
*It should be noted that the overall watershed mean is not a mean of the subwatersheds combined, but 
is calculated for all habitat patches within, or partially within the watershed. 



Figure 4.5-12  Results of the LAM habitat quality analysis for the Humber River watershed final target terrestrial natural heritage system 
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4.5.9 Effects of Sustainable Communities 
 
In the Sustainable Communities scenario (Scenario 6) urban cover is assumed to increase to 
42% of the watershed area (Figure 4.5-13), which represents a 69% increase from what existed 
in 2002. The quantity and distribution of natural cover assumed in the Sustainable 
Communities scenario is very similar to that assumed in Scenario 4.  A slight increase in the 
quantity of natural cover was assumed, representing a 0.5% increase over what was assumed 
in Scenario 4 (an additional 180 hectares). This very minor increase in natural cover was based 
on the assumption that small streams (those not captured by TRCA’s regulated areas criteria) 
in urbanizing areas would remain natural and regenerate back to forest cover if urbanizing 
areas were developed according to sustainable community design principles. 
 

Figure 4.5-13: Land Cover in the Humber Watershed, Sustainable Communities (Scenario 6) 
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The critical changes in Scenario 6 that influence habitat quality are those associated with the 
increasing negative matrix influence from surrounding urban land uses, and to a lesser degree, 
changes in the size of patches. There is very little difference in terms of average habitat quality 
at the watershed scale between Scenario 6 and Scenario 4, even though much more urban 
cover is assumed (Table 4.5-9).  However, a comparison of Figure 4.5-15 and Figure 4.5-11 
show some changes in the quantity and distribution of “good” and “fair” quality habitat within 
the watershed are anticipated. The LAM predicts that the amount of “good” quality habitat in 
the watershed will decrease significantly, with accompanying increases in “fair” and “poor” 
quality habitats.  These changes are generally in the “white-belt” area of the watershed, where 
Scenario 6 assumes urban growth up to the boundary of the Greenbelt Plan. In these areas, 
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where the habitats are narrow and mostly associated with stream corridors, the introduction of 
an urban matrix is predicted to result in a decrease in quality. This is particularly true in the 
upper reaches of the West Humber subwatershed.  
 

Table 4.5-9: Landscape Analysis Model results showing quality of habitat patches under 
Sustainable Communities (Scenario 6) 

Scenario 6 – Sustainable Communities 
Subwatershed Total Quality Score 
Main Humber 11.7 [good (B)] 
East Humber 11.2 [good (B)] 
West Humber 9.3 [fair (C)] 
Lower Humber 8.0 [poor (D)] 
Black Creek 7.7 [poor (D)] 
Humber Watershed  11.2 [good (B)] 

 
A comparison of Figure 4.5-14 and Figure 4.5-2 shows that the quantity and distribution of 
“good” and “excellent” quality habitat within the watershed in the Sustainable Communities 
scenario will be a significant improvement over Baseline (2002) Conditions.  Therefore, if the 
level of urbanization assumed in the Sustainable Communities scenario was accompanied by 
protection of a target terrestrial natural heritage system, and natural cover was restored on 
lands in the targeted system, the LAM predicts that the watershed objective to improve 
connectivity, quality, biodiversity and ecological function would still be achieved. 
 
Although one would expect that a “sustainable community” urban matrix might have lesser 
negative influence on the adjacent natural heritage system than a “conventional” urban matrix, 
it is not anticipated to have a positive influence on habitat quality, like natural cover or 
agricultural land does.  Landscaping using native species and other sustainable practices that 
would part of the “sustainable community” urban matrix would complement the terrestrial 
system for many species, but no matter how “hospitable” the urban matrix is made for the safe 
travel or foraging, several species of concern, such as those ranking L1 and L2 will avoid urban 
areas and so, are best managed for in rural landscapes.  The science to quantify differences in 
matrix influence associated with different types of urban uses (including “sustainable 
communities”) is not well advanced.  The LAM assumes the same negative matrix influence for 
all urban areas.   
 
It is also important to recognize that the Humber watershed was modelled on its own and 
changes in matrix influence from land use changes anticipated in adjacent watersheds will 
affect habitat quality within the Humber and vice versa. 
 
 
 



Figure 4.5-14: Results of the LAM habitat quality analysis for Humber watershed - Sustainable Communities (Scenario 6) 
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4.5.10 Effects of Climate Change 
 
Global climate change models generally predict a future climate that will be warmer and wetter 
than average present conditions in the Toronto Region (although some suggest that total 
annual precipitation will remain constant).  Two climate change model scenarios that provide 
some of the most drastic climate change forecasts for Southern Ontario, generated by the 
second generation Canadian Global Climate Change Model (CGCM2 ) and British Hadley 
climate change model, predict average annual temperature increases of 5.3oC and 7.1o

 

C and 
annual precipitation increases of 5.9% and 18.9% respectively. Some researchers also predict 
a global increase in the frequency of extreme, intense precipitation events (e.g. Kharin and 
Zwiers, 2005).  However, the above noted climate change models are not capable of predicting 
potential changes in the size or frequency of extreme storm events, such as storms with severe 
winds and rain, droughts, heat waves, ice storms or smog, at the regional scale (e.g. Southern 
Ontario or the Greater Toronto Area). 

The Landscape Analysis Model used to evaluate the terrestrial natural heritage system was not 
designed for this type of application either. Therefore, a combination of information from 
scientific literature and professional judgment was used to evaluate the potential impacts of 
climate change on the terrestrial natural heritage system. 
 
The expectation is that terrestrial species will exhibit one of two general responses to climate 
change:  they may adapt to the changed conditions without shifting location or they may adjust 
their geographical distribution (if possible) (Huntley et al 2006).  There are suggestions that the 
impacts of urbanization and ongoing human impacts that fragment landscapes and disrupt 
natural ecosystems will be magnified by climate change (Kling et al, 2003, Duncan et al, 2001).  
Degradation of habitat quality or quantity can reduce population sizes and growth rates and 
elevate the chance of local extinction events (Puliam 1988), while reductions in landscape 
connectivity could constrain the ability of many species to move in response to climate change 
(Primack and Miao 1992, Iverson et al., 1999). 
 
It is likely that the existing fragmented system will be less resilient to climate change than a 
better connected system, because the abundance of ‘edge’ in a fragmented system provides 
good opportunity for invasion by range-expanding species (Puliam 1988; Primack and Miao, 
1992; and Iverson et al., 1999).  Encroachment in human dominated land uses also creates 
barriers to native plant species dispersal, but facilitates dispersal for invasive alien species 
(Hansen et al., 2001).  While it is very difficult to accurately predict the impact on biodiversity, it 
is expected that the future species composition will be different than it is at present. It is likely 
that these impacts will be greatest in areas near residential developments, because these areas 
offer the greatest risks of introduction of invasive alien species and effects of encroachment.  It 
is also difficult to predict how birds and animals might respond, but researchers believe that 
there will be a lag time between habitat changes and wildlife responses (see Huntley et al, 
2006; Wilby and Perry, 2006).  For example, changes in reproductive cycles may fall out of 
synchronicity with availability of food supply. 
 
As climate changes, the management of the Humber watershed terrestrial system, including 
habitat plantings, may need to change.  Species used for restoration planting will need to be 
very adaptive and consider not only the potentially changing precipitation and temperature 
regimes but such things as ground level ozone that has been shown to affect a variety of 
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agricultural plants.  It may be that seed/plant stock from more southerly jurisdictions and/or 
genotypes that are resistant to drought and other extreme weather events will be needed. 
 
There is still a great deal of uncertainty around what the changing climate will mean for the 
ecosystems within the Humber.  The best we can do is to try and protect and restore a system 
that has the quantity, quality and distribution (connectivity) of habitats for a diverse array of 
native species (this is a fundamental objective of the target terrestrial natural heritage system 
that has been recommended for the Humber watershed).  By protecting and restoring the 
targeted system, we hope that the terrestrial natural heritage system will have inherent ability to 
withstand the stressors of an urban matrix and adapt to changes in climate and weather 
patterns.  It is important to continue to monitor the natural system and that we take an 
“adaptive management” approach.  We need to be flexible and “nimble” enough to adjust our 
implementation and management strategies for the terrestrial system based on the results of 
monitoring and advances in the science around climate change and species responses. 
 
 
4.5.11 Summary and Conclusions 
 
The current terrestrial natural heritage system in the Humber River watershed is fragmented 
and of a “fair” quality overall, meaning there is only a “fair” capacity to support native 
biodiversity, and insufficient high quality habitat to support sensitive species over the long term.  
Urban growth will continue to negatively impact the system, either through direct loss of habitat 
or through negative matrix influence on adjacent habitats, unless the system can be protected 
and expanded.  Protection and restoration of a target terrestrial natural heritage system, 
coupled with implementation of sustainable community design and practices, offers the 
opportunity to achieve better quality habitat overall, with greater likelihood of increasing 
biodiversity and supporting species of conservation concern.  The increased temperature and 
precipitation expected under climate change scenarios will likely change the growing season 
and life cycle conditions for plants and wildlife. These conditions may be more favourable to 
southern species and could provide conditions suitable for invasive alien species to expand 
their range. The latter will be exacerbated with an increase in the urban matrix and potential for 
human impacts on terrestrial system quality.  An expanded natural heritage system with greater 
biodiversity and connectivity would provide greater resiliency to these impacts. 
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4.5.12 Management Considerations 
 
Based on the scenario assumptions and subsequent results of the scenario analysis, the 
following management considerations were proposed for review in the development of the 
watershed plan: 
 

 Priority should be given to securing existing features including higher quality forests and 
wetlands that are threatened by urban development as well as lands needed for 
expansion of the system. 

Secure a target terrestrial natural heritage system: 

 

 Undertake integrated planning for restoration and management of the targeted system 
that considers available information regarding site conditions (soil, topography, 
hydrology, and hydrogeology), existing species/habitat features, presence of sensitive 
groundwater areas, objectives for the aquatic system, and other multiple benefits when 
developing site level prescriptions and designs; 

Restore and Manage the Targeted System: 

 Restore native ecological communities that can support diverse communities of species 
and genotypes; 

 Optimize connectivity in the watershed, including east-west connections; and 
 Control and manage the spread of invasive alien plants. 

 

 
Improve Connectivity of the Natural Heritage System (Ecopassages) 

 Ensure provision of passage for wildlife as a priority for new roads or where road 
improvements are proposed; 

 Significantly reduce the use of de-icing salt along roads that amphibians cross; and 
 Integrate studies being conducted on species movement and seek to incorporate 

recommendations for recovery into the implementation of the target terrestrial natural 
heritage system. 

 

 Continue terrestrial inventories (both remote sensing and field inventories), under the 
Regional Watershed Monitoring Program; 

Monitoring 

 Develop a temporal monitoring program and database to track abundance and 
distributional trends of terrestrial species populations, flowering/pollination times, 
fruit/seed production, breeding times, etc.; and 

 Track the advancements in science on terrestrial species and climate change, and 
adapt management recommendations and implementation actions accordingly. 

 

 
Manage the Urban Matrix: 

 Improve our understanding of the functions of the urban tree canopy and ways to 
improve them; 

 Limit soil compaction and topsoil loss during development to improve the success of 
plantings and naturalization efforts; 

 Ensure the compatibility of above and below ground infrastructure with existing and 
planned urban tree canopy and natural areas; 
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 In planning new communities, situate urban open space areas in locations that buffer 
the targeted system and provide connectivity between large habitat patches; 

 Encourage naturalization and use of native species in landscaping on public, 
residential, commercial and industrial lands; 

 Plan for corridors of suitable habitat and structures that allow for species movement and 
foraging in the urban matrix; and 

 Control encroachments into the terrestrial natural heritage system by adjacent property 
owners including identifying and rectifying sources of garbage and pollution, alien 
invasive species and soil erosion (e.g. unfenced parking lots in business districts that 
direct storm water run off and garbage into natural areas; Norway maples adjacent to 
woodlots, etc.). 

 

 
Manage the Agricultural Matrix: 

• Protect and buffer habitats from incompatible use (e.g. livestock grazing,) and restore 
wetlands and riparian corridors. 

 

 
Manage Trails and Recreation:  

 Manage passive use in natural areas to minimize disturbance at critical times; 
 Ensure proposals for trail development consider locations of sensitive communities and 

species and mitigate all potential threats (e.g. trampling, invasive alien species vectors, 
plant collection); 

 Educate trail users on ways and means to minimize their impacts on species and 
habitats; 

 Provide opportunities for visitors to learn about the natural system to foster 
appreciation; and  

 Situate intensively used trails (e.g. mountain biking or ATV trails) and areas (e.g. off-
leash pet areas) outside the target terrestrial natural heritage system. 

 

 
Stormwater management: 

 Newly created stormwater management ponds should be located outside the target 
terrestrial natural heritage system; 

 Situate stormwater management facilities adjacent to the target terrestrial natural 
heritage system so they can act as buffers between urban areas and natural habitats; 

 Manage ground and surface waters from surrounding urban areas, so that the 
hydrology of natural habitats is maintained (both forests and wetlands); and 

 Use clean stormwater to feed newly created habitats nearby; (i.e. clean stormwater 
collected from roofs and foundation drains can be used to create habitat).
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4.6 CULTURAL HERITAGE 
 
4.6.1 Key Indicators 
 
The cultural heritage objectives, indicators and targets developed for the Humber River 
watershed are summarized in Table 4.6-1 and support the heritage values significant to the 
Designation of the Humber as a Canadian Heritage River.  Scenarios have been evaluated in 
terms of their potential to affect cultural heritage resources, which in the Humber watershed 
include: 
 

• known archaeological sites; 
• cultural heritage landscapes, including potential or undiscovered archaeological sites; 
• listed or Designated built heritage properties; and 
• living culture of the 21st

 
 century. 

Table 4.6-1:  Cultural Heritage Objectives, Indicators and Targets 

OBJECTIVES INDICATORS MEASURES TARGETS 

Identify, document, protect 
and conserve cultural and 
heritage resources 

Cultural heritage 
resources 

Number of known, 
listed and 
Designated 
archaeological and 
historical sites and 
built heritage 
features 

Increase the number of 
known, listed and 
Designated 
archaeological and 
historical sites and built 
heritage features. 

Celebrate the diverse 
culture and heritage 
resources of the Humber 
watershed 

Awareness of cultural 
heritage 

Watershed residents’ 
awareness that the 
Humber is a 
Canadian Heritage 
River 

Increase watershed 
residents’ awareness that 
the Humber is a 
Canadian Heritage River 

Identify and promote the 
social and economic 
values of cultural and 
heritage resources 

Not applicable Not applicable Not applicable 
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4.6.2 Cultural Heritage Analysis Methods 
 
The assessment and analysis of existing and potential cultural heritage in the Humber River 
watershed was conducted with the aid of several sources as follows: 
 

 
Ontario Archaeological Sites Database (OASD) 

This database is maintained by the Ontario Ministry of Culture, and contains relevant 
information about archaeological sites that have been registered with the Ministry of Culture.  At 
the time this report was prepared, approximately 440 archaeological sites were registered for 
the Humber River watershed with the Ministry. 
 

 
Built Heritage Inventory 

This inventory is an ongoing, open-ended database compiled by TRCA’s Archaeology 
Resource Management Services section, identifying built heritage structures that have been 
“Listed” or “Designated” by the different municipalities in the watershed.  Designated structures 
are recognized and protected under the Ontario Heritage Act and a database of these 
structures is maintained by the Ministry of Culture.  It is not a complete list, as built heritage 
structures are constantly being evaluated and added to it.  Unfortunately, at the same time, 
structures are being de-listed and demolished, as part of growing development in many areas 
of the GTA. At the time this report was prepared, approximately 1200 built heritage properties 
were listed or designated within the Humber River watershed. 
 

 
TRCA’s probability model for archaeological potential 

This GIS-based model was developed to assess the potential for pre-contact First Nation’s 
archaeological sites, and is based on statistical relationships established between known 
archaeological site locations and distance from other known archaeological sites, sources of 
water, and soil type.  High archaeological potential sites are those within 315 m of known sites 
or significant environmental features and resources (for instance, the Carrying Place Trail and 
other trade/travel routes, specific areas with concentrations of needed resources, etc.), within 
250 m of a waterbody (for drinking/cooking water, travel by canoe and/or a source of fish) and 
located on well drained soils (for setting up camp or growing crops).  As a case in point, the 
series of kettle lakes across the Oak Ridges Moraine in the headwaters of the East Humber 
acted like natural grocery stores for people living around or moving through the area.  This 
model was initially developed in 1990 (MTRCA) and was updated in 2003.  The criteria 
employed in the TRCA model are generally consistent with the Ontario Ministry of Culture 
guidelines for First Nations archaeological potential (see  
 
Table 4.6-2).  Much of the area indicated as medium or low potential includes areas of steep 
valley slopes that do not usually enable for settlement or activity areas.  Note that these criteria 
do not factor in traditional knowledge of descendant Aboriginal peoples to recognize 
environmental features that would help identify places of past activity and/or sacred places.  
Archaeological potential modelling is most useful for properties that have not undergone 
modern development impacts or previous archaeological assessments. 
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Humber River Watershed Cultural Heritage Highlight Areas map 

This map (see Figure 4.6-1) was prepared to conceptually illustrate, at the watershed scale, key 
areas that have high potential to provide distinctive experiences relating to the cultural heritage 
of the Humber River watershed.  The areas and features highlighted could be the subject of 
interpretive programming to help raise awareness of the rich history of the Humber watershed.  
Although it was not possible to show all cultural heritage features at this scale, the map 
highlights some key features, existing and potential heritage conservation districts, and clusters 
of features or known archaeological sites.  The approximate location of the historic Carrying 
Place Trail is also shown. The “highlight areas” illustrated on the map were correlated with 
maps of land use/land cover for each scenario to identify instances where they may be affected 
by anticipated and potential future changes. 
 

 
Guidelines for Euro-Canadian archaeological sites 

A qualitative assessment of the potential for Euro-Canadian archaeological sites was 
undertaken using the Ontario Ministry of Citizenship, Culture and Recreation’s (now the 
Ministry of Culture) Guidelines (see Table 4.6-2). 
 
Maps illustrating the locations of archaeological sites, built heritage sites and areas of 
archaeological site potential were visually interpreted in relation to the scenario maps, however 
due to legal restrictions around the publication of archaeological data; these maps cannot be 
reprinted as part of this report. 
 
In addition to the above-noted sources, scenarios were examined and analyzed with the aid of 
historic mapping and selected historical background studies in the Humber in order to evaluate 
the possible impact on cultural resources.  Current conditions and issues relating to 
archaeological practices were evaluated and most critical issues were identified for action. 
 
Table 4.6-2:  Guidelines for Archaeological Potential 

For First Nations Archaeological Sites 
•any undisturbed areas within 250 metres of a known archaeological site; 
•areas within 300 metres of water source, whether existing or ancient; 
•area within 200 metres of secondary streams, springs, or wetlands; 
•ancient beaches and shorelines; 
•elevated topography e.g. drumlins, eskers, knolls and plateaux 
•Pockets of sandy soil in clay or rocky area; 
•unusual land formations such as mounds, caverns and waterfalls. 
For Euro-Canadian Archaeological sites   
•areas within 100 metres of historic roads.  Some of these historic roads may be found on maps 
of the period, and some still exist in the same alignment; 
•areas within 50 metres of historic railways as outlined by period maps; 
•areas within 250 metres of possible location of historic feature such as, but not limited to, mills, 
cemeteries, etc., as shown in historical maps or documents; 
•within core historical settlements, according to historical maps and documents; 
•any designated heritage properties, easements, or districts; 
•any areas within 250 metres of a known archaeological site, 
•any areas with a concentration of flora that is associated with homesteads.  

Source: Ontario Ministry of Citizenship, Culture and Recreation, 1993



Figure 4.6-1  Humber River Watershed Cultural Heritage Highlight Areas 
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4.6.3 Baseline Conditions 
 

 
Known and undiscovered archaeological sites 

As of December 2005, roughly 440 archaeological sites have been identified in the Humber 
River watershed. These are known sites that are protected, as well as sites that were partially or 
fully excavated.  This list should not be perceived as a complete list, but rather, as indicative of 
additional unknown sites that remain undiscovered at this time. 
 
Areas having a significant number of sites and information associated with them are, in most 
cases, areas that have been urbanized, and are where the controlled and documented removal 
of many archaeological sites has occurred.   
 
Areas in the watershed where few archaeological investigations have been conducted are the 
upper portion of the East Humber in King Township, and upper portions of the Main and West 
Humber in Caledon.  Of particular note is that no field study has ever been completed to 
determine the location of the historic Carrying Place Trail, a portage route utilized by First 
Nations and early European explorers and traders to travel between Lake Ontario and 
Georgian Bay, although an approximate alignment has been estimated based on available 
records (e.g. Figure 4.6-1).   
 
Results from TRCA’s archaeological site potential model indicate that most areas of the 
watershed lie within the “high potential” category, followed by a small percentage of areas with 
“medium potential” (Figure 4.6-2).  The percentage of areas with low potential for finding 
archaeological sites in the Humber River watershed is negligible. This finding is not surprising, 
as the Humber River was the location of the Carrying Place Trail.  As such, the watershed 
contains a rich association of cultural heritage resources pertaining to this and other periods 
throughout history.  Refer to Legacy: A Strategy For A Healthy Humber for a more complete 
account of the watershed’s cultural history (MTRCA, 1997).  With reference to the predicted 
information, clear gaps in the known sites database lie in the agricultural areas in the upper 
portions of the watershed (e.g. East Humber, Main Humber and upper West Humber 
subwatersheds). 
 
In addition, and not reflected in the TRCA’s archaeological potential model, is the potential for 
future identification of Euro-Canadian archaeological sites and cultural heritage landscapes.  
Those potential areas that stretch mostly 100 metres from the centre of historic roads (many of 
which exist in the same alignment as they did when originally surveyed and opened), would 
add significantly to the areas of high potential. 
 



Figure 4.6-2  Humber River Watershed First Nations Archaeological Sites Potential 
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Built heritage and living culture 

The Humber River watershed holds approximately 1200 listed and designated built heritage 
structures.  The Humber River State of the Watershed Report – Cultural Heritage (TRCA, 2008) 
contains an overview of the watershed’s cultural heritage and mapping of built heritage sites.  
More challenging to identify and document is a cultural heritage landscape, which has been 
identified in the Provincial Policy Statement (2005) as: “A defined geographical area of heritage 
significance which has been modified by human activities and is valued by a community.  A 
landscape involves a grouping(s) of individual heritage features such as structures, spaces, 
archaeological sites and natural elements, which together form a significant type of heritage 
form, distinctive from that of its constituent elements or parts, and may include villages, parks, 
gardens, battlefields, mainstreets and neighbourhoods, cemeteries, trailways and industrial 
complexes of cultural heritage value.”  The historical road grid, crossroads, transportation 
routes, bridges, mills, and other alterations to the natural landscape hold information about the 
past interaction of early settlers with their environment.  Another indicator for Euro-Canadian 
settlements is the presence of a concentration of certain types of flora that are associated with 
homesteads (e.g. lilacs). 
 
Living culture is increasingly reflective of the emerging diverse cultural demographic of the 
current population.  The 2001 Canadian census showed that among the prevalent ethnic 
origins in the watershed were Italian (20%), followed by Canadian (11%), English (9%), and 
East Indian (7%). Of the recent immigrants to the Humber watershed (i.e. those who 
immigrated to Canada between 1996 and 2001), the predominant countries of origin were: 
India (17%), Jamaica (6%), Pakistan (6%), and Guyana (5%). The remaining new immigrants 
came from over 35 different countries.   
 

 
Artifact storage and other practice 

Under existing conditions, there are concerns with artifact storage and certain small-scale land 
use changes in Ontario.  Currently it is the responsibility of the licensed archaeologist who 
removes artifacts from an archaeological site to store those artifacts appropriately; however, 
there is no central or regional collective artifact repository in Ontario to-date.  Many artifacts in 
Ontario are stored in private residences or storage units with less than ideal 
climate/environmental controls, within storage bags and containers that deteriorate over the 
long-term. 
 
In addition, archaeological assessments are not always carried out in the development of trails 
and other small-scale land disturbances, which may result in destruction of archaeological sites 
with no opportunity to avoid the destruction or to excavate and record those sites.  In the case 
of existing built heritage structures, some heritage homes are being demolished to create more 
room in new developments, slowly diminishing southern Ontario’s cultural map. 
 
 
4.6.4 Effects of Future Land Use and Management Scenarios 
 

 
Effects of Urban Development, Natural Cover, Stormwater Management 

Future scenarios of urban growth, reforestation and stormwater management in the watershed 
pose common risks to cultural heritage resources, and therefore their potential issues and 
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effects will be discussed collectively.  The greatest risks are associated with the processes of 
development and implementation of regeneration projects, rather than with the fully 
implemented scenarios (as is the focus of scenario evaluation in most other watershed 
systems). 
 

 
Potential loss of undiscovered sites and unidentified Cultural Heritage Landscape features 

As noted, gaps in the archaeological site database remain, particularly in the agricultural areas 
in the upper portions of the watershed in the City of Vaughan, King Township and the Town of 
Caledon.  Portions of this area have been targeted for future urban growth by watershed 
municipalities and in the Provincial Growth Plan.  Therefore it is especially important that 
investigations done as part of the urban development planning process are coordinated well in 
advance of developments and, moreover, are comprehensive in their approach to identify and 
assign significance to all forms of cultural heritage landscape features.  This proactive 
approach will allow for careful development planning that may allow preservation of sites in situ 
rather than mitigation through excavation and removal.  Involvement of descendant populations 
in the investigations is another way to further reduce the potential for loss of sites and 
associated knowledge of past peoples.  Moreover, improved procedures for the storage of 
artifacts need to be put in place. 
 
Based on correlation of changes in land use/land cover for each scenario with cultural heritage 
highlight areas, a number of areas have been identified where existing or potential cultural 
heritage sites may be affected.  With build-out of approved municipal official plans in the City of 
Vaughan, urban developments between Rutherford Road and Teston Road, from Kipling 
Avenue to Highway 400 will occur near known First Nations villages, ossuaries and sites.  This 
area is also near the likely location of the Carrying Place Trail.  There is a very high potential for 
archaeological sites in this area, which suggests that archaeological investigations conducted 
prior to development should be completed as far in advance as possible, in a more in-depth 
manner than standard guidelines require, and with greater effort to develop means to avoid 
and protect sites and other cultural heritage landscapes for the long-term.  Similarly, planned 
urban growth in the City of Brampton between Steeles Avenue and Castlemore Road, from 
Goreway Drive to The Gore Road, and in the Town of Caledon in Palgrave Estates will occur 
near areas where very early First Nations sites have been previously discovered.   
 
In the Full-build-out scenario (Scenario 5) additional urban growth on whitebelt lands in the City 
of Vaughan could potentially affect areas near known First Nations villages, ossuaries and sites 
and the likely location of the Carrying Place Trail, particularly between Highway 27 and Keele 
Street, from Teston Road to King-Vaughan Road.  In the Town of Caledon, potential urban 
growth on lands to the north of Bolton could affect areas near very early First Nations sites.   
 

 
Potential for damage or destruction 

Other types of disturbances, that may impact archaeological sites and which may not be as 
obvious as the construction of roads and communities, are construction of stormwater 
management facilities, reforestation, and trail or wetland creation.  All of these can result in 
disturbance of land, which in turn can result in negative impact on archaeological sites. 
 
Built heritage structures that are protected by designation can also be indirectly affected by 
development through excessive vibration and dust. 
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Potential for preservation of undiscovered sites 

If a target terrestrial natural heritage system was protected along with build-out of approved 
official plans (Scenario 4), large portions of the Carrying Place Trail route would remain 
undisturbed, particularly in the City of Vaughan, north of Teston Road, and in King Township.  
Although contingent upon cooperation with landowners, this could allow for long-term in-depth 
archaeological investigations to be conducted to determine the precise location of the ancient 
and historic portage route, which could lead to further discoveries of archaeological sites.  It 
could also permit a modern-day, inter-regional trail to be completed near, or along the historic 
route, that links with the existing Humber Trail which runs south from Kleinburg all the way to 
the Lake Ontario waterfront in the City of Toronto.  Completion of a modern-day Carrying Place 
Trail and development of interpretive programming would provide excellent opportunities to 
raise awareness of the heritage of the Humber River watershed and help to achieve the 
watershed plan objectives pertaining to cultural heritage. 
 

 
Living culture 

The population growth driving the future development scenarios will increasingly reflect a 
diversity of cultures, assuming the range of countries of origin of recent immigrants is an 
indication.  There will be a need to provide more opportunities for raising awareness of the 
watershed’s past cultural heritage and a basis for creating a new fabric of living culture. 
 
 
4.6.5 Effects of Climate Change 
 
Increases in temperature and precipitation, as well as the increased frequency in the 
occurrence of extreme events of high intensity and short duration, as predicted under climate 
change scenarios, may pose risks to the integrity and longevity of built heritage structures.  
Accelerated erosion of tablelands and streambanks, due to increased volume and power of 
runoff, particularly from these extreme events, may expose buried artifacts leaving them 
vulnerable to damage and loss. 
 
 
4.6.6 Summary and Conclusions 
 
The processes of urban development, implementation of regeneration projects, and climate 
change may pose risk of loss or damage to archaeological and built heritage structures and 
the less visible and, therefore, more vulnerable archaeological sites and other cultural heritage 
landscapes.  However, with proper planning and management, as well as the involvement of 
descendant populations and non-invasive technologies, these projects may also have the 
potential to discover and interpret new information about past cultures.  It is critical to support 
the spread of the sense of value placed upon the protection of cultural heritage landscapes in 
their original contexts by integrating them into future plans and providing for their appreciation 
and shared sense of historical perspective and roots that they provide for a new community.  
The increased population growth will continue to enrich the “living” cultural diversity of the 
watershed. 
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4.6.7 Management Considerations 
 
A summary of management implications is provided for consideration in the development of 
the watershed plan, such that future actions can contribute to the achievement of the goal and 
objective: 
 
Municipalities should ensure that Heritage Impact Assessments and Conservation Plans 
involving full archaeological assessments are carried out before or in the very early stages of 
development and other land use change planning; including trails, reforestation, and other 
practices that may result in archaeological site destruction.  Investigations should involve the 
appropriate culturally descendant communities.   
 
Master plans, probability models and tools, such as maps of specific flora often associated with 
heritage sites, should be developed and consulted in conjunction with any plans for 
development. 
 
Concepts such as cultural heritage landscapes should be considered as cultural resources and 
assessed before any proposed development; these may include disappearing agricultural 
communities, clusters of century homes, country roadscapes, etc.   
 
Built heritage should be incorporated into proposed development rather than demolished, 
either as commercial venues or community buildings.  Similarly, planning for the protection of 
First Nation archaeological sites should be coordinated with greenspace planning where 
possible, so that sites may be protected in situ rather than be removed from the ground by 
excavation. 
 
Create a repository for archaeological artifacts in Ontario; a repository may be at the watershed 
level, a joint effort by several watersheds, or at the provincial level. 
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4.7 NATURE-BASED RECREATION 

4.7.1 Key Indicators 
The nature-based recreation objectives, indicators, measures, and targets developed for the 
Humber River watershed are shown in Table 4.7-1. Of the indicators listed, those relating to the 
quantity of public greenspace1

 

, trails, and nature-based recreation destinations were used in 
the analysis of the effects of future land use and management scenarios. 

The adoption of standards of best practice for managing greenspace was viewed as a 
stewardship implementation activity that could be undertaken regardless of the effects of future 
scenarios and therefore this indicator was not useful for the relative scenario analysis. 
 
Table 4.7-1: Nature-based Recreation Objectives, Indicators, and Targets 

.OBJECTIVES INDICATORS MEASURES TARGETS 

Incorporate 
greenspace in all urban 
and rural developments 
and create an 
accessible and 
connected greenspace 
system that is 
compatible with 
ecological and cultural 
integrity. 

Quantity of 
public 
greenspace 

Total area of publicly-owned 
greenspace (federal and 
provincial parks and wildlife 
areas, conservation areas and 
lands, and municipal parks but 
not including sports facilities, 
golf courses, cemeteries and 
fairgrounds). 

Increase quantity of public 
greenspace 
 
 

Management 
of public 
greenspace 

Adoption of standards of best 
practice for managing 
greenspace (e.g., 
Environmental Management 
System standards, Audobon 
Sanctuary Program for golf 
courses). 

100% of public greenspace 
is managed through 
application of standards of 
best practice 

Develop a system of 
inter-regional trails and 
local and regional-scale 
recreation, education 
and tourism 
destinations within the 
greenspace system. 

Trails Degree of completion of a 
network of connected inter-
regional trails. 

An additional 60 kilometres 
of trails are built in the 
watershed 
 

Connectivity between inter-
regional trails and local trails 

Increase connectivity 
between inter-regional and 
local trails 

                                                 
1 Greenspace is defined as all publicly-owned land available for nature-based recreation, including 
municipal parks and conservation lands, and valley and stream corridors, but not including golf courses, 
cemeteries, and municipal parks intended for intensive recreational use (e.g., soccer fields). 
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.OBJECTIVES INDICATORS MEASURES TARGETS 

Nature-based 
recreation, 
education and 
tourism 
destinations 

Number and distribution of 
destinations and themed 
experiences 

Increase number of local 
and regional-scale 
destinations in West and 
East Humber 
subwatersheds 
 
Provide opportunities for 
nature-based recreation 
experiences related to the 
following concept areas or 
themes: 

• Kettle lakes, 
• Hills of the 

headwaters, 
• Humber Valley 

wilderness, 
• Urban escape,  
• Black Creek 

parklands, and 
• Humber Bay 

parklands 
 

4.7.2 Scenario Analysis Methods 
 

 
Scenarios of Focus 

The nature-based recreation analysis evaluated all land use and management scenarios with 
the exception of Scenario 3 (Approved Official Plan (OP) Build-out and Stormwater Retrofits), 
as stormwater retrofits will not have a significant impact on nature-based recreation activities in 
the watershed.  
 

 
Scenario Variables for Analysis 

With respect to nature-based recreation, the main variables considered within the scenarios 
were the increased population base associated with the urban growth scenarios, changes in 
land use (i.e., expanded urban areas or natural cover), and climate.  Demographic information, 
including age and culture, was also considered.  This information was used to describe how 
the scenarios might affect both future demand for nature-based recreation activities and the 
opportunity to provide these activities. 
 
While some information is known about the projected population that may be represented by 
future urban growth scenarios, little quantitative information is available regarding current or 
potential future demand for recreational activities. Therefore, it was assumed that current 
recreational experiences in the watershed would continue to be of interest and that interest 
would grow in proportion to population increases. 
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Demographic changes associated with population growth, in terms of the aging population and 
shifts in cultural diversity, were described with reference to information obtained from municipal 
public health departments and Statistics Canada.  This information was used to assess 
implications on demand for recreational activities associated with these demographic shifts.  
 

 
Evaluation Approach 

Nature-based Recreation Destinations 
 
The presence of existing and potential nature-based recreational uses and experiences was 
identified within each of six distinct nature-based recreational theme areas in the watershed: 
Kettle Lakes, Hills of the Headwaters, Humber Valley Wilderness, Urban Escape, Black Creek 
Parklands, and Humber Bay Parklands (Figure 4.7-1) (TRCA, 2008). While nature-based 
recreation may be well developed in some of these areas, it may be poorly or not-at-all 
developed in others. Potential nature-based recreational experiences in these areas range from 
wilderness experiences where hiking, canoeing, and nature interpretation could be key 
activities, to rural and urban experiences where cultural heritage interpretation, education and 
public events, and intensive recreation (e.g., golf) are more likely.  
 
For each scenario, the location of these areas of unique recreational uses and experiences was 
assessed to identify land use or other changes that might facilitate or threaten the provision of 
these existing or new opportunities. Impact on the quality of these recreation experiences also 
was considered. All of the analysis was based on professional judgment and drew on data 
collected internally by TRCA and data made available by municipalities and other 
organizations. 
 
Quantity of Potential Greenspace 
 
The area of potential greenspace (i.e., all lands available for nature-based recreation) was 
calculated for each of the scenarios. For the purpose of this calculation, potential greenspace 
included areas classified as “Open Space” and “Natural Area” in the scenario land use 
mapping. Since not all lands designated as “Open Space” and “Natural Area” are actually 
publicly accessible for nature-based recreation, this measure of is a significant overestimate of 
public greenspace. For example, this method estimates baseline (2002) potential greenspace 
to be 31,600 ha across the watershed. When combined with land ownership information and 
restricted to publicly-owned land, the estimate of baseline public greenspace falls to 8,800 ha 
(TRCA, 2008). While the potential greenspace estimates in this report represent significant 
overestimates of public greenspace, they remain valuable for relative comparisons between 
scenarios.   
 
Per capita greenspace was calculated by dividing the total hectares of public greenspace in the 
watershed by the watershed population. This measure illustrates how many hectares of 
greenspace are available per resident, as well as how many residents there are per hectare of 
greenspace. This information provides an indication of the degree of pressure/impact on 
greenspace and of the likely user experience. The per capita measure of greenspace access 
uses the estimate of public greenspace of 8,800 ha and an estimate of the watershed’s 
population of 669,186, based on interpretation of Statistics Canada’s 2001 Census of 
Population (TRCA, 2007). 
 



Figure 4.7-1: Nature-based Recreation Areas and Experiences 
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Trails 
 
Trails were evaluated by examining where existing and proposed trail routes could be impacted 
by changing land use. As urbanization proceeds and residential or industrial areas replace 
natural areas or open space, the potential for implementation, location, connectivity, and 
quality of the experience of trails may be impacted. Trail locations and degree of completion 
information is based on data gathered from TRCA and its member municipalities and are only 
as accurate as the information made available. TRCA undertakes limited regular tracking of this 
information. 

4.7.3 Baseline Conditions 
 
In evaluating current watershed conditions in the Humber River State of the Watershed Report 
(TRCA, 2008), a rating system was adopted based on letter grades. Where the measures and 
targets were quantitative and data permitted, ratings were assigned, in part, to reflect the per 
cent satisfaction of the target. Comparisons to conditions in other watersheds in TRCA’s 
jurisdiction were made and informed evaluations where data were available, to reflect relative 
conditions. Where measures and targets were qualitative, or data were lacking, evaluations 
were subjective and based on professional judgment. 
 

 
Nature-based Recreation Destinations 

There are a great number and variety of outdoor recreation opportunities within the Humber 
River watershed (see Figure 4.7-1). However, attendance at TRCA Conservation Areas and 
campgrounds has remained relatively static. The 2000 Report Card target for increased 
attendance by 2005 was not met. There are numerous other activities that people can 
participate in, for which attendance records are not available. For example, the number of golf 
courses in the watershed has increased to 24. The outdoor recreation indicator received a 
rating of “C”. 
 

 
Quantity of Potential Greenspace 

There are 8,800 ha of public greenspace in the Humber River watershed, representing about 
10% of the watershed (TRCA, 2008). Most of the greenspace is owned by the TRCA (6,644 ha). 
There has been a slight gain in the amount of greenspace in the Humber River watershed since 
2000. There was a total gain of 98 ha of public greenspace in the Humber River watershed 
between 2000 and 2004. TRCA acquired 110 ha and sold 7 ha of greenspace (providing a net 
gain of 103 ha of greenspace) between 2000 and 2004, falling short of the 2005 Humber River 
Watershed Report Card target of 200 hectares. The public greenspace indicator received a 
rating of “B”.  
 
On average across the Humber River watershed, there are 13.2 ha of public greenspace for 
every 1,000 residents. There are 76 residents for each hectare of public greenspace. In 
contrast, there are only 2.5 ha of greenspace per 1,000 residents, and over 400 residents per 
hectare of greenspace, in the Don River watershed. Only population data for the watershed 
was available for this analysis. Future analyses would benefit from population estimates at the 
scales of the subwatershed or municipal portions within the watershed, to facilitate spatial 
analysis across the watershed.   
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Trails 

Since 2000, there has been an increase in the length of inter-regional trails in the Humber River 
watershed to almost 214 km (Figure 4.7-2). This 29 km increase exceeded the 2005 Humber 
River watershed Report Card target of 17 km. An additional 15 km of inter-regional trails have 
been proposed in the watershed. There are still areas of the watershed that could benefit from 
trail connections being made. However, since the 2005 targets have been met and/or 
exceeded, it indicates that municipalities within the Humber River watershed consider trails to 
be an important aspect of public use and recreation. The trails indicator was given a rating of 
“A”. 
 

 
Current Demographics 

As of the 2001 Canadian census, the population of the Humber watershed was approximately 
669,200, representing a 37% increase from 1995 levels, when it was estimated to be 488,000 
(Marchi, 1995 and TRCA, 2007). About 24% of Canada’s population was over 55 years in age. 
In 2001, the prevalent ethnic origins in the watershed were Italian (20%), followed by Canadian 
(11%), English (9%), and East Indian (7%). Of the recent immigrants to the Humber watershed 
(i.e. those who immigrated to Canada between 1996 and 2001), the predominant countries of 
origin were: India (17%), Jamaica (6%), Pakistan (6%), and Guyana (5%). The remaining new 
immigrants came from over 35 different countries.  
 

4.7.4 Effects of Conventional Urban Development 
 
Scenario 2 (Approved Official Plan Build-out) and Scenario 5 (Full Build-out) are addressed 
together, in recognition of their common effects on nature-based recreation.  The primary 
variables of interest in these scenarios are the expanded urban areas and the associated 
population growth within the watershed.  Ontario’s Growth Plan for the Greater Golden 
Horseshoe (OMPIR, 2006) predicts that the population of Toronto, Peel, and York will grow by 
19%, 60%, and 97%, respectively, between 2001 and 2031. Such population increases will 
create additional demands for nature-based recreational opportunities.  
 
A key demographic issue will be aging of the population. For example, Statistics Canada 
projects that the proportion of York Region’s population over the age of 55 will rise from 19% to 
32% between 2005 and 2031. Similar trends are expected across the watershed. The nature-
based recreation needs of an aging population may be expected to differ from the current 
demographic, requiring adaptation of services (e.g., accessibility, level of trail difficulty). 
 
Between 1996 and 2001, the predominant countries of origin of immigrants to the Humber 
River watershed were India (17%), Jamaica (6%), Pakistan (6%), and Guyana (5%). Across 
Ontario, population growth over the next couple of decades is expected to be driven by 
immigration (Ontario Ministry of Finance, 2005). Therefore, the nature-based recreation needs 
and preferences of immigrant populations will become increasingly important. 
 



Figure 4.7-2: Inter-regional Trails Plan 



Humber River Watershed Scenario Modelling and Analysis Report 
 

 4.7-8 

Further study is needed to assess anticipated changes to nature-based recreation needs in the 
watershed due to the aging population and changes in cultural demographics. For example, a 
recreation needs and opportunities assessment was undertaken as part of the Heart Lake 
Conservation Area Master Plan (Heart Lake Conservation Area is in the Etobicoke Creek 
watershed). The report notes that research on the topic of the recreational preferences of new 
Canadians is limited and the literature varies in its applicability. Potentially relevant findings 
include: 

• “Canadians of Anglo-European descents prefer nature-based, individualistic recreation 
activities such as walking, hiking, and biking. These individuals are more likely to value 
time alone, individual activities and participate in outdoor recreation activities for 
exercise, fitness and fun. 

• New Canadians of East and South Asian descent prefer organized passive and social 
outdoor activities such as picnics, barbeques, and social gatherings. These activities 
are focused around the community and the extended family and they reinforce cultural 
values, social interaction, language and religion. Large group picnics, festivals, and 
cultural events would be in highest demand. 

• Second generation new Canadians find themselves caught between the conflicting 
pressures…there is growing interest in sports and athletics as these individuals attempt 
to integrate into mainstream society. 

• The literature emphasizes the recreational and social-cultural roles that festivals play in 
the lives of new Canadians by reinforcing ties to language, religion, and culturally 
significant customs and values. 

• Research in Canada shows a strong preference for sport and recreational activities such 
as swimming, cricket, badminton and soccer among West Asian and Middle Eastern 
groups. However, these activities are often pursued in the context of larger group family 
outings or events that are specific to their cultural or ethnic group” (Heart Lake 
Conservation Area Master Plan Advisory Committee and TRCA, 2006, pages 132-133). 

 
There are currently opportunities for all of the above-mentioned recreational activities in the 
Humber River watershed; however, increased demand for some of these activities may strain 
the capacity of existing facilities in the future. In contrast, there may be reduced demand for 
some types of recreation activities currently available and new demand for activities not yet 
foreseen. Nature-based recreation providers will need to consider changes in demographics 
and recreational trends when planning for public use in the watershed. Plans will need to be 
flexible enough to accommodate these changing demands.   
 

 
Nature-based Recreation Destinations 

A recent J.D. Power survey found that 70% of new homebuyers in the Greater Toronto Area 
rate proximity to a park, common outdoor area or natural area as important or extremely 
important in their purchase decisions (J.D. Power and Associates, 2006).  This is a strong 
indication that future urban growth will be accompanied by increasing demand for nature-
based recreational opportunities.   
 
Population within the urban areas of the Humber River watershed increases under Scenario 2 
and 5 and urban settlement areas grow significantly. Therefore, it can be expected that there 
will be increasing demand for nature-based recreation facilities, including parks and trails.  If 
additional facilities are not developed, additional pressure will be put on existing facilities with 
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risk of impairment of natural and cultural heritage values from greater intensity of use (e.g. 
proliferation of informal trails, litter, introduction of invasive alien species, etc.) and negative 
impacts on the quality of users’ experiences.  It will be important for nature-based recreation 
providers (i.e. municipalities, TRCA, Province) to undertake parks and recreation master 
planning processes prior to, or in conjunction with planning new communities, to consider if 
existing nature-based recreation facilities can accommodate increased use and, if additional 
facilities are needed, where they should be located.  Protection and creation of greenspace 
and development of new nature-based recreation facilities (e.g. open space trails) will be 
particularly important where extensive residential developments are planned, like in Brampton, 
and Vaughan. 
 
Urban settlements will also be closer to existing nature-based recreation facilities such as 
conservation areas and resource management tracts, than in the past.  With build-out of 
approved official plans in the Humber watershed (Scenario 2), Boyd Park, Living City Campus 
at Kortright (formerly the Kortright Centre for Conservation), Claireville Conservation Area and 
Oak Ridges Corridor Park will become surrounded by urban settlements.  With full build-out of 
the watershed to the boundary of the Greenbelt (Scenario 5) much of the Nashville and Bolton 
Resource Management Tracts will also be surrounded by urban settlements.  This may 
diminish opportunities for “solitude in nature” experiences sought by visitors wishing to escape 
the urban environment.  Potential for encroachments on public greenspace lands (e.g. 
inappropriate uses, dumping, vandalism) may also increase at these facilities.  These issues 
will need to be closely tracked at these facilities to allow management plans to be adapted to 
address them if necessary.  It will become increasingly important for nature-based recreation 
providers to work with the local communities surrounding these facilities to help monitor use 
and promote good stewardship.  At properties where no staff are on site (e.g. Oak Ridges 
Corridor Park, Nashville and Bolton Resource Management Tracts), the establishment of 
stewardship groups or agreements with trail associations would help property managers to 
promote appropriate uses and good stewardship. 
 
It will be important to provide opportunities for a wide range of nature-based recreation 
activities, both at the local level (via municipal parks and trails) and at the regional scale (via 
inter-regional trails and conservation areas).  The mix of nature-based activities that will be in 
demand will be affected by population demographics. Nature-based recreation providers 
should work together to evaluate trends in demand for different types of activities and adapt 
their facilities and plans accordingly.  
 
There may be opportunities to integrate cultural heritage experiences with nature-based 
recreation experiences. As more people are attracted to areas with cultural features, there is a 
greater potential for educational opportunities to enhance the nature-based recreation 
experience. As appropriate, providing interpretive signs and programs at facilities could 
enhance visitors’ experiences by providing an additional educational component. 
 
As demand for a wider variety of nature-based experiences increases, potentially as a result of 
demographic changes, there will be pressure on individual facilities to expand the range of 
activities offered. The potential for incompatible uses and conflicts between user groups may 
increase as the variety of permitted uses increases. Separating uses, especially on trails, can 
help to reduce conflicts between user groups. However, this can lead to trail proliferation and a 
reduction in habitat quality for flora and fauna. Site management plans that identify potentially 
incompatible uses and natural areas to be protected will be necessary. Achieving a balance 
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between recreational use and natural heritage protection is an important factor that must be 
considered in the management of nature-based recreation destinations and should be 
considered in all site management plan processes. 
 

 
Quantity of Potential Greenspace 

Table 4.7-2 shows estimates of the quantity of potential greenspace for baseline conditions 
(Scenario 1), Approved Official Plan Build-out (Scenario 2), and Full Build-out (Scenario 5). 
Findings are discussed for each subwatershed in the Humber River watershed.  
 
Table 4.7-2: Potential greenspace lands in the Humber River watershed for 2002 Baseline 
Conditions, Official Plan Build-out (Scenario 2) and Full Build-out(Scenario 5)   

.Subwatershed 
Potential Greenspace (ha) 

Scenario 1/Baseline Scenario 2  Scenario 5  

Main Humber 17,142.8 16,520.4 16,543.6 * 

East Humber 7,593.5 7,249.7 7,149.8 
West Humber 3,994.9 3,905.0 4,404.3 
Black Creek 1,214.6 1,182.9 1,182.9 
Lower Humber 1,747.4 1,747.3 1,747.4 
Humber Watershed 31,639.3 30,605.6 31,028.1 
* 

 
Entries in italics represent a loss of potential greenspace over baseline (Scenario 1) conditions.  

Main Humber 
 
Scenario 2 results in growth around the northern communities of Bolton, Caledon East and 
Palgrave, with a focus on low-medium density and estate residential land uses, and industrial 
development in a band along the south-west in Brampton and Vaughan. Scenario 5 fills in 
additional development in the southern portion of the subwatershed in Vaughan and Bolton. 
However, a significant amount of the Main Humber subwatershed remains rural or natural 
cover under scenarios 2 and 5 (see Table 4.7-2). 
 
In Palgrave, the increase in population will put additional pressure on local and regional nature-
based recreation destinations, such as the Palgrave Forest and Wildlife Area, Albion Hills 
Conservation Area, and the Bolton Resource Management Tract.  
 
In Caledon East, the main destinations for nature-based recreation are the Trans Canada Trail 
and golf courses. As the community grows, there will be a need to connect new local trails with 
the Trans Canada Trail and other inter-regional trail systems. 
 
The industrial development slated for south Bolton, Brampton, and Vaughan under scenarios 2 
and 5 will impact nature-based recreation opportunities within the Main Humber subwatershed. 
The industrial lands will replace golf courses in the area including Hunter’s Glen Golf Course. 
This will place additional pressures on existing golf courses and create a demand for new 
courses within the GTA.  
 
It is anticipated that there will be minimal additional pressure for recreation opportunities at 
Glen Haffy Conservation Area and nearby resource management tracts in Scenario 2 because 
there is no urban growth anticipated in the surrounding area. However, these locations may 
see small increases in demand as people search for locations where “solitude in nature” 
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experiences can be enjoyed. The potential greenspace connections between Palgrave Forest 
and Wildlife Area and Glen Haffy Conservation Area remain intact, even under Scenario 5. This 
would allow for the Bruce Trail to remain in this area. Similarly, natural cover is maintained in 
the area around the Nashville Resource Management Tract. This could provide for the 
extension of the Humber Valley Heritage Trail in this area. 
 
Lower Humber 
 
Since the Lower Humber is already developed, scenarios 2 and 5 do not result in any 
anticipated changes in the availability of existing public greenspace or trail connections due to 
land use changes, even though there is less space designated as Open Space and Natural 
Area (Table 4.7-2).  However, there may be additional pressures on existing nature-based 
recreation facilities and trails as the demographics of watershed residents change. This should 
be considered when planning for recreation in these areas. 
 
Black Creek 
 
The lower portion of the Black Creek subwatershed (i.e., the City of Toronto) is largely 
unaffected by the land use changes resulting from scenarios 2 and 5, and major potential 
greenspaces available for public use are limited. As such, it is anticipated that changes in 
demand for nature-based recreation will relate to changes in desired activities and the level of 
participation as the demographics of the area change. It will be important for nature-based 
recreation providers to consider demographic changes as they manage the public greenspace, 
trails, and other facilities in the Black Creek subwatershed. In order to provide connected trails 
in areas where greenspace does not exist, trails may need to be located along roads and 
sidewalks. 
 
At the northern tip of the subwatershed, within the City of Vaughan, there is a loss of vacant 
land to industrial development and low/medium density residential development (Scenario 2). 
This will not result in the loss of existing public greenspace or trails as neither exist in this area. 
However, population increases associated with the residential development may result in high 
attendance at nearby facilities, including local parks, the Living City Campus at Kortright and 
Boyd Park. 
 
West Humber 
 
Scenarios 2 and 5 result in major land use changes in the West Humber subwatershed. Under 
Scenario 2, Brampton will be built out with a mixture of low-medium density residential, estate 
residential and industrial development. Scenario 5 assumes widespread development across 
Caledon in the upper portion of the subwatershed.  
 
Scenario 2 results in a loss of potential greenspace to other land uses (Table 4.7-2). 
Consequently, there will be increased pressure on existing greenspace, facilities, and trails, 
such as those at Claireville Conservation Area, Indian Line Campground, the Humber 
Arboretum and Wild Water Kingdom. In addition, visitor experiences at these nature-based 
recreation destinations will likely change, as attendance increases, urban settlements being to 
surround the greenspaces and the potential for “solitude in nature” experiences (i.e. “urban 
escape” experiences) is reduced.  TRCA will have to adapt to these changes when developing 
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and implementing management plans for Claireville Conservation Area and Indian Line 
Campground. 
 
Large portions of Caledon that are currently under rural/agricultural uses are assumed to 
become urban settlements under Scenario 5. If this development occurs, there will be major 
increases in demand for nature-based recreation facilities. Natural areas maintained in the 
valley system can provide some opportunities for nature-based recreation (e.g. trails), however, 
additional greenspace destinations will likely be required in the developed areas to meet 
demand. Consideration should be given to planning for such areas during the development 
planning process. Since large tracts of natural cover and open space are limited in this area, 
existing facilities will likely have to absorb the increased demand for nature-based recreation. 
This will undoubtedly impact the experience of users at facilities in Brampton and Toronto such 
as Claireville Conservation Area, Indian Line Campground, and the Humber Arboretum, 
reducing the potential for solitude and “urban escape” type experiences. 
 
Additional potential greenspace is assumed near the Highway 427 and 407 interchange under 
Scenario 5. This could provide a new opportunity for nature-based recreation. There is not 
likely to be many significant species of concern in this area because of traffic and noise in the 
area, and adjacent industrial developments. Active public use would be appropriate in this 
area. Since the area is close to major residential developments, it would provide a near-urban 
greenspace for many people. This would be especially attractive for people who travel by 
transit. 
 
East Humber 
 
Scenario 2 results in expansion of the communities of Nobleton, King City, and Oak Ridges, 
largely through low-medium density and estate residential development of agricultural lands. 
Scenario 5 assumes further build-out of Vaughan to the King-Vaughan Road and an industrial 
corridor along Highway 400. Potential greenspace will decrease under these scenarios (Table 
4.7-2Table 4.7-2: Potential greenspace lands in the Humber River watershed for 2002 Baseline 
Conditions, Official Plan Build-out (Scenario 2) and Full Build-out(Scenario 5)).  
 
Loss of potential greenspace and increasing demand for nature-based recreation due to 
population growth is likely to place additional pressure on existing facilities, such as the Living 
City Campus at Kortright, Boyd Park, Nashville Resource Management Tract and local parks. In 
order to relieve some of the pressure on large facilities (e.g. Kortright), local parks and trails 
should be incorporated into the new residential developments. This will provide residents with 
nearby opportunities for recreation. 
 
Currently, the Living City Campus at Kortright is not surrounded by residential development. As 
such, the user feels that they are getting away from the urban environment when they visit. As 
urban settlements grow and surround the Living City Campus at Kortright, attendance at this 
facility will change significantly. It will be important for TRCA to consider anticipated changes to 
attendance levels and user experiences in light of the existing management plan that has been 
prepared for this property.   
 
In the Nobleton and King City areas, new residential development (estate and low/medium 
density) is anticipated. This development will reduce the amount of potential greenspace 
available for public use. As this development proceeds, municipalities and other recreation 
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providers will have to consider how and where nature-based recreation opportunities can be 
accommodated in the new communities. In addition, the increase in population will result in 
increased intensity of use of existing locations, such as Cold Creek Conservation Area, Humber 
Trails Forest and Wildlife Area and Nobleton Lakes Golf Club. 
 

 
Trails 

The impact of scenarios 2 and 5 will be felt on the Humber trail network through intensification 
of use of existing trails, changing land use affecting the potential for new trail development and 
connections, and alterations in the type and quality of nature-based recreation experiences in 
the watershed. 
 
Many of the nature-based recreation destinations and trails are located in the northern portion 
of the Humber River watershed, near communities that grow under scenarios 2 and 5. 
Increased pressure will be placed on existing facilities and trails, such as Albion Hills 
Conservation Area, Palgrave Forest and Wildlife Area, Bolton Resource Management Tract, and 
the trails associated with these locations (Humber Valley Heritage Trail, Bruce Trail, Trans 
Canada Trail and Great Pine Ridge Trail).   
 
Under Scenario 5, additional open space is expected to be created in the vicinity of the Bolton 
Resource Management Tract. This would decrease the natural cover in the area. Much of the 
Humber Valley Heritage Trail that travels through this property utilizes the natural cover to 
provide wildlife viewing opportunities and shade for trail users. With reduced natural cover, 
there is potential for the trail experience to be diminished. 
 
The potential greenspace connections between Palgrave Forest and Wildlife Area and Glen 
Haffy Conservation Area remain intact, even under Scenario 5, resulting in protection of the 
Bruce Trail in this area. Similarly, natural cover is maintained in the area around the Nashville 
Resource Management Tract. This would provide opportunities for the extension of the Humber 
Valley Heritage Trail. 
 
The addition of a local trail at the Oak Ridges Corridor Park will help to accommodate some of 
the additional demand for nature-based recreation in the growing communities of Oak Ridges 
and King City. Preservation of the valley systems during development should allow the Granger 
Greenway Trail and the Humber Valley Heritage Trail to continue to provide a natural respite 
from the urban development. There is potential to extend these trail systems along the valleys 
as natural cover is maintained. In order to ensure the long-term maintenance of these trails in 
public greenspace, the valley land should be acquired by TRCA, the local municipality or other 
public use provider and agreements with the trail organizations should be signed. 
 
The conventional development scenarios result in much new development in Caledon, 
Brampton, and Vaughan, along with extensive industrial development along the Peel-York 
boundary. The valley systems will be maintained and therefore development of trails in these 
natural areas should be considered, where appropriate. It will be important to make 
connections to potential greenspaces and other nature-based recreation opportunities along 
these trails. However, the experience enjoyed by trail users may change following urban 
development on adjacent tablelands. The reduction in natural cover on the tablelands may 
reduce the amount of habitat available, leading to a reduction in wildlife in the area. This could 
diminish the wildlife viewing opportunities along the trails and in the public use facilities.  
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The City of Brampton is addressing the increased need for trails with its Pathways Plan and the 
development of a parks and recreation master plan; however, much of the trails are located 
along roads and sidewalks, not within public greenspace. This will result in a different 
experience for the trail user. Those trail users looking for a more natural trail experience will 
have to travel elsewhere in the watershed or GTA to have such an experience. Trails in 
Claireville Conservation Area could provide this experience, so it will be important to link local 
trails in Brampton with trails in Claireville Conservation Area. 
 
The City of Vaughan also is developing a trail plan. Existing inter-regional trails do not appear 
to be threatened by the conventional development scenarios, although the current experience 
enjoyed by trail users may change as the potential and existing greenspaces are surrounded 
by development. 
 
In those subwatersheds largely already developed, such as Black Creek and the Lower 
Humber, demographic changes (e.g., changing cultural mix, aging population) will be 
important considerations in the future management of existing greenspace and trails. Since 
opportunities to expand greenspace in Black Creek are limited, in order to provide connected 
trails in areas where greenspace does not exist, trails may need to be located along roads and 
sidewalks. 
 
More intense use of greenspace and trails, and routing of trails through the remaining natural 
areas (after development), could create compatibility of use problems. Intensive use of trails 
may lead to trampling of sensitive flora species, dumping and litter, and impacts on wildlife 
from off-leash pets. If trails are not constructed in a manner which appeals to the trail user, 
informal trails may proliferate into environmentally sensitive areas and habitat. It is important 
that trail systems be developed with the trail user in mind and that barriers to sensitive areas be 
a component of trail planning and development. Trails can be limited to a small area within a 
natural area. By creating buffers along the trails that deter people from going off the trails, the 
area that would be impacted by visitors could be minimized. User fees generated by public use 
can be used to maintain facilities as well as restore and acquire greenspace. Where public use 
can be incorporated into greenspace in an ecologically appropriate manner, it should be 
considered as an option. Also, if trails are built in areas which are sensitive to erosion or 
flooding, users will find alternative routes to bypass these areas. Appropriate trail design, 
infrastructure and relocation are ways to mitigate trail use on the natural environment. 
 

4.7.5 Effects of End of Pipe Stormwater Retrofits 
 
Stormwater retrofits were not deemed to have a significant impact on recreation activities in the 
watershed, and therefore Scenario 3 (Official Plan build-out and Stormwater Retrofits) was not 
examined. 
 

4.7.6 Effects of Expanded Natural Cover 
 
The primary variables of interest in Scenario 4 (Official Plan build-out and Increased Natural 
Land Cover) are the development and population growth associated with the Official Plan build-
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out, and the greatly expanded natural cover. This scenario would result in significant increases 
in natural cover, particularly in the upper reaches of the watershed (Table 4.7-3). This increased 
natural cover may serve to off-set some of the negative impacts on the nature-based recreation 
system expected with conventional development (Scenarios 2 and 5).  
 
Table 4.7-3: Potential greenspace in the Humber River watershed for 2002 Baseline 
Conditions and OP Build-out with Expanded Natural Cover(Scenario 4). 

Subwatershed 
Potential Greenspace (ha) 

Scenario 1/Baseline  Scenario 4  
Main Humber 17,142.8 21,779.5 
East Humber 7,593.5 10,561.8 
West Humber 3,994.9 5,772.4 
Black Creek 1,214.6 979.4
Lower Humber 

* 

1,747.4 1,476.1 
Watershed 31,639.3 40,569.4 
* 

 
Entries in italics represent a loss of greenspace over 2002 baseline (Scenario 1) conditions. 

 
Nature-based Recreation Destinations 

With increased natural cover, there would be greater opportunity for high quality wildlife habitat 
to exist which could off-set some of the potential negative impacts on natural and cultural 
heritage values and users’ experiences predicted with urban growth.  The improved quality of 
habitat that would likely exist in Scenario 4 would support an increased diversity of species 
which would enrich bird-watching, angling and nature viewing opportunities.  Specific facilities 
that would likely benefit most in Scenario 4 are Nashville and Bolton Resource Management 
Tracts, Oak Ridges Corridor Park, Claireville Conservation Area and Palgrave Forest and 
Wildlife Area. 
 

 
Quantity of Potential Greenspace 

By increasing natural cover it may be possible to develop additional nature-based recreation 
destinations to ease pressure on existing facilities and direct intensive uses to types of habitat 
that are least sensitive to trampling and encroachments.  The better connectivity that would 
exist between habitat patches could provide opportunities to complete missing links in the 
inter-regional trail system and extend opportunities for hiking, biking, picnicking and angling.  
 

 
Trails 

Increased natural cover could result in better connected greenspace, and, therefore, better 
opportunities to extend inter-regional trails and to link nature-based recreation destinations via 
trails. The associations responsible for the Humber Valley Heritage Trail, the Granger Greenway 
Trail and the Oak Ridges Moraine Trail could look to extend their trail systems. In addition, 
municipalities could relocate some of their local trails along roads and sidewalks into natural 
areas, where appropriate. 
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4.7.7 Effects of Sustainable Communities 
 
The effects of Scenario 6 (Full Build-out, Sustainable Communities) on nature-based recreation 
are expected to be similar to those under Scenario 4 (OP Build-out and Increased Natural Land 
Cover), with the exception of higher intensity of public use in the urbanizing areas in south 
Caledon. The quantity of potential greenspace will be greatly enhanced in the upper 
subwatersheds and to a lesser extent further south in the watershed. Furthermore, the health of 
the natural areas will be improved, due to assumptions about improved management of 
negative matrix influences (i.e., surrounding land use) and stewardship of natural areas under 
the sustainable community scenario. 
 
This scenario assumes the proposed inter-regional trail network is implemented and that 
connections with local community trail systems are well-established, thus contributing to more 
“sustainable” communities. 
 

4.7.8 Effects of Climate Change  
 
The effects of warmer, wetter conditions were considered in terms of the conventional full build 
out (Scenario 5 a/b) and sustainable community development (Scenario 6 a/b) scenarios. 
Climate change may be felt most strongly in changes to the variety and quality of nature-based 
recreation uses and experiences.  
 
Shifts in the composition of flora and fauna and agricultural crops that may accompany climate 
change could have implications for changes in focus for bird-watching, angling and nature-
viewing activities. Reduced baseflow in the river could impact its navigability, and so may limit 
canoeing in some reaches that are navigable today (e.g. Humber marshes, Claireville canoe 
route). Warmer water temperatures will foster the survival and reproduction of bacteria, and 
may result in loss of swimming days through beach closures in the Western Beaches and other 
sites within the watershed. In addition, warmer winters could result in lessened opportunities for 
snow-based activities that require natural snow accumulation, such as cross-country skiing and 
snowshoeing, and longer seasons for hiking and cycling. 
 

4.7.9 Summary and Conclusions 
 
If levels of population growth projected for the Greater Toronto Area are realized and current 
trends of an aging and more culturally diverse demographic continue, demands for nature-
based recreation can be expected to change significantly.  It is likely that with population 
growth, demand for nature-based recreation opportunities will increase.  Facility providers (i.e. 
municipalities, TRCA, the Province) will need to consider the needs of an aging population 
(e.g., accessibility, level of trail difficulty) and the interests and preferences of immigrant 
populations. 
 
In the conventional urban growth scenarios examined in the Humber River watershed 
(Scenarios 2 and 5), population and urban settlement areas grow significantly. Therefore, it can 
be expected that demand for nature-based recreation facilities, including parks and trails, will 
increase significantly.  If additional facilities are not developed, additional pressure will be put 
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on existing facilities with risk of impairment of natural and cultural heritage values from greater 
intensity of use (e.g. proliferation of informal trails, litter, introduction of invasive alien species, 
etc.) and negative impacts on the quality of users’ experiences. 
 
With build-out of approved official plans (Scenario 2) some nature-based recreation facilities 
will become surrounded by urban settlements (i.e. Boyd Park, Living City Campus at Kortright, 
Claireville Conservation Area and Oak Ridges Corridor Park).  This may diminish opportunities 
for “solitude in nature” experiences sought by visitors wishing to escape the urban 
environment.  Potential for encroachments on public greenspace lands (e.g. inappropriate 
uses, dumping, vandalism) may also increase at these facilities. 
 
As population demographics become more culturally diverse, demand for a wider variety of 
nature-based experiences may increase. This could put pressure on individual facilities to 
expand the range of activities offered. The potential for incompatible uses and conflicts 
between user groups may increase as the variety of permitted uses increases. 
 
If approved official plan build-out was accompanied with an increase in protection and 
restoration of natural cover (Scenario 4), there would be greater opportunity for high quality 
wildlife habitat to exist which could off-set some of the potential negative impacts on natural 
and cultural heritage values and users’ experiences predicted with urban growth.  The 
improved quality of habitat that would likely exist in Scenario 4 would support an increased 
diversity of species which would enrich bird-watching, angling and nature viewing 
opportunities.  It would also present opportunities for developing new nature-based recreation 
facilities, better linked trails, and enhancing “wilderness” experiences, particularly in the 
northern portions of the watershed.  
 
The potential impacts of climate change on nature-based recreation are broad and far 
reaching, as changes in hydrology, water quality, and air temperatures may affect the extent 
and composition of flora, fauna, and agricultural crops across the watershed. These altered 
conditions would affect the quality of a range of recreational experiences, including canoeing, 
bird watching, and swimming. Expanding natural cover, as examined in Scenarios 4 and 6, 
could help to offset some of these impacts. 
 
 

4.7.10 Management Considerations 
 
The scenarios examined will have impacts on the degree to which the nature-based recreation 
objectives for the Humber River watershed are achieved (Table 4.7-1). Careful planning and 
management of the greenspace and trails system will be needed to meet growing and 
changing demand for nature-based recreation and to balance public use with protection of 
sensitive natural areas and cultural. Key management considerations include: 
 

• The need to enhance and further develop a connected, publicly-accessible, regional 
greenspace system

 

, that includes conservation areas and major municipal parks linked 
by inter-regional and local trails. This will be particularly important as development 
proceeds.  Protection and restoration of an expanded natural heritage system would 
generate opportunities for creating new public greenspace and connecting trails. 
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• Public lands that make up the regional greenspace system need to be regarded as 
public assets and, like other public infrastructure, need to have adequate funding to 
support their monitoring, maintenance and management.  

 
• It will be important for nature-based recreation providers to undertake master plan 

processes prior to, or in conjunction with planning new communities, to consider if 
existing facilities can accommodate increased use and, if additional facilities are 
needed, where they should be located.  Protection of greenspace and development of 
new nature-based recreation facilities (e.g. major parks, open space trails) will be 
particularly important where extensive residential developments are planned, such as in 
Brampton and Vaughan.  Local trails should link with the inter-regional trail system. 

 
• Nature-based recreation providers should work together to study and evaluate trends in 

demand for different types of activities associated with changing demographics and 
adapt their facilities and plans accordingly.  

 
• Multi-use trails should be created for a variety of uses (e.g., pedestrians, cross-country 

skiers, cyclists), where appropriate. Single-use trails may be employed when necessary. 
A variety of trails lengths also should be provided.  

 
• Opportunities to integrate cultural heritage experiences with nature-based recreation 

experiences should be explored to enhance visitors’ experiences and help raise 
awareness of the cultural and natural heritage of the Humber River watershed. 

 
• Balancing public use with protection of the ecological and cultural heritage values 

through development and implementation of site management plans will be a crucial 
part of managing nature-based recreation facilities. A better understanding of current 
levels of use at existing nature-based recreation facilities located near projected urban 
growth areas is needed (e.g. Boyd Park, Living City Campus at Kortright, Claireville 
Conservation Area, Oak Ridges Corridor Park).  Quality of users’ experiences and 
encroachments (e.g., inappropriate uses, dumping, vandalism) should also be tracked 
at these facilities so that site management plans may be adapted if necessary.  

 
• It will become increasingly important for nature-based recreation providers (i.e. 

municipalities, TRCA, the Province) to work with the local communities surrounding 
their facilities to help monitor use and promote good stewardship.  At properties where 
no staff are on site (e.g. Oak Ridges Corridor Park, Nashville and Bolton Resource 
Management Tracts), the establishment of stewardship groups or agreements with trail 
associations would help property managers to promote appropriate uses and good 
stewardship (e.g. Friends of Claireville, Caledon Trailways Association, Bruce Trail 
Association, etc.). 
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Chapter  

5.0 

SUMMARY AND 
RECOMMENDATIONS 

 
 
5.0 SUMMARY AND RECOMMENDATIONS 
 
To provide effective guidance for the protection and enhancement of the Humber River 
watershed, the TRCA undertook an innovative modelling and analysis study, as one 
component of an overall watershed planning exercise.  This study involved prediction of the 
watershed’s response for a range of ecosystem indicators to scenarios of potential future 
watershed land use, climate and management strategies. 
 
Section 5.1 provides an overview of the integrated study design.  Section 5.2 summarizes the 
key findings of this work, which have contributed to an improved understanding of the 
interdependencies of watershed systems, their sensitivity to change and the relative 
effectiveness of various management actions. Section 5.3 describes the overall management 
strategies that appear to be the most effective at achieving objectives for watershed health and 
Section 5.4 identifies how these study results were used. 

5.1 Integrated Study Design 
 
The modelling and analysis study design was guided by the following questions, which arose 
from a review of five primary watershed issues and opportunities identified in Phase 1 of the 
overall watershed planning study: 
 

• Urban growth:  How will different extents of urban growth affect watershed conditions?  
Can different forms of urban community design reduce the impacts? How would the 
protection of lands in the Greenbelt affect watershed conditions? 

• Natural cover:  What are the opportunities for expanding natural cover and how would 
expanded natural cover affect watershed conditions? 

• Stormwater management/retrofits:  How effective would end-of-pipe stormwater 
management pond retrofits be in addressing water management problems? What 
would be the cumulative effect of lot level, conveyance and end-of-pipe stormwater 
management practices in new greenfield developments and retrofits in existing urban 
communities? 

• Sustainable practices:  What would be the cumulative effect of a range of sustainable 
practices on watershed conditions, if implemented throughout the watershed? 

• Climate change:  How will climate change affect watershed conditions? Can the 
adoption of sustainable practices mitigate these effects? 

 
A series of ten scenarios were formulated to depict the possible futures contemplated in the 
study questions.  The scenarios were as follows: 
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1. Baseline Conditions (2002) 
2. Approved Official Plan Build-out 
3. Approved Official Plan Build-out with End-of-pipe Stormwater Retrofits 
4. Approved Official Plan Build-out with Expanded Natural Cover 
5. Full Build-out 
5A. Full Build-out with a Warmer and Wetter Climate 
5B. Full build-out with a Warmer and Much Wetter Climate 
6. Sustainable Communities 
6A. Sustainable Communities with Warmer and Wetter Climate 
6B. Sustainable Communities with Warmer and Much Wetter Climate 

 
The scenarios thereby provided a common basis from which to model/predict and evaluate the 
watershed’s response for a range of ecosystem indicators.  Predictive tools included a 
combination of computerized mathematical models, empirical relationships and professional 
judgement as follows: 
 

• Surface water balance – Precipitation Runoff Modelling System (PRMS) – a distributed 
continuous water budget model; 

 
• Surface water hydrology and water quality - HSP-F (Hydrological Simulation Program – 

Fortran) – a continuous hydrologic model with water quality simulation capabilities;  
 
• Groundwater - Modular Flow System – Fortran (MODFLOW) – a three-dimensional finite 

difference numerical groundwater flow model; 
 

• Aquatic system - Landscape and Stream Assessment Tool (LSAT) – an aquatic 
community predictive model based on established relationships between land cover 
and habitat/species;  

 
• Terrestrial system – TRCA’s Landscape Analysis Model and Terrestrial Natural Heritage 

System Design Tool - GIS based terrestrial natural heritage models based on principles 
of landscape ecology; 

 
• Cultural Heritage – TRCA’s probability model for archaeological potential and 

professional judgment; 
 

• Nature-based Recreation - Professional judgment and literature. 
 
Predicted effects of each scenario were evaluated in terms of acceptability with respect to 
established watershed objectives and working targets.  An overall watershed response model 
illustrating the pathways and linkages among the individual systems and was used to guide the 
integrated analysis.  The individual models were linked in that often output from one model was 
required as input to another.  Care was taken throughout the study to ensure the compatibility 
and comparability of study results. 
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5.2 Summary of Scenario Modelling Results 
 
As illustrated in the Watershed Response Model shown in Chapter 1 (Figure 1-2), changes in 
climate and land cover affect a series of changes in the watershed’s surface water, 
groundwater and aquatic systems through hydrologic pathways, and impose related direct and 
indirect impacts to terrestrial natural heritage and cultural and nature-based recreational 
resources.  This pattern of watershed responses also emerged from the analysis of scenarios 
addressing:  conventional urban development, end of pipe stormwater management retrofit 
ponds, expanded natural cover, sustainable community design and climate change. 
 

 
Conventional urban development (Scenarios 2 and 5) 

The build out scenarios assumed urbanization according to municipal official plans approved 
as of January 1, 2005, and potential full build-out to the Greenbelt boundary, using 
conventional approaches to development and stormwater management.  Much of the future 
development will occur in the West Humber, Rainbow Creek and Purpleville Creek 
subwatersheds. The analysis predicted the following changes in water budget, surface water 
flow, water quality and groundwater systems as a result of conventional urban development in 
the Humber watershed: 
 
Altered water budget of the Humber River watershed as evapotranspiration and recharge will 
be reduced and more precipitation will run off newly created impervious surfaces.  The West 
Humber subwatershed will be the most affected where reductions to average annual recharge 
of 10% and 29% are predicted in the Approved Official Plan Build-out and Full Build-out 
scenarios, respectively. 
 
Increases in total annual stream flow volumes due to increased runoff in proportion to the 
degree of upstream development and impervious cover, with the greatest increases in summer 
and fall.  Stormwater management detention ponds designed according to conventional criteria 
(control of peak flows from synthetic storm events to existing levels and extended detention for 
erosion control) will reduce the impact of increased runoff by providing storage and slower 
release of the greater volume of flows, but these may not be sufficient to completely mitigate 
flooding and erosion impacts, particularly when considering cumulative effects at the 
subwatershed and watershed scale.  Further, the extended discharge from ponds, combined 
with a reduction in infiltration, will result in a greater proportion of low flows in streams between 
storm events being comprised of stormwater runoff rather than groundwater discharge, 
particularly in summer months.   
 
While stormwater detention ponds were effective in reducing peak concentrations of 
contaminants and maintaining nutrient and suspended solid loads at or below current levels, 
water quality is still predicted to degrade further in conventional development scenarios, 
particularly with respect to chloride, E. coli (i.e., bacteria) and heavy metals.   
 
Decreases in recharge of the Oak Ridges Aquifer of up to 150 mm/yr locally (approximate 
reduction of 4% in total annual watershed recharge) would occur under the official plan 
scenario.  Further decreases in recharge of 50 to 150 mm/yr would likely occur under the full 
build out (additional 4% drop in total annual recharge), as a result of the limited existing 
recharge capacity where development is projected to occur (i.e., clay soils and underlying 
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glacial till deposits). Areas with the highest existing recharge capacity are protected from 
development by the Oak Ridges Moraine Conservation Plan and Greenbelt Plan.  While overall 
impacts on recharge at the watershed scale are predicted to be low, at the subwatershed 
scale, the extensive urban growth assumed in the Full Build-out scenario would have significant 
cumulative effects on recharge, aquifer water levels and groundwater discharge in the West 
Humber and Rainbow Creek; 
 
Reduction in the Oak Ridges Aquifer water level of up to about 8 m with conventional build-out 
of approved official plans are predicted, which is 4 to 8 times the current average annual water 
level fluctuation.  Declines of this magnitude were only predicted in the lower reaches of the 
West Humber and Rainbow Creek where urban developments already exist or are planned and 
will be serviced by Lake Ontario-based water supply, so impacts on groundwater takings would 
not be an issue.  An additional decline in aquifer water levels in these areas is predicted in 
response to conventional full build out.  Widespread impacts on groundwater withdrawals are 
not expected due to the presence of few municipal wells in areas where significant reductions in 
aquifer water levels are predicted.  However, lower aquifer water levels predicted in the East 
Humber around King Road with conventional full build-out could affect private domestic water 
supplies outside of urban areas that are derived from shallow wells and warrant further study.   
 
Reductions in groundwater discharge ranging from <1% to 37% under the official plan build-
out and from <1% to 70% under full build-out, with the most intense reductions predicted in 
Rainbow Creek, the upper reaches of the West Humber and King Creek, relative to existing 
conditions.  Baseflows in these subwatersheds are very low under existing conditions, 
contributing less than 1% of total baseflow to the Humber River, with most headwater reaches 
drying up during extended periods of dry weather.  While the overall impact on baseflow to the 
Humber River is predicted to be minimal (4% under official plan build-out and 9% under full 
build-out), if reductions to recharge are not mitigated, some reaches may become dry for 
longer periods and the number of reaches exhibiting intermittent flow may increase; 
 
The predicted effects in the aquatic community mirror those in the water system.  Analysis of 
potential aquatic communities showed that with official plan build-out, the overall aquatic 
ecosystem within and downstream of the urban boundary would experience moderate impact 
and shift to warm-water tolerant communities.  With full build-out it is predicted that significant 
negative impacts on aquatic communities and habitat would occur.  LSAT model predictions 
suggest that with conventional development, populations of redside dace and rainbow darter 
may decline significantly, which are target species for fisheries management in the Humber 
River.  The likely factors influencing the aquatic community are changes in stream flow regime 
and increases in chloride and metal concentrations and stream temperatures.  Potential 
impacts on aquatic communities are predicted to be most severe in Purpleville Creek and the 
West Humber River. 
 
Terrestrial habitats are currently fragmented in the watershed and of a fair quality overall, 
meaning that there is only a fair capacity to support native biodiversity and insufficient high 
quality habitat to support sensitive species over the long term.  Urban growth will continue to 
negatively impact the system, either through direct loss of habitat or through urban matrix 
impacts on adjacent habitat, unless the system can be protected and expanded.   
 
Further urban development could result in loss of undiscovered cultural heritage sites, if proper 
advance investigation and protective actions are not undertaken. However, the settlement of 
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more people in the watershed will continue to enrich the cultural diversity of the population.   
 
The increasing population, changing demographics (aging population, immigration), and shifts 
in land use from rural to urban will have implications for the variety of nature-based recreational 
uses and experiences available in the watershed, and the adequacy, accessibility and 
condition of greenspace and the trails network.  Rapid urban growth, particularly in Brampton 
and Vaughan, is expected to result in rising demand for nature-based recreation and falling per 
capita greenspace resources.  As also noted in relation to the terrestrial natural heritage 
concerns, the increased proximity of urban land uses to natural areas and the increased 
intensity of recreational use could result in damage to sensitive natural areas (e.g. proliferation 
of informal trails, invasive species, dumping, litter) and associated impacts on the quality of the 
recreational experience.  
 

 
End of pipe stormwater retrofit ponds (Scenario 3) 

This analysis considered the effects of improving existing stormwater management ponds or 
constructing new ones in all existing developed areas where there are opportunities as 
identified in studies by Humber watershed municipalities.  These measures would result in local 
downstream benefits, but due to the limited numbers of opportunities for new or improved 
ponds in existing developed areas these measures alone would not be enough to provide 
significant hydrologic improvements in terms of surface run-off, erosion potential and water 
quality at a subwatershed scale. 
 
Ponds are limited in the benefits they can provide for erosion control, and need to be 
augmented by source and conveyance control measures that address the total volume of 
runoff.  Only the retrofit opportunities identified on Black Creek address an area of sufficient 
size to realize benefits to erosion control and water quality at a subwatershed scale.  However, 
end-of-pipe retrofits have major benefits to water quality, particularly in smaller receiving 
watercourses.   
 
Implementation of known SWM pond retrofits would improve water quality in the lower portions 
of Rainbow Creek and the East and West Humber.  However, only modest reductions in 
pollutant loads in the order of 5 to 15% were predicted because the ponds would treat small 
portions of the upstream drainage areas.  More substantial improvements would likely be 
achieved locally (i.e., reaches immediately downstream of the retrofit pond) but to improve 
water quality at a subwatershed scale would require many more retrofits than were examined. 
 
Given the relatively limited and localized benefits of the assumed stormwater management 
pond retrofits in managing stream flows, erosion potential and water quality, the benefits to the 
aquatic ecosystem are also expected to be limited and result in no appreciable change from 
existing conditions. 
 
The implementation of end-of-pipe stormwater retrofit measures is expected to have limited to 
no effect on the groundwater system, cultural heritage and nature-based recreation. 
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Expanded natural cover (Scenario 4) 

Expanding natural cover from 32% to 39% of the watershed area, as shown in the targeted 
natural heritage system map (see text box, section 4.5.8), has the potential to provide 
significant hydrologic benefits with regards to stormwater management.  The primary benefit 
would be the reduction of runoff and stream flow volumes and a corresponding reduction in 
erosion potential in downstream watercourses in proportion to the amount of additional 
vegetative cover provided within each sub-watershed.  The configuration of the target terrestrial 
natural heritage system would result in the most hydrologic benefits in the Main and East 
Humber subwatersheds, where the most opportunities for plantings remain.  Benefits further 
downstream and in other subwatersheds are less significant and generally outweighted by 
potential negative impacts of future conventional development.  At the watershed scale, 
cumulative benefits of expanded natural cover on groundwater recharge and discharge largely 
mitigates the potential decrease in discharge at the mouth of the Humber River, thereby 
achieving the objective of maintaining natural levels of baseflow.  However, because the 
benefits are concentrated in the Main and East Humber, significant reductions to groundwater 
discharge in subwatersheds where major new urban growth is planned would still occur if not 
mitigated through application of stormwater infiltration practices. 
 
Some water quality benefit is expected to accrue from converting significant agricultural land 
areas to forest.  Nutrient and suspended solids concentrations and loads would be reduced.  
However, it would not mitigate the adverse impacts of conventional development on levels of 
metals or chloride as agricultural land uses do not represent major sources of these 
contaminants. 
 
Increased natural cover would benefit fish habitats and associated communities, but not 
equally throughout the watershed.  Where major increases in natural cover are assumed, 
greater benefits to aquatic ecosystems are predicted.  However, despite improved conditions 
upstream, much of the habitat in the lower reaches of the watershed is still predicted to 
degrade with continued conventional urban development.   
 
Implementation of the targeted natural heritage system would increase terrestrial habitats to a 
large measure and improve the quality and connectivity of habitats and corridors.  
Improvements in the overall habitat quality throughout the watershed will increase the potential 
for these habitats to support a more diverse range of species, including species of concern.   
 
Most archaeological sites are found within 250 m of a watercourse or water body, and similarly 
much of the target terrestrial system within the Humber watershed is oriented along 
watercourses.  While the protection of natural cover can be mutually beneficial to the protection 
of cultural heritage resources in situ, more active regeneration projects involving land 
disturbance may impact archaeological sites, unless proactive planning and mitigative 
measures are employed. 
 
Expanded natural cover may enhance some nature-based recreation experiences (e.g. hiking, 
bird watching) and may provide a large enough greenspace land base to protect more 
sensitive natural areas from incompatible uses (e.g. mountain biking).  
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Sustainable communities (Scenario 6) 

This scenario comprised four main sets of assumptions: 
• An increase in natural cover (as in the expanded natural cover scenario); 
• Sustainable community designs in greenfield developments that emphasize lot level 

and other stormwater management practices aimed at maintaining pre-development 
water balance to the extent possible;  

• Naturalized landscaping and stormwater retrofit practices at the lot level, along 
conveyance systems and at end of pipe in existing urban areas; and 

• Shift toward more sustainable, conserving behaviours. 
 
The combination of sustainable community initiatives assumed in this scenario would reduce 
the negative effects of conventional urban development, but are generally not expected to fully 
offset them, particularly from a water management perspective. There are, however, many 
positive effects of this scenario predicted for other natural and cultural heritage objectives and 
for Humber watershed communities. 
 
Modelling suggests that the incorporation of sustainable community design, including 
innovative stormwater management measures in new development, as well as the retrofit of 
such measures on existing developed areas, would help maintain a more natural hydrologic 
regime.  Existing erosion impacts may be moderately reduced in many parts of the watershed 
but there would still be major increases in erosion potential in Rainbow Creek, Purpleville Creek 
and the West Humber River.  These predictions are in part due to modelling assumptions 
regarding the application of stormwater infiltration practices in developments on less pervious 
soils.  These results suggest that a much more aggressive application of innovative stormwater 
practices such as green roofs and rainwater harvesting would be required in new 
developments in these subwatersheds to maintain erosion potential at or near baseline levels.   
 
Pollution prevention and other sustainable community practices would not only prevent water 
quality impacts but often improve water quality relative to current conditions.   Levels of metals 
and chloride would likely still remain above existing condition levels.   Chloride was the only 
contaminant predicted to continue to increase in concentration with development, even if 
aggressive salt management practices were applied, as this constituent is not removed by 
structural stormwater management controls. 
 
If sustainable community initiatives and increased natural cover were applied in new and 
existing developments, that improvement could be achieved over aquatic habitat conditions 
that would exist if full build out was to proceed with conventional management approaches, 
although there are limitations to this analysis.  There is a need for further study into the 
cumulative benefits of innovative measures on the aquatic ecosystem.  The targeted terrestrial 
natural heritage system, coupled with sustainable community design and practices, offers the 
opportunity to achieve better quality habitat overall, with greater likelihood of increasing 
biodiversity and supporting species of conservation concern. 
 
The expanded natural cover inherent in the sustainable community assumptions will enhance 
opportunities for nature-based recreational experiences and protect sensitive natural areas, as 
in the expanded natural cover scenario.  The assumed features of sustainable community 
designs (e.g. more urban open spaces, linked community trails, etc) will further contribute to 
improved quality of life. 
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With development will come the potential for increased traffic, resource use (e.g. water and 
energy), air emissions, and loss of farmland and local food production capacity.  However, if 
development is undertaken on the basis of sustainability principles, the new communities will 
facilitate sustainable choices (e.g. reduced vehicle use, water re-use, and alternative energy 
use), foster awareness and appreciation of cultural and natural heritage, and create improved 
environments for human health. The outcome of these choices will contribute to overall 
watershed health. 
 

 
Climate change (Scenarios 5A, 5B, 6A and 6B) 

This study evaluated two climate change scenarios: 1) “CGCM2” is 5oC warmer and 6% wetter 
than recent average annual conditions; and 2) “British Hadley” is 7o

 

C warmer and 10% wetter 
than recent average annual conditions.  Seasonal differences in temperature and precipitation 
defined in these scenarios are described in Appendix A and in Section 4.1.  Each climate 
change scenario was applied separately to the conventional full build out and sustainable 
community design scenarios. 

The effect of future climate change on surface water quantity and groundwater systems of the 
Humber River watershed is largely uncertain.  While increases in temperature and precipitation 
are likely, the response of the watershed could vary substantially depending on the 
interrelationship and proportionality of changes in different meteorological parameters.  
Further, there is uncertainty regarding future changes in the frequency and intensity of storm 
events in Southern Ontario and the Humber River watershed, as current climate change 
prediction models do not provide sufficient temporal or spatial resolution to predict such 
changes.  Therefore, the effect of climate change on larger flows that result in flooding and/or 
erosion is difficult to predict at this time.  Similarly, effects on low flows and baseflows are also 
difficult to predict as these are determined by a complex interaction of the magnitude, intensity 
and seasonality of both temperature and precipitation changes which cannot yet be predicted.   
 
Notwithstanding the uncertainty there is the potential for significant changes to the surface 
water flow regime as a result of climate change that should be considered in management and 
planning.  It is believed that the most precautionary approach would be to follow a course of 
action that attempts to maintain or restore a more natural hydrology to the extent possible, to 
maximize the watershed’s resilience to change.  The practices embodied in the sustainable 
community scenario appear to be the most effective at achieving this objective. 
 
Concentrations and loads of most water quality variables cannot be predicted definitively, due 
to uncertainties in the hydrologic response.  It is expected that chloride levels may decrease as 
winter temperatures become warmer and reduce the need for road salting. 
 
Increased air temperatures expected with climate change will likely cause aquatic ecosystems 
to change from their current composition and form in favour of warmwater water habitat. It is 
therefore very important that aquatic ecosystem retain high species diversity to allow for 
flexibility, and to allow for adaptation and change as the local climate changes over time.  
Critical to this line of thinking is that healthy and diverse aquatic communities will only be 
maintained by decreasing impervious cover across the watershed with the primary objectives 
of maintaining water balance and reducing the storm-related erosion potential. The first 
negative response of aquatic communities will likely be the population decline of rainbow 
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darter. Tracking the population status of this species may provide an early indication that 
greater aquatic ecosystem degradation will soon follow. 
 
The increased temperature and precipitation expected under climate change scenarios will 
likely change the growing season and life cycle conditions for plants and wildlife. These 
conditions may favour more southern species and provide conditions suitable for invasive 
species. The latter will be exacerbated with an increase in the urban matrix and ongoing human 
impacts.  An expanded natural heritage system with greater bio-diversity and connectivity 
would provide greater resiliency to these effects. 
 
The potential impacts on nature-based recreation are broad and far reaching, as changes in 
hydrology, water quality, and air temperatures may affect the extent and composition of flora, 
fauna, and agricultural crops across the watershed. These altered conditions would affect the 
quality of a range of recreational experiences, including hiking, canoeing, bird watching, and 
swimming. The expanded natural cover associated with the sustainable community scenario 
could help to offset some of these climate change impacts. 
 

5.3 Recommendations for Watershed Management 
 
The study found that the Sustainable Communities scenario provided the most effective means 
of achieving multiple objectives for watershed health.  The practices assumed as part of that 
scenario are summarized in Appendix A of this report.   
 
Three management strategies encompass many of the assumed practices embodied in the 
sustainable community scenario: 
 
1. Expand and enhance terrestrial natural cover in the watershed. 

 
The targeted terrestrial natural heritage system for the Humber watershed, as shown in Figure 
4.5-14, illustrates the configuration of this system and represents a target natural cover of 
approximately 39% of watershed area.  Management actions should address the securement of 
existing features and the land base for expansion of the system, restoration of the system, and 
management of surrounding land use impacts on the system.  Initial implementation of 
increased natural cover should focus on areas upstream of existing and future urban growth to 
achieve improvements in water management, erosion control, and associated aquatic habitat 
functions in a timely manner.  Strategic reforestation/wetland creation programs should 
therefore focus work in the headwaters of the West Humber and East Humber.  These 
improvements will contribute to the mitigation and management of anticipated impacts from 
urban growth. 

 
2. Build more sustainable new communities and retrofit older ones to improve their 

sustainability. 
 

Key actions involve improvement of water management and promotion of sustainable 
practices overall. 
 

a) Improve water management 
Future development should utilize innovative stormwater management techniques and 
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existing development should be retrofitted with innovative measures, in order to maintain 
a natural water budget to the maximum extent possible, mitigate erosion impacts to 
watercourses, and maintain or restore groundwater recharge and baseflows in streams.  
Development designs should employ an integrated stormwater management approach 
that uses both conventional end-of-pipe facilities and source control approaches (e.g. 
naturalized landscapes, infiltration practices, green roofs, rain harvesting) to minimize the 
increase in runoff volume from new development. Pilot testing of innovative technologies 
should begin as soon as possible to determine performance in Humber River watershed 
conditions.  Once incorporated into new and existing development, representative 
installations should be monitored and measures put in place to track the cumulative 
benefits of these technologies at a subwatershed and watershed scale. 
 
The flood control criteria used to design stormwater management ponds should be 
reassessed prior to the expansion of urban boundaries beyond those specified in current 
official plans to ensure that no increase in flood risk is created for existing developed areas 
downstream.  Basing the criteria on a single type of synthetic design storm event, rather 
than continuous simulation modeling using historical rainfall data, may not be adequate to 
prevent downstream impacts for the range of rainfall events that occur in reality.  Erosion 
control criteria should also consider cumulative subwatershed and watershed impacts and 
the effects of stream flow volume increases on sediment transport at levels below 
conventional erosion thresholds.   
 
b) Promote sustainable practices overall 
Facilitate the use of these innovative water management approaches by promoting 
improved urban form, green buildings and sustainable behaviour, and at the same time 
address a broad range of other objectives for the sustainable community.  Of particular 
interest is the need to accelerate the shift to the adoption of more sustainable practices 
and the need for testing and demonstrating new technologies, particularly those 
described above for water management. 

 
3. Create a regional open space system for nature-based recreation 
 

Securement of the targeted terrestrial natural heritage system will not only contribute to 
water and natural heritage management objectives, but will provide an expanded 
greenspace system needed to meet the increased demand for nature-based recreation 
associated with population growth.  Careful planning and management of the greenspace 
and trails system will be needed to balance public use with the protection of sensitive 
natural areas, realize opportunities to interpret and celebrate the cultural and natural 
heritage, and protect the distinctive urban wilderness and countryside experiences of the 
Rouge watershed.  Access to natural areas contributes social well-being and thereby is an 
integral component of overall sustainability. 

 
Although the analysis which demonstrates the effectiveness of these three management 
strategies was conducted at the watershed and subwatershed scale, many of the inherent 
assumptions will affect decisions at multiple scales.  Therefore, implementation of these 
strategies must be considered at all levels of decision making:  watershed, community, lot, 
building and individual behaviour. 
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Additional specific management recommendations pertaining to each of the theme areas are 
provided in each section of Chapter 4 of this report. 

5.4 Use of the Study Results 
 
This scenario modelling and analysis study largely constituted the second phase of the 
watershed planning study, and as such contributed findings and recommendations that were 
considered in the development of the Humber River Watershed Plan, during the third study 
phase.  Other input to the plan arose from a series of management summit workshops with 
experts on key issues and a review of emerging practices and literature from other jurisdictions. 
 
As a supporting document to the Humber River Watershed Plan, this report will serve as a 
technical reference during the plan’s implementation.   In addition, the scenario modelling 
results can be used as a guide to comment on the likely relative effects of future scenarios that 
may contain different assumptions from the ones used in this study.  Finally, this study 
contributes to the continued evolution of the field of integrated watershed planning, and in this 
regard will help to inform similar studies in other jurisdictions. 
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APPENDIX A 
SCENARIO DESCRIPTIONS AND ASSUMPTIONS 

 
INTRODUCTION 
A total of ten potential future scenarios were examined to inform the development of the 
watershed plan.  Table A 1 identifies and briefly describes each scenario, while Table A 2 
provides a comparison of their land cover characteristics.  The following sections of this 
Appendix document in more detail the assumptions made in defining each scenario.  
Watershed maps illustrating each scenario are found at the end of the Appendix. 
 

Table A-1  Humber River Watershed Scenarios Selected for Analysis 

No. Name Description Rationale 

1 2002 Conditions 
(baseline) 

Land use/cover and water use 
conditions that existed in 2002  

Provides a baseline for 
comparison 

2 Approved Official 
Plan Build-out 

Implementation of official plan 
land use schedules (approved 
as of January 1, 2005) with 
conventional stormwater 
management practices and 
protection of the valley and 
stream corridor 

Examine watershed response to 
approved urban growth 
assuming current policies and 
conventional best management 
practices are implemented 

3 Approved Official 
Plan Build-out with 
Stormwater 
Retrofits 

Implementation of approved 
official plan land use schedules 
along with Toronto’s 25 year 
Wet Weather Flow Management 
Plan and stormwater pond 
retrofits in “905” area 
municipalities 

Examine watershed response to 
approved urban growth 
combined with implementation 
of known opportunities for new 
and improved stormwater 
controls in existing urban areas  

4 Approved Official 
Plan Build-out with 
Expanded Natural 
Cover 

Implementation of approved 
official plan land use schedules 
along with the TRCA Toronto 
and Region Terrestrial Natural 
Heritage System Strategy 

Examine watershed response to 
approved urban growth 
combined with increased 
quantity of natural land cover in 
targeted areas 

5 Full Build-out Implementation of approved 
official plan land use schedules 
(approved as of September 1, 
2006) plus development of all 
lands not currently protected 
from urban growth by provincial 
or municipal policies, with 
conventional stormwater 
management practices and 
protection of the valley and 
stream corridor 

Examine watershed response to 
the greatest extent of urban 
growth possible under current 
provincial policies assuming 
conventional best management 
practices are implemented 
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No. Name Description Rationale 

5A Full Build-out with 
Warmer and Wetter 
Climate 

Same land use/cover and water 
use assumptions as in scenario 
5 with a 2080 climate, as 
predicted by the CGCM2 model, 
scenario A21 (5˚C warmer and 
6% wetter than recent average 
annual conditions) 

Examine watershed response to 
the greatest extent of 
urbanization possible assuming 
conventional best management 
practices are implemented and a 
warmer and wetter climate 

5B Full Build-out with 
Warmer and Much 
Wetter Climate 

Same land use/cover and water 
use assumptions as in scenario 
5 with a 2080 climate, as 
predicted by the Hadley CM2 
model, scenario A1F1 (7˚C 
warmer and 19% wetter than 
recent average annual 
conditions) 

Examine watershed response to 
the greatest extent of 
urbanization possible assuming 
conventional best management 
practices are implemented and a 
warmer and much wetter climate 

6 Sustainable 
Communities 

Implementation of official plan 
land use schedules (approved 
as of September 1, 2006) plus 
development of all lands not 
currently protected from urban 
growth by provincial or 
municipal policies but with low 
impact development designs, 
TRCA Terrestrial Natural 
Heritage Strategy, and 
improvements to stormwater 
management in new and 
existing urban areas 

Examine the effect of aggressive 
implementation of sustainable 
community design concepts and 
enhanced stormwater 
management on watershed 
response to full build-out 

6A Sustainable 
Communities with 
Warmer and Wetter 
Climate 

Same land use/cover and water 
use assumptions as in scenario 
6 with a 2080 climate, as 
predicted by the CGCM2 model, 
scenario A21 (5˚C warmer and 
6% wetter than recent average 
annual conditions) 

Examine the watershed 
response to full build-out with 
sustainable community design 
and a warmer and wetter climate 

6B Sustainable 
Communities with 
Warmer and Much 
Wetter Climate 

Same land use/cover and water 
use assumptions as in scenario 
6 with a 2080 climate, as 
predicted by the Hadley CM2 
model, scenario A1F1 (7˚C 
warmer and 19% wetter than 
recent average annual 
conditions) 

Examine the watershed 
response to full build-out with 
sustainable community design 
and a warmer and much wetter 
climate 
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Table A-2:  Land Cover Characteristics of Humber River Watershed Scenarios 

  General Land Cover by Per cent of Total Area     General Land Cover by Area (in hectares)   

  Rural Urban Natural 
Open 
Water Total   Rural Urban Natural 

Open 
Water Total 

Scenario 1 Main Humber 40.8 12.4 46.3 0.5 100 Scenario 1 Main Humber 14568.89 4396.92 16526.98 185.22 35678.01 

  East Humber 45.9 17.7 35.5 1.0 100   East Humber 9129.47 3494.01 7064.73 190.41 19878.62 

  West Humber 61.5 20.9 17.1 0.5 100   West Humber 12561.12 4271.74 3490.94 95.4 20419.2 

  Black Creek 0.4 87.1 12.4 0 100   Black Creek 26.93 5628.04 802.19 1.15 6458.31 

  Lower Humber 0 83.4 15.5 1.1 100   Lower Humber 0.04 6524.8 1211.11 88.97 7824.92 

  Watershed Total 40.2 27.0 32.2 0.6 100   Watershed Total 36286.45 24315.51 29095.95 561.15 90259.06 

Scenario 2 Main Humber 35 20.7 43.8 0.5 100 Scenario 2 Main Humber 12490.45 7371.41 15641.57 173.98 35677.41 

  East Humber 40.3 25.5 33.3 0.9 100   East Humber 8004.05 5065.94 6619.78 188.72 19878.49 

  West Humber 45.3 38.8 15.5 0.5 100   West Humber 9253.19 7913.03 3157.29 95.46 20418.97 

  Black Creek 0 88.0 12.0 0 100   Black Creek 0.01 5681.12 775.86 1.15 6458.14 

  Lower Humber 0 83.4 15.5 1.1 100   Lower Humber 0.04 6524.8 1209.15 88.99 7822.98 

  Watershed Total 33.0 36.1 30.4 0.6 100   Watershed Total 29747.74 32556.3 27403.65 548.3 90255.99 

Scenario 4 Main Humber 21.2 18.8 59.7 0.4 100 Scenario 4 Main Humber 7559.21 6680.44 21286.83 150.92 35677.4 

  East Humber 25.1 23.4 50.6 0.8 100   East Humber 4996.31 4646.52 10067.48 168.18 19878.49 

  West Humber 36.9 37.2 25.6 0.4 100   West Humber 7534.91 7583.19 5209.61 91.26 20418.97 

  Black Creek 0 91.1 8.9 0 100   Black Creek 0 5884.15 572.84 1.15 6458.14 

  Lower Humber 0 86.4 12.4 1.1 100   Lower Humber 0 6760.33 973.32 89.01 7822.66 

  Watershed Total 22.3 35.0 42.2 0.6 100   Watershed Total 20090.43 31554.63 38110.08 500.52 90255.66 

Scenario 5 Main Humber 29.0 27.6 42.9 0.5 100 Scenario 5 Main Humber 10347.90 9840.90 15314.63 173.98 35677.41 

  East Humber 31.0 35.7 32.4 0.9 100   East Humber 6164.61 7084.19 6440.97 188.72 19878.49 

  West Humber 11.8 73.2 14.5 0.5 100   West Humber 2411.90 14944.76 2966.85 95.46 20418.97 

  Black Creek 0 88.0 12.0 0 100   Black Creek 0 5681.13 775.86 1.15 6458.14 

  Lower Humber 0 83.4 15.5 1.1 100   Lower Humber 0 6524.84 1209.15 88.99 7822.98 

  Watershed Total 21.0 48.9 29.6 0.6 100   Watershed Total 18924.41 44075.82 26707.46 548.30 90255.99 

Scenario 6 Main Humber 15.9 24.0 59.7 0.4 100 Scenario 6 Main Humber 5655.00 8583.67 21313.19 149.20 35677.4 

  East Humber 16.3 32.2 50.7 0.8 100   East Humber 3233.76 6395.28 10083.54 168.18 19878.49 

  West Humber 8.0 65.3 26.2 0.4 100   West Humber 1639.77 13365.00 5349.04 91.26 20418.97 

  Black Creek 0 91.1 8.9 0 100   Black Creek 0 5973.17 572.84 1.15 6458.14 

  Lower Humber 0 86.4 12.4 1.1 100   Lower Humber 0 6806.20 973.32 89.01 7822.66 

  Watershed Total 11.7 45.4 42.4 0.6 100   Watershed Total 10528.53 41123.32 38291.93 498.80 90255.66 

Note: Scenario 3 land cover is the same as Scenario 2 (difference is retrofitted stormwater management facilities)      
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The most up-to-date mapping of watercourses, lakes and ponds available was interpreted from 
2002 aerial photography (TRCA, 2002).  This information was used in all scenarios examined. 
 
Drainage boundaries (i.e., watershed and subwatershed boundaries) used for all scenarios 
examined were based on sub-catchments boundaries of the Humber River watershed 
SWMHYMO hydrology model (Aquafor Beech Ltd., 2002).  The Humber River watershed 
SWMHYMO model sub-catchment boundaries were delineated based on a combination of 
drainage information derived from a digital elevation model generated from digitized Ontario 
Base Map topographic contours (1:10,000 scale) originally mapped in the 1980s, and 
sewershed boundaries in selected urban areas, derived from master drainage or stormwater 
management plans where available.  The SWMHYMO model sub-catchments were aggregated 
into 24 secondary subwatersheds, and further aggregated into 5 primary subwatersheds that 
correspond to the five major branches of the river, and the watershed boundary (see Chapter 3; 
Figure 3-2).  These drainage boundaries were used to summarize and compare model outputs 
for each scenario based on common geographic units. 
 

SCENARIO 1 - 2002 CONDITIONS (BASELINE) 
This scenario represents conditions that existed in the watershed in 2002 and provides the 
baseline against which all other scenarios were compared (see Figure A 1).  Land use and land 
cover mapping interpreted from aerial photography taken in 2002 was the most up-to-date 
information available for the entire watershed during the formative stages of this study in 2004.  
Therefore, 2002 was set as the baseline conditions scenario in this study.   
 

Table A-3:  Scenario 1 Description and Assumptions 

Scenario 
Element 

Assumptions 

General 
description 

- Represents conditions that would have existed in the watershed in 2002; 

- Provides a baseline to which future scenarios can be compared.  

Land use/ 
cover  

- Interpreted from 2002 ortho aerial photos with guidance from the 2004 edition of the 
MapArt Toronto and Area map book (MapArt, 2004) according to the following classes: 
agriculture; commercial; estate residential; forest; high density residential; highway; 
industrial; institutional; low/medium density residential; meadow; open water; 
successional; urban open space; vacant; and wetland (see Appendix B for summary of 
guidelines used in interpreting and digitizing aerial photos). 

- Interpretation of natural land cover was verified through comparison with available 
mapping of vegetation communities generated through field inventories completed 
between 2000 and 2005 and application of the Ecological Land Classification system 
(Lee et al., 1998).  Vegetation communities mapping was available for approximately 
40% of all natural cover in the watershed. 

- Assumptions regarding per cent impervious cover associated with each land 
use/cover category are based on those assumed in the calibrated Humber River 
watershed 905-area HSP-F hydrology model (XCG, 2003; HCCL, 2008): agriculture = 
0%; commercial = 95%; estate residential = 15%; forest = 0%; high density residential 
= 65%; highway = 98%; industrial = 93%; institutional = 32%; low/medium density 
residential = 30%; meadow = 0%; open water = 0%; successional = 0%; urban open 
space = 10%; vacant = 10%; and wetland = 0%.  
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Scenario 
Element 

Assumptions 

Municipal 
groundwater 
takings 
 

York Region  
- Based on 2002 average daily pumping rates from York Region monitoring data: 
Nobleton: Nobleton #2 = 76.36 m3/day; Nobleton #3 = 1060.52 m3/day. 
King City: King City #3 = 367.7 m3/day; King City #4 = 1162.56 m3/day. 
Kleinburg: Kleinburg #2 = 27.13 m3/day; Kleinburg #3 = 1214.85 m3/day. 
 
Peel Region 
- Based on 2002 average daily pumping rates from Peel Region monitoring data, where 
available, otherwise the maximum permitted pumping rate was used (*denotes 
maximum permitted rates): 
Caledon East: Caledon East #2 = 231.4 m3/day ; Caledon East #3 = 645.6 m3/day; 
Caledon East #4 = 499.3 m3/day. 
Palgrave: Palgrave #1 = 198 m3/day; Palgrave #2 = 190 m3/day; Palgrave #3 = 1224 
m3/day; Palgrave #4 = 2618 m3/day*. 

Other 
groundwater 
takings 

- Based on available information describing 2002 actual water takings (including 
permitted takings and field verified non-domestic uses <50,000 L/day), or maximum 
permitted withdrawals from approved permits to take water where actual water takings 
data is not available (Marshall Macklin Monaghan and Golder and Associates, 2003; 
Beatty and Associates, 2003; TRCA, 2005). 

Sanitary 
servicing 

York Region 
Nobleton and King City: serviced by private septic systems;  
Kleinburg: serviced by sanitary sewers that convey wastewater to a local sewage 
treatment plant that discharges treated wastewater to the Main Humber River; 
Woodbridge and Oak Ridges:  serviced by sanitary sewers that convey wastewater to a 
sewage treatment plant located on the Lake Ontario waterfront; 
other rural settlements: serviced by private septic systems. 
 
Peel Region 
Mississauga, Brampton, Bolton, and Caledon East: serviced by sanitary sewers that 
convey wastewater to a sewage treatment plant located on the Lake Ontario waterfront;  
Palgrave: serviced by private septic systems; 
other rural settlements: serviced by private septic systems. 
 
Toronto 
Serviced by sanitary sewers that convey wastewater to a sewage treatment plant 
located on the Lake Ontario waterfront. 

Stormwater 
management
  

- All stormwater management (SWM) ponds visible in 2002 aerial photos were assumed 
to be in place and functioning as designed. 

- Level of treatment provided by each SWM pond was based on design reports, where 
available. 

-100% of roof downspouts in residential areas are assumed to be disconnected from 
storm sewers (i.e., discharge to a pervious surface). 

Climate - Based on Environment Canada climate station records for precipitation, temperature 
and evaporation, continuous daily averages (1991 to 1996 for surface water hydrology 
modelling, April to October 1992 for surface water quality modelling, 1980 to 2002 for 
groundwater modelling). 
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SCENARIO 2 – APPROVED OFFICIAL PLAN BUILD-OUT 
This scenario describes conditions that could exist if municipal official plan land use schedules, 
approved as of January 1, 2005 are fully implemented with a conventional management 
approach (see Figure A 2).  A conventional approach to managing potential negative 
environmental impacts of new developments was assumed to be the protection of significant 
wetlands and woodlots, valley and stream corridors, and construction of end-of-pipe stormwater 
detention ponds to treat urban run off (see Table A 4 for further details).  This scenario 
evaluates the response of the watershed system to approved urban growth, assuming that 
current policies and conventional best management practices are implemented. 

Table A-4:  Scenario 2 Description and Assumptions 

Scenario 
Element 

Assumptions 

General 
description 

- Represents conditions that would exist when municipal official plan land use 
schedules, approved as of January 1, 2005, are fully implemented. 

- To evaluate the response of the watershed to planned urban growth, assuming that 
current policies and conventional best management practices are implemented. 

Land use/ 
cover 
 

Same as Scenario 1 except for the following: 

- Assumes land use changes according to land use designations in municipal official 
plan land use schedules (at the secondary plan or block plan level of detail, where 
available) approved as of January 1, 2005 (City of Toronto Official Plan, 2002; Region 
of York Official Plan ROPA-41; City of Vaughan OPA-450, OPA-600, and OPA-601; King 
Township - Nobleton Community Plan, 1997; King Township - King Community Plan, 
2000; King Township OPA-54; Town of Richmond Hill OPA-129, OPA-218; Region of 
Peel Official Plan, 2001; City of Brampton Official Plan, 2000; Town of Caledon Official 
Plan, 2002 and OPA-186; Simcoe County Official Plan, 1998; Town of Mono Official 
Plan, 2002).  Municipal official plan land use designations and associated policies were 
interpreted and reconciled into the land use/land cover classification system used to 
prepare 2002 land use/land cover mapping information. 

- Assumptions regarding per cent impervious cover associated with each land 
use/cover category are based on those assumed in the calibrated Humber River 
watershed 905-area HSP-F hydrology model (XCG, 2003; HCCL, 2008): agriculture = 
0%; commercial = 95%; estate residential = 15%; forest = 0%; high density residential 
= 65%; highway = 98%; industrial = 93%; institutional = 32%; low/medium density 
residential = 30%; meadow = 0%; open water = 0%; successional = 0%; urban open 
space = 10%; vacant = 10%; and wetland = 0%. 

- Lands within the TRCA valley and stream corridor in urbanizing areas that were 
classified as “rural” in Scenario 1 are assumed to become “urban open space”.   

- Lands within the TRCA valley and stream corridor in urbanizing areas that were 
classified as “natural” in Scenario 1 are assumed to remain “natural”. 
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Scenario 
Element 

Assumptions 

Municipal 
groundwater 
takings 
 

York Region 
Nobleton: assume pumping from Nobleton #2 and #3 wells continues at 2002 rates 
(i.e., same as Scenario 1) and new groundwater well, Nobleton #4 (assume it is 
located on west side of Highway 27, south of Ellis Avenue; 97.5 metres deep) and 
pumped at maximum rate of 3273.2 m3/day (500 IGPM); 
King City: assume pumping from King City #3 and #4 wells continues at 2002 rates 
(i.e., same as Scenario 1) and that additional water supply demands are met by 
connection to Lake Ontario based water supply; 
Kleinburg: assume that water supply demands are met by connection to Lake Ontario 
based water supply, that Kleinburg #2 well is decommissioned, and that Kleinburg #3 
well and a new well, Kleinburg #4 are maintained for contingency but are not being 
pumped. 

Municipal 
groundwater 
takings 
(continued) 

Peel Region 
Caledon East: assume pumping rates from 3 existing wells continue at 2002 rates (i.e., 
same as Scenario 1) and that additional water supply demands are met by connection 
to Lake Ontario based water supply; 
Palgrave: assume pumping rates from 4 existing wells continue at maximum permitted 
rates (i.e., same as Scenario 1). 

Other 
groundwater 
takings  
 

- Water takings for domestic purposes within urbanizing areas are assumed to be 
discontinued (i.e., rural residences located in urbanizing areas will become serviced by 
municipal water supply for domestic purposes). 

- Other water takings in rural areas continue at 2002 rates (i.e., same as Scenario 1). 

Sanitary 
servicing  
 
 

York Region 
Nobleton: assume new local sewage treatment plant (STP) is built and the community 
is connected to sanitary sewers that convey wastewater to the STP which discharges 
treated wastewater to the East Humber River; 
King City: assume that the community will be connected to sanitary sewers that convey 
wastewater to a sewage treatment plant located on the Lake Ontario waterfront; 
Kleinburg: assume the local STP is expanded and continues to discharge treated 
wastewater to the Main Humber River. 
Peel Region 
Caledon East: assume new developments are serviced by sanitary sewers that convey 
wastewater to a sewage treatment plant located on the Lake Ontario waterfront; 
Palgrave: assume new developments are serviced by private septic systems. 

Stormwater 
management 

Same as Scenario 1 except for the following; 

- New end-of-pipe SWM detention pond facilities are associated with urbanizing areas. 

- New SWM ponds in urbanizing areas meet OMOE and TRCA requirements; 
• Quantity control: 2-100 year post- to pre-development peak flow control, where 
required; 
• Erosion control: 48 hour detention of 25 mm storm; 
• Quality control: Level 1. 

- New SWM ponds in urbanizing areas are assumed to be functioning as designed. 

Climate Same as Scenario 1. 
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SCENARIO 3 – APPROVED OFFICIAL PLAN BUILD-OUT WITH STORMWATER 
RETROFITS 

This scenario represents conditions that could exist if approved municipal official plan land use 
schedules are fully implemented and if known opportunities to retrofit new or improved 
stormwater management controls in urban areas were implemented (see Figure A 3).  The 
intent of this scenario is to examine the effect of implementing known opportunities for new and 
improved stormwater controls on watershed conditions that would exist when approved 
municipal official plan land use schedules are fully implemented.   

Table A-5:  Scenario 3 Description and Assumptions 

Scenario 
Element 

Assumptions 

General 
description 

- Represents conditions that may exist if municipal official plan land use schedules 
approved as of January 1, 2005 are fully implemented and known opportunities to 
retrofit new or improved stormwater management facilities in urban areas are fully 
implemented. 
- To evaluate the effect of implementing known opportunities for new and improved 
stormwater controls on watershed conditions that could exist when approved municipal 
official plan land use schedules are fully implemented. 

Land use/ 
cover 

Municipal 
groundwater 
takings 

Other 
groundwater 
takings  

Sanitary 
servicing 

Same as Scenario 2. 

Stormwater 
management 
 
 

Same as Scenario 2 except for the following: 

- Implementation of City of Toronto Wet Weather Flow Management Master Plan 
(WWFMMP) stormwater management retrofits in the 25 year workplan for the Humber 
River watershed study area (XCG, 2003), including new end-of-pipe facilities and 
exfiltration conveyance systems. 

- Implementation of all end-of-pipe retrofit stormwater detention pond opportunities 
identified in “905-area" municipality stormwater retrofit study reports: City of Brampton, 
Stormwater Retrofit Study, Final Report (Aquafor Beech Ltd. 2003); Town of Caledon 
Stormwater Retrofit Study, Phases 1 & 2 Report (TRCA. 2001b); City of Vaughan 
Stormwater Retrofit Study, Phases 1 & 2 Report (TRCA. 2001a); and, Town of 
Richmond Hill  Stormwater Retrofit Study, Phase 3 Report (Aquafor Beech Ltd. 2002). 

- Level of treatment provided by each new and improved end-of-pipe stormwater 
detention pond is based on stormwater retrofit study report recommendations. 

Climate Same as Scenario 1. 
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SCENARIO 4 – APPROVED OFFICIAL PLAN BUILD-OUT WITH EXPANDED 
NATURAL COVER 

This scenario represents conditions that could exist if approved municipal official plan land use 
schedules are fully implemented and if natural cover was expanded according to the TRCA=s 
regional terrestrial natural heritage system strategy target1 refined for the Humber River 
watershed2 Figure A 4 (see ).  The scenario assumes that all targeted natural cover is fully 
implemented and exists as mature forest cover, although there is no assumption about the time 
over which implementation occurs.  The intent of this scenario is to evaluate the effect of 
increasing the quantity of natural cover on watershed conditions that would exist when 
approved municipal official plan land use schedules are fully implemented. 

Table A-6:  Scenario 4 Description and Assumptions 

Scenario 
Element 

Assumptions 

General 
description 

- Represents conditions that could exist if approved municipal official plan land use 
schedules are fully implemented and if natural land cover was allowed to regenerate on 
all lands within targeted areas in the Humber River watershed. 
- To evaluate the effect of increasing the quantity of natural cover on watershed 
conditions that could exist when approved municipal official plan land use schedules 
are fully implemented. 

Land use/ 
cover 

Same as in Scenario 2 except for the following: 

- Assumes that urban growth does not occur on lands within the TRCA regional target 
terrestrial natural heritage system. 

- Assumes that all lands in the TRCA regional target terrestrial natural heritage system 
have regenerated back to mature forest cover. 

- Assumes that natural cover outside of the target terrestrial natural heritage system 
would be converted to surrounding land uses. 

Municipal 
groundwater 
takings 

Other 
groundwater 
takings 

Sanitary 
servicing 

Stormwater 
management 

Same as Scenario 2. 

Climate Same as Scenario 1. 

                                                 
1 An interim regional terrestrial natural heritage system target was used and further refined for the Humber River watershed for 
purposes of this study in 2005.  This interim target was based on a modification of the system defined in the TRCA 2002 draft 
Toronto and Region Terrestrial Natural Heritage System Strategy, but preceded the recommended targeted system as published in 
the final strategy (TRCA, 2007).  The interim targeted system represents approximately 2% more natural cover in the watershed 
overall, as compared to the Humber River watershed component of the regional targeted system in the 2007 strategy. 
 
2 Further detail regarding the TRCA Toronto and Region Terrestrial Natural Heritage System Strategy and methods used in refining 
the regional targeted terrestrial natural heritage system for the Humber River watershed are found in section 4.5.3. 
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SCENARIO 5 - FULL BUILD-OUT 
This scenario represents conditions that would exist if urban settlements were allowed to occur 
on all lands not currently protected from urban growth by provincial or municipal policies 
(Figure A 6).  The scenario assumes that legislation and regulation associated with the Niagara 
Escarpment Plan, Oak Ridges Moraine Conservation Plan, 2002, and Greenbelt Plan, 2005 will 
be implemented as planned.  The intent of this scenario is to evaluate the response of the 
watershed to the greatest extent of urban development possible assuming that current policies 
and conventional best management practices are implemented. 
 
There was no assumption regarding the time frame over which the development contemplated 
in this scenario may occur, rather the focus was on the end point condition of the landscape 
regardless of the time required for the development to occur. 
 

Table A-7:  Scenario 5 Description and Assumptions 

Scenario 
Element 

Assumptions 

General 
description 

- Represents conditions that could exist if urban settlements were allowed to occur on 
all lands not currently protected from urban growth by provincial or municipal policies. 
- To evaluate the response of the watershed to the greatest extent of urban 
development possible assuming that current policies and conventional best 
management practices are implemented. 

Land use/ 
cover 

Same as Scenario 2 plus urban expansion into all remaining non-urban areas with the 
following exceptions: 

Niagara Escarpment Plan, Oak Ridges Moraine Conservation Plan and Greenbelt Plan 
- Assumes that land use designations and associated policies of these provincial plans 
are implemented. 

- Land use/cover in rural portions of the Niagara Escarpment Plan Area, Oak Ridges 
Moraine Conservation Plan Area, and Greenbelt Protected Countryside Areas are 
assumed to remain the same as in Scenario 1.  

Natural heritage system lands 
- Assumes that urban growth does not occur on lands within TRCA valley and stream 
corridor (Ontario Reg. 166/06), OMNR Areas of Natural or Scientific Interest (OMNR, 
2005a), OMNR evaluated wetlands (OMNR, 2005b), nor regionally significant woodlots 
(Region of Peel Official Plan, 2001; York Region Official Plan, 2004). 

- Lands within the TRCA valley and stream corridor in urbanizing areas that were 
classified as “rural” in Scenario 1 are assumed to become “urban open space”.   

- Lands within the TRCA valley and stream corridor in urbanizing areas that were 
classified as “natural” in Scenario 1 are assumed to remain “natural”. 

Government lands 
- Assume that urban growth does not occur on TRCA owned land (TRCA, 2005), nor on 
lands classified as “urban open space” in Scenario 1. 
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Scenario 
Element 

Assumptions 

Land use/ 
cover  
(continued) 

“Whitebelt” lands 
- York Region Regional Official Plan Amendment (ROPA) 19 (York Region, 2001)- 
employment lands assumed to become “industrial”. 

- City of Vaughan Official Plan Amendment (OPA) 637 (City of Vaughan, 2006) - 
employment lands assumed to become “industrial”. 

- Town of Caledon OPA 208 (Town of Caledon, 2006) - assume employment lands in 
Mayfield West community become mix of “industrial” and “institutional”; 

- Town of Caledon South Albion/Bolton urban growth study area - assume lands 
become “industrial” and “low/medium density residential”.  

- Assumes “potential urban” land use on all remaining non-urban lands; 

- Land use within “potential urban” areas is assumed to be composed of the following 
ratio of land uses: 45% low to medium density residential; 17 % high density residential; 
3% institutional; 10% urban open space; 10% industrial; 15% commercial.  

- Per cent impervious cover assumptions associated with each land use category are 
the same as in Scenario 1. 

- Per cent impervious cover associated with “potential urban” land use assumed to be 
50%. 

Municipal 
groundwater 
takings 
 

Same as in Scenario 2 

- Additional water demand associated with “potential urban” areas in both York Region 
and Peel Region assumed to be met through expansion of Lake Ontario based water 
supply infrastructure. 

Other 
groundwater 
takings 

- Water takings for domestic purposes within urbanizing areas are assumed to be 
discontinued (i.e., rural residences located in urbanizing areas will become serviced by 
municipal water supply for domestic purposes). 

- Other water takings in rural areas continue at 2002 rates. 

Sanitary 
servicing 

Same as in Scenario 2 

- New urban areas and “potential urban” areas assumed to be serviced by sanitary 
sewers that convey wastewater to a sewage treatment plant located on the Lake 
Ontario waterfront. 

Stormwater 
management 

Same as Scenario 2 except for the following: 

- New SWM facilities are associated with “potential urban” areas. 

- New SWM facilities in “potential urban” areas will meet OMOE and TRCA 
requirements; 

• Quantity control: 2-100 year post- to pre-development peak flow control, where 
required; 
• Erosion control: 48 hour detention of 25 mm storm; 
• Quality control: level 1. 

- New SWM ponds in “potential urban” areas are assumed to be functioning as 
designed. 

Climate Same as Scenario 1 
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SCENARIO 5A – FULL BUILD-OUT WITH WARMER AND WETTER CLIMATE 
The intent of this scenario is to examine the potential effect of climate change on the full build 
out scenario (Scenario 5).  The technical team reviewed a range of respected global climate 
model (GCM) predictions of future climates, and identified the two most extreme scenarios for 
application in this study.  Given the range in predictions for future temperature and precipitation, 
it was felt that analysis of two extreme scenarios would provide a useful bracketing of potential 
future conditions in the Humber River watershed.   
 
In this scenario, predictions of climate change in the Humber River watershed were based on 
the Coupled Global Climate Change Model (CGCM2)1 model.  A summary of the changes in 
climate predicted by this model are described in the table below. 
 
1  Coupled Global Climate Model (CGCM2), Emissions Scenario A21, Intergovernmental Panel on Climate Change Special Report 
on Emissions Scenarios A21 Emissions Scenario, Environment Canada, Canadian Centre for Climate Modelling and Analysis. 

Table A-8:  Scenario 5A Description and Assumptions 

Scenario 
Element 

Assumptions 

General 
description 

- Represents conditions that could exist if urban settlements were allowed to occur on 
all lands not currently protected from urban growth by provincial or municipal policies, 
and if the future climate (2080) becomes warmer and wetter. 
- To evaluate the effect of a warmer and wetter climate on watershed conditions that 
could exist with full build-out and conventional best management practices. 

Land use/ 
cover 

Municipal 
groundwater 
takings 

Other 
groundwater 
takings 

Sanitary 
servicing 

Stormwater 
management 

Same as Scenario 5. 
 

Climate  Climate change fields derived from Environment Canada’s Canadian Global Circulation 
Model (CGCM2 model, emissions scenario A21) are applied to Scenario 1 climate data 
to simulate a 2080 climate, which is 5°C warmer and 6% wetter than recent average 
annual conditions.  The CGCM2 model predicts warmer temperatures year round, 
increased precipitation during spring and fall months, and decreased precipitation 
during winter months.   
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SCENARIO 5B – FULL BUILD-OUT WITH A WARMER AND MUCH WETTER 
CLIMATE 

In this scenario, predictions of climate change in the Humber River watershed were based on 
the British Hadley Centre for Climate Change model2.  A summary of the changes in climate 
predicted by this model are described in the table below. 
 
2  Coupled Atmosphere-Ocean General Circulation Model (HadCM3 AOGCM), Intergovernmental Panel on Climate Change Special 
Report on Emissions Scenario A1F1, United Kingdom Meteorological Office, Hadley Centre for Climate Change. 
 

Table A-9:  Scenario 5B Description and Assumptions 

Scenario 
Element 

Assumptions 

General 
description 

- Represents conditions that would exist if urban settlements were allowed to occur on 
all lands not currently protected from urban growth by provincial or municipal policies, 
and if the future climate (2080) becomes warmer and much wetter. 
- To evaluate the effect of a warmer and much wetter climate on watershed conditions 
that would exist with full build-out and conventional best management practices. 

Land use/ 
cover 

Municipal 
groundwater 
takings 

Other 
groundwater 
takings 

Sanitary 
servicing 

Stormwater 
management 

Same as Scenario 5. 

Climate 
 

Climate change fields derived from the Hadley Center For Climate Change and 
Research model (CM3 model, emissions scenario A1F1) are applied to Scenario 1 
climate data to simulate a 2080 climate, which is 7°C warmer and 19% wetter than 
recent average annual conditions.  The CM3 model predicts warmer temperatures year 
round, increased precipitation during winter, spring and fall months, and decreased 
precipitation during summer months.  
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SCENARIO 6 - SUSTAINABLE COMMUNITIES 
The intent of this scenario is to examine the cumulative effect of widespread implementation of 
sustainable practices in urban and rural communities and natural areas throughout the Humber 
River watershed (Figure A 7).  This scenario represents conditions that could exist if urban 
settlements were allowed to grow to a similar extent as in scenario 5, but with protection and 
restoration of a larger natural heritage system and improved management practices in both the 
greenfield and existing urban developments.  The scenario assumes aggressive implementation 
of sustainable community design concepts, low impact forms of development and retrofitting of 
existing urban areas with innovative stormwater management controls. 
 
Four main sets of assumptions associated with this scenario are expected to be significant from 
a hydrologic modelling perspective: 
 

1. An increase in natural cover from 32% to 42% of the watershed, as targeted by the TRCA 
regional target terrestrial natural heritage system, and a small amount of additional 
natural cover within ten metres of small drainage features that are not within the TRCA 
valley and stream corridor.  The additional natural cover was assumed to simulate the 
effect of a shift in development practices towards maintaining the function of small 
drainage features 

 
2. In the “sustainable potential urban” greenfield development areas, we assumed that 

new, more sustainable community designs may have a relatively higher imperviousness 
in the built portion than conventional developments (e.g., more compact, mixed uses), 
but will have a slightly reduced overall percent imperviousness (i.e., 49%; about 1% less 
than conventional “potential urban” in scenario 5) due to inclusion of community 
gardens and additional greenspace.  There will be a greater emphasis on lot level 
designs and stormwater management practices aimed at maintaining pre-development 
water balance (i.e., infiltration rates and runoff volume) to the extent possible.   

 
3. In existing urban areas, we assumed that stormwater management practices will be 

retrofitted at the lot level, along conveyance systems and at end-of-pipe to improve 
control of stormwater quantity and quality.  Similar assumptions to those in the City of 
Toronto Wet Weather Flow Management Master Plan (XCG, 2003), were used in the 
portions of the watershed outside Toronto.  It was also assumed that there will be an 
increase in naturalized landscaping on pervious portions of residential, commercial, 
industrial and institutional properties, and along road right-of-ways. 

 
4. Overall, we assumed that there will be a shift toward more sustainable behaviours, such 

as water and energy conservation, access to green power sources, waste reduction, 
green building designs, improved stewardship of natural areas, local food choices, and 
celebration of cultural heritage and living culture.  One result of these behavioural shifts 
will be reduced pollutant loads in urban run off (assumed to be in the order of 10%). 

 
The background details and assumptions of this scenario are extensive, and based on those 
developed through the Rouge River watershed planning study.  They are documented in a 
companion report Development of a Sustainable Community Scenario for the Rouge River 
Watershed (TRCA, 2007).  Table A 9 summarizes the assumptions made in defining this 
scenario.  Table A 10 to Table A 11 present the stormwater management practices and 
application rates assumed for the urban greenfield development and urban retrofit areas. 
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Table A-10:  Scenario 6 Description and Assumptions 

Scenario 
Element 

Assumptions 

General 
description 

- Represents conditions that could exist if urban settlements were allowed to grow to a 
similar extent as in scenario 5, but not with protection and restoration of a larger natural 
heritage system, and with aggressive implementation of sustainable community design 
concepts, low impact forms of development and retrofitting of existing urban areas with 
innovative stormwater controls.  
- To evaluate the effect of aggressively implementing sustainable community design 
concepts in greenfield developments, and improving stormwater management in 
existing urban areas, on watershed conditions that could exist if urban settlements were 
allowed to grow to the maximum extent allowed under current provincial and municipal 
policies. 

Land use/ 
cover 

Same as Scenario 4 plus urban expansion into all remaining non-urban areas with the 
following exceptions: 

Niagara Escarpment Plan, Oak Ridges Moraine Conservation Plan and Greenbelt Plan 
- Assumes that land use designations and associated policies of these provincial plans 
are implemented. 

- Land use/cover in rural portions of the Niagara Escarpment Plan Area, Oak Ridges 
Moraine Conservation Plan Area, and Greenbelt Protected Countryside Areas are 
assumed to remain the same as in Scenario 1.  

Natural heritage system lands 
- Assumes that urban growth does not occur on lands within TRCA valley and stream 
corridor (Ontario Reg. 166/06), OMNR Areas of Natural or Scientific Interest (OMNR, 
2005a), OMNR evaluated wetlands (OMNR, 2005b), nor regionally significant woodlots 
(Region of Peel Official Plan, 2001; York Region Official Plan, 2004). 

- Lands within the TRCA valley and stream corridor in urbanizing areas that were 
classified as “rural” in Scenario 1 are assumed to become “urban open space”.   

- Lands within the TRCA valley and stream corridor in urbanizing areas that were 
classified as “natural” in Scenario 1 are assumed to remain “natural”. 

- Assumes that urban growth does not occur within ten (10) metres of small drainage 
features that are not within the TRCA valley and stream corridor (includes portions of 
watercourses that fall outside the valley and stream corridor and small drainage 
features with contributing drainage areas of 25 hectares or greater, delineated using 
the ArcHydro GIS model). 

- Assumes that all lands in the TRCA regional target terrestrial natural heritage system 
have regenerated back to mature forest cover. 

- Assumes that natural cover outside of the target terrestrial natural heritage system 
would be converted to surrounding land uses. 
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Scenario 
Element 

Assumptions 

Land use/ 
cover 
(continued) 

Government lands 
- Assumes that urban growth does not occur on TRCA owned land (TRCA, 2005), nor 
on lands classified as “urban open space” in Scenario 1. 

“Whitebelt” lands 
- York Region Regional Official Plan Amendment (ROPA) 19 (York Region, 2001) 
employment lands assumed to become “industrial”; 

- City of Vaughan Official Plan Amendment (OPA) 637 (City of Vaughan, 2006) 
employment lands assumed to become “industrial”; 

- Town of Caledon OPA 208 (Town of Caledon, 2006) employment lands in Mayfield 
West community assumed to become mix of “industrial” and “institutional”; 

- Town of Caledon South Albion/Bolton urban growth study area lands assumed to 
become “industrial” and “low/medium density residential”.  

- Assumes “sustainable potential urban” land use on all remaining non-urban lands. 

- Land use within “sustainable potential urban” areas is assumed to be composed of 
the following ratio of land uses: 12% low to medium density residential; 30% high 
density residential; 3% institutional; 15% urban open space; 10% industrial; 15% 
commercial; 15% agriculture/community gardens. 

- Overall per cent impervious cover associated with “sustainable potential urban” land 
use assumed to be 49%.  

Municipal 
groundwater 
takings 

Other 
groundwater 
takings 

Sanitary 
servicing 

Same as Scenario 5. 

Stormwater 
management 

Same as in Scenario 3 with the following exceptions: 

- New SWM facilities are associated with “sustainable potential urban” areas. 

- New SWM facilities in “sustainable potential urban” areas will meet OMOE and TRCA 
requirements; 

• Quantity control: 2-100 year post- to pre-development peak flow control, where 
required; 
• Erosion control: 48 hour detention of 25 mm storm; 
• Quality control: level 1. 

- Assumes aggressive lot level and conveyance stormwater controls (e.g., rain gardens, 
soakaway pits, green roofs, stormwater exfiltration systems, bioretention areas/swales, 
rainwater harvesting cisterns) are incorporated in “sustainable potential urban” areas 
(see Table A 10 for further details). 

- Assumes aggressive lot level and conveyance stormwater controls are retrofitted into 
all other urban areas (see Table A 11 for further details). 

Climate Same as Scenario 1. 
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Table A-11  Stormwater Management Practices Assumed for Sustainable Potential Urban 
Areas (Scenario 6) 

Land Use Type Control Measure Assumed Uptake/Limitations1 
SOURCE CONTROLS 
Low to Medium 
Density and High 
Density Residential 

Infiltration trench On sandy and silty soils; 80% of roofs drain to 
infiltration trench 

Green roofs On clay soils; 20% of roofs 
Permeable driveways On sandy and silty soils; 80% of driveways 
Naturalized landscaping 
(trees and bushes) 

On all types of soil; 25% of pervious lot area 

Operations and 
maintenance pollution 
prevention through reduced 
fertilizer and pesticide 
application 

Broadly applied; assume 10% reduction2 in event 
mean concentration of metals, phosphorus, 
nitrogen and organic contaminants in stormwater 
run off 

Commercial, 
Industrial and 
Institutional 

Infiltration trench On sandy and silty soils; 50% of roofs drain to 
infiltration trench 

Green roofs On clay soils; 50% of roofs 
Permeable driveways and 
parking areas 

On sandy and silty soils; 80% of driveways and 
parking areas 

Naturalized landscaping 
(trees and bushes) 

On all types of soil; 25% of pervious lot area 

Operations and 
maintenance pollution 
prevention through reduced 
fertilizer and pesticide 
application and road de-
icing salt management 

Broadly applied; assumes 10% reduction2 in event 
mean concentration of metals, phosphorus, 
nitrogen and organic contaminants in stormwater 
run off; assumes 30% reduction in event mean 
concentration of chloride3 in stormwater run off 

Oil and grit separators On all types of soil; 50% of parking (assumes total 
suspended solids are reduced by 80% in treated 
areas) 

Urban Open Space Pollution prevention 
through reduced fertilizer 
and pesticide application 

Broadly applied; assumes 10% reduction2 in event 
mean concentration of metals, phosphorus, 
nitrogen and organic contaminants in stormwater 
run off 

Agriculture/ 
Community Gardens 

Pollution prevention 
through reduced fertilizer 
and pesticide application 

Broadly applied; assumes 10% reduction2 in event 
mean concentration of metals, phosphorus, 
nitrogen and organic contaminants in stormwater 
run off 

END OF PIPE CONTROLS 
All “sustainable 
potential urban” 
areas; sub-
catchment basis 

SWM ponds Sizing to address stormwater quality, flood control 
and erosion control criteria without any 
adjustment for the potential beneficial effects of 
the assumed source controls 

Notes: 
1. Additional technical assumptions (e.g. sizing, routing etc.) are documented in the report, Humber River Watershed HSP-F 

Update and Future Scenario Modelling (HCCL, 2008). 
2. 10% reduction in event mean concentration of specified pollutants is 5% more than was assumed in City of Toronto’s 

WWFMMP (XCG, 2003), assuming even more aggressive local pollution prevention.  However, there is still uncertainty as 
to what proportion of pollution comes from remote atmospheric sources (i.e., beyond the control of local pollution 
prevention practices) and studies suggest that SWM ponds are effective at reducing a substantial proportion (40-45%) of 
the pollutant load. 
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3. Since the Canadian government included road salt on its Priority Substance List (around 2001), a number of best 
management practice (BMP) lists and guidelines have been published by government and industry associations, 
including pre-wetting, better metering and spreading technology etc.  Current estimates suggest these BMPs may be 
effective in achieving a 20 to 30% reduction in road salt and associated chloride release (Personal communication, B. 
Snodgrass, 2006).  Considering climate warming and likely technology advancements, it may be appropriate to assume a 
reduction at the high end of this range. 

 

Table A-12  Stormwater Management Practices Assumed for all other Urban Areas 
(Scenario 6) 

Land Use Type Control Measure Assumed Uptake/Limitations1 

SOURCE CONTROLS 

Low to Medium 
Density Residential 

Rain barrels On all types of soil; 25% of roofs drain to rain 
barrel 

Rain garden On clay soils; 5% of roofs drain to rain garden 

Infiltration trench On sandy and silty soils; 25% of roofs drain to 
infiltration trench 

Foundation drain 
disconnection 

On all types of soil; 10% of lots 

Permeable driveways On all types of soil; 35% of driveways 

Lot grading On all types of soil; 15% of lots would be graded 
to 0.5% slope 

Naturalized landscaping 
(trees and bushes) 

On all types of soil; 10% of pervious lot area 

Enhanced street sweeping Broadly applied; assumes 10% reduction in event 
mean concentration of total suspended solids2 

Pollution prevention 
through reduced fertilizer 
and pesticide application 

Broadly applied; Assume 10% reduction2 in event 
mean concentration of metals, phosphorus, 
nitrogen and organic contaminants in stormwater 
run off 

Institutional and 
High Density 
Residential 

Parking lot bioretention On all types of soil; 10% of parking areas drain to 
bioretention facility 

Permeable driveways and 
parking 

On all types of soil; 10% of parking area 

Rain harvesting cisterns On all types of soil; 10% of roofs drain to cistern 

Naturalized landscaping 
(trees and bushes) 

On all types of soil; 75% of pervious lot area 

Operations and 
maintenance pollution 
prevention through reduced 
fertilizer and pesticide 
application 

Broadly applied; assumes 10% reduction2 in event 
mean concentration of metals, phosphorus, 
nitrogen and organic contaminants in stormwater 
run off 

Commercial Green roofs On all types of soil; 5% of roofs 

Permeable parking On all types of soil; 10% of parking 

Oil and grit separators On all types of soil; 50% of parking and roofs 
drain to O/G separator (assumes event mean 
concentration of total suspended solids is 
reduced by 80% in treated areas) 
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Land Use Type Control Measure Assumed Uptake/Limitations1 

Industrial Infiltration trench On sandy and silty soils; 20% of roofs drain to 
infiltration trench 

Green roofs On all types of soil; 10% of roofs 

Parking lot bioretention On all types of soil; 10% of parking drains to 
bioretention facility 

Permeable parking On all types of soil; 10% of parking area 

Oil and grit separators On all types of soil; 15% of parking and roofs 
drain to O/G separator (assumes event mean 
concentreation of total suspended solids are 
reduced by 80% in treated areas) 

Naturalized landscaping 
(trees and bushes) 

On all types of soil; 75% of pervious lot area 

Urban Open Space Naturalized landscaping 
(trees and bushes) 

On all types of soil; 25% of pervious lot area 

Pollution prevention 
through reduced fertilizer 
and pesticide application 

Broadly applied; assumes 10% reduction2 in event 
mean concentration of metals, phosphorus, 
nitrogen and organic contaminants in stormwater 
run off 

CONVEYANCE CONTROLS 

Roads Stormwater exfiltration 
system 

On sandy and silty soils; 100% of road length 

END OF PIPE CONTROLS 

All urban land uses; 
sub-catchment basis 

Retrofitted SWM ponds Locations and sizing as identified in municipal 
retrofit studies 

Notes: 
1. Additional technical assumptions (e.g. sizing, routing etc.) are documented in the report, Humber River Watershed HSP-F 

Update and Future Scenario Modelling (HCCL, 2008). 
2. 10% reduction in event mean concentrations of specified pollutants is 5% more than was assumed in City of Toronto’s 

WWFMMP (XCG, 2003), assuming even more aggressive local pollution prevention.  However, there is still uncertainty as 
to what proportion of pollution comes from remote atmospheric sources (i.e., beyond the control of local pollution 
prevention practices) and studies suggest that SWM ponds are effective at reducing a substantial proportion (40-45%) of 
the pollutant load. 

3. Since the Canadian government included road salt on its Priority Substance List (around 2001), a number of best 
management practice (BMP) lists and guidelines have been published by government and industry associations, 
including pre-wetting, better metering and spreading technology etc.  Current estimates suggest these BMPs may be 
effective in achieving a 20-30% reduction in road salt and associated chloride release (Personal communication, B. 
Snodgrass, 2006).  Considering climate warming and likely technology advancements, it may be appropriate to assume a 
reduction at the high end of this range. 

 
 

SCENARO 6A – SUSTAINABLE COMMUNITIES WITH WARMER AND WETTER 
CLIMATE 

The intent of this scenario is to examine the potential effect of climate change on the 
sustainable communities scenario (Scenario 6).  The technical team reviewed a range of 
respected global climate model (GCM) predictions of future climates, and identified the two 
most extreme scenarios for application in this study.  Given the range in predictions for future 
temperature and precipitation, it was felt that analysis of two extreme scenarios would provide a 
useful bracketing of potential future conditions in the Humber River watershed.  In this scenario, 
predictions of climate change in the Humber River watershed were based on the Coupled 
Global Climate Change Model (CGCM2)1 model.  A summary of the changes in climate 
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predicted by this model are described in the table below. 
 
1  Coupled Global Climate Model (CGCM2), Emissions Scenario A21, Intergovernmental Panel on Climate Change Special Report 
on Emissions Scenarios A21 Emissions Scenario, Environment Canada, Canadian Centre for Climate Modelling and Analysis. 

 

Table A-13:  Scenario 6A Description and Assumptions 

Scenario 
Element 

Assumptions 

General 
description 

- Represents conditions that would exist if more sustainable forms of urban growth 
occurred, if existing urban areas were retrofitted with innovative stormwater controls, 
and if the future climate (2080) becomes warmer and wetter. 
- To evaluate the effect of a warmer and wetter climate on watershed conditions that 
would exist with full build-out and aggressive implementation of sustainable practices. 

Land use/ 
cover 

Municipal 
groundwater 
takings 

Other 
groundwater 
takings 

Sanitary 
servicing 

Stormwater 
management 

Same as Scenario 6. 
 

Climate  Climate change fields derived from Environment Canada’s Canadian Global Circulation 
Model (CGCM2 model, emissions scenario A21) are applied to Scenario 1 climate data 
to simulate a 2080 climate, which is 5°C warmer and 6% wetter than recent average 
annual conditions.  The CGCM2 model predicts warmer temperatures year round, 
increased precipitation during spring and fall months, and decreased precipitation 
during winter months.   

 
 
SCENARIO 6B – SUSTAINABLE COMMUNITIES WITH WARMER AND MUCH 

WETTER CLIMATE 
In this scenario, predictions of climate change in the Humber River watershed were based on 
the British Hadley Centre for Climate Change model2.  A summary of the changes in climate 
predicted by this model are described in the table below. 
 
2  Coupled Atmosphere-Ocean General Circulation Model (HadCM3 AOGCM), Intergovernmental Panel on Climate Change Special 
Report on Emissions Scenario A1F1, United Kingdom Meteorological Office, Hadley Centre for Climate Change. 
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Table A-14:  Scenario 6B Description and Assumptions 

Scenario 
Element 

Assumptions 

General 
description 

- Represents conditions that would exist if more sustainable forms of urban growth 
occurred, if existing urban areas were retrofitted with innovative stormwater controls, 
and if the future climate (2080) becomes warmer and much wetter. 
- To evaluate the effect of a warmer and wetter climate on watershed conditions that 
would exist with full build-out and aggressive implementation of sustainable practices. 

Land use/ 
cover 

Municipal 
groundwater 
takings 

Other 
groundwater 
takings 

Sanitary 
servicing 

Stormwater 
management 

Same as Scenario 6. 

Climate 
 

Climate change fields derived from the Hadley Center For Climate Change and 
Research model (CM3 model, emissions scenario A1F1) are applied to Scenario 1 
climate data to simulate a 2080 climate, which is 7°C warmer and 19% wetter than 
recent average annual conditions.  The CM3 model predicts warmer temperatures year 
round, increased precipitation during winter, spring and fall months, and decreased 
precipitation during summer months.  
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Figure A-1  Scenario 1 – 2002 Conditions (Baseline) 
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Figure A-2  Scenario 2 – Approved Official Plan Build-out 
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Figure A-3  Scenario 3 – Approved Official Plan Build-out with Stormwater Retrofits 
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Figure A-4  Scenario 4 – Approved Official Plan Build-out with Expanded Natural Cover 
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Figure A-5  Scenario 5 - Full Build-out 
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Figure A-6  Scenario 6 – Sustainable Communities 
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APPENDIX B 
2002 LAND USE/LAND COVER CLASSIFICATION GUIDELINES 

 
0B 

In 2004, updated mapping information regarding land use and land cover conditions in the 
Humber River watershed was generated by Toronto and Region Conservation for use in 
describing baseline conditions.  At the time that this work was undertaken, the most recent aerial 
orthophotography available for the entire watershed was taken in spring of 2002.  Using a 
geographic information system (GIS) the geographically referenced, colour 2002 aerial 
orthophotography was interpreted according to the land use/land cover classes described in 
detail below, with guidance provided by information contained in the Toronto and Area Map 
Book, 2004 edition (MapArt Publishing Ltd., 2004).  Polygons of each land use/land cover class 
were digitized on-screen from the orthophotographs at scales between 1:50,000 and 1:10,000 
unless otherwise indicated.  The following table describes the land use/land cover classes and 
guidelines used in interpreting the orthophotography. 

Table B 1:  2002 Land Use/Land Cover Class Descriptions and Guidelines 

Detailed 
Land Use/ 

Land Cover 
Class 

General 
Class 

Description and Guidelines 

Agriculture Rural Agricultural areas were visually identified as areas that show recent 
evidence of: cultivation such as furrows, hay bales, freshly tilled soil, or 
crops; or use as pasture such as livestock barns or paddocks, feed 
troughs, and trampled areas.  These areas contain a combination of crops, 
grasses, and some shrubs and are distinguished from meadow by the type 
and diversity of vegetation that is visible.  

Cemetery Urban Cemeteries appear as well landscaped areas often with visible grave 
markers, monuments, some trees and small winding roads.  Smaller 
cemeteries were more difficult to distinguish and were identified primarily 
using the 2004 Toronto and Area Map Book and visually verified.  

Commercial Urban The Commercial class incorporates a wide variety of building types 
including shopping malls, “big box” stores, other stores, restaurants, etc.  
These areas were identified using the 2004 Toronto and Area Map Book 
and through visual verification using the orthophotographs.  Visual 
indicators for commercial areas include large parking lots, flat roofs, close 
proximity to an arterial road and a lack of landscaped areas.  Single office 
buildings were classified as commercial where not adjacent to industrial 
areas, and where indicated by the 2004 Toronto and Area Map Book as 
being commercial. 

Estate 
Residential 

Urban Very low density residential areas composed of large fully detached 
homes with at least one of the following additional criteria: large 
landscaped yards, residential roads with curbs and storm sewers, long 
private driveways, private recreational areas (e.g., tennis courts).  

Forest Natural Forest areas were digitized at a scale of 1:4000 across the entire TRCA 
jurisdiction.  For areas within two kilometres outside of the TRCA 
jurisdictional boundary, forest areas were digitized on-screen at a scale of 
1:6000.  Areas classified as forest do not show any evidence of being 
manicured and have full canopy coverage.  Wind breaks and street trees 
were not classified as forest. 
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Detailed 
Land Use/ 

Land Cover 
Class 

General 
Class 

Description and Guidelines 

Golf Course Urban The Golf Course category includes driving ranges, all landscaped areas of 
golf courses (greens, fairways), cart paths and all associated buildings 
(club house, maintenance areas, etc.).  Golf Courses are easily identifiable 
by visual interpretation, as their bright green colour is typically in sharp 
contrast to surrounding lands.  The 2004 Toronto and Area Map Book was 
used to confirm visual interpretations of Golf Course areas.  For scenario 
modelling purposes Golf Course areas were considered to be equivalent 
to Urban Open Space. 

High Density 
Residential 

Urban High density town house complexes with typically very little associated 
landscaped area, and apartment and condominium complexes and their 
associated landscaped and parking areas. 

Highway Urban Areas classified as Highway were limited to the road surface and major 
interchanges of 400 series highways and do not include regional 
highways.  Adjacent lands within the road right-of-way were classified 
according to the type of vegetation present (typically meadow). 

Industrial Urban Areas classified as Industrial are characterized by large warehouse and 
factory buildings with flat roofs, shipping container loading and storage 
areas, railway transfer stations, access roads, parking lots and large office 
building complexes.  Hydro transformer stations were also included in this 
class.  The 2004 Toronto and Area Map Book was used to confirm visual 
interpretations of Industrial areas. 

Institutional Urban The Institutional class encompasses all schools (including Universities), 
government buildings, police and fire stations, hospitals, libraries, 
community centres, landfills, churches and other public facilities.  Visual 
interpretation or orthophotography was confirmed by the 2004 Toronto 
and Area Map Book.  All property associated with the institutional facility 
were included in the classified land area (e.g., parking lots and 
landscaped areas associated with schools were classified as Institutional). 

Low to 
Medium 
Density 
Residential 

Urban This class includes all fully detached and semi-detached homes as well as 
low rise town house complexes.  These areas typically have landscaped 
yards or common areas, residential roads and driveways or laneways 
associated with them. 

Meadow Natural Meadow areas were digitized at a scale of 1:4000 across the entire TRCA 
jurisdiction.  For areas within two kilometres outside of the TRCA 
jurisdictional boundary, meadow areas were digitized on-screen at a scale 
of 1:6000.  Areas classified as Meadow show no signs of recent cultivation 
or use as pasture and appear as areas of long grasses, herbs and few 
woody shrubs and immature trees. 

Open Water Natural The Open Water class consists of natural lakes and ponds, wide sections 
of the river channel, and some large man-made ponds.  These were 
delineated through visual interpretation of the 2002 orthophotography and 
confirmed using the 2004 Toronto and Area Map Book. 
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Detailed 
Land Use/ 

Land Cover 
Class 

General 
Class 

Description and Guidelines 

Recreational Urban Areas were classified as Recreational if there was a recreation-specific 
facility such as an arena or recreation centre, or the existence of more 
than one sports field (e.g., baseball diamond, soccer field, running track, 
etc).  School grounds or parks with one sports field were not classified as 
recreational, but instead were included in the Institutional class).  Arenas 
were distinguished from buildings of similar size by their roof structure.  
Locations of recreation areas were informed by the 2004 Toronto and Area 
Map Book.  For scenario modelling purposes Recreational areas were 
considered to be equivalent to Urban Open Space. 

Successional Natural Successional areas were digitized at a scale of 1:4000 across the entire 
TRCA jurisdiction.  For areas within two kilometres outside of the TRCA 
jurisdictional boundary, meadow areas were digitized on-screen at a scale 
of 1:6000.  Areas classified as Successional show no signs of recent 
cultivation or use as pasture and appear as areas with long grasses, herbs 
significant coverage by woody shrubs, and immature trees. 

Urban Open 
Space 

Urban Areas classified as Urban Open Space include landscaped and 
naturalized publicly accessible passive recreational use areas.  These 
include municipal parks, valleyland trails, treed areas that show evidence 
of landscaping and large boulevards.  Portions of hydro corridors that 
were not classified as either Meadow or Successional were classified as 
Urban Open Space.   

Vacant Urban Areas classified as Vacant contain little or no vegetation cover (bare soil) 
and no evidence of cultivation.  These areas are typically lands that were 
under construction at the time the orthophotography was taken.  

Wetland Natural Wetlands were digitized at a scale of 1:4000 across the entire TRCA 
jurisdiction.  For areas within two kilometres outside of the TRCA 
jurisdictional boundary, meadow areas were digitized on-screen at a scale 
of 1:6000.  Ontario Ministry of Natural Resources GIS mapping information 
describing evaluated wetlands (OMNR, 2004) was used to add to and 
refine the 2002 orthophotography interpreted mapping information.  Areas 
classified as Wetland are distinguish by dominant vegetation types, 
vegetation transition, soil colour (indicative of differences in soil moisture), 
and the existence of open water. 
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