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Like an ecosystem, the planet has a finite 
CARRYING CAPACITY

Ecological Footprinting

As stewards of the planet, we are responsible 
to strike a balance between our activities 
and environmental preservation

Sustainability is viewed as this balance 
between the Environment, the Economy and 
Societal Well-Being

SUSTAINABILITY PREAMBLE



Reduced consumption of ENERGY, RAW 
MATERIALS and LAND

Achieved via:
 Use of Renewable Forms of Energy (e.g., wind, solar)

 Use of Recycled (rather than Virgin) Materials

 Re-Use of Urban Land (Development of Brownfields and 
Greyfields rather than Continued Expansion onto 
Greenfields)

Sustainable Community Design … through good 
urban design and integration with multi -modal 
transportation planning (ped – bike – transit –
rail – auto)

SUSTAINABILITY CONCEPT



SCALE FOR URBAN DESIGN, 

FUNCTION & FORM

 Orientation of 

buildings

 Construction 

materials

 “Green building”

 Architectural 

form

House /
Building Neighbourhood

City /
Region

 Neighourhood type

 Street patterns

 Traffic Calming

 Stormwater

management

 Intensification (density)

 Mixed land use

 Land use planning

 Freeway networks

 Mass transit 

systems



 GIS-based Land Use Diversity Index (Randall and Baetz 2015) 

as a measure of “urban sustainability:

 Mix of land uses (Res., Comm., Inst., Open Space, …)

 Mix of housing types (SFH, duplex, townhouse, apartments, condos 

over stores, …)

 Mix of amenities (stores, services, schools, …)

 Proximity to amenities

LAND USE DIVERSITY



 hhh

avg. route distance = 291 m

78% of Residents within 400 m



 Neighbourhood types (urban, suburban, exurban, rural)

 Auto-centricity in North American cities – the legacy of 

20 th Century Urbanism

 The American/Canadian Dream (re home/auto 

ownership)

 Characteristics of more environmentally friendly Urban 

Development

 Challenges of Sustainable Urban Development: 4 Factors

OUTLINE OF PRESENTATION



URBAN RESIDENTIAL FORMS

 In the Canadian context, “urban” residential 
neighbourhoods are those found within and near to 
the downtown core;

 Their typical characteristics:

 Older areas (built in the early 20 th Century, pre-WWII)

 Mixture of land uses, including an active (or once active) 
commercial Main street

 Mixture of dwelling types (including apartments, duplexes, 
rowhousing and detached single family homes)

 Modest residential density

 Density can support efficient transit service

 Better laid out to support pedestrian travel within the 
neighbourhood to local amenities and destinations;



URBAN RESIDENTIAL NEIGHBOURHOOD

(E.G.,  DUNDAS, ONTARIO)

 Photos depict various land uses present in a 

“tradit ional” urban residential  neighbourhood;

 (top lef t)  typical  commercial  street of small  town Main 

Street;  (3 central  photos) housing types and styles ; (2 

photos on right) institutional bui ldings (Town Hall  and 

Church);



 traditional urbanism:

a concentrated urban 

form, typical of older 

patterns found in 

European cities.
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Madrid and Granada
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SUBURBAN RESIDENTIAL FORMS

 In the Canadian context, “suburban” residential neighbourhoods
are newer forms built at increasing distances from the downtown 
core;

 Their typical characteristics:
 Newer areas (built during the postwar period and continuing)

 Relatively homogeneous with respect to land use zoning (primarily residential 
land) with only minor amounts of commercial and institutional;

 More automobile dependent as efficient transit facilities are not feasible at lower 
densities;

 Commercial form is typically along the major arterials servicing high traffic 
volumes; strip mall form

 Segregation (rather than integration) of different dwelling types within the 
neighbourhood, thereby serving to segregate the population on socio -economic 
differences;

 Largely a lower residential density form but does depend on dwelling types 
present;

 Larger lots and greater amounts of green space per resident;

 Land use homogeneity and lower density make pedestrian travel less interesting 
and less feasible;



SUBURBAN RESIDENTIAL NEIGHBOURHOOD

(E.G. ,  BERRISFIELD, ONTARIO)

 Photos depict various land uses present in a typical  suburban 

residential  neighbourhood;

 (top lef t)  typical “strip mall” commercial along major ar terial  streets;  

(3 central  photos) housing types and styles ; (top right) elementary 

school in quiet,  central  location; (bottom right) suburban park and 

playing field;



SUBURBAN NEIGHBOURHOODS / 

POSTWAR SUBURBS

Photo credit: Alternatives 

Journal Vol. 34 Issue 3, 2008
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 Auto-centric infrastructure (freeways, parking 

lots, double garages)

 Low density housing forms (neighbourhood 

centre); higher density forms, transit routes and 

non-residential functions (neighbourhood 

periphery)

Hamilton East Mountain, c/o Google Earth 2011



 Postwar sprawl:

car-oriented, segregated land use, 
suburban sprawl around many cities                             
(Photo: sprawl in Colorado)
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Metro Toronto (viewed on Google Earth, image date 5/8/2004).

Selected urban, suburban, exurban and rural areas noted.

Downtown / Central 

City (Urban)

(Suburban)

e.g. Vaughan

(Suburban)

e.g. Mississauga

(Suburban)

e.g. Markham

(Exurban)



 Residential areas along concessions & regional roads, cul -de-

sacs, etc…

 Very low density, 1-2+ acre lots; 

EXURBAN FORM/ NON-FARMERS IN 

RURAL SETTING

Woodburn (15+ minutes SE of Hamilton); 

Google Earth image date 3/18/2010.
Cadillac Circle (rural Thunder Bay); Google

Earth image date 4/21/2010.



EXURBIA – NON-FARMERS IN RURAL

Caistor Centre (20 minutes SE of Hamilton)

Google Earth image date 3/18/2010.



Exurban developments (non-farming, rural properties within 

commuting distance).  Photo SE of Winnipeg (credit T. Randall, 

circa 2005)



McMaster  Univers i ty  Medical  Cent re  

(cor r idor  ad)  (br ief ly  in  Aug .  2001)

AUTO DEPENDENCE & 

THE (NORTH) AMERICAN 

DREAM

https://www.google.com/imgres?imgurl&imgrefurl=http://the-book-garden.blogspot.com/2012/09/review-american-dream-lawrence-r-samuel.html&h=0&w=0&tbnid=Lvvk3G2MB3mh0M&zoom=1&tbnh=276&tbnw=183&docid=nWsWbUDzgc5LOM&tbm=isch&ei=jQ-6U_7lDqWr8gG944CoBg&ved=0CAUQsCUoAQ
https://www.google.com/imgres?imgurl&imgrefurl=http://the-book-garden.blogspot.com/2012/09/review-american-dream-lawrence-r-samuel.html&h=0&w=0&tbnid=Lvvk3G2MB3mh0M&zoom=1&tbnh=276&tbnw=183&docid=nWsWbUDzgc5LOM&tbm=isch&ei=jQ-6U_7lDqWr8gG944CoBg&ved=0CAUQsCUoAQ


Gasoline use per capita versus 

urban density in 1990 

(R2 = 0.8594)

Source: Newman and Kenworthy (1999)



Table 2.3: Transportation use in world cities in 1980 

(Newman and Kenworthy, 1989)

Form of Transport Toronto U.S. Cities Australian 

Cities

European 

Cities

Asian Cities

Annual car use per capita 9850 km 12507 km 10680 km 5595 km 1799 km

Annual transit use per 

capita

1976 km 522 km 856 km 1791 km 3059 km

Percentage of workers 

using private transport

63.0 82.9 75.9 44.2 14.7

Percentage of workers 

using public transport

31.2 11.8 19.0 34.5 60.3

Percentage of workers 

walking and cycling

5.8 5.3 5.2 21.3 25.1

Derived from Newman and Kenworthy 1989 

(table compiled in Randall 2002)

Recall: Toronto is one of our “best” cities !!, 

and these data only for central Toronto…



RATES OF COMMUTE BY CAR IN 

CANADIAN CITIES

From: Miller (2000)

81%

Is there a real alternative to cars here in Thunder Bay?

64 to 68%



Table 3.6: Calculated commuting times for three hypothetical 

commute types

Commute 

Type

Time on each leg of 

Home-Work-Home Trip

(min/day)

Total Time Spent Commuting

(hour/year) (week/year)

light 15 183 1.1

medium 30 365 2.2

heavy 60 730 4.3

From: Randall (2002)

sizeable



AUTO DEPENDENCE IS CULTURALLY 

ENGRAINED …

WHY NOT BIKE LANES, TRANSIT ROUTES AND GREENWAYS?



 … but it has significant 

financial implications …

 direct costs (several $1000 per 

year) and numerous indirect 

costs …

IT’S WHAT (THE MOBILITY, FREEDOM) WE 

ASPIRE TO …



RELATIONSHIP TO 

SUSTAINABLE URBAN 

DEVELOPMENT



WHAT CHARACTERISTICS MAKE URBANIZATION 

“ENVIRONMENTALLY FRIENDLY”?
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1. Urban form 

 Density; Land use mix; Housing mix

2. Transportation choices

3. Per capita consumption of {land, 

energy, consumer goods}

4. Social mix

5. Others?

photo credits: TR, Nov 2011
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... similar trend among US metropolitan areas (to 
emerging cities shown earlier).

• How do US (and North American) cities 
compare with Global Cities?



Gasoline use per capita versus 

urban density in 1990 

(R2 = 0.8594)

Source: Newman and Kenworthy (1999)



Source: Rees (2010)

Wackernagel and Rees 
(1996)

ECOLOGICAL FOOTPRINT:
A MEASURE OF 

SUSTAINABILIT Y



BUILT ENVIRONMENT  OBESITY

 1 in 4 Canadian children (2-
17 yrs) and 6 of 10 adults 
(>18 yrs) are either 
overweight or obese 
(Gilliland 2010);

 similar to rates observed in 
other auto-dependent 
countries (e.g., US, UK)

 “increasing auto 
dependence and limited 
opportunities to walk for 
ultilitarian purposes is 
partly to blame” (Gilliland 
2010, pp. 391)

From: Gilliland (2010)



DRIVING  OBESITY

From: Gilliland (2010)



STREET 

PATTERNS 

WALKABILITY

“What we know is the 

l ikelihood of someone being 

obese is much lower where 

they can walk to shops and 

services near to where they 

l ive”

- K. Tomic, Geographer, U. 

Alberta (2003)

From: Gilliland (2010)

Figure 2: Street pattern and classification by neighbourhood.  

Black lines indicate actual road layouts for the 

neighbourhoods.  Classification scheme based on Southworth

and Owens (1993) and Berman (1996). From: Smith and 

Randall (2008).



4 factors needing attention to meet 

the challenges of sustainable 

urban development:

1. Urban Form;

2. Transportation

3. Energy Use

4. Waste Management
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URBAN FORM (1)
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Urban form

the type and distribution of infrastructure in cities;

a key factor influencing environmental quality

Examples: urban vs suburban vs exurban vs ‘un-serviced’

Transportation 
Configuration

Energy Useaffects

• Neighbourhood layout
• Density
• Street Patterns
• Degree of walkability

From: Dearden and Mitchell (2012)



URBAN FORM (2)
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 Influence on choice of travel mode in central Toronto 

versus “inner” and “outer” ring of suburbs

 Greater transit choice made in central city for trips to 

work and school;

From: Miller, E. 2000



URBAN FORM (3)
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Building 
Design

Energy 
Efficiency

affects

http://www.sabmagazine.com/blog/2013/06/25/ecohouse-3-through-
house-2013-canada-green-building-award-residential-winning-project/

• Building materials
• Insulation
• Size
• Structure orientation 

(solar potential?)

Energy Use GHG Emissionsaffects
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Eco-extraordinaire Simon Dale went into the woods one day and built a 
sustainable, eco-friendly, and above all functional hobbit house for him 
and his family to live in whilst they worked on an ecological woodland 
management project. (in Wales)

From: http://www.nerdlikeyou.com/man-builds-fully-functional-
hobbit-house-in-wales/olympus-digital-camera-5/



TORONTO “HEALTHY HOUSE” KEY 

FEATURES

1. Off-grid – completely self -

sufficient with respect to: 

water, energy, wastewater;

2. All concrete was 78% 

recycled natural materials;

3. 1700 sq. foot semi-

detached home;

4. Built in 1997

5. Infill location, on a 

laneway in urban Toronto 
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Photo credit:
www.fims.uwo.ca/newmedia/newmedia2004/energy 



Electrical

Domestic Hot Water

Space Heating

Total

ANNUAL ENERGY CONSUMPTION
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Source: Breathe Architects 
(2007)



URBAN FORM (4)
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Urban sprawl contributes to loss, 
disruption, or degradation of 
adjacent agricultural land, 
environmentally sensitive areas, 
natural habitats, and water and 
air quality

Photo credits: Alternatives 

Journal Vol. 34 Issue 3, 2008

South Richmond, BC

1963

1976

2008

Suburb-Farmland 

Interface
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 A compact urban form is most environmentally desirable



TRANSPORTATION (1)

45

 Urban areas with high population density in their cores

lead to more efficient and effective land use;

 They are also much more likely to be able to provide 

effective (and economically viable) public transit

photo credits: TR, Nov 2011



TRANSPORTATION (1)
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 Urban areas with high population density in their cores

lead to more efficient and effective land use;

 They are also much more likely to be able to provide 

effective (and economically viable) public transit

photo credits: TR, Nov 2011
Densities to support economically 
viable transit service (based on 
Puskarev and Zupan, 1982)



AND THE SOLUTION IS …



 Build places which encourage ‘active transportation’ (walking, 

cycling, transit) that reduce per capita energy use ….

 Neighbourhood design {mix land uses, sufficient but not 

excessive concentration of people to support neighbourhood 

retail, neighbourhood schools; 



 Addressing (reducing) auto dependence of the built 

environment would

Lead to greater environmental sustainability (less energy 

consumption, pollution, etc)

Improve personal health (via more active lifestyles using Active 

Transportation)

(likely) benefit the economy with lower environmental pollution and 

associated health care costs attributable to pollution and sedentary 

lifestyles

 These ‘sustainability’ concepts are nothing new … critically 

acclaimed book is still  highly relevant on how to create / plan 

for ‘exuberant diversity’ in cities (how to make cities thrive); 

Jane Jacobs (1961)

The Death and Life of Great American Cities



1. If one accepts that more intensive urban development is the 

way to house a growing global population, how do we 

convince North Americans to “buy in” with their housing and 

transportation choices?

DISCUSSION QUESTIONS



Gi l l i land,  J .  2010.  The bui l t  env ironment and obesity:  t r imming waist l ines through 
neighbourhood design,  pp.  391 -410, In :  Bunt ing,  T. ,  F i l ion,  P.  and Walker,  R.  
(edi tors)  Canadian Ci t ies in  Transi t ion:  New Direct ions in  the Twenty - f i rs t  
Century .  Don Mi l ls :  Oxford University  Press Canada,  468 pp.

Jacobs ,  J .  1961 .  The Death and L i fe  of  Great  American Cit ies ,  New York:  Random 
House,  458 pp.

Newman,  P.  and Kenworthy,  J .  1999.  Overcoming Automobi le  Dependence ,  Is land 
Press,  450 pp.

Owen,  D. ,  2009.  Green Metropol is :  Why L iv ing Smal ler,  L iv ing Closer,  and Driv ing 
Less Are the Keys to  Sustainabi l i ty .  New York ,  NY:  Riverhead Books

Randal l ,  T.A .  and Baetz ,  B .W.  2015.  A GIS-based land use diversity index model  to  
measure the degree of  suburban sprawl . Area 47 (4) :  360-375.

Smith ,  C.J .  and Randal l ,  T.A .  2008.  Measuring res ident ial  lot  and neighbourhood 
changes in  Hamilton,  Ontar io .  Canadian Journal  of  Urban Research, 17 (1) :  
155-164.

The World Commission on Environment and Development (WCED )  1987.  Our 
Common Future .  New York:  Oxford University  Press .

Wackernagel ,  M.  and Rees,  W.  1996.  Our Ecological  Footpr int:  Reducing Human 
Impact on the Ear th ,  Gabrio la Is land,  BC:  New Society  Publ ishers,  160 pp.  

SELECTED REFERENCES** 


