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ABSTRACT 

INNOVATION AND URBAN FORM: ENERGY EFFICIENT DESIGN 

SUSAN NOVAK 

Completed in partial fulfillment of the requirements for 

the degree of Master of Environmental Design (Urban and Regional Planning) 

Supervisor: W.T. Perks 
Faculty of Environmental Design 

University of Calgary 
September, 1982 

This is an heuristic study exploring possible immages for innovative physical 

forms for the design of cities that promote increased energy efficiency in urban 

development. Through the development of a site-specific structure plan, it tests how 

key structural elements of urban form respond to the introduction of innovative com-

ponents in a community design. 

A systems vIew provides the conceptual framework within which to define the nature 

• of urban form, criteria for increased energy efficiency, and the re1ationship between 

these two variables. An underlying premise of the study is that opportunities for 

energy efficient urban form are mediated by prevailing social and environmental values 

or criteria. - 

The study includes a review and assessment of planning and .technological innova-

tions that support energy efficient urban development. Planning assumptions are 



established, including i) an analysis of the intrinsic suitability of the site for 

urban development, and ii) the stipulation of the principal economic base and socio-

demographic characteristics of the community. 

The main components of the structure plan proposals to promote energy efficient 

development are: 

i) the integration of landscape resources into urban development to direct the 
physical form and functioning of -urban activity systems; 

ii) the spatial distribution of principal activities and facilities among compact, 
multiple centres to encourage energy efficient development, as well as social 
and environmental diversity; 

iii) the creation of linkages among these centres based on intra-urban movement 
systems that give priority to public transit and pedestrian movement, with 
provision for behicular movement of people and goods; 

iv) the designation of a district (20,000-30,000 population) as the basic urban 
subdivision unit; and 

v) increased density and mixed use in development of the multiple centres and 
throughout the residential districts. 
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ERRATA 

Figure 3.3 (page 59) "4-12 mph average" should read "6-20 km/hr average" 

"12-20 mph average" should read "20-32 km/hr average" 

Figure 5.13 (page 129) The legend should read "Do not obstruct natural drainage 

patterns with development" 

Figure 6.7 (page 139) "one-kilometer" should read "one-kilometre" 

Figure 7.1 (page 170) "1/4 mile" should read "400iii" 

Figure 7.9 (page 178) The le:end should read 

Transit corridor 

Community open space 

Pedestrian paths 

Commercial/community facilities 

Residential 

Figure 7.16 (page 184) v350t should read " lOOm" 
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This Master's Degree project ex-

plores the impact of innovation on ur-
ban form. It is an heuristic study of 
the possibilities for innovative town 
design as suggested by several current 
planning issues, namely energy effi-
cient urban development and associated 
environmental and lifestyle concerns. 

The study involves the preparation 
of a structure plan for a site-specific 

community of 200,000 people located in 
the Calgary region. Generally, our 
purpose is to devise, demonstrate and 
test physical patterns and interrela-

tionships among urban form elements 
that can result from innovations af-

fecting energy supply and use. More 
specifically, the study examines five 
aspects of urban physical structure, 
including: 

i) the aesthetic and environmental 
potentials of natural landscape 
resources to give direction and 
form to the functioning and struc-
ture of urban areas; 

ii) the single centre and 
cleated options for the 
organization of principal 
ties and facilities; 

polynu-
spatial 
activi-

iii) the scale and scope of alter-
native urban subdivision units, 

and how areal and population sizes 
affect distribution and function-
ing of urban activity systems; 

iv) the patterning and interrela-
tionships among urban movement 
systems, and their integration 
with other urban activity systems; 
and, 

v) the patterning of the density 
and grain of principal urban ac-
tivity systems and ( related to iv) 

the integration of place-related 
and movement activities. 

The project also has a secondary 
purpose: to demonstrate skills in the 

graphic presentation of design ideas 
and proposals. Further work in the 

physical planning area includes two 
preliminary studies to provide a con-
text for the structure plan proposal: 
i) an analysis of the intrinsic suita-

bilities of the site for urban 
ment; and ii) formulation of a 

ty program establishing key 
assumptions about the economic 
socio-demographic profile. 

develop-
comniuni-
planning 
base and 

Part One introduces the principal 
variables of the study. Chapter One 

defines urban form, relating it to a 
systems view of the urban environment. 
Using this framework, criteria are es-
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tablished for energy efficient form 

that clarify our position about the re-
lationship between energy efficiency 

and principal environmental and 
social/functional criteria for urban 
development. Chapter Two reviews some 
of the relevant innovations for energy 

supply and use in urban areas. 

Part Two contains the preliminary 
studies setting out the planning as-
sumptions. Chapter Three reports on 
the analysis of project site charac-
teristics. Chapter Four stipulates the 
principal characteristics of the com-
munity economic base and socio-
demographic profile. 

Part Three presents the structure 
plan. In the introduction we disàuss 
the major form determinants of our 
design, and how design concepts affect 
the organization and presentation of 
our proposals. It also outlines the 
purpose and scope of a structure plan. 

';.Chapter Five examines the interface 

between natural and man-made environ-
ments that constitute the urban 
landscape. Chapter Six considers the 
civic structure, which articulates the 
spatial organization of city-wide ac-
tivity patterns. Chapter Seven narrows 
the scope to look at the spatial organ-
ization of the principal subdivision 
elements of the built environment. 
La'stly, Chapter Eight concludes with a 

summary and observations of the impact. 
of energy efficient criteria and inno-

vations on urban form. 

The structure plan is developed to 
a sufficient level of planning detail 
to test the ideas and proposals ad-
vanced in this project. In order to 
demonstrate them in a realistic con-

text, we selected a site in the Calgary 
region. In effect, the plan proposed 
for this site is treated as a new town 
project. Therefore, a number of as-
sumptions or hypotheses have had to be 

made regarding the feasibility of a new 
town near Calgary; for example, the 
economic viability of this approach to 
regional economic development and 
management of urban growth; the feasi-
bility of developing adequate transpor-
tation and communications links between 

our community and Calgary; the charac-
ter and extent of senior government 
support; etc. It should not be as-
sumed, however, that this project is 

intended either to justify with suffi-
cient analysis a satellite new town in 
the Calgary region, nor to fully cover 
all the planning, design and financial 
considerations normally associated with 
a new town project. 



CHAPTER-1 

ENERGY EFFICIENT URBAN FORM 
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The city can be usefully conceived 
as a system composed of several in-
teracting subsystems. Economic and so-
cial systems encompass the human ac-
tivities that concentrate in urban 
areas. Differing urban activities, 
such as recreation or industry, have 
different physical requirements, 
prompting people to adapt the physical 

environment to create specific settings 

for them (Lynch, 1971; Rapoport, 1977). 
This may entail manipulation of natural 
elements, such as the creation of 

landscaped areas, the remolding of site 
topography or the channeling of water. 
The introduction of man-made structures 
further organizes and differentiates 
physical space to accommodate specific 
activities. In either the adaptation 
of natural or built environments, " the 
setting instructs the action and sup-

ports it with space and equipment" 
(Lynch, 1971:25). The result of this 
process is a third system -- urban 
form, or the structure of the physical 
environment. 

All systems consist of a set of 
interacting elements ( Chadwick, 1971). 
Moreover, it is the organizational pat-
tern or structure created by the in-
teractions among its parts that defines 
a system as a functioning whole: " The 
systems view is one of integrated 
wholes, not a mechanistic aggregate of 
parts" ( Tyler, 1978:9). A systems view 

of urban form, therefore, stresses the 
relationships and interactions that 
have their outcomes in the physical 
form of the city. In the following 
discussion we identify the principal 

elements of urban form and examine the 
nature and characteristics of their re-

lationships. We then discuss criteria 
for energy efficient form and consider 
the interactions between energy cri-

teria and other, environmental and so-
cial criteria influencing the physical 
structure of urban systems. 

URBAN FORM  

Descriptions of urban form encom-

pass three levels of generalization. 
The most general of these distinguishes 
among different spatial configurations 

or patterns on the basis of the 
geometry of the developed area. In 
this way, typologies of urban forms 
categorize them according to the gen-
eral attributes of their development 
patterns. The most common categories 

are the grid or network pattern, linear 
patterns, and centroidal patterns. 
Their shapes, as if seen from the air, 
articulate the overall relationship 
between developed areas and surrounding 
undeveloped areas. These geometries 
also reveal many of the relationships 
among parts, thereby suggesting the ma-



6 

jor characteristics of the internal 
structure of urban areas. 

The internal structure consists of 
the " spatial organization of human ac-
tivity systems, and represents a second 
level of detail in the description of 
urban form. Activity systems are de-
fined as patterns of behaviour or in-
teraction among individuals, families, 
institutions and firms. They occur in 
nearly consistent or duplicating spa-
tial patterns that endure largely un-
changed for extended periods of time 
(Chapin, Jr., 1976). 

In general, there are two interre-
lated components to these patterns of 
interaction; that is, two basic types 
of activity systems (Lynch and Rodwin, 

1958; Webber, 1964; McLoughlin, 1970; 
Chapin, Jr., 1976). Most involve lo-
calized or "within place" activities, 
including the broad categories of in-
dustrial, recreation, residential or 
commercial activities. Second, the 
flows of information, people or goods 
that occur among place-related activi-
ties constitute "between place" activi-
ties. Whereas most activities in the 
first category occur in fixed loca-
tions, the second type consists of ac-
tivities in motion. Movement activi-
ties are further distinguished by the 
fact that, although a distinct 

ca±egory, they are closely associated 

with all other, place- related activi-
ties, serving to link them in time and 

space. 

Activities of both types that oc-
cur in repetitive and enduring spatial 
patterns generate outcomes in physical 
structure and form. The resultant phy-
sical framework consists of spaces  
adapted to accommodate various place-

related activities and channels for 
movement-related activities that link 
adapted spaces ( Lynch and Rodwin, 1958; 
McLoughlin, 1970; Chapin, Jr., 1976). 
In particular, the types and character 

of adapted spaces and channels are de-
fined by the nature and functional re-
quirements of varying activity systems 

and the linkages among them. 

In the context of this discussion 
of activity or behaviour patterns and 

their significance to urban form, it is 
noted that conventional practice in 
planning has tended to focus immediate-
ly on established categories of land 
use, such as residential, institution-
al, etc. Land use categories are the 
effects of activities and, as such, 
they are concerned with the human in-

teractions that generate activities. 
However, the practice of relying on as-
sumed, static land use - classifications 
may be deceptive: "... what is once as-
sembled in a single ( land use) category 
is rarely separated later" ( Lynch, 
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1971:29-30). An industrial land use 
category, as Lynch points out, that 
does not distinguish among types of in-
dustrial activity, may obscure the 
diverse functional requirements of 
varied industrial activities. This ap-
proach usually ignores the potential 
benefits of mixing industry with other, 
compatible activities, such as recrea-

tion or commercial activities, or even 

housing. In contrast, understanding 
urban form primarily and first in terms 
of activity systems underlines the 

subtleties and complexity of the rela-
tionships between activities and form, 
and thereby lessens the danger of an 
oversimplified approach ( Field, 1968; 
McLoughlin, 1970; Chapin, Jr., 1976). 

The principal descriptors of the 
internal structure or spatial organiza-
tion of urban activity and , movement 
systems are the i) density, ii) grain 
and iii) focal organization of develop-
ment (Lynch and Rodwin, 1958; Lynch, 

1960 and 1971). Density measures the 
intensity of activity occuring within a 
given area; it is expressed as a rate 
or ratio, for instance, to measure in-
habitants per land area or traffic flow 
in " vehicles per minute. Grain is a 
qualitative description that indicates 
the extent to which activities and form 
elements are differentiated in space. 
The grain or mixture can be fine or 
coarse, indicating, respectively, that 

many or few different types of activi-
ties occur together. The separation or 
boundary between different types of ac-
tivity can also be sharp or blurred. 
Third, focal organization describes the 
spatial arrangement and interaction 
among key elements in the physical or-
ganization of development, such as den-
sity peaks- and the distribution of dom-

inant activities, or the intersection 
of major elements in the movement sys-

tem. 

Lastly, the third level of urban 
form description concerns spatial or-
ganization and design at the scale of 
individual buildings or spaces, or 
small groups of buildings. Issues of 

urban form at this level are generally 
resolved through architectural designs. 
Planning, on the other hand, encom-
passes the total urban physical system, 
and is essentially concerned with the 
more generalized levels of urban form; 

that is, with the pattern and geometry 
of development and, particularly, with 

the characteristics of the internal 
structure. These two levels then con-

stitute the primary focus of our ex-
ploration of urban form. 
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A Systems View of Urban Form 

Adapted spaces and movement chan-
nels are the principal elements of the 

urban physical system. Further, the 
distributed patterns of these elements, 
in space and time, reflect the key or-
ganizational relationships that gen-
erate urban form. We have spoken of 
urban form in terms of the spatial or-
ganization of human activity systems. 
This notion of activity systems forms 
the organizing concept of the urban 
system and its physical form. 

Urban activity systems shape, and 
are shaped by, the physical structure 
of cities. All activity systems are, 

moreover, the result of the behaviour 
and interactions of people. Therefore, 
to understand how urban form occurs, it 
is necessary to und-erstand how people's 
values and motivations affect their 
behaviour and interactions which, in 
turn, generate activity 

"Choice Theory" provides one 
tion ( Chapin, Jr., 1976): 

systems. 
explana-

- (i) the 

values held by people lead to ( ii) 
needs and wants on the basis of which 
(iii) goals are formed; these goals, in 
turn, stimulate ( iv) courses of action 

or activities that require ( v) modifi-
cation of the environment to create 

specialized settings, viz, spaces and 
buildings. Urban form is thus the man-
ifestation in "physical environments" 

of human actions grounded in particular 

value orientations. Lynch ( 1921:47) 
summarizes it this way: " city forms, 
their actual functions, and the ideas 
and values that people attach to them 
make up a single phenomenon." 

To further clarify, it is useful 
to contrast this notion with a previous 
view. Early contemporary theories of 

planning were strongly influenced by 
theories of environmental determinism 
which held that the organization and 
form of the built environment deter-
mined, or at least, strongly influenced 
human behaviour. For example, by pro-
viding decent, low-income housing it 
was assumed that people's behaviour and 
living patterns would change and a 
range of social and economic problems 

could thereby be ameliorated. This 
view has been modified, however, as a 
result of subsequent theoretical 
analysis supported by empirical inves-

tigations of the relationships between 
physical environments and human activi-
ties. [ i] The range of human activi-

[i] Numerous psychologists, sociolo-
gists, architects and planners have 

been among those who have investi-
gated the relationship between phy-

sical environments and human 
behaviour. They include Roger 
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ties to be accommodated within urban 
areas provide the criteria as well as 

the rationale for adaptation of the 
physical environment. The resultant 
physical forms and spatial patterns 
have the potential to facilitate and 
enhance, or discourage and inhibit, 
certain activities. Form may also act 
as a catalyst for new or different 
behaviours or activities, beyond those 

intended. But physical settings cannot 
of themselves determine or generate 
particular activities (Rapoport, 1977). 

Although human activities and 
their demand for specialized settings 
are primary determinants of urban form, 
the physical characteristics of a site 
also influence the form and organiza-
tion of the urban environment. Accen-
tuated topographic relief can order the 
physical form of development, as, for 
instance, the channelization of 
development in a ridge-valley terrain. 
Site characteristics often impose con-

Barker, H. N. Proshansky, Herbert 
Gans, Constance Penn, Clare Coop-

er, to mention just a few. Authors 
cited elsewhere in this project who 
have also explored these issues in-
elude Carr (1967), Lynch ( 1971), 
Chapin, Jr. ( 1976) and Rapoport 

(1977). 

straints on development patterns, but 

they can also induce strong foci for 
the spatial organization of urban ac-
tivities. Valuable natural resources, 
such as high quality forests, open 

space or agricultural land, may be in-
tegrated into urban development and 
serve to organize forms in particular 

ways. 

On the other hand, site charac-
'teristies often play a minor role in 

determining urban form where there are 

no dominant characteristics, nor much 
diversity in topography or vegetation. 
For example, in a flat, well-drained 
area with soil conditions conducive to 
economical building, the site imposes 

few if any constraints on development; 
neither does it provide a focus for 
structuring form. Moreover, the 
strength of the role of site charac-
teristics depends on our cultural per-
ceptions about the relationship between 
natural environments and urban develop-
ment. This relationship is influenced 
by the nature of the dominant urban ac-
tivities; and, particularly, it rests 
on the values that define these activi-
ties and how the natural environment is 

modified to accommodate them. For ex-
ample, the desire to provide the best 
access by car has led to building mas-
sive freeways and generally oversized 
roadways throughout the city, without 
full consideration of how the creation 
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of extensive iinpepneable surfaces af-
.fects the dynamics of urban runoff and 
site drainage. In this way, if other 
factors outweigh " forces" of the " site 
and nature, urban patterns may develop 
that largely ignore certain intrinsic 
constraints and design potentials of 

the site characteristics. 

Finally, all human activity sys-

tems are dynamic and open, character-
ized by a continual exchange of info r-
mation energy and materials between 
the system and its environment. Furth-
er, human systems are self-adapting and 
"learning" ( Chadwick, 1971). Changes 
in urban form respond not only to 
forces outside the system. They also 
result from purposeful human behaviour, 
initiated from within the system 

: through a process of value change lead-
ing to new human goals or the invention 
of new means to implement them. This 

process of modifying the physical en-
vironment, however, produces feedbacks 
that progressively constrain choices. 

'Existing value structures influence the 
'next set of choices. Previous commit-
ments to the adaptation of the physical 
environment limit the types of action 
that can be taken and future formop-
tions. Urban form takes on an evolu-
tionary character. 

What we see Frnd recognize as urban 
form, therefore, is a state condition 
of the system, that is, the combination 
of specific elements ( activity 
systems/adapted spaces and movement 
systems/channels) and their observable 
attributes ( density, grain and focal 
organization) at different points in 
time. For example, the small, compact 
grid form that characterized early -,r-
ban development evolved into widely 
spread radiocentric patterns with the 

development of rail transportation. - 

Simultaneously, the density, grain and 
focal organization of activities and 

spatial elements changed in response to 
new social and economic conditions. 
Development tended towards lower densi-
ties and a coarser grain, while focal 
organization was still based on a sin-
gle major centre of activity comple-
mented by subsidiary centres along 
transportation routes. 

In a systems view, changes in the 

functions or processes that define ur-
ban form have special implications for 
future states of the system. In a sim-
ple aggregate, as mentioned, there is 
no organizational relationship among 
the parts; new or changed parts can be 
added directly to the existing aggre-
gate. A system, however, is more than 
the sum of its parts. A systems ap-
proach stresses understanding the in-
tegrity of the organizational structure 



forming system elements into an inter-
connected whole; new or changed parts 
must be integrated within the system. 

A structure plan models the physi-
cal elements of the urban system. The 
framework and direction it provides for 
the spatial organization of urban ac-
tivities needs not only to accommodate 
their individual requirements, but must 

also represent, to the greatest extent 
possible, the dynamic interactions 
among activities and the particular 
spatial demands they generate. For ex-
ample, much physical planning has suf-
fered because place-related and move-
ment activities were thought of and 
treated separately. However, inevit-

ably one type of activity creates a 
demand for the other, and urban struc-
ture is the result of the systemic in-
teraction between them. 

Furthermore, the introduction to 
the planning process of new objectives, 
such as those for energy efficient form 
that are the basis of this project, and 
the desire to incorporate innovative 
means to achieve them heightens the im-
portance of a systems view. These ob-
•jectives. and innovations alter the di-

mensions of the planning context, 
creating new conditions and require-
ments for physical structure. A sys-
tems view provides an integrative 
framework that relates energy issues to 

other social and environmental criteria 
for evolving appropriate urban forms. 

In the next section, we consider cri-
teria for energy efficient form, and 
the impact of a systems view on estab-
lishing these and their relation to 
other development criteria. 
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ENERGY EFFICIENCY CRITERIA 

The ways in which we use energy in 
the city, and how it is supplied, in-
fluence the physical form of the city. 
Changes in the role of energy precipi-
tate certain changes in urban form. In 

the history of cities, we can trace 
this influence in small and large man-
ifestations. As mentioned above, the 
introduction of intra-urban rail tran-
sport produced a radiocentric pattern 
that matches the development of the 
transport mode (and the way it employs 
energy) with the distribution of urban 

activities and facilities. Subsequent-
].y, the development of the private car 
removed many of those constraints on 
urb4xl form, and allowed a more random, 
less concentrated form of development. 

Other, more recent examples relate the 
energy used for space conditioning [ 2] 
to urban form. Increased reliance on 
passive solar heat gain reinforces 
planning and design for lower density 
residential areas, while district heat-
ing systems require greater concentra-

tion and density of development. 

[2] Space conditioning includes both 
heating and cooling of interior 
building spaces. 

In most instances, when changes in 
physical structure are initiated be-
cause of changes in the role of energy, 
the intent is to achieve an efficient 

form. Efficiency, defined in its most 
literal and narrow sense, is the ratio 

of effective work to the energy expend-
ed to accomplish it (Webster, 1960). 
More broadly, efficiency is a "balanc-
ing" criterion that evaluates perfor-

mance in one area against the costs in. 
another (Lynch, 1981). In the case of 
intra-urban rail transport, the concen-
tration and centralization of major ur-

ban activities and facilities is re-
quired to make the transit system 
economically, feasible. Similarly, con-
centrations of density are required to 
make district heating economically 

feasible. As these examples illus-
trate, the computation of effective 
work relies on certain criteria that 
reflect accepted societal values. The 
economic criteria noted here are the 
ones commonly used to evaluate effi-

ciency. 

In this study, we adopted an ob-

jective of increased energy efficiency 
as the basis of our exploration of the 

impact of innovation on urban form. We 
do not propose to reiterate the 

susbstantial evidence and extensive de-
bate that supports this objective; it 
has been covered elsewhere ( e.g., Lo-
vms, 1977; Brooks, 1981). Nor will we 
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review in detail the current policy in-
itiatives aimed at achieving this ob-

jective ( EMR, 1976). However, we do 

take issue with some of the underlying 

assumptions and criteria used to com-

pute and/or evaluate energy efficiency. 

Specifically, we believe the economic 
criteria currently used are too narrow. 

The nature of the problems that have 

generated the " energy crisis" and the 
demand for increased energy efficiency 

indicate that a deterministic model of 
the role of energy in cities should be 

replaced with a dynamic, systems model. 
This latter conceptual framework allows 

us to establish a broader set of energy 

criteria, ones more consistent with the 

changing parameters of the role . of en-

ergy in cities. 

It is important to an understand-

ing of the influence of energy on urban 

form, that criteria generated by a sys-

tems view are related to a larger con-
text of other issues that also influ-
ence physical structure. This is not 

intended to be an exhaustive discussion 

of these issues, but rather one that 

provides a basic orientation for the 
main purpose of this project. 

A Deterministic Model 

The role of energy in urban sys-

tems is a function of several factors: 

the types and sources of energy; the 

technologies used to produce and dis-

tribute energy; the control mechanisms 

that regulate the transformation and 

use of energy; and, ultimately, the 

value systems that underlie these 

processes. The current approach to en-

ergy is epitomized by a preeminent re-
liance on fossil fuels and other non-
renewable resources, such as oil, gas, 
coal and nuclear power. The production 

and distribution of energy from these 
sources involve large-scale technolo-

gies. In turn, centralized bureaucra-

cies and institutions have been 

developed to regulate and manage the 

transformation and flow of energy. 

This scenario is defermined, i!t large 

part, by the economic criteria that 

dominate decisions concerning the sup-
ply and use of energy, and which re-
fleet historical attitudes about man's 

control over the natural environment. 

Until recently, this approach to 
energy appeared to be compatible with 
the healthy functioning and growth of 

urban systems, and with precepts of so-
cial and individual prosperity. Howev-

er, through a process described as 

"dernophoric growth" ( Wetzel, diricussed 
in Tyler, 1978), human activities, in-
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eluding the use of energy, have contri-
buted to a cycle of environmental de-
gradation. This process is the result 
of population growth combined with in-
creased production and, more particu-
larly, consumption. Production in 
technologically developed countries is 

'rooted in principles of economic effi-
ciency that encourage low-diversity 
reproduction of standardized products. 
While initially cheap, this entails 
high levels of fossil fuel conversion 
,to maintain urban systems (Knowles, 

1974). 

As long as there appeared to be 
infinite environmental resources -- in 
comparison to the demand for them --

our attention could focus on the 
socio-economic means of production 
(e.g., capital investment, marketing, 
etc.) rather than environmental means; 
and, on the socio-economic consequences 

:of resource use ( e.g., growth in em-
ployment) rather than the environmental 

.: -impacts of industrial wastes. The ra-
pid depletion of certain resources, 
plus the growing perception of environ-
mental problems associated with their 
use, indicate that our consumptive rate 

of these resources can (and does) 
outstrip and alter the rate at which 

environmental processes provide them. 
With reference to urban systems, the 
argument is now being made that " the 
building of cities must be consciously 

organized and limited within the en-
vironmental capacity to transform ener-
gy and the human ability to comprehend 

such transformations" (Knowles, 

1974:193). 

However, the way in which we 
understand complex phenomena, such as 
the role of energy in cities, depends 
on the way they are viewed by a partic-

ular conceptual f:'amework ( Tyler, 
1978). The economic criteria that have 

shaped our current approach are basi-

cally linear in nature and determinis-
tic. Therefore, as the growth in the 
rate of the use of energy threatens the 

relative supply of easily available, 
cost-effective sources, a major public 

policy response has defined efficient 
energy use in terms of reduced consump-
tion. Specifically, this policy relies 
on higher prices and the principle of 
price elasticity to reduce use (EI'IR, 
1976). Reduced use is an integral part 
of energy efficiency, but it is an 

inadequate response; alone, it cannot 
achieve the intended results. It is, 
to some extent, at odds with a second 
major component of emerging public en-

ergy policy, that of extending the geo-
graphical and technological frontiers 
of energy supply to develop new and 
non- conventional energy resources. The 
salient fact is that these initiatives 

require the use of more energy for pro-
duction and distribution, per unit of 
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energy consumed ( Brooks, 1981). For 
example, with proposed non-conventional 
methods, " the total throughput of ener-
gy in Alberta will rise faster per bar-

:re1 of oil produced than has been the 

case to date" ( Boothroyd, 1976:139). 
Second, the use of energy seems bound 
to increase, even if the per capita 
rate were to deline, because the 

number and concentration of end-users 
in urban areas is increasing ( Brooks, 

1981). 

Irrespective of its constituent 
elements, a static model fragments and 
obscures. It isolates elements of a 
system ( in this case, the natural 
resources that supply energy) and 
treats the analysis of them in a 
discontinuous fashion. As a result, 
for example, the analysis of the role 
of energy within the functional and 
geographic limits of the urban system 
is viewed as divorced from the environ-
ment which supplied the energy and into 
which wastes are discarded. This view 
also fails to take into account link-
ages and feedback among system ele-
ments, whereby change in one alters the 
change environment for another. In. 
summary, a static model disregards the 
essential fact that natural systems are 
probabilistic in nature. 

An Appropriate Systems Model 

A systems view acknowledges the 
urban system as an integral part of the 
cycle of material and energy flows that 
constitute any natural system. As a 
result, the analysis of energy issues 
using this model stresses basic rela-
tional characteristics; that is a, it 
conceives the function and processes of 

the role of energy in cities in a 
wholistic manner, relating energy sup-
ply and use to its sources in the na-
tural environment and taking cognizance 
of human activity as self- adapting. 

Furthermore, the integrity of the 
relationship between urban and natural 
systems depends on adopting new, values 
and attitudes about human activities: 
"The challenge is the need to manage  
the resources of the whole human en-
vironment, for man to create for him-
self a better relationship within na-
ture if he is not to have an irretriev-
ably adverse impact on the ( natural) 
environment" (McLoughlin, 1969:23). A 
systems view based, on these values ac-
cepts the inherent limitations on the 
use of natural resources to supply en-
ergy. These limitations, in addition 
to being economic in nature, are en-
vironmental and social. They also have 
implications for all facets of the sup-
ply and use of energy. 
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Rethinking our model of the role 
of energy, therefore, leads to the need 
to redefine criteria for efficient sup-
ply and energy use. A significant 
difference in basing criteria for effi-
cient energy use on a systems view is 
the comprehensive nature of them, and 
their compatibility with other societal 
criteria for urban development. The 
purpose of these criteria is to estab-
lish guidelines for energy efficient 
urban forms. In summary, the criteria 
for this project are the following. 

i) To minimize the demand for en-
ergy and maximize the effective-
ness of its use. 

Notwithstanding the limitations 
noted about the current approach to en-
ergy, a policy to reduce demand, or en-
ergy use, reflects a crucial criterion 

- for energy efficient design. Efficien-
cy improves when less energy is used to 
do the same amount of work. This is 
achieved by reducing the amount of en-
ergy that is lost in transformation 
processes, such as when a more effi-
cient furnace is able to convert a 
higher percentage of fuel to useful 
heat. Another way to reduce demand is 
through substitution; for example, in-
creasing the amount of thermal insula-
tibn to cut down the amount of energy 

required to heat a building. Several 
advantages stem from such initiatives. 
They contribute, first, to slowing the 
depletion of finite, non-renewable na-
tural resources. Less demand propor-
tionately reduces the costs associated 
with these energy sources, including 
the economic costs of production and 
distribution, and the social and en-
vironmental costs incurred by large-
scale resource development or the nega-
tive impacts of energy use. 

ii) To maximize the appropriate , 

use of energy by ensuring wherever 
possible that the characteristics 
of energy supply match the charac-

teristics of the intended end use. 

This second criterion establishes 
a guideline for the selective use of 
energy resources. To achieve efficient 
energy use, functions, such as space 
heating, that require low temperatures 
should utilize energy sources that pro-
duce low temperatures, such as solar 
energy. This guideline has certain im-
plications for energy supply. Because 
residential space heating is a major 
end use ( Beck, et al., 1977), increased 
reliance on qualitatively matched 

sources, such as solar energy, signifi-
cantly reduces demand for fossil fuels 
(oil and gas directly, or coal to pro-



17 

duce electricity). In return, reduced 
consumption of fossil fuels generates 
advantages mentioned above. 

iii) To encourage the present and 
future use of renewable energy 
resources wherever possible. 

iv) To supply energy through the 
development of local energy pro-
duction wherever possible. 

As pointed out, energy derived 
from the sun, wind power or biomass 
conversion relies on "income" 
resources, meaning their use does not 
deplete the supply. The technologies 
used to produce energy from these 
sources are of a type and can function 
efficiently at small scales such as to 
result in fewer adverse environmental 
and social impacts. In addition, 

-, renewable energy resources increase the 

opportunities for local energy produc-
tion. This contributes to reduced 

costs and fewer environmental impacts 
by minimizing long-distance energy 
transmission. It also augments local 
control of energy, increasing the ease 
with which energy systems can respond 
to future change. 

The principal purposes for which 
energy is used in cities are industry, 
transportation and space conditioning., 
Industry, for example, accounted for 
over one-quarter of all energy used 
during 1975 in Calgary ( Beck, et al., 
1977). The energy used in industry, 
however, represents one of several in-
teracting factors of production; how it 
is used is a function of its cost rela-

tive to the costs of other factors. 
For this reason, it is difficult to as-
sess the impact of industrial energy 
use on urban form. Of the energy not 

used by industry, approximately 90% is 
used for transportation and space con-
ditioning. Therefore, in our project, 
the investigation of the urban form im-
plications of energy innovations con-
centrates on the latter. 

Finally, while energy is a dom-
inant force in people's activities, it 
is not necessarily a determining factor 
in individual or societal decisions af-
fecting physical form. Increased effi-
ciency, encompassing both supply and 

use, will influence the physical struc-
ture of urban areas. It already has, 
as will be seen in some of the examples 
discussed later. There are other exam-
ples that are not discussed here, such 
as the work of Danzig ( 1973) and Soleri 
(1969), where an overriding concern for 
energy efficient form results in cities 
enclosed in plastic bubbles or environ-
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mentally controlled megastructures. In 
our opinion, these approaches are unac-
ceptable on social and environmental 

grounds. 

The way people use energy is a 
cultural choice (O'Toole, 1976). The 
availability of better schools, ques-
tions of safety and the value of priva-
cy are among the reasons that some fam-

ilies choose to live in single detached 
houses in suburbia. The private car 
becomes more important with low density 

development because the cost of the an 
individual's time is valued more highly 

than the rising cost of energy to run 
automobiles. These choices decidedly 
imply an energy consumptive urban form, 
but still they represent a range of so-
cial criteria that are ( and might well 
remain) significant influences on the 
way we choose to pattern and structure 
urban developments. 

Environmental criteria can also 
impinge on the possibility for energy 
efficient forms. Beck, et al. ( 1977) 
mention the potential conflict between 
development restrictions on south-
facing slopes to protect views or 
unique site features ( for example) and 
the inherent potential of these sites 
for increasing energy efficiency in 
building and street layouts. Neverthe-
less, the intrinsic development suita-
bility of a site can influence the ef-

ficiency characteristics of urban form 
such as the optimum densities, the type 
and pattern of infrastructure systems, 
whether the development pattern is con-
tinuous, etc. 

Therefore, an objective of in-
creased energy efficiency must be 
evaluated on a relative scale that at-
tends to the interactions among multi-

ple criteria for development. To 
minimize energy demand, for example, 
suggests greater reliance on public 

transportation, but this has to be 
qualified by the need to employ diverse 

modes of transport, including private 
cars. Under optimum conditions, the 
extent of residential development would 
mean significant increases in efficient 
energy use if qualitatively matched 
sources, such as solar or wind power, 
were used. However, climatic variables 

are crucial but unpredictable, and 
economic factors affecting such things 
as heat storage facilities can limit 

the application of the required techno-
logies. Renewable energy resources are 
also not suitable for transportation 
purposes. For this reason, only a cer-
tain portion of urban energy require-
ments, specifically for space heating, 
is amenable to local production. 

Qualifications do not, however, 
detract from the possibilities for in-
novative urban form. In fact, 
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comprehensive criteria for energy effi-
ciency, by acknowledging social and en-
vironmental issues, prompt a wide range 
of innovations. Some of these specifi-
cally improve characteristics of the 
supply and use of energy, for example, 
high density, mixed use development or 
district heating systems. Others af-
fect other aspects of the physical 
structure, extending energy efficiency 
criteria to areas such as urban food 
production and "natural" stormwater.. 
management. In this project, these as 
well as other innovations encouraged by 
an objective for increased energy effi-
ciency are investigated in the develop-
ment of our structure plan proposal. 



CHAP.TER.2 

ENERGY INNOVATIONS 
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In the preceding chapter we set 
out criteria for the use and supply of 

energy that represent a significant 
departure from current approaches. The 
nature of alternative energy criteria, 
as well as the focus on urban areas, 
strongly suggest the need to look for 
innovative approaches to implement 
them. 

This chapter looks at the notion 
of innovation, defines it and identi-
fies two types relevant to our project. 
A number of innovative approaches that 
have direct bearing on the use and sup-
ply of energy in urban areas are re-
viewed. While innovation in and of it-
self is not the objective, it does pro-
vide a criterion to select improved 
means to achieve goals ( Alcott, 1976). 

INNOVATION 

Innovations are planned (Shostak, 
1976); that is, the development and ap-
plication of new products or processes 
are linked to the achievement of goals 
or objectives that define the resolu-

tion of a problem -- they do not occur 
haphazardly or by accident. Innova-
tions result from the prior identifica-

tion of a particular need, for example, 
for a more cost efficient process. 

An innovation is novel (Shostak, 
1976); that is, it is new and dif-

ferent. It may be a totally 
duct or process, such as 
solar collector. Many other 
innovations arise from the application 
of existing products and processes in a 
novel manner. For example, site plan-
fling principles to maximize energy ef-
ficient development represent an inno-
vative approach to the organization of 
the components of the built environment 
based on a new set of criteria and ob-

jectives. 

new pro-
an active 
important 

Finally, an innovative product or 
process must be shared; shared means 
"...the sponsor is making an active ef-
fort to promulgate its ( the 

innovation's) use" ( Shostak, 1976:2). 
This interpretation, however, appears 
somewhat ambiguous, and three criteria 
are suggested here to clarify the sense 
in which an innovation is shared. The 
development of new products or 
processes must be advanced to the point 
that they are operational. An innova-
tion must be feasible and acceptable in 
terms of its technical, economio, en-
vironmental and/or social requirements. 

Third, beyond the inherent limitations 
of the innovation itself, its applica-
tion should be general and nonpartial. 
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The foregoing, three-part charac-
terization encompasses two categories 
of innovations bearing on the use and 
supply of energy in urban areas. These 
will now be discussed and. illustrated. 

Planning Innovations  

New policy, design and management 
strategies constitute the first 
category of innovations (Thompson, 
D.A.R., 1981). They will be referred 
to as "planning innovations". Innova-
tive policies define new goals and ob-
jectives for urban planning in response 
to changing conditions and newly per-
ceived societal or industrial issues. 
Innovative design and management stra-
tegies organize and control development 
to achieve these goals and objectives. 
Planning innovation proposals are often 
made first in the context of new town 
or large-scale developments. The bene-
fits that accrue from these demonstra-

tions lead to wider applications in ur-
ban development generally.. 

One of the more pervasive innova-
tive approaches is the adoption of 
planning and development practices for 
ecological land preservation and 
enhancement. For example, McHarg's 
work ( 1971) in site analysis methods 
has now become an integral part of phy-

sical planning theory and a fairly 
widespread practice. In a similar 
vein, proposals for "natural" stormwa-
ter drainage systems attempt to coordi-
nate development with the capacity of 
the hydrological system of the site, to 
minimize adverse environmental impacts 
and reduce the capital costs of col-
lecting runoff. A major demonstration 
of this innovative approach is the new 
town plan for Woodlands (Texas), based 
on work done by McHarg and his associ-
ates (Wallace McHarg Roberts Todd, 
1973). Elements of this approach have 
also been adopted in a number of urban 
areas, including Calgary, Edmonton and 
Winnipeg ( City of Calgary, 1981a). 

Experiments with the decentraliza-
tion of educational facilities, and 
other institutional innovations for the 
provision and delivery of social and 
community services, are common innova-
tive features of new towns in a number 
of countries ( Crane, 1968a; Miller, et 

al., 1972; Mields, 1973; George 
Mitchell and Assoc., 1971; D.A. Crane & 

Assoc., 1971; among others). Letch-
worth and Welwyn (England) and Tapiola 

(Finland) were experiments to improve 
the provision of housing under the 
direction and management of non-profit 
corporations (Von Hertzen and Spreire-
gen, 1971; IFHP, 1976; Osborn and Whit-

tick, 1977). Tumbler Ridge, B.C., is 
being developed by the provincial 
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government and, unlike many public new 
towns, plans include the establishment 
of a legally incorporated municipality 

and locally elected representatives 
early in the life of the community 
(Thompson Berwick Pratt and. Partners, 
et al., 1978). Strong Moorhead, et al. 

U978) developed a proposal for a 
cooperative farming community in the 
Metropolitan Toronto region to demon-

strate agricultural land preservation 
and food production within an urban 
area, as well as cooperative forms of 
property use and tenure. 

Innovations to promote energy ef-
ficient design are being incorporated 
into a growing number of development 
proposals. Several demonstration pro-
jects have been initiated in Canada, 

including ones in Vancouver, Ottawa and 
Brampton, as well as northern communi-
ties such as Fermont ( Schoenauer, 1976; 
Hix, 1977; City of Ottawa, 1978; Cham-
plain Heights Development Group, 1979). 
The focus of these innovations is ener-
gy efficient land use and built forms. 
The scope of the applications is gen-
erally site planning for large-scale, 
residential development and the design 
of individual housing units. However, 
some of these proposals ( along with 
other literature) suggest the potential 
to adapt planning principles for wider 
application to the general form and 
structure of urban development. 

Technological Innovations  

Technological innovations are gen-
erally taken to mean the development of 
new hardware and production processes, 
or the development of new products for 
consumption. In the area of urban 

development, technological innovations 
range from the development of new or 
improved products or hardware for urban 
systems, to significant changes in the 
technical means employed to achieve a 
superior system or service ( Crane, 
1968b). Examples include the develop-
ment of materials such as PVC piping 
for water supply; hardware and biologi-
cal or chemical processes for collect-
ing and treating urban wastes, such as 
vacuum flow systems and treatment of 
sewage in bulrush ponds; modes of urban 
transportation, such as automated 
guideways; and, proposals to align a 
number of different underground ser-
vices together in combined chaseways or 
in utilidors ( Crane, 1968b; Miller, et 

al., 1972; Golany, 1976a). 

With specific refetence to energy 
efficient design, more careful atten-
tion to the technical aspects of con-
struction reduce energy use. Through 
stricter enforcement of building codes 
and improved insulation standards, it 
is possible to reduce present energy 
use for residential space heating by as 
much as 60% ( McCallum, 1978; Chmplain 
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Heights Development Group, 1979). 
Technological innovations iii the field 
of transportation result in vehicles 
that function more efficiently, as well 
as -  new movement systems such as the 
fixed rail and guideway systems. Ener-
gy. supply technologies are a further 
area of innovative development, broadly 
including systems to utilize solar and 
other renewable energy sources, and re-
cycling technologies. 

In the remainder of this chapter 
we review a number of specific energy-
related innovations appropriate to, and 
taken into account by, the structure 
plan later presented in Part Three. 
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ENERGY EFFICIENT URBAN FORM 

Planning innovations operate on a 
range of urban form variables, princi-
pally i) density, ii) grain and iii) 
compactness of the spatial organization 
of urban activities and transportation; 
and, iv) the pattern of development, 
including the geometry of the parts. 

These variables interact and can be 
designed to be mutually reinforcing in 
their effect on reducing energy demand. 

Density of Development  

Density of development is a criti-
cal factor, as revealed in nearly all 
theoretical and empirical studies. In-
creases in density result in lower lev-
els of energy use for space condition-
ing (Real Estate Research Corporation, 

1974; IBI Group, 1976; Harwood, 1977; 
Hix, 1977; Hix, et al., 1977; Bureau of 
Municipal Research, 1978; Champlain 
Heights Development Group, 1979; Des-

for, -et al., 1979; M.M.Dillon, Ltd., et 
al., 1979). The impact of density on 
energy is less a function of the inten-
sity of development than of the accom-
panying technical conditions affecting 

• the built environment (Desfor, et al., 
1979). For example, shared, — common 
walls between units reduce heat losses 
and, therefore, overall heating demand. 

Multi-unit buildings also offer, the po-
tential to service a number of units 
with a single mechanical system, there-
by lowering costs and augmenting the 
feasibility of innovations like dis-
trict heating. 

A number of separate studies have 
found that the most energy efficient 

form of housing is medium density (37- 
49 units per hectare), low to medium-
rise buildings, such as townhouses* or 
walk-up apartments (Hix, 1977; Bureau 

of Municipal Research, 1978; Twiss, et 

al., 1980). Dwellings in multi-unit 
ildings at these densities require 

less energy for space heating than de-
tached dwellings of equivalent size. 
Further,, the low to medium-rise form 
optimizes the surface area to volume 
ratio, an important factor in anérgy 
savings ( Champlain Heights Development 
Group, 1979; Blumenfeld, 1980). 

Higher-rise buildings also have 
larger overall energy requirements due 
to high capital energy costs for con-
struction, and high operating energy 
costs for such features as elevators 
(Bureau of Municipal Research, 1978). 
The move away from single detached 
housing to moderately high densities 
also reduces public capital energy 
costs associated with the utility in-
frastucture through considerably re-
duced lengths of service runs ( Hix, 
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1977; Bureau of Municipal Research, 
1978; Champlain Heights Development 
Group, 1979). 

One study (Desfor, et al., 1979) 
considered the influence of so-
cioeconomic variables on energy use and 
found that high income is correlated 
with higher levels of energy use. This 
influence of socioeconomic variables on 
energy use is further mediated by cer-
tain measures of urban form and housing 
type. For instance, low income groups 
have tended to occupy high density 

apartments; the smaller dwelling unit 
size and the lower income have combined 
to contribute to lower energy demand. 

However, with larger, high density un-
its being constructed and marketed for 
higher income groups, the historical 
relationship between high density and 
low energy demand could change. 

Increases in density have a posi-
tive effect on reducing transportation 
energy use. This has been well docu-
mented (Real Estate Research Corpora-

tion," 1974; IBI Group, 1976; Harwood, 
1977; Hix, 1977; Hix, et al., 1977; 
Champlain Heights Development Group, 

1979; Desfor, et al., 1979; Blumenfeld, 
1980; Meyers, 1980). Transportation 
energy use is a function of the dis-
tance travelled, the frequency of trav-
el and the efficiency of the mode of 
transport ( Desfor, et al., 1979; 

Blumenfeld, 1980). Therefore, in-
creased density affects energy demand 
in several ways. First, increased den-
sities result in a greater variety of 
activities within close proximity of 
one another. Proximity of housing, em-
ployment, shopping, recreation and 
entertainment facilities reduces the 
need to travel and, correspondingly, 
trip lengths and frequency. Second, in 
areas of high density developnent, the 
proximity of different activities en-
courages substitution by pedestrian and 
bicycle paths for energy-dependent 
transportation systems ( car, bus, tram, 

etc.). 

Third, high density development 

improves the feasibility of public 
transportation systems, making them 
more competitive with the private car. 
Although public transit is geheraily a 

more efficient mode of transport, in 
terms of energy use per passenger-kin, 
it is not feasible unless there is high 
spatial concentration of potential trip 
origins and destinations; higher 
development dehsities can contribute to 
this. Increased transit ridership is 
accompanied by less reliance on the 

private car and, therefore, lower lev-
els of transportation energy use. In 
turn, reduced car use in high density 
areas will reduce congestion, thus im-
proving the operating efficiency of all 
modes of transport. 



27 

Grain of Development  

The consolidation of different ac-
tivities at higher densities leads to a 
finer grain of development, and areas 
of mixed use. The trend to mixed use 
development in larger urban areas is 
becoming well-established and reflects 
the recognition of a number of benefits 
-to be gained by both the public and 

private sectors (Procos, 1976; Wither-
spoon, et al., 1976). Among these, 

Procos lT97T cites economic advan-
taages stemming from shared use of cap-
ital and operating equipment; the im-
portance of reinforcing physical, and, 
therefore, social diversity in urban 
environments to counter the social iso-
lation that results from increased 
privatization and segregation of urban 

functions; and, the creation of new 
physical settings to facilitate new in-
stitutional systems directed at in-
tegrating and coordinating previously 
separate services. - 

It is further suggested that in-
creased integration of urban activities 
is stimulated and suported by attempts 
to reduce energy consumption. The in-
tegration of activities in both the 
horizontal and vertical planes reduces 
energy demand ( Zdan, 1979). Mixed use 
development extends the energy benefits 
of high density development. The prox-
imity among different activities per-

mits "cogeneration of-energy"', or the 
use of waste or excess heat generated 
by one activity to supply the needs of 
another (Procos, 1976; Hix, 1977; 
Bureau of Municipal Research, 1978; 
Meyers, 1980). This reduces the dupli-
cation of capital equipment to service 

a variety of activities ( Champlain 
Heights Development Group,, 1979). In 
addition, shared use -of facilities con-

tributes to lower initial capital ener-
gy costs for construction and, through 
progressive adaptation of the built en-

vironment tb different uses, future 
capital energy expenditures (Procos, 

1976). 

Mixed use development augments 

density as a form of transportation 
substitution. Because a variety of ac-
tivities and facilities are located 
near one another, local mechanized 
movement systems am not necessary to 
obtain a range of goods and services. 
Moreover, this improved accessibility 
resulting from concentrated origins and 

destinations, is conducive to public 
transportation to service the area. 

'1hi1e density is required to create 
sufficient passenger volume to support 

economical public transit, accessibili-
ty is also crucial to ensure it is com-
petitive with the private car. 
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Parking ( especially in areas of 
high density development) is a conten-
tious aspect of urban transportation. 
As long as people move about in cars, 

there will be the need to allocate land 
to park vehicles, but arbitrary limita-
tion of this space, as has been pro-
posed in some instances, may only exa-
cerbate problems in major activity cen-
tres. Mixed use development, by en-
couraging the cycling of different ac-
tivities throughout the day, can 
ameliorate parking problems, by evening 
out the demand for parking and utiliz-
ing the same space to service different 
activities (Procos, 1976). 

Compactness of Development  

The compactness of urban develop-
ment is related to its density and 
grain characteristics, and can further 
contribute to increased efficiency of 
energy use and reduced energy demand, 
particularly with respect to transpor-
tation. Initially, compact development 
is strongly correlated with energy ef-
ficient design (Hix, et al., 1977; Ed-
wards and Schofer, 1977), in clear con-
trast to sprawled development which is 
recognized as the most energy intensive 

form (Real Estate Research Corporation, 
1974). Further, energy efficient 
development results from clustering a 

variety of activities in high density 
centres distributed throughout the ur-
ban area (Hix, 1977; Chihuk, cited in 

Zdan, 1979; Blumenfeld, 1980; Edwards 
and Schofer, 1977). 

The Edwards and Schofer study 
(1977) compares different hypothetical 
urban forms to determine their impacts 
on transportation energy use. Where 

transportation relies entirely on cars, 
energy efficiency is improved by con-
centrating population s with less con-

cern for centralization of employment. 
A second study (Regional Plan Associa-
tion, 1976) focusses on public transit; 
its findings suggest that concentration 
of non-residential activities, includ-
ing employment, in several reasonably 

large, high density, compact develop-
ments will contribute to transit use. 
Moreover, high residential density is 
relatively less important to public 
transit use than the proximity of 
residential areas to non-residential 
centres and transit routes. In fact, 
the study points out, even lower densi-
ty, suburban areas (17-37 dwelling un-
its per hectare) can support moderately 
convenient public transit if there is a 
common destination, that is, concen-
trated non-residential activities. 

Although there are strong argu-
ments in favour of clusters of compact, 
high density development, the experi-
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ence in some areas suggests limits to 
the transportation efficiency of this 
approach depending also on the distri-
buti on of other activities and facili-
ties (Tyler, 1980). Tyler's example is 
Stockholm, where clusters of residen-
tial and commercial activities are de-
centralized along the metropolitan 
transit system in a radiocentric pat-
tern; employment, however, remains con-
centrated in the central city. He ar-
gues that further decentralization of 
the. urban population by developing ad-

ditional residential centres farther 
away from the central city employment 
will lead to overall increases in tray-

el distances. 

Development Pattern  

Finally, additional planning inno-
vations that impact on urban energy use 
pertain to the development . pattern or 
the geometry of urbanform. Urban pat-

terns are most close1y"associated with 
: the geometry of their movement systems, 

a major structuring element and genera-
tor of urban form (Llewelyn-Davies, 
1966; Lléwelyn-Davies Weeks Forestier-
Walker and Bor, 1968; D.A. Crane & As-

soc., 1971). The mode of transport be-
comes a mediating variable in the con-
sideration of - energy efficient form, 
hilt generally, "... the most energy con-

serving patterns are those which reduce 
travel distances and the extent of in-
frastructure networks and utility 
lines" ( Zdan, 1979:43). Further, the 
areal extent of urban development is 
another aspect of pattezn that affeóts 
energy use, with energy-efficiency gen-
erally decreasing as the amount of land 
area increases ( Edwards and Schofer, 

1977). 

In the study of alternative hy-
pothetical forms (Edwards and Schofer, 

1977) it is demonstrated that sprawled 
development has energy requirements 
nine to ten times that of the least en-

ergy intensive form. Among compact 
forms, the most energy efficient in-
clude the linear, cruciform and polynu-
cleated forms. These findings match 
other recommendations for energy effi-
cient patterns ( Chibuc, cited in Zdan, 
1979). However, a general finding in 
the Edwards and Schofer study suggests 
that for the same urban form, energy 
efficiency. is negatively correlated 
with regional accessibility measured as 
travel time; the difference reflects 
whether transportation relies on public 
transit or car. Therefore, forms with 
low energy costs, that often have more 
extensive public transit systems, con-
sequently often have low levels of re-
gional accessibility. 
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TRANSPORTATION INNOVATIONS 

Energy efficiency points towards 
decreasing the reliance on the private 

car. Currently, private cars account 
for over 90% of the total energy used 
in urban areas to transport people. Of 
course, greater ease of movement in 
private cars is made possible almost 
entirely because of the massive public 
expenditure on roads, a political fact 
of individual preferences in North 
America. For these reasons, large 

doubts have been expressed about the 
feasibility and likelihood of major 
shifts away from the private car to 

public transit options ( Freedman, 1976; 
Irwin, 1976; Keyes, 1980). 

As mentioned above, one problem is 
that use of public transit is strongly 
correlated with decreased accessibili-

measured as travel time ( Edwards 
and Schofer, 1977). Viable public 
transit depends, therefore, on provid-
ing people with efficient, convenient 
service that is also economically 
feasible. The key to achieving this is 
maintaining adequate load factors ( lev-
els of ridership). In turn, this 
depends on concentrating- population as 
well as the activities that are the 
origins and destinations of urban trav-
el. 

Planning innovations that manipu-
late urban form factors ( such as the 
density and grain of development) can 
contribute to a modal shift by facili-
tating greater convenience of access 
among urban activities. In addition, 
innovations in physical design of tran-
sportation systems and modes of tran-
sport can increase the attractiveness 

and feasibility of public transporta-
tion. These latter are oily two sta-
tegies among many that will be 'required 
to achieve an effective shift to less 

energy consuming transportation. 
Within the context of this project, 
they are the most pertinent to energy 
use and its favourable impact on urban 
form. Therefore, this section will 
iscuss innovations affecting the phy-

sical design of transportation systems 
as well as new modes of transport for 
intra-urban movement of people. It 
will also discuss energy use related to 
the movement of urban goods and in-
terurban travel. 

Urban Busways  

Three new towns -- Runcorn and 
Redditch (U.K.), and Columbia (U.S.A.) 
-- were designed around bueway systems 
(Figure 2.1). The busways represent 
the most direct routes between various 
activities located along their lengths 



31 

(Grava, 1977). In the cases of Runcorn 
and Redditch, and to a lesser extent 
Columbia, however, the entire design of 

the town and the siting of activities 
were tailored to accommodate the public 

transportation system. 

In Runcorn, exclusive bus rights-

of-way are physically separated from 
car roadways, the latter built at con-
siderably lower scale to discourage in-
tensive car use. Intersections of the 
two types of roadways are grade-
separated, or when not, priority goes 
to buses. Pedestrian crossings are 
also grade-separated. The transit sys-

tem is organized in a figure- eight, 
with the main town centre at the inter-
section of the loops. High density 
development within walking distance of 
the transit line increases accessibili-
ty and the convenience of transit trav-

el. Redditch, on the other hand, 
re'serves exclusive rights-of-way only 
in the central, highly active areas of 
town; on the outskirts, where traffic 
density is lower, cars and buses share 
roadways. The experience . in Runcorn 
also suggests a mixed approach is more 
warranted in terms of transit demand 
and the high capital investment for ex-
clusive rights-of-way ( Grava, 1977). 

The experience in Columbia sug-
gests further constraints. Although 
busways connect the major activity cen-

tres, initial planning for the town was 
never premised on exclusive reliance on 

public transportation. The busw.ay sys-
tem-was instituted on a gradual basis 
as population growth and demand war-

ranted. Patterns of transpo'tation 
behaviour based on the private car were 

therefore established early in Colum-
bia, and the busway system has not been 

as successful in capturing a relatively 
good share of total trips ( Grava, 

1977). 

Dial- a-Bus Systems  

Turning to various modes of tran-
sport, dial- a-bus systems provide 

demand-actuated service analogous to 
taxi service ( Dickey, 1976; Regional 
-Plan Association, 1976). However, 
their efficiency and effectiveness are 
generally low. They have been used in 
low density areas to provide good 
feeder service to other public transit, 
thus connecting a number of widely-
spaced origins, to one destination. 
They are also the 'successful basis of 
"subscription services", as in the case 

of handicapped persons ( Bachmeyer, 
1979). The labour costs of dial- a-bus 
services are high, however, and for 
this reason it may not be competitive 
with good taxi service. Further, while 
dial-a-bus service is superior to taxis 
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in the areas of direct energy consump-
tion and space consumption of roadway 
(measured as million GJ's per 1000 
passenger kilometres and hectares of 
roadway per 1000 passenger kilometres 
per day, respectively), private cars 
remain superior to dial-a-bus. 

Bus Service  

If it has to be reached on foot, 
express bus service does not constitute 
efficient, economical service -- unless 

it serves moderately high residential 
densities, averaging 37 dwelling units 
per hectare (Regional Plan Association, 
.1976). Even then, the service is nor-
mally limited, to peak travel times and 
is feasible only to very large downtown 
areas. For example, in the study cit-
ed, Toronto and Montreal have large 

enough. central areas to support this 
type of service. On the other hand, 
the combination of express service and 

park-and-ride services, from the 
outskirts of an urban area to central' 
districts has met with more success. 
Effective service can be provided from 
lower density residential areas ( aver-
age, 7 dwelling units per hectare) to 
smaller centres with greater frequency. 

Overall, bus transportation sys-

tems are among the most efficient users 
of resources such as labour, as well as 
operating energy consumption and space 
consumption on the roadway (Regional 

Plan Association, 1976). Therefore, 
the mixture of traditional local bus 
service with limited express service 
presents an alternative that should be 

explored in conjunction with the spa-
tial organization of urban activities. 

Fixed Rail Transit  

An increasing number of North 
American cities are planning for, or 
implementing, light rail transit sys-
tems ( Dickey, 1976; Regional Plan Asso-
ciation, 1976). In existing cities, 
where theie is still access to old 
streetcar rights- of-way or underutil-
ized rail lines, and if larger capacity 
vehicles are used and higher speeds can 

be attained than buses on comparable 
routes, then this mode of transport can 
be cheaper to operate than buses (Re-

gional Plan Association, 1976). Howev-
er, light rail transit is more energy 
and space consuming than buses. Also, 

while both systems have large capital 
costs, a significant portion of those 
for light rail transit are fixed in the 
rail system. The establishment of 
light rail transit requires that urban 



33 

activities be organized along routes or 
at nodal points at reasonably high den-
sities to ensure good accessibility 
and, therefore, high passenger volumes. 
Energy efficient urban form will tend 
in this direction, but the fixed 

characteristics of light rail traisit 

and the fact that it most effectively 
serves a large centralized,, high densi-

ty area may need to be balanced against 
greater flexibility of other options to 
adapt to change over time. 

Additional proposals for light au-
tomated guideways or monorail systems 
do not appear to be feasible for gen-
eral urban application (Dickey, 1976; 
Regional Plan Association, 1976). 
Although unmanned, with lower labour 
costs than light rail transit, they are 
more limited in the speeds they can at-

tain and generally have lower occupancy 
capacity. More significantly, they re-
quire higher capital investments be-

cause of the need for complete grade 
separation, elaborate stations and com-
plex control equipment. While these 
systems have similar fixed characteris-
tics to light rail transit, their visu-
al impact is considerably larger. The 
successful applications have been in 
shuttle services around airports and 
universities where the high passenger 

volume, more or less constant over time 
and along the entire route, makes these 
applications feasible. 

Urban Goods Movement 

Goods movement is a major com-
ponent of urban transportation (Dickey, 
1976). While it is equal, in volume, 
to only a fraction of the movement of 
people, most goods are transported 

around the city in trucks using urban 
roadways. Further, the urban trucking 
industry is characterized by a large 

number of small firms, each operating a 
number of vehicles. This, as well as 
the concentration of origins and desti-
nations for these trips, means that 
goods movement has a disproportionate 
impact on overall urban transportation 
requirements. 

Proposals,have been put forward 
for large-scale movement of goods in 
underground networks of vacuum-operated 

pipes ( Miller, et al., 1972). These 
systems are highly energy intensive; 
further, the problems of coordination 
between origins and destinations would 
seem to restrict applications to limit-
ed areas, such as within a cluster of 
high density activities. 

Several planning innovations, how-
ever, could contribute to reducing the 
frequency and length of goods movement 
trips, and enhance the energy efficien-
cy of this aspect of urban transporta-
tion. Specifically, the spatial organ-
ization of urban activities should en-
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sure the accessibility of warehousing 

- or interurban terminal points to major 
• activity centres within the city, and 
should provide accessible and direct 
'routes to by-pass high density areas 
(Transport Canada, 1978)-

A further innovation may signifi-
cantly reduce the number of trucks 
travelling on community roads ( Bendix-

son, 1974). It proposes to consolidate 
and coordinate the movement of goods by 
establishing trans-shipment depots, in 

conjunction with other warehosing and 
industrial activities. The depot would 

have a secondary role as a truck park 
for long-haul vehicles entering the 
community. All goods to be distributed 
throughout the community would be col-
lected- at the depot, and then scheduled 
for local delivery. This approach re-
quires fewer and smaller vehicles, thus 
reducing energy demand. Other benefits 
involve the ability to schedule 

deliveries to avoid congestion, reduc-
ing truck movement and stops in high 
density centres during business hours. 

Interurban Transportation 

Finally, interurban transportation 

modes should be briefly mentioned. In-

terurban commuting on a daily basis is 
a major factor in transportation energy 

use. As well, we are a highly mobile 
society that travels extensively both 
for business and pleasure. The private 
car has become the primary means of in-
terurban transportation for short to 
medium distances. For medium to longer 
distances, the airplane is the major 
mode of interurban transportation. The 
car is demonstrably energy consumptive. 
Similarly, the airplane is far more en-
ergy intensive than alternative modes 
such as bus or rail, particularly for 
short to medium distances ( McCallum, 

1978). Bus and rail service are both 

reasonable alternatives for short dis-
tance interurban transportation, in-
cluding commuting. The choice between 
them reflects the accessib.lity of good 
regional highways, for buses, and the 
quality of roadbeds that would permit 
economically viable, high speed rail 

service. 
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ENERGY EFFICIENT SITE PLANNING  

Dramatic energy: savings can occur 
at the level ofthe individual -build-
ing. Improved building 4esign, as well 
as high levels of insulation, can de-
creas& space heating by as much as 60-
80% (McCallum, 1978). Increased recog-
nition is being given as well to pas-
sive solar heat gain as 'a means of en-

ergy. savings. Building design can max-
imize solar radiation in cold winter 
months, reducing space hating require-

ments; converselyj'- 1t minimizes solar 
radiation in the summer and provides a 
comfortable interior environment 
without the need: for . energy intensive 

air conditioning. 

In. the .past few years, design for 
passive' solar heat gain has also been 

incorporated into site planning princi-
ples for residential development. ( IBI 

Group, 1976; Harwood, 1977; Hix, 1977; 
Hix, et al., 1977; Untermann and Small, 
1977; Bureau of - Municipal Research, 
1978; City of Ottawa, 1978; Champlain 

Heights Development Group," 1979; Erley 
and Jaffe, 1979; M.M. Dillon, Ltd., et 
al., 1979; Planning Collaborative, 
ft-d., et al., 1979). Briefly summar-
ized, one reduces energy consumption by 
optimizing building exposure to solar 
radiation. The main variables of site 
design that exploit passive solar heat 
gain are: i) the orientation of build-

ings and streets, ii) adaptation to 
3topographic conditions, and iii) 
favourable control of the microclimate 

through landscaping around buildings. 
Other factors include lot- size and con-
figuration, and' building ' height and 
bulk; these latter variables are large-
ly resolved by architectural design 
(further, detailed consideration of 
which is beyond the scope of this pro-

ject). 

'Solar Orientation 

Passive solar heat gain results 
when buildings are oriented to allow 
penetration of solar radiation to the 
principal interior living spaces. By 
siting a building so that these spaces 
and the windows in them face south, 

direct sunlight can reduce the annual 
heating costs, viz. 10% in a standard 

townhouse (Hix, 1977). Orientation of 
buildings along a north- south axis need 
not be enforced rigidly in the design, 
however. Offsetting the north-south 
orientation up to 30 degrees, depending 
on latitude, still affords high solar 
incidence. In fact, orientation to the 
southeast may be preferable to utilize 

solar heat gain in the morning when 
building heat demand is highest ( Cham-

plain Heights DevelonueutCroup, 1979). 
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A southerly orientation to 
development usually implies an east-

west orientation for streets ( where 
buildings are aligned with them). A 
grid pattern of development based on 
the east-west orientation of streets 
has been cited as that which will max-
imize solar radiation to most units 
(Hix, 1977). This is the case not only 
in individual development areas, but 
can also apply to the overall geometry 
of urban development ( Figure 2.2) (Hix, 

et al., 1977). 

Buildings located on either side 
of east-west streets will receive max-
imum solar radiation on the front or 

back of the building. Therefore, to 
maximize solar heat gain, buildings on 
either side of a street will be organ-

ized differently. The interior spaces, 
access to the building and exterior 
private space should be organized so 
that major living spaces are on the 
south side of the building, with the 
least fenestration on the north side to 
reduce heat loss. 

The shape of street blocks in a 

grid pattern should be minimized on the 
north-south length to reduce the number 
of buildings that face on them; where 

that happens, innovative lot configura-
tions such as key lots or chevron lots 

can enhance solar access ( N.M. Dillon 
Ltd., eta].., 1979). Narrower rights-

of-way for streets free up land that, 
in turn, can be maintained as open 

space around buildings to ensure solar 
access ( N.M. Dillon, Ltd., et a].., 
1979). However, it is still necessary 
to pay attention to building height and 
bulk, and setback; to siting lower 
buildings on the south side of east-
west streets; and, to shaping street 

alignments and setbacks to ensure solar 
access to all buildings ( Champlain 
Heights Development Group, 1979). 

It must be pointed out that pas-
sive solar planning principles impose 
fairly rigid constraints on site 
design. Optimal solar access is possi-
ble only at relatively low densities, 

viz, in the neighbourhood of 20 dwel-

ling units per gross hectare. To 
prevent buildings from overshadowing 
one another, building form must also be 

reasonably uniform. 

On the other hand, intensifying 
development can be an important factor 
in reducing energy demand. For 

residential development, therefore, 
clustering of housing is seen to have 

beneficial effects (Untermann and 
Small,, 1977; Hix, 1977; Bureau of Muni-
cipal Research, 1978; Champlain Heights 
Development Group, 1979). While at-
tached buildings may reduce the solar 

radiation to individual units, the heat 
demand is less for each unit. Further-
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more, clustered buildings can minimize 
adverse microclimate conditions around 
them and create well-oriented, protect-
ed private and semi-private exterior 
spaces. Clustering also permits flexi-
,bility in the siting of units. For in-
stance, even where access to the units 
is from a north-south street, the hoixs-
ing cluster can be oriented indepen-
dently of the street in order to maxim-
ize solar exposure. Clustering gen-
erally produces greater variety of form 
and visual enjoyment in the residential 

environment; thus, the overall pattern 
of development can striire for an energy 
efficient organization without the 
monotomy of housing rigidly oriented to 
east-west streets. Finally, clustering 
affords opportunities for the efficien-
cies of shared mechanical systems and 
is conducive to district heating. 

Topography and Landscaping 

Site topography influences solar 
access to buildings. Where the site is 
not flat, it is important to consider 
solar aspect in locating buildings. 

For instance, a north-facing slope 
greater than 5% receives very little 
sunlight, particularly during winter 
when heat demand is high. South-facing 
slopes (SE to SW) offer the best solar 
aspect; slopes between 5% and 15-20% 

(after which construction - costs in-
crease significantly) are preferable to 
flat sites because building density can 
be increased with less incideace of 
overshadowing ( Champlain Heights 
Development Group, 1979). The topogra-
phy and orientation of a site also has 
a bearing on the size of building lots; 
the aspect of the site and, therefore, 
the potential for one building shading 
another determines the distances that 
should be maintained between buildings. 

For example, in Irvine Ranch ( Califor-

nia) the smallest lots are on south 
slopes where shading potential is 

least; similarly, the largest lots are 
on north slopes and medium-sized lots 

are on flat sites (Knowles, 1974). 

Topography also influences the ml-
crocliinate of a development. Biilding 
surfaces exposed to prevailing winds 
lose proportionately more heat because 
of air movement and pressure on them. 
This also occurs when buildings are in 
the path of cooler air currents moving 
down slopes. And, valleys and 
depressed areas are where cold air 
pockets develop. Therefore, site 
landscaping can play an important role 

in maintaining or creating favourable 
conditions for passive solar heat gain 
in buildings. Vegetation, principally 
trees, can provide windscreens to 
reduce wind velocities near buildings, 
particularly in the direction of pre-
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vailing winter winds. 

It is also important to properly 
relate housing to adjacent open space 
and landscaping to ensure solar access. 
For instance, coniferous trees placed 
on the north side of buildings ( gen-
erally the direction of prevailing 
winter winds) provide year-round 
windscreening. On the south, deciduous 
trees permit insolation in the winter, 
but shade buildings in the summer when 
solar heat gain is not desired. They 
also channel summer winds to increase 
ventilation around buildings. 
Landscaping is also critical for the 
application of active solar systems 
(discussed below), where open space 
around the collectors is essential. 

Related Planning Principles  

In conclusion, the critical as-
pects of site planning for passive 
solar heat gain pertain to the orienta-
tion and interaction of buildings with 
the site. Other principles of site 
planning, however, support the benefits 
to be gained in reducing energy demand 
of buildings ( Champlain Heights 
Development Group, 1979). Movement 
through residential development should 
focus on opportunities to walk or cy-
cle. In addition to providing paths 

and other facilities for this, develop-
ment on the site and in adjacent areas 
should stress increased access to vari-
ous other activities and to public 
transportation. Higher densities, 

clustering and development of new areas 
contiguous with existing areas will 
reduce the length of utility service 

runs, and minimize energy demand for 

these purposes. 
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ACTIVE SOLAR SYSTEMS 

Active solar systems generate low 
temperature heat from solar radiation. 
A system consists of a solar collector, 
a heat storage reservoir and a fluid 
medium ( usually water) to transfer the 
collected heat to a conventional heat 
distribution system (McCallum, 1978). 
The quality of the energy produced by 
these systems means they are well-
suited to meet space and water heating 
needs. 

Collectors may be located on 
building roofs, or on adjacent sites. 

Active systems require large, long-term 
heat storage facilities because it is 
not possible to guarantee solar insola-
•tion at times of the year when there is 

a high heat demand. Storage can, how-
ever, be located underground, freeing 
the grade level for recreation or open 
space purposes. As well, many of the 
site planning principles that apply to 
design for passive solar heating, such 
as landscaping and use of topography to 
ensure solar access, are important 
design considerations. Generally, land 
requirements and costs of storage limit 
the feasibility of installing these 
systems in individual homes. They are 
feasible and effective in other situa-

tions, however, such as high density, 
large-scale developments with a high 
heat demand, and in providing space 

heating on a communal basis to groups 
of smaller, individual buildings. 

Active systems have also been 
shown to be more effective in areas of 
medium to high density development than 
in low density areas ( Twiss, et al., 
1980). A comparison of active solar 
heating potential in a low density, 
single family development ( 30 units/ha) 
and a high density, multi- family 
development (75 units/ha) demonstrated 
that active solar systems could provide 
a greater percentage of the total heat-
ing requirements in the compact, high 
density development. The major problem 

in the low density development was that 

solar access was restricted by trees 
shading rooftops. In the compact, 
multi-unit development, shared walls 

contributed to lower heating require-
ments. 

In higher density residential and 
commercial areas, where building height 
varies, solar access is often severely 
restricted by taller buildings; there-
fore, these areas have the lowest capa-
city to supply their own energy needs 
by means of solar collectors ( Twiss et 
al., 1980). Warehouse districts, on 
the other hand, have a low heat demand, 
yet the uniformity of the building 
forms and height, and minimal shading 
of collectors offer the possibility of 
generating more energy than is required 
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within the district. The amount of en-
ergy that could be produced would be 
•even higher if vacant site areas adja-
cent to warehouses were used for col-
lectors. The potential therefore ex-
ists to supply the space heating re-
quirements of low capacity areas, such 
as high density residential and commer-
cial districts. The scale and location 

of this approach to energy production 
also permits shared systems for 

storage, and reduces the costs of 
long-term heat storage ( see District 
Heating, below). 

Active solar systems in areas such 
as warehouse districts can be used ad-
ditionally in conjunction with photo-
voltaics technology to convert sunlight 
to electricity. Available information 
(Twis, et al., 1980) indicates that 
significant amounts of electricity can 
be produced to supply the demand within 
the district and/or to sell to a power 
grid for use in other districts. This 
approach is ' a form of cogeneration, 
discussed below. 
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BIOMASS CONVERSION  

Biomass conversion is the process 
of converting chemical energy stored in 

plant and animal materials, either 
.- ..through direct combustion to produce 

heat, or to generate electricity; or 
through pyrolysis and gasification to 
produce methanol and other fuels 
(McCallum, 1978). The principal 
biomass resources are i) organic 
wastes, e.g.., crop, livestock, forestry 

or municipal wastes; and ii) crops 
groin specifically for energy genera-
tion, e.g., trees, kelp, algae or 
maize. 

The availability of municipal 
solid wastes offers a potential for 
biomass energy production for local 

use. The amount of useful energy pro-
duced is not large, but the beneficial 
impact on local energy supply can be 
instrumental in a program of conserva-
tion. For example, Tyler ( 1980) cites 
the case of Calgary, where considera-
tion is being given to using gas by-
products from sewage treatment to gen-
erate electricity for-peak period use. 
Reducing demand from the regional grid 
during these periods has significant 
economic benefits because bulk power 
rates are based on peak demand. 
Although minimum populations of 200,000 
are required to generate sufficient 
solid waste to ensure feasibility ( Sci-

ence Council of Canada, 1979), 
bioconversion for local energy produc-
tion becomes more feasible because col-
lection and transportation costs asso-
ciated with energy production are 
minimized (Middleton, cited in McCal-

lum, 1978). Furthermore, bioconversion 
reduces by.a factor of 10-20 the amount 
of land that would be required to 

dispose of the solid wastes through ur-
ban land fill operations ( MSUA, cited 
in Tyler, 1980). Finally, bioconver-
sion processes can be used 'to supply 
energy for district heating systems 
(discussed below). 
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DISTRICT HEATING  

District heating is a common tech-
nology in many European countries. 
Less widely used in North America, in-
:terest is nevertheless growing (Sto-
baugh and Yergin, 1979; Conley, 1980; 
Marteinsen, 1980; Tyler, 1980). Heat 
generated at a central facility is dis-
tributed through underground pipes ( the 
preferred medium is water) to the end 
use locations, viz, residences, com-

mercial and office buildings. District 
heating systems can range in scale from 

ones serving a few customers to those 
large enough to deliver heat to an en-
tire town (Tyler, 1980). 

District heat systems have a 
number of clear advantages. They can 
be adapted to use a variety of energy 
sources, including fossil fuels, organ-
ic wastes or solar heat ( as mentioned 
above); or the system can be designed 
to use waste heat from other processes, 
such as industry or electricity genera-
tion. Different, energy sources can be 
used simultaneously, or in succession 

over the life of the system; the choice 
can be based on the availability and 
relative cost of different sources 
(Conley, 1980; Tyler, 1980). For this 
reason, district heating has been iden-
tified as an important transitional 
technology; viz, currently using fossil 
fuels but switching to renewable 

sources as these become available and 
cost-effective (Lovins, 1977). 

Several other operational charac-
teristics make district heating systems 
advantageous (Tyler, 1980). Central-
ized plants make it easier and cheaper 
to maintain the facilities, and possi-
ble to adjust the system to achieve 
greater efficiency in the conversion of 

energy to heat. These attributes, plus 
the potential for using lower grade, 
cheaper fuels such as coal, result in 

lower unit costs to consumers for space 
heating. Combustion of fossil fuels 

produces emission pollution ( notably 
carbon dioxide and acid rain). Greater 
operating efficiencies' in centralized 
plants result in lower rates of emis-
sion, while their scale makes it 

economically feasible to install emis-
sion control devices. 

Capital investment is high, with 
the costs of connecting users to the 
distribution network estimated to be 

85% of total costs ( Conley, 1980; 
Tyler, 1980). Therefore, development 
of a district system is best undertaken 
in stages, taking advantage of the 
scale flexibility of this technology. 

Several other considerations af-
fect planning and implementation of 
district heating. Transmission energy 
losses occur when there is a drop in 



43 

the water temperature as it moves 
.,through the distribution system. These 
losses, when large, erode economic and 
systemic efficiencies. To minimize 
then., system design should achieve 

short transmission distances, fast flow 
rates and large-diameter pipes with 
sufficient insulation ( Tyler, 1980). 
In turn, to achieve these conditions, 
district heating systems must serve 
high concentrations of users. Exten-
sive periods of high heat demand furth-
er improve the economic viability of 
district systems and justify the capi-
tal investment. 

Heat demand and, therefore, the 
feasibility of district heating, is 
also affected by end-use efficiency. 
Most analyses of district heating have 

been based on existing levels of build-
ing heat demand ( Conley, 1980). Howev-
er, improved insulation standards and 
construction techniques for new build-
ings, as well as extensive programs for 
insulation retrofit of existing build-
ings, can substantially lower heat 
demand. If these alternative measures 

are employed extensively throughout a 
district, then the minimum area re-
quired to generate sufficient heat 
demand increases. Lengthening the 
transmission distances, however, 
reduces the technical efficiency of the 
system. In addition, capital invest-
ment would be higher, particularly as 

connection of users to the distribution 
system is a large cost factor. As yet, 
it is unclear at what point improved 
insulation and construction standards 
will significantly compromise district 
heating proposals, but in the broader 

context of energy conservation, it may 
not make economic sense to pursue both 

initiatives ( Conley, 1980). 

Finally, high heat demand require-
ments raise certain social and politi-
cal questions about implementing dis-
trict heating systems. In addition to 
concentrating potential users, the 
technical and economic efficiency of 
district heating depends on ensuring 

that the system supplies heat to a 
large a percentage of those potential 
users as possible. Although district 
heating systems demonstrate therino-
dynamic, ecological and economic advan-
tages over conventional alternatives, 
people may resist them for several rea-

sons ( Brzustowski, 1980): individuals 
would not be free to choose other space 
conditioning systems; individuals would 
have no direct control over the system; 
and, in the event of disruption of ser-
vice, the entire district would be 

without heat. 
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COGENERATION 

Cogeneration combines two cus-
tomarily independent processes. 
Whereas utility authorities generate 
electricity and, separately, industry 
generates steam for use in its 
processes, cogeneration utilizes indus-
trial waste heat from the steam produc-
tion process to generate electricity at 
industrial sites. 

Industrial cogeneration offers 
several advantages ( IBI Group, 1976; 

Stobaugh and. Yergin, 1979). It re-
quires ' one half the amount of fuel 
needed by separate processes to produce 

both steam and electricity, signifi-
cantly reducing energy use in industry, 
which now consumes more than any other 
sector. Technologies already exist, 
and as the cost of energy increases, 
innovations should improve their techn-
ical efficiency. From present esti-
,mates, cogeneration is economically \ i-
able and provides a good return on cap-
ital investment; it can supply all or 
nearly all of industry's energy needs, 
with excess supply sold commercially. 

Finally, cogenération provides addi-
tional security for industry against 
energy shortage or supply interrup-
tions, and reduces the need for addi-
tional nuclear or coal powered generat-

iig stations. 

However, the feasibility of indus-
trial cogeneration is affected by rela-
tionships with utility companies. At 
issue is the willingness of utility 
companies to sell industry extra elec-
tricity as needed, and at what cost; 
and, regulations affecting the sale of 
cogenerated electricity to utilities. 
Moreover, the availability of waste 
heat for other purposes also depends on 

the type of industry, its energy re-
quirements and the nature of industrial 

processes. 

The principle of cogeneration also 

underlies several innovations that have 
already been discussed. District sys-

tems can utilize either waste industri-
al heat, or the waste heat from the 
generation of electricity. This latter 

has been identified as particularly ap-
propriate in Canada where peak' demands 
for space heating and electricity coin-
cide ( Tyler, 1980). We have also noted 
that the potential exists to cogenerate 
electricity through the application of 
photovoltaics technology to active 

solar systems. 
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OTHER ENERGY SUPPLY INNOVATIONS 

Active solar systems, applied at 
the scale of individual developments or 
the urban district, supply space heat-
ing energy in ways that address the ob-

.' jectives of our project. They reduce 
demand for energy from non-renewable 

resources; the heat generated is well-
matched to the end use requirements of 
space heating; and, as a form of local-
ly produced energy, transmission and 

distribution costs are reduced, while 
management of the supply and use of en-
ergy-,is amenable to local control. 

Experiments have also been tried' 
with solar power farms ( McCallum, 
1978). Very large areas of colleëtors 
(up to 40 square kilometres for 1,000 

megawatt plant) provide energy to gen-
erate steam, either to heat a storage 
medium or to drive electricity generat-
ing turbines. Other experiments in-

clude large-scale application of wind 
generator installations or biomass 
conversion to produce electricity 
'(McCallum, 1978). At this scale of 
production, these facilities would con-
tribute to regional energy supply re-

quirements, particularly supply to re-
gional electrical grids. The extensive 
land use implications also suggest that 
these facilities would have to be lo-
cated away from urban areas to minimize 

land conflicts. 

Large-scale regional resource 
developments have become very conten-
tious issues. Increasing attention is 
being paid to social and economic im-
pacts, such as the rate of population 
growth in sparsely settled areas, 
changes in the local economy and the 
labour force composition, demands 

placed on local services and the in-
tegration of new values and attitudes. 

Land uses compatible with solar or wind 
power farms are limited, for instance, 
to animal grazing; uses adjacent to any 
of these installations may also be lim-
ited to ensure security. In effect, 
these applications of potentially valu-
able technologies would duplicate many 
of the centralizing, and socially and 

politically undesirable characteristics 
associated with large-scale technolo-
gies for exploitation of non-renewable 

resources. 
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COMMUNICATIONS 

Developments in telecommunications 

have been proposed as substitutes for 
urban transportation, particularly the 

movement of people (Harkness, 1976). 
The premise. is that systems such as 

two-way teleconferencing with audio-
visual links will substitute for 
inter-office business trips, thereby 
reducing the need to concentrate busi-
ness activities in one area to facili-
tate personal contacts. Offices could 
be distributed throughout the communi-

ty, convenient to residences and even 

• within residences. This would reduce 
commuting and the cost of building and 

maintaining transportation infrastruc-

ture. 

The feasibility and effectiveness 

of these innovations is not a function 
of technological capability so much as 
other factors. Proponents of telecom-
munications substitution recognize 
that, as yet, there has been insuffi-
cient demand to justify extensive in-
vestment in these systems on an urban 
scale (Harkness, 1976). There are in-
dications that, at least initially, 
telecommunications technologies tend to 
increase the centralization of economic 
activities rather than decrease them. 

Lifestyle and work patterns may also 
reduce the impact of telecommunica-
tions. Some people will wish to work 

from their homes; many others, however, 
cannot because: of the nature of their 
work, :or would not find it desirable or 
compatible with other home-based ac-
tivities, such as child rearing. The 
choice of residential location is often 
independent of the place of work, so 
that telecommunications innovations may 
have little or no effect on the home-

work journey. 

People need to travel and interact 
face-to-face to fulfill various social, 
functional and economic needs. Move-

ment activities, therefore, will con-

tinue to be an important determinant of 
urban form. The development and in-
stallation of communications technolo-

gies do not obviate the need to pattern 
and organize urban activities and move-
ment systems to reduce demand for, and 

make efficient use of, transportation 
energy. This becomes a primary focus 
of the form proposals made in this pro-

ject. 



,:TWO. 

PLANNING ASSUMPTIONS 
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The form implications -of energy 
innovations are mediated by environmen-
tal and social/functional factors. For 
example, environmental constraints 
(such as soils with low bearing capaci-
ty) and/or opportunities ( such as 
aesthetic resources like the presence 
of surface water) may interact with so-

cial criteria promoting low density, 

low rise housing. The effect is to de-
fine a built form that relies on pas-
sive solar heat gain ( rather than dis-
trict heating, for, instance) to achieve 
a certain degree of energy efficiency. 
Having reviewed some criteria and inno-

vations for energy efficient planning, 
we now turn to a consideration of these 
other factors. In the context of this 
project, the information presented and 
discussed in the next two chapters con-
stitutes a set of planning assumptions 
-- ' or a scenario -- upon which our 

structure plan proposal is based. 

The site chosen for this design 
study lies west of Calgary, in the 
Rocky Mountain Foothills. It is rich 
in landforin variety and visual ameni-
ties and, therefore, presents numerous 
challenges and opportunities for an in-
vestigation of energy efficient urban 
form. Chapter Three reviews the inven-

tory and analysis of the existing na-
tural and man-made site characteris-
tics, leading to an assessment of the 
intrinsic development suitabilities of 

the site for different types of urban 
activities and land uses. 

Articulation of urban form in a 
structure plan depends equally ( or 
perhaps even more) on certain assump-
tions and prescriptions concerning ur-
ban activity systems. The intent of 

Chapter Four is to develop a " community 
program" that stipulates the charac-

teristics of the principal systems, in-
cluding the economic base and socio-
demographic profile of the population. 
It may be noted that aspects of our 
program differ from current regional 
plan proposals, particularly with 
respect to the nature of the 
community's economic base. This vari-
ance reflects our opinion that economic 
conditions in the Calgary region will 
change substantially, increasing the 
need to look at alternative development 
scenarios. Further, the feasibility of 

current provincial initiatives may war-
rant consideration of "R&D towns". 
However, detailed discussion of these 
assumptions and prescriptions, and the 
underlying issues, goes beyond the 
scope of this project. 



CHAPTER 3 
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The project site is located 55 ki-
lometres west of Calgary, along the 
Trans Canada Highway ( Figure 3.1). The 
area is approximately 260 square ki-
lometres ( or 100 square miles). 
Several distinct natural or man-made 
features define its boundaries ( Figure 

3.2). The Bow River and the Ghost 
Reservoir form the northern boundary, 
with the Juinpingpound Creek running 

along the eastern edge. The Trans Ca-
nada extends along the length of the 
southern edge. To the west, between 
the Trans Canada and the Ghost Reser-
voir, the escarpment leading down to 
the river plain upstream of the Reser-
voir defines a site boundary. 

y 

FIGURE 3.1 REGIONAL CONTEXT 

The site lies along the eastern 
portion of the foothills created by the 
Rocky Mountains. To the east, the 
quality of the landscape changes gradu-
ally, taking on more of the charac-
teristics of the prairies that lie 
farther to the east. To the west, as 
well as northwest and southwest, the 
landscape transforms, more abruptly, to 
mountains. A ridge and valley terrain, 

typical of the foothills, dominates the 
landscape of the site. From the major 
ridges and plateaus, panoramic views 
encompass the entire region; even from 

the valleys and the low lying areas of 
the site, the mountain backdrop is 
visible. Climatic conditions unique to 

OMMUNITY SITE 

Trans Cmi's ghvmy 
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the region, particularly the dry chi-
nook winds that blow from the moun-
tains, further influence the character 
of the site. Windswept west and 
south-facing slopes are predominantly 

grasslands, while opposing slopes and 
the valleys are protected and capable 

of supporting more varied vegetation. 

The climatic conditions and phy-
siography interact to determine the 
characteristics of other natural sys-
tems -- the hydrological system, soil 
conditions and plant and wildlife asso-
ciations. The characteristics of these 

natural systems, in conjunction with 
existing man-made features or land 

uses, define environmental constraints 
and opportunities for planning a town 
Environmental constraints are any con-
ditions that induce excessive costs or 

endanger particular types of develop-
ment. Environmental opportunities, on 
the other hand, result from conditions 
that are conducive to, or can enhance, 
particular kinds of activities ( An-

drews, 1978). 

Environmental constraints fall 
into several distinct types ( Andrews, 

1978). Hazardous development condi-
tions are the most frequently con-

sidered. Natural hazards include areas 
with unstable slopes or areas prone to 
earthquakes or flooding. Noise and air 
pollution resulting from various land 

uses constitute " artificial" or man-
made hazards. Because of the risks as-

sociated with hazards, some types of 
development will be severely limited or 

prohibited in these areas. 

Legal constraints, a second type, 
have been imposed in many jurisdictions 
to protect certain natural and man-made 
features of the landscape. For in-
stance, public lands and parks or 
designated historical or archaeological 

sites are normally exempted by law from 
changes in use, or redevelopment. 
Areas where there are unique natural 
features or areas that constitute the 
habitats of important or endangered 
plant and animal species are often le-

gally protected and designated as con-

servation areas. 

Social and professional values de-
fine a third type of environmental con-
straint. Examples of features to which 
this type of constraint apply include 
prime agricultural land, high quality 
water features or forests, and stable 
urban neighbourhoods. These areas do 
not constitute hazards, nor often are 

there legal restraints on development; 
further, a desire to limit development 
in these areas may conflict with pre-
vailing political or economic values. 
However, development may be constrained 

in these areas if, through a process of 
professional advocacy and/or social 



consensus, the decision is made that 

the values associated with these 
features would be compromised by a pro-
posed development ( or land use). 

"Environmental conditions do im-
pose constraints, but they also provide 
opportunities" (Andrews, 1978: 201). 
In fact, conditions which are con-
straints for one type of development 

- often represent opportunities for 
another. For example, a steep slope is 
a poor site for most buildings but may 
be an excellent location for a ski run 

or hiking trails. Other areas of the 
site, however, constitute environmental 
opportuñties and benefit development 
when they are not actively used. Con-
servation of wildlife habitats, for ex-
ample, can provide educational and re-
creation opportunities (Van Camp and 
Perks, 1979). Further, the preserva-
tion of woodlands or marshes and other 
wetlands contributes to erosion con-
trol, climate moderation and watershed 
management. A third wy in which the 
site can enhance development conditions 

requires purposeful use of the environ-
ment, and includes, for instance; the 

• development of areas with potential for 
passive solar heat gain or the integra-
tion of natural drainage patterns into 

• the stormwater management system. Fi-
nally, development can be enhanced 
through the recognition that natural 
resources have multiple values for so-

is 
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ciety. For example, views, access to 
recreational water bodies, mature vege-
tation, scenic areas or open space all 
have aesthetic and social, as well as 
economic value, and thus represent op-

portunities. 

Within an environmental planning 
framework, economic determinism, which 
traditionally directed planning deci-

sions, is seen as " an imperfect evalua-

tion of the biophysical world" ( McHarg, 
1971: 25). The primary objective of 
new approaches is to make development 

decisions on the basis of an under-

standing of the biophysical properties 
of the site and the capacities of na-

tural systems to support different 
types of development. Environmental 
site analysis involves the inventory of 
these biophysical properties and the 
identification of development con-
straints and opportunities inhorent in 
the site. 
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SITE ANALYSIS METHODS 

Natural Systems Inventory 

The site analysis approach taken 
in our project is based primarily on 
NcHarg (1971 and 1978). Within a con-
ceptual framework that links the biot-

ic, abiotic and cultural features of a 
site to intrinsic constraints and op-
portunities for development, McHarg's 
method of analysis attempts to select 

the optimum environmental conditions 
for various human activities while also 
protecting and maintaining ( to some op-

timal condition) natural processes on 
the site. 

Two premises underlie the method. 
The first is the concept of fitness, 
which McHarg ( 1978) derives from 
Darwinian notions about how organisms 

adapt and survive. He proposes that 
for any living system, including man, 
there is survival value in selecting 
the fittest environment -- physical, 

biological or social -- which the sys-
tem can adapt and adapt to. A fit en-
vironment is one in which the largest 
part of the work of survival is done by 

the environment itself. Systems are 
healthy and survive when they are lo-

cated in, and maintain, a fit environ-
ment. Therefore, the function of plan-

ning is to direct development to 
achieve a fit environment. Put another 

way, a fit environment is one that max-
imizes the potential of environmental 
opportunities. 

The second premise concerns the 
process of developing a plan based on 
the inventory information, and intro-
duces the concept that natural 
processes constitute social values. 

McHarg's thesis is: 

any place is the sum of histori-
cal, physical and biological 
processes, that these are dynamiô, 
that they constitute social 
values, that each area has an in-
trinsic suitability for certain 
land uses and finally, that cer-
tain areas lend themselves tomul-
tiple coexisting land uses 

(McHarg, 1971:104). 

The social value of a given environment, 
is a composite of the people and their 
technology, as well as the place; their" 
value system determines the planning' 
solution. Having compiled data on, the 
characteristics of a site, planning 
solutions will vary depending on the 
value systems of the people involved. 
Explicit statements concerning social 
values are critical, for example, in 
order to make development decisions 
where environments exhibit equal suita-
bility for several different, but in-
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compatible, uses. 

The following briefly outlines the 
steps to the inventory and analysis 
process (McHarg, 1971; Giliomee, 1977; 
Tng and Armour, 1980): 

-- For each major environmental 
category ( climate, hydrology, phy-
siography, etc.), specific factors 
relevant to the study area are 
• identified; for example, the geo-
graphic location of the site may 
indicate that hurricane potential 
is a critical factor of the 

climatic regime. 

- For each of these factors, the 

presence of that condition on the 
site is inventoried and evaluated. 
For instance, the presence of 
vegetation may be graded for its 
amenity quality, from best to 
poorest depending on the species; 
maps of the site are prepared 

showing their distribution. 

- Each of the factors is assessed 
for its relevance for various pro-
posed types of development; for 
example, designation of conserva-
tion areas would include features 
with historic value, high quality 

forests, scenic features, wildlife 
habitats, etc. 

- For each type of development, 

maps of the relevant factors are 
overlaid to produce a mapping of 
areas of the site that have in-
trinsic suitability for that use. 

Subsequently, a composite map for 
all land uses indicates the op-
timal spatial organization of the 
site for the various activities. 
At this point, an evaluation is 
made of the suitability of dif-
ferent areas of the site for mul-

tiple uses; decisions are based on 
social values defining the compa-
tibility of different activities 
and the relative scarcity of 

resources. 

A severe limitation to McHarg's 
method involves the ranking and weight-
ing of different site factors 

(Giliomee, 1977). First, the 
categories of certain site factors have 
varying impacts on different types of 
development. Prescaling these and map-

ping them, in light to dark tones of 
grey ( or with numbers of 1 to 10) to 
signify the best to worst conditions 

can be misleading. For example, a 
marshy area is undesirable when consid-
ering the surface drainage requirements 
for most types of development; there-

fore, it would be mapped in a dark tone 
to signify a constraint. However, a 
marshy area is a positive consideration 
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in the designation of conservation 
areas because of its potential as a 
wildlife habitat; in this case, it 

should be mapped in light tones to sig-
nify an opportunity. Second, difficul-
ties arise in attempting to rank dif-
ferent factors or weight them for their 

relative importance. One irnit of 

wildlife value, for instance, is diffi-
cult to compare with one unit of vege-
tation value. Prescaling allows more 
important factors to be given higher 
values, but can result in conclusions, 
for example, that a southern aspect is 
twice as valuable as well-drained 
soils. Such a definitive, quantitative 

comparison may be difficult to substan-
tiate. 

To address these limitations, a 
process of "post-scaling" is adopted 

(Giliomee, 1977). Factor maps are cod-
ed to indicate the presence of dif-

ferent categories, but no value, in 
numbers or shading, is assigned to 
them. Composite maps produced by syn-
thesizing the information on factor 

maps yield combinations of factor 
categories at different locations on 
the site. These are then evaluated to 
define suitability classifications, 
although the large number of potential 
combinations suggests the need to pre-
decide which factor categories are 
desirable for particular land uses. In 
this way, separate maps for each type 

of development define areas of prime 
suitability on the basis of the co-
incidence of the highest number of 
relevant factor categories; similarly, 
areas of lesser suitability,, or of 
severe constraint can be established. 
This is the approach we have taken in 
the site analysis for this project. 

Further limitations affect the 
quality of our site analysis. The base 
data used in the inventory have been 
drawn from existing sources such as 
published reports, aerial photographs 
and maps. No detailed field research 
has been carried out to supplement the 

data available from these sources. In 
some cases, such as groundwater 

resources, only summary data are avail-
able. In addition, some of the origi-
nal maps were prepared for areas more 
extensive than the site so the boun-

daries established on site maps in this 
analysis, for instance, for soil tex-
ture, are approximate. 

1 



56 

Landscape and Visual Analysis  

In addition to an analysis of 
separate natural systems, the site can 

be viewed as a series of small regions, 
each- with a distinct but homogeneous 
character (Lynch, 1971). This charac-

ter results from the localized interac-
tion of specific natural processes and 
site features including topography, 
views, climate, unique physical or cul-
tural features, surface water and vege-
tation. This grouping of feaures is 
traditionally called landscape. Here, 
the emphasis of analysis shifts to the 
visual form that depends on the total 
context. The visual form, and how it 
is perceived, define the " sensuous" 
qualities of a place, that is, the 
diversity and contrast among landscape 
elements, the presence of vistas and 
visual focal points, the character and 
rhythm of visual sequences, and the 
quality and variation of sensory 
characteristics, particularly light 
(Lynch, 1971; Pabos, et al., 1975; 
Zube, et al., 1975). Perception re-
lates primarily to aesthetics, but also 
to other purposes such as comfort, 
orientation, social interaction and the 
symbolic meaning of a site (Lynch, 

1971). 

At the beginning of this chapter, 

we noted that the regional physiography 
and climate influence the character of 

the site -- there is a strong visual 
connection between its landforms and 
the regional landscape, and the chinook 
winds create different landscape areas 
within the site having distinct vegeta-
tion patterns. The purpose of a visual 
landscape analysis is to complement 
other, more functional or technical 

analyses of the natural systems, and to 

interpret the site in terms of its 
visual or sensuous qualities and oppor-
tunities. 

For example, slopes suggest a form 
and character to development that is 
different from that in the valleys. 
Distinctions such as this increase the 
legibility of urban form and facilitate 
orientation and movement within the 
city. Landscape resources can create 
functional linkages between different 
activities and symbolic linkages con-
necting development on the site with 
its regional context. Attention to the 
conditions of distinct landscape units 
can provide opportunities to minimize 

hazards, as well as opportunities to,, 
design low maintenance landscape sys-
tems. 

A major problem or limitation in 
visual landscape analysis. centres on 

the nature of perception ( Cooke and 
Doornkamp, 1974). There is a great 
deal of variability in how different 
people perceive and evaluate the 
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• aesthetic or sensuous qualities of 
landscapes; perceptions also vary with 
time. This variablity stems from the 
highly subjective character of percep-

Further, it is often difficult to 
compare this qualitative type of infor-
mation with quantifiable resources to 
reach planning decisions. Therefore, 
the approach that we have taken is 

• descriptive. Our objective has been to 
provide indicative or illustrative in-
formation about the visual landscape 
characteristics and how they can con-
tribute to the assessment -- and ex-
ploitaion in plans -- of environmental 

• constraints and objectives. Ultimate-
it is left to the reader to judge 

whether the visual analysis has been 
sensitively enough performed and then 
translated into satisfying ideas in the 
structure plan. 
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SITE INVENTORY 

The presentation of the inventory 
data that follows includes resource 
management maps for each - factor 
prepared at a common scale (1:50,000), 

with text summarizing the relevant in-
formation. In order to determine fac-

tor categories for mapping purposes, 
and subsequently for analysis of- this 
information, criteria or development 
concerns have been established relating 
factors to types of development. The 
following categories of development or 
land uses have been used: 

Conservation: Little or no 
development; preservation of fragile 
natural systems and unique site 
features. 

Agriculture: Crop ( truck farming) 
and/or pasture land; associated low 
density settlement areas. 

Passive Recreation: Recreation ac-
tivities that do not require intensive 
land/water use, e.g. hiking, fishing, 
nature study and interpretation, canoe-
ing, photography. 

Active Recreation: Recreation ac-
tivities with intense la±id/water use 

requirements, often involving develop-
ment, e.g. sports/recreation centres, 
playing fields, downhill skiing, boat-

ing, camping, auxilliary services such 
as parking. 

Jow Density Development: Primarily . 

low - density , residential, and institu-
tional activities; - may also include 

commercial and non-noxious industrial 
activities. 

High Density Development: Intense 

urban development including high densi-
ty residential, institutional, commer-
cial and non-noxious industrial activi-

ties. 

Extensive Industry: Land- extensive 
and noxious ( air, water, noise pollu-
tion) industrial activities. 

Infrastructure: Urban transporta-

tion systems and service infrastruc-

ture. 
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Climate [ 3] 

The site is characterized by a 
cool, semi-arid regime: 110 to 120 days 
per year with measurable precipitation 
(50.8 cm. mean annual); rainfall an 
average of 52 days per year (31.75 cm. 
mean annual, mostly in June); snowfall 
comparatively light but remaining on 
the ground for long periods ( average 63 
days per year, and mean annual 203.2 
cm.; maximum snowfall in a 24-hour 
period approximately 30.4 cm.); and, 
frequent thunderstorms during the sum-

mer ( often accompanied by severe hail 
storms). 

Temperatures vary from a low mean 
monthly of -10 C in January, to a high 
mean monthly of 13.3 C in July. Howev-

er, temperatures can range from -40 C 
in the winter to over 30 C on summer 
days. Temperature variability occurs 
in winter due to chinook winds, and 
further, the site elevation and proxim-
ity to the mountains cause cooling on 
summer evenings. There are 60 to 80 
frost free days per year. 

The site is located at latitude 51 
N; summer days are very long, extending 
well into the evening at the time of 

[3] Galloway, et al., 1977. 

the summer solstice; winter days have 
few hours of daylight. There are near-
ly equal amounts of sunshine and cloud; 
the mean monthly sunshine is 176 hours, 
with a low of. 90 in December and a high 
of 300 in July. 

Wind is an important climatic 
variable. Chinook winds are high velo-
city, dry, warming winds that occur 
most often in the fail and winter. 
Temperatures can rise dramatically in a 
few hours to moderate the winter weath-

er. However, the wind velocity in-
creases heat loss on building surfaces. 

In the fall and winter, arctic winds 
prevail from the north and northwest, 

frequently at high velocities. Wind 
chill factors increase the impact of 
cold winter temperatures. Third, a 
southeast wind sometimes follows chi-
nooks; although not at high velocities, 
it is an extremely cold, storm wind. 

The ridge-valley terrain of the 
site further affects the impact of wind 
conditions. Chinooks blow strongly 
against west slopes and ridge tops. 
The northwest and southeast winds tend 
to be channelled down the length of 
ridges and valleys ( Figure 3.3). 
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Landforms 

The dominant features of the ter-
rain are the clearly articulated ridge 
formations extending in a northwest-
southeast direction, parallel to the 
Rocky Mountains. A ridge-valley ter-
rain typifies the foothills region, re-
flecting the underlying bedrock geology 
of tilted, interbedded sedimentary 

rocks. Individual layers are composed 
of mixtures of sandstone, limestone, 
shale and conglomerates. Most are 
classified as formatiQns of the Upper 

Cretaceous Mesozoic group ( Geological 
Survey of Canada, 1976). 

Topography ranges from gently rol-
ling, nearly flat areas to extensive 
areas with steep slopes often in excess 
of 25% (Figure 3.4). This creates both 

opportunities and constraints (Lynch, 
1971; Cooke and Doornkamp, 1974; Real 
Estate Research Corporation, 1974; 

Golany, 1976b; Marsh, 1978; Erley and 
Jaffe, 1979; Planning Collaborative 

Inc., 1979). 

Slopes under 5% pose the fewest 
constraints for development. Costs are 
minimized, accessibility is good and 
there are no significant environmental 
problems such as erosion. Flat areas 
are recommended for extensive industry, 
high density development, many types of 
active recreation and agriculture. 

Flat sites under 1%, however, do not 
naturally drain well, and present dif-
ficulties for stormwater drainage and 
other gravity flow systems. 

Slopes between 5% and 10% present 
only moderate development constraints. 
They will easily support most low to 
medium density development, a wide 

range of recreation activities and 
agriculture ( although care must be tak-
en in removing vegetation, and during 

construction, to avoid erosion). . It is 
recommended that roads be constructed 

on grades less than 10%, with maximum 
grades of 12%-15%-

Steep slopes between 10%-20% in-
crease possibilities for erosion and 
slope failure; the - need for cut-and-
fill and land terracing increase 
development costs; and, accessibility 
is reduced. However, limited develop-
ment is possible, as well as a wide 

range of passiUe recreation activities. 

Environmental problems increase 
significantly on slopes over 20% so 
they generally are reserved as conser-

vation areas, although they may be used 
for some recreation activities. 

Solar aspect is an assessment of 
the availability of sunlight and -the 
extent of shading on the ite -( Figure 
3.5). It is defined by the orientation 
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of slopes, and is an important factor 
in determining the potential for pas-

sive solar heat gain. The optimum con-

dition is found on moderate south-
facing slopes and those oriented to the 

southeast or southwest (Lynch, 1971; 
Erley and Jaffe, 1979). Maximum solar 
radiation is received on surfaces per-
pendicular to the sun's rays, so south 

slopes will receive more than flat 
areas; further, shadows on south slopes 
are shorter than on flat land, allowing 
higher density development without 
blocking solar access. East and west 
slopes ( if development is shaded to 
prevent overheating in summer) are 
moderately suitable for passive solar 
development. North slopes generally 
are not suitable for solar development. 

Moderate slopes, between 5% - 10% are 
best for solar development, although 
slightly steeper slopes could be used 
before the point at which slope condi-
tions result in a significant increase 
in construction costs. 



FIGURE 3.6 

SURFICIAL 

GEOLOGY 

ELI Outwash over glacial til 

  Glacial till 

I  1 Alluvial deposits 

  Alluvial fans 

r  1 Valley train 

Glaciolacustrine 

Colluvium 

Rock outcrops 

Gravel deposits 



62 

Surficial Geology 

Surficial materials found on the 
site have been deposited by glacial or 
fluvial action ( Alberta Research Coun-
cil, 1974) (Figure 3.6). They have 
varying implications for development 
(Way, 1973). 

Glacial till consists of thin, 
bedrock-controlled deposits. General-
ly, it drains well and is not suscepti-
ble to mass-wasting except on very 
steep: slopes. However, the shallow 

depth to bedrock on the ridges creates 

problems for excavation, grading and 
road alignment. Foundation conditions 

vary because a wide range of material 
types, porosities and bearing strengths 
can occur over short distances. In the 
valleys and low-lying areas the till 
deposits are overlaid with : sand and 

gravel outwash. This creates a greater 
depth to bedrock with fewer development 
constraints in these areas. 

Glaciolacustrine deposits are fine 
grained and occur in uniform horizontal 
layers. Any disturbance, including 
trenching or removal of vegetation, can 
lead to unstable conditions. They have 
low load-bearing capabilities. Con-
struction requires extensive remedial 
action to counter problems associated 
with frost heave and volume changes. 

Colluvium is material that has 
been moved downslope by a process of 
mass-wasting, aided by frost action and 
erosion. This material is unstable and 
unpredictable, and therefore is not 
suited to development. 

Valley train and outwash plain 
consist primarily of coarse gravels. 
These areas are generally flat and 
stable. The coarse material is highly 

permeable and well drained; however, 
its coarseness can permit seepage of 
leachate, making these unsuitable sites 
for waste disposal. Foundation condi-

tions are fair to good. 

Alluvial deposits consist of sedi-
ments transported by fluvial action. 
Trenching, excavation and grading 
present no problems; foundation condi-
tions and bearing strengths are good. 
There are, however, drainage problems 
for road construction. Further, 
development should be constrained to 
ensure that natural aquifers, often lo-
cated below these areas, are not dis-
rupted and to minimize downstream ef-
fects that the alteration of water flow 

characteristics could cause. 
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Hydrology  

Throughout the site, groundwater 
resources are located relatively close 
to the surface. However, at no point 
on ' the site or in the immediate region 

are there groundwater resources with 
sufficient flow rates to supply major 
development on the site (Ozoray and 
Barnes, 1978). Therefore, the Ghost 
Reservoir is the most likely water sup-

ply -for the site. 

The Bow River drains the site 
(Figure 3.7). Within the site there is 
a drainage divide that runs along the 
top of the northern esarpinent and the 
Crawford Plateau. North of this, water 
flows directly into the Bow ( or the 
Ghost Reservoir). The southern portion 
of the site is drained by creeks that 
occur in the valleys between the 
ridges. These creeks feed into the 

Juiupingpound Creek, which joins the Bow 
River just northeast of the site. 

There are a number of small lakes 

located in the central area of the 
site, that feed the drainage creeks. 
This is an area formed by a perched wa-
ter table. Some, such as Potts Lake, 
are. permanent; others are semi-
permanent, seasonal sloughs. There is 
a great deal of seasonal fluctuation in 

the water levels in all of them, and 
.mst have areas of marshland located 

around their peripheries. The drainage 

creeks, also, are largely intermittent, 
except for the lower portions of the 
Pile of Bones Creek that feeds into the 

Jumpingpound. Creek.. 

Floodplains constitute the major 
hazard associated with hydrological 

systems. In semi-arid conditions, how-
ever, the stream flows rise and fall in 

relation to snow melting and run-off 
from the mountains; the flow is highest 
in June and lowest in December , The 
floodplain of the Jumpingpound. Creek 
represents a minimal hazard. Similar-
ly, the floodplain of the Bow River is 
a minimal hazard because the Ghost Dam 
controls most seasonal flows. 
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Soils  

The site lies primarily in two ma-
jor soil: zones ( College of Agriculture, 
1943). In the northern and 
northeastern :portions of the site, 

- soils belong tothe shallow black zone. 
They include loam, heavy loam and 
clayey loam, and are generally con-
sidered to be ,- quite productive. In a 
natural state, '. these are grassland 
areas with clumps of apsen and willow. 
To the- west and south, the soils belong 

to - the black zone, and include loam, 
'heavy loam, and loamy clay. They can 
support a mixture of arable and pasture 

,land, depending on the topography. 

- The different types of soil --

loanis, clays or mixtures -- are classi-
fied according to the percentages of 
sand and gravels, silts and clay they 
contain (Lynch, 1971; Way, 1973; Marsh, 
1978). These component substances 
determine texture, and influence soil 
drainage and bearing capacity. The 
soils found on the site vary primarily 
on the basis of how much sand they con-
tain. Grading the soils from the most 
to least sand content,- they are loam, 

heavy lOam, clayey loam and loamy clay 

(Figure 3.8). 

• Soils with a high sand content 

have very good bearing capacity for 
most foundation conditions and roads. 

Their permeability may eliminate the 

need for special drainage facilities. 
For example, stormwater drainage sys-
tems may not be required where suffi-
cient land surface is available to per-
mit natural percolation and drainage. 
However, high permeability can increase 
groundwater contamination if waste 
disposal occurs in areas of high 
groundwater. Sandy soils are subject 
to moderate water and wind erosion. 

Soils with high clay content often 
increase the ease of construction, in-

cluding trenching and excavation. Dry 
clay has good bearing strength, but 

foundation and road costs increase on 

steep slopes or where the moisture con-
tent causes clays to shrink or swell 
excessively. Clay is not a highly 

permeable material so there is in-
creased urban runoff in these areas. 
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Vegetation 

Plant associations and the distri-
bution: of vegetation types are a func-
tion df soil types, aspect, slope and 
moisture availability. As mentioned, 

on this site, climate ( and particularly 
the chinook winds) influences vegeta-
tion. The quality of vegetation is not 
exceptional, and none of it is good 
enough for commercial activities. The 

t'site includes four major vegetation jixi-

,its: grassland, willow scrubland, aspen 
,..woodland (withense shrub understory) 

and coniferous forest associations 

- (Figure .9). 

Grassland is the natural condition 
of most of the site. In particular, 
the west facing slopes that are dried 
by chinook winds do not have sufficient 

moisture to support extensive'cover by 
other types of vegetation. Other areas 

are now grassland because they have 
been cleared for ranching and agricul-

ture. 

Willow scrubland occurs extensive-
ly in low-lying and moist areas, in the 
vicinity of water. Willow is also the 

first plant species that returns to 
areas that have been cleared or other-
wise: disturbed. Therefore, areas of 
willow are foun& at the base and up the 

slopes of the ridges, at the edges of 
pastures and cropfields. 

Willow on this site is replaced 
through succession by aspen this ex-
plains the dense willow understory that 
is present in areas with aspen. Aspen 
generally locates in reasonably moist,-
w211-drained areas. On.. the. bite, it 
locates extensively along the east and 
northeast slopes of ridges and the 
slopes of .the escarpment at the iorth 

of the site. Aspen, however, has a 
short life span and seedlings are in-

tolerant of shade, so if these areas 
are not disturbed they will be natural-
ly replaced by conifers. 

In the southwest corner of the 
.site, on the slopes of the escarpment, 
aspen -  is mixed with spruce. Other 
areas where bedrock is exposed, a mix-
ture of aspen and spruce also occurs. 
Along the Bow River and Jumpingpound 
Creek there are small pure stands of 

spruce. 

Limber Pine is found on ridges and 
hills in the western portion of the 
site .There there is significant rock 
outcropping. This species is not nor-
mally found in this part of the 
foothills, and so constitutes a unique 
species on this site. 
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Wildlife  

Awide range of wildlife species 
probably find suitable habitats on the 

site (Figure 3.10). However, there is 
1itt1e available detailed information. 

[4:1 

Mule deer are often sighted on the 
western slopes of ridges, while white 
tail deer are found on the east slopes 
where the increased moisture and vege-
tàtion provide a more suitable habitat. 
Elk • are frequently seen during the 
winter. 

Low-lying wet areas, including the 
lakes and marshes south of Radnor Pla-

teau, have been rated by the Canadian 
Land Inventory ( 1971b) as having a 
moderate capability as a waterfowl ha-

bitat. 

The northern escarpment has suffi-
cient diversity of vegetation to sug-
gest a wide range of animals and song 
birds would be found in this area. 

[4] The information reported here, un-
less otherwise noted, comes largely 

from personal observations and from 
conversations with persons familiar 

with wildlife found in the region 
of the site. 

These slopes, as well as the Bow River 

and Jumpingpound Creek floodplains, can 
be assumed to serve as major wildlife 
movement corridors through the site. 

The moderate quality of wildlife 

habitats does not justify this factor 
as a strong determinant or focal point 
of urban form. Nonetheless, opportuni-

ies to accommodate wildlife in natural 
areas in the city should be kept in 
mind when assessing other functions and 
objectives for open spaces. 
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Existing Land Uses [ 5] 

Several existing land uses have an 
efebt on development of the site ( Fig-
ure 3.11). At ,present, ranching is the 
major- activity occurring on the site. 

The decision to develop a new communi-
ty, however, would drastically alter 
opportunities for continued ranching. 
Other existing land uses include a gas 
plant lopted in the eastern portion of 

s,ite. Various gas wells and gas 
Xänd oil pipelines are located on the 

•  site . 

The Ghost Dam is located at the 

junction of the Ghost and Bow Rivers, 
• forming th& Ghost - Reservoir. It was 

developed to generate electricity as 
well as•for flood control, and several 
power lines extend through the site. 
Easements, in which development is res-

tricted, have been established for both 
pipelines and power lines. 

[5] A portion of the site lies in an 
Indian reserve. For purposes of 
this project, however, it is as-
sumed that this is not the case. 

Therefore, plans for development 
will be presented without consider-
ing the restrictions such a situa-
tion would create. 

The major transportation routes 
are the Trans Canada Highway, which 
forms the southern boundary of the 
site; Highway 1A, located to the north 
of the Bow River; and the CPR.mainline, 
which runs along the ndth egë of the 

site. A spur line also extends into 
the site to service the gas plant. 
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Visual Landscape Analysis 
'r: * 

,., 

The Rocky Mountains and the 
foot  create,,a strong visual back-
drop yisible from locations throughout 
the site. The topographic diversity of 

the site provides a range of regional 
views, from broad panoramic vistas to 

narrow views framed by intervening 
ridges or other topographic 

Within the site, topographic 
,.. an&- other natural features 

diverse views-- of encipsed 
• steep slopes, water bodies, 

.roUing or flat countryside. 

features. 
variation 
result in 
valleys, 

or gently 

In addition to enhancing the 
aesthetic qualities of many urban ac-

tivities, preservation and integration 
'views with reas of development 

,reinforces the visual and symbolic re-
lation of the community to the regional 

context. Views within the site also 
increase the comprehensibility or legi-
bility of the organization of develop-
ment, facilitating orientation and 

movement in the coiumuity. Some of the 
site locations from which regional and 
in-site views can be seen are mapped in 
Figure 3.12; however, nearly every lo-
cation on the site affords some poten-
tial for views. 

• Y S4. It,; 

Our visual analysis of the site 
conditions reveals eight diitinct types 
of landscape ( Figure 3.13). The most 

prominent site features, the ridges, 
comprise three separate landscape 
types. The southwest slopes, because 

they are exposed to the chinook winds, 
are dry grasslands .with' some' scrub 
vegetation, but few trees. The- process 
of geologic formation results in 
moderate to steep slopes on this face 
of ridges, with frequent outcrops of 

bedrock. The ridge crests and hilltops 
are also dry areas, with few trees; be-
ing at the crest, however, they are 

often subject to strong winds that 
create uncomfortable conditions for 
development. 

The north and northeast slopes, in 
contrast, are protected from drying 
winds. They are cooler and moister, 
and the dominant vegetation is aspen, 
which extends from just below the crest 

along the length of most ridges. The 
geologic thrust of the ridges creates 

more consistently steep slopes on this 
side of ridges. Also included in this 
third ridge landscape type is the major 

escarpment above the Bow River. 
North-facing steep slopes provide many 
of the same conditions for varied vege-
tation; the difference in soil condi-
tions,, in particular, account for the 
coniferous forest associations that oc-
cur in places on the escarpment. 
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The ridge formations are visible, 
from ' outside the site along the Trans 
,Canada, across an area of low, flat, - -
open countryside. The latter landscape 
area is at- the lower portion of the na-
tural drainage system, and minimal to-
pographic relief is caused by the 

drainage channels. Thre is little 
,;vgaqn --' mostly it consists of 

willow  scrub in the drainage channels. 

Amorerol].ing, open cQuntryside 

(is ound in the northeast portion of 
Hthe 1site. rThis area is protected from 
'sti'ong pre'vailiñg winds by land, forms 
to the west and south. The land rises 
gently. from the Bow River, creating a 
.cooler, moister northeast exposure. 
:Fu'tr, 'the surf icial deposits and 

soil texture provide conditions for a 
.diyQ;se mixture' of vegetation types. 

- .'',,' 

"Theidges enclose linear valleys 
between' ' them In: addition to the 
change in topography that demarks them 
from the ridge slopes, major drainage 
channels define these valleys, and 
dense, mixed scrub vegetation' is asso-
-.ciated with them. 

A different "upland valley" 
landscape occurs in the central part of 
the site. This area is bounded by 
ridges along the south and northeastern 

sides, but extends to the crest of the 
ecarprnent on the northwest. .A perched 
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water table condition has created a 
series of permanent and semi-permanent 
lakes that drain surface runoff from 
this portion of the site. The moist 

and sometimes marshy conditions support 
an extensive cover of scrub 'vegetation. 

The floodplain areas 'of. the Bow 
River and Jumpingpound Creek constitute 

the last distinct landscape type. The 
low, flat river channels, protected by 
surrounding topographic relief and with 
moist, well-drained soil conditions 
support a wide range of vegetation 

'types. 
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SITE ANALYSIS  

The purpose of site analysis is to 
delineate areas that have intrinsic 
suitablity for different human activi-
ties and the various land uses associ-
ated with urban development. The 
preceding sections presented an inven-

tory of the natural site characteris-
tics that significantly affect a physi-

cal plan for an urban community. The 
remainder of the analysis consists of 

two steps. 

First, it is necessary to define 

the intrinsic suitability of the site 
for each anticipated activity or land 
use. The relation of individual natur-
al factors to various urban activities 
has been indicated in the inventory 
process; now the focus is on synthesiz-
ing all relevant factors for each ac-
tivity type, and mapping areas of con-
straint and opportunity. 

Second, many activities share 
similar site requirements, or suitabil-

-tities;..thati.s,it is possible to plan 
-for areas .of:micea use. Therefore, by 

reviewing the relative compatibilities 
among different activities, a composite 

land development map can be produced. 
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Land Use Suitabilities 

Table 3.1 presents arntrix show-
ing the relationship between the eight 
categories of urban activity or land 
use, and the natural systems their 
factors described in the inventory . As 
indicated in our review of -site 
analysis methods, no attempt was, made 
in the inventory process to weight site 
factors, either through numeric values 
or map shadings. At this point, howev-

er, to simplify the analysis' process, 
the suitability matrix distinguishes 
those factors considered relevant:to' 
evaluating suitability for each land 
use category. The matrix also assesses 
the relative importance of different.' 
factors pertinent to a particular ac-
tivity. A rating of high correlation 
indicates that the conditiân indicated 
by a factor is important and conducive 
to that type of activity, whereas fac-
tors with moderate Oorrelation have a 

less strong positive influence. Con-
versely, constraints are conditions ha-
zardous to the activity, or which tend 

to impede it. 
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Conservation Areas 

Conservation areas are those in 
which little or no urban development is 
permitted. Of principal interest are 
I natural systems and unique features 
which, if left unprot'ected, ould be 
damaged by urban development. The site 
hydrology is a criticl system. liege-
tation that 'thas aesthetic, eivironinen-

tal or ecooinicvalüe,dr'uiiiqueb1otic 
and abibtic féatu]Yes require protec-

tion. Often,.the., protection of site 
resources. coincides with a second en-

:.terion, identification of features that 
represent ' an environmental opportunitiy 
capable of enhancing the quality or 
functioning of the urban environment. 
The site hydrology is again a prime ex-
ample, because it affects urban water 
supply as well as possibilities for 
utilizing natural drainage patterns in 
the stormwater management plan.' Final-
ly, conservation areas serve to pros-
cribe or limit severely development in 
areas with hazardous conditions, such 
as ±'loodplains, steep slopes, or un-

stable soils. 

A clear pattern emerges of areas 

that contain features suitable for con-
servation ( Figure 3.14). This pattern 

,, focusses on the central ridges and the 
north' escarpment where excessively 
steep slopes occur. These locations 
coincide with the presence of other 

factors, including unique Limber Pine 
specimens, unstable soils and extensive 
rock outcropping. The other major com-
ponent of the conservation areas is 
surface water, inclutng the network- of 
lakes and drainage channels. -.tf in-
cluded in the conservation areas, the 
lakes, which currently demonstrate a 
moderate waterfowl habitat capacity 
(CLI, 1971b), could maintain that func-
tion within an urban conservation area. 
But, water surfaces can also be valu-
able urban recreation and/or aesthetic 
resources; therefore ( as discussed 

further in Chapter 5), only certain of 
these lakes will be designated within 
the conservation areas. 
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Agriculture  

Land that can be reserved for 
agriculture within an urban context in-
..eludes land suitable for row crops or 
truck farming and/br- pasture, along 
with associated low density develop-
ment. Important site conditions in-
clude flat to gently rolling land and 
well-drained soils in areas without ex-
'tensive a-woodlands. Constraints include 
shallow depth to bedrock and rock 
outcroppings, unstable and easily erod-
able soils, and extensive surface wa-

Figure 3.15, presents a composite 
mapping of these factors indicating the 

- relative agricultural suitability of 
areas of the site, as well as areas 
suitable for pasture ( Collegeof Agri-
culture, 1943). The best agricultural 

- land is found in the northeast portion 
of the site, although nearly all valley 
and flat areas demonstrate some suita-
bility. Pasture lands consist primari-
ly of the ridge slopes and the escarp-

ment. 
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Urban Development Constraints  

The process of urban development 
entails careful consideration of en-
vironment capabilities of the site, and 
of conditions ' that are hazardous or 
'ifl result in major development costs. 
Some conditions that constitute general 
development constraints have been con-
sidered for inclusion in conservation 
areas, such as extreme topographic con-
ditions, erodable and unstable soil 
conditions or surface water. Other 
factors that could add to the cost or 
•inefficiency of urban development 

in-clude organic soils with poor bearing 

.capacity, areas with poor solar access, 
incompatible existing land uses and 
4ess severe topographic conditions that 
still incur technical difficulties and 

1 ."costs for construction of buildings or 
• roads. These features are shown in 

• Figure 3.16. 

The negative of this image begins 
• to reveal the major development area of 

the project site, which will be ex-
plored in more detail in terms of the 
remaining activity categories. 
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• Passive Recreation  

3.0 '-Passive recreation is defined as 

recreation activities that do not re-
quire intensive land or water use. 

y Generally, it includes hiking, fishing, 
canoeing, cross country skiing, etc. 
Few natural features constrain such ac-
tivities, with exceptions such as erod-
able'ôr unstable soils. On the other 
hand, the range of possible activities 
benefits from a diversity of topograph-
ic conditions, and water and vegetation 
resources. 

1e find - many environmental 
resources on the project site that sug-
gest opportunities for passive recrea-
tion ( Figure 3.17). In large measure, 
they are co-extensive with the ridges 
and the escarpment, the major water bo-
dies surrounding the site and the lakes 
and drainage channels within the site. 
These locations also include extensive 
areas of high quality vegetation, 
views, wildlife habitats and compatible. 
existing land uses. 
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Active Recreation 

' These activities involve intensive 
land and/or water use, often including 
development of facilities such as 
sports and recreation centres, playing 
fields, downhill ski hills, marinas and 
auxilliary services such as parking. 

Further, they have traditionally been 
finely integrated, physically and func-

tionally, with other urban activities. 
Other, environmental resources to be 
considered include generally flat to-
pography (with exceptions such as ski 

'hills), well-drained, stable soils for 
land-based activities, surface water 
resources capable of sustained recrea-
tion use, the absense of extensive 

wooded areas, compatible existing land 
uses, and other amenities such as 
views. 

- The assessment of active recrea-

tion suitability resulted in the desig-
nation of several areas of the project 

site with varying potentials ( Figure 
3.18). Nearly all of the area suitable 
for intense urban development is also 
suitable for land-based active recrea-
tion. The northeast portion of the 
site, with extensive organic soils, is 
not suitable for high density develop-
ment that requires high load bearing 
capacities. However, other enYironmen-
tal resources such as topography, 
views, proximity to surface water 

resources, all indicate a suitability 
for certain kinds of active recreation. 
Finally, surface water, particularly 
the reservoir and the lakes, are suit-
able for water-based activities. 
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Low Density Development  

• This category encompasses low den-
sity residential development as well as 
other1ow density developments, includ-
ing institutional, commercial and even 
,low density, non-noxious industrial ac-
tivities. A wide range of topographic 
conditions are generally suitable for 

low density development. Solar access 
is a critical factor for energy effi-
cient, 16w density residential develop-
ment. Other factors include stable, 
weLl-drained soils, areas with ameni-
ties such as views, proximity to sur-
face water and quality vegetation, and 
areas removed from noxious industry or 
major transportation routes. 

Extensive portions of our site are 
suitable for low density development 
(Figure 3.19). These include the val-
leys, flat areas, and portions of the 
south and west-facing slopes unaffected 
by unstable soils or extensive rock 
outcropping. As with active recrea-
tion, a distinction should be made 
between the major developable area and 
the northeast section of the site. In 
the latter case, limited residential 
development would be possible. Other 
areas throughout the site contain 
large, quality wooded areas. Selective 
low.density residential development may 

be possible without severely disrupting 
them. 
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High Density Development  

-.High, density development imposes 
severe limits than low density 

development on such environmental con-
as topography, minimum bearing 

capacity of soils and the absence of 
"-wooded —areas. On the other hand, the 
concentration of people and activities 
in high density development increases 
the suitability of areas close to ex-
isting land uses such as major tran-
sportation routes. 

The areas of our site designated 
suitable for high density develop-

•ment are nearly co-extensive with suit-
able low density areas (Figure 3.20). 
That is, this site contains areas that 
are highly suitable for a wide range of 
urban activities. In comparison to low 
density development, however, high den-
sity development will be more limited 
-- or even proscribed -- on slopes in 
treed areas and on the organic soils in 
the northeast portion of the site, 



FIGURE 3.21 

EXTENSIVE. 

INDUSTRY 

SUITABILITY 

Good suitability 

Moderate suitability 

Trans Canada Highway 

Railroad 

Gee plant 

Power lin. 

-' I 



78 

Extensive Industry  
4•.-

- Industrial or other activites have 
'.ben defined as " noxious "  when they 

generate air, noise or water pollution, 
?,'Or their areal requirements or traffic 

patterns are disruptive to other ac-
tivites. It is therefore preferable to 
separate these from other urban activi-

ties. Most of these land-extensive in-
dustrial activities have similar site 
requirements: large, flat, well--drained 
sites; good local and regional tran-

,sportation access; ease and economy of 
servicing with other infrastructure 

systems; and, in the case of noxious 
)..uses,locatin downwind of other urban 

activities. 

There are a number of suitable 
sites located throughout the major 

development area ( Figure 3.21). They 
have been divided into two categories: 
the first, found to the west and north, 

includes suitable sites for extensive 
and/or light industrial activities that 
are compatible with other urban activi-
ties; and, the second, in the 
southeast, should be reserved for noxi-
ous industrial activities, and those 
with a high demand for regional tran-
sportation access. 
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Iq 

Infrastructure 

This category includes major urban 

trisportation systems, and systems for 
the supply of energy and other ser-
vices;- including waste disposal. A 
wide variety of site conditions affect 
uitable locations for these facili-
ties, including moderate topogrph3r for 
constructing roads and the installation 
of gravity flow systems; good solar ac-
cess for solar energy supply systems; 

well-drained, stable soils with suffi-
cient depth to bedrock to permit in-
stallation of underg'r' ound services; 

.maintenance of existing drainage chan-

-nels for integration into urban storm-
water - management plans; and, access to 

;. existing transportation and infrastruc-
ture networks. 

The areas suitable for economic 

infrastructure systems coincide with 
the major development area ( Figure 
3.22). In general, it is possible to 
service most of the site without undue 

measures, although systems will have to 
adapt in places to sloped conditions, 
intermittent shallow bedrock and rock 

outcroppings. Further, a small portion 

of the major development area lying 
north of the main drainage divide of 

the site will require special measures 
such as vacuum flow systems to channel 
sewage to treatment locations serving 
the rest of the site. Finally, special 

opportunities exist in the southeast 
where there is a convergence of condi-

tions suitable for several different 
systems -- transportation routes, na-
tural drainage  channels, goo'd solar ac-

cess, etc. 



FIGURE 3.23 

LAF4D 

DEVELOPMENT 
w 

SUITABILITY 
LJ 

 I Urban development 
suitability 

High density 
development 

r 
Low density 
development 

Extensive Industry 
• suitability 

N 



80 

Composite Land Development Map 

Table 3.2 presents generalized 
compatibilities among the eight 
activity/land use categories esta-
blished for this analysis. It is ap-
parent that while the potential for 
multiple use is high, there is full 
compatibility between categories in 
only a few instances; in most cases, 
there are constraining or conditional 
factors that could affect multiple use 

proposals. For example, power line 
easements ( included in the infrastruc-
ture category) provide opportunities to 
develop hiking paths without compromis-
ing either activity; however, placing 

hiking paths within major transporta-
tion corridors would create safety ha-
zards, as well as detract from the re-

creation activities. Active recreation 
is an important asset in close proximi-
ty to all residential areas. In high 
deneity areas, however, there may be 
conflicts between the areal require-
ments for recreation ( e.g., large play-
ing fields or parking facilities) and 
the desire to concentrate other activi-
ties and development ( e.g., high densi-
tyhousing and mixed use projects). 

The coincidence of conditions 
suitable for the full spectrum of urban 

activities and land uses confirms a ma-
jor development area in the central 
portion of our site ( Figure 3.23). 

PASSIVE 
RECREATION  

ACTIVE 
RECREATION 

LOW DENSITY 
DEVELOPMENT  

HIGH DENSITY 
DEVELOPMENT  

EXTENSIVE 
INDUSTRY 

INFRASTRUCTURE 



81 

Certain portions of the area are not 

suitable for high density development 
because of the presence of slope condi-

tions, unstable soils, or difficulties 
and' costs in servicing. Also, we have 
maintained the designation of preferred 

areas for 'industrial activities that 
ought to be separated from other urban 
development. In general, however, this 
site has high instrinsic suitability 
for multiple uses, based on its natural 
characteristics. Therefore, the 
development of the structure plan will 
also rely on other criteria to deter-
mine the distribution of urban activi-
ties and to resolve inherent conflicts 
among competing activities or land 
uses. 



CHAPTER 4 

COMMUNITY PROGRAM 
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The community program -- or 
"scenario" -- for our project presents 
an overview of key characteristics of 
urban activity systems, including the 
economic base proposal and sociodemo-
graphic profile. As mentioned, these 

social and functional characteristics 
influence the structure and form of 

development. Prior to outlining the 
main elements of the scenario, we 
briefly discuss the issue of the re-
gional independence of new towns in 
order to develop a context for our com-
munity program. 

• The development of the scenario 
involved a review of general statisti-
cal characteristics of urban popula-
tions, as well as existing centres 

analogous to our community. In addi-
tion, a review of the literature on 

economic and social trends, and on new 
towns in particular, indicated the na-

ture of changing societal and local 
conditions, and the impact these could 
have on the assumptions adopted. 

Finally, it should be noted that 
this chapter describes assumed economic 
and social conditions at a point in 
time when our community will have 
reached the target population of 

200,000 (viz, a 25-35 year development 

period). It is recognized that key as-
sumptions about economic and social 
structure are likely to change over the 

period of development of a new town; 
however, detailed analysis or forecast-
ing of development phases for our com-
munity are beyond the scope of this 

project. 

NEW T0'fl INDEPENDENCE  

In discussions of the new town 
concept, " self-containment" is often 

noted as a prime objective (Rodwin, 
1956; Alonso, 1970; Clapp, 1971; Robin-
son, 1973; Golany, 1976b). Definitions 

of self-containment, while they differ 
in detail, broadly encompass similar 
elements: the provision, within the new 

town, of a sufficient range of employ-
ment, housing and community facilities 
to service residents. A critical is-
sue, widely debated in these discus-

sions, is the feasibility of providing 
the types and amount of employment to 

significantly reduce or eliminate daily 
commuting by new town residents to ex-
isting centres ( Alonso, 1970; Clapp, 
1971; Robinson, 1973). The experience, 
cited by these authors, shows that 
despite efforts to attain economic 
self-sufficiency, there are high levels 
of employment commuting from many ex-

isting new towns; they often function 
predominantly as "dormitories" or "bed-
room communities" within a metropolitan 

region. 



84-

Economic self-sufficiency in new 

towns is a complex issue. It is highly 
subject to public and private policy 

initiatives, as well as people's 
preferences and private resources. For 
example, American developers frequently 
view new communities located within 
metropolitan regions in the context. of 
expanding housing markets; the availa-
bility of housing and improved communi-
ty amenities are used to draw people to 
these communities ( Crane, 1968a). The 
secondary emphasis placed on providing 
employment opportunities, combined with 
the development of predominantly middle 

and upper income housing, creates si-
tuations in which many residents' occu-
pations do not match -the new town em-
ployment opportunities. This tends to 
confirm major commuting patterns in-and 

out of the new communities. 

Even where significant efforts 
have been made to provide in-town em-
ployment,, commuting is still high. For 
example, although Tapiola, Finland, 

provides employment opportunities equal 
.- in number to approximately 70% of the 

• . resident labour force, nearly one-half 
of those jobs are filled by non-
residents, while one-half of the work-

ing residents commute to jobs in Hel-
sinki ( Crane, 1968a; IFHP, 1976). In 
the U.K., new town policy has been 
• directed at reducing population concen-
trations in the major cities (Osborn 

and Whittick, 1977). The availability 
of employment in. a new town (made pos-
sible by various state programs and in-

ducements to locate there) has been as-
sumed to be the impetus for attracting 
population, and, consequently, the 
basis for establishing a stable commun-
ity. However, there are examples such 
as Irvine, Scotland, where local jobs 
employ many people who remain residents 
of Glasgow because they cannot afford 
housing in the new ton ( Osborn and 

Whittick, 1977). 

Today, however, employment self-

containment per se is not the critical 
social or political issue it once was: 
"...it must be recognized that any town 

deriving from ' and being within reason-
able travelling distance of a major 
city will retain many ties with it, and 
that every town functions as part of a 
larger area in some respects" (London 
County Council, 1961:25). Certain 
types of economic activity and industry 
will readily relocate to a new town, 
while others need to remain in 'existing 
centres in order to function efficient-
ly. Further, although jobs will at-
tract people, for others the choice of 

residence is based on issues unrelated 
to the location of employment (Tapiola 
is a good example, as were Stevenage 
and Crawley in the first phases of the 

U.K. national program). Therefore, 
some commuting is inevitable. 



85 

Nevertheless, the creation of dormitory 
or bedroom communities is not desir-
able, and it is generally acknowledged 
that a new town must strive for a de-
gree of independence, or "balance", of 
job opportunities within its metropoli-

tan region. 

Unlike the notion of self-
containment, "independence" does not 

presuppose an entire functional isola-
tion of the new town from the metropol-
itan centre. The degree of indepen-

dence that can be achieved in any new 
town will be influenced by the specific 
nature of regional economic activities 
and their interdependencies, as well as 
directive policies and subventions at 
the level of senior governments ( viz. 
province). The objective should be to 
ensure economic stability for the new 
town within its regional economy. Em-

pirical evidence suggests that mature 
communities are economically stable 
when they provide employment opportuni-
ties equal to 40% of the total resident 
population ( Golany,. 1976b). 

In addition, diversity of employ-
ment is an important factor. For exam-
ple, resource new towns are not econom-
ically stable; in most cases, these are 
one-company or one-industry towns, 
dependent on the health of one indus-
try. Ideally, new towns in metropoli-
tan regions should strive to create a 

balance of employment in all major in-
dustrial sectors to ensure a locally 
mixed and stable economy. Further, em-
ployment across a range of income lev-
els will result in a population base 
capable of supporting a full range of 
housing and community services and fa-
cilities, and will serve to strengthen 

the independence and sense of social 

security of the community. 

The economic base and employment 

structure, therefore, are crucial ele-
ments in planning our community; they 
provide the starting point for a com-
munity program. Current economic 
trends in Canada and Alberta offer a 
context for stipulating activities 
which then constitute a proposal for an 
economic base and a range of employment 
opportunities. These economic charac-

teristics, in turn, will influence the 
sociodemographic profile of the town, 

along with other factors -- such as 
general demographic and lifestyle 
trends in society and empirical evi-

dence we have on the types of people 
who settle in new' towns. In summary, 
the proposal for a community program 
generates a set of functional objec-
tives for the physical structure of the 
community. 
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ECONOMIC BASE  

Certain trends can be expected to 
-affect the nature of economic activi-

ties in developed countries such as Ca-
nada. Their impact is evident in ex-

isting urban centres, and they are 
presumed here to be relevant to the 
planning of our community. They in-
clude the " post-industrial" shift from 
secondary activities to an economy 
based more on tertiary sector or ser-
vice and information-based activities; 
the locational shifts towards, and 
government policies favouring, greater 
decentralization of economic activi-
ties; and, the increasing importance to 
people of urban and regional amenities 
and lifestyle options associated with 
their place of residence. 

- The relative importance of secon-
dary sector activities -- principally 

manufacturing -- is declining ( Black, 
1980). In contrast, the conventional 
approach to planning the economic 
development of new towns, based on the 
experience in the U.K., has stressed 
the importance of secondary activities; 
manufacturing is often projected to be 

a significantly higher percentage of a 
new town's economic base than the na-

tional average (Llwelyn-Davies Weeks 
Forestier-Walker & Bor, 1970; Irvine 
Development Corporation, 1971; Osborn 
and Whittick, 1977; among others). The 

argument for this approach follows from 
the assumption that manufacturing is a 
basic activity that, in turn, induces 
the development of non-basic or service 
activities, and thereby enhances the 
economic stability and diversity of a 

community. 

However, the emerging preeminence 

of service sector activities appears to 
affect the relationship among different 
types of economic activity (Webster, 
1979). Specifically, more attention 
needs to be paid to tertiary jobs as 
basic-type economic activity. The pur-
pose of many of these activities is to 
provide goods and services for export 
outside the community. Further, em-
ployment in this sector can stimulate 
economic growth and development within 
the community (Goldberg and Webster, 

1979). 

Historically, economic activity, 
including manufacturing, concentrated 
in urban centres to ensure access to 
markets, labour pools, and financial 
and tecbnica]. resources. As production 
processes changed and transportation 
technologies advanced, secondary ac-

tivities began to decentralize, boat-
ing for the most part in the ovtlying 

areas of metropolitan regions. Con-
currently, service sector activities 
remained in the central city; these are 
highly interdependent and ( among other 
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reasons) rely on conditions such as 

face-to-face contacts and access to 
centrally stored files and information. 

However, there is now a trend towards 
decentralization of tertiary activities 
(Goldberg and Webster, 1979). The 
availability of the computer fbr the 
storage of information and its rapid 
dissemination over wide areas is a ma-

jor factor in decentralization. Furth-
ermore, the footloose nature and small 
scale of organizations that constitute 
the tertiary sector are conducive to 

decentralization. 

Population movements and lifestyle 
trends also contribute to the decen-
tralization of tertiary activities. 
Over the past decade, migration pat-
terns have changed. Population move-
ment is now interurban rather than 
rural-to-urban, and there are growing 
numbers of people moving from larger to 
smaller urban centres ( Alonso, 1980). 
Looking at these movementd in more de-
tail, it appears that several so-
ciodemographic trends underlie their 

impact on changes in economic activi-
ties. Younger people, who presently 
constitute a large portion of the popu-
lation, are seeking new lifestyle pat-
terns ( Alonso, 1980). For example, in 
addition to personal career goals, 
these people demonstrate a growing con-
cern' for balanced lifestyles that in-
clude major emphases on health and re-

creation, and on the family unit 
(Theobald, 1980). Further, they are 

well educated, and they are in a large 
percentage professional, technical and 
managerial personnel; these occupation-
al groups tend to be geographically 
more mobile and also especially sensi-
tive to the presence of amenities in 
their choice of locations ( Webster, 

1979). As a result, " people may be 
moving to lifestyle opportunities rath-
er than ( existing) employment opportun-
ities" ( Goldberg and Webster, 1979:94). 

In summary, the above noted trends 

suggest some important assumptions and 
characteristics for the economic base 
for our community. The core activities 
will consist of tertiary sector activi-
ties that function as basic-type em-
ployment. They produce exports, and 
thereby serve to generate income and 
additional economic growth within the 
community. Therefore, the community 
employment structure more closely 
resembles prevailing national trends 

than new towns normally do. The con-
centration of related tertiary activi-
ties further creates a more stable en-
vironment for them, although they are 
decentralized from their traditional 
location in the major regional centre, 
in this case, Calgary. Finally, the 
abundant natural amenities of our site, 
along with the opportunities for evolv-
ing different lifestyle patterns in a 
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• new, innovatively conceived community; 

support the development of a viable new 
town economy. 

Research and Development  

Historically, the economy of 
Alberta has had a higher percentage-of 
primary activities and a lower percen-
tage of secondary activities than the 
national economy. The reasons for this 
lie in the natural resources concen-
trated in -the province and a number of 
factors that continue to favour secon-
dary industrial development in other 
regions of the country. However, over 
the past several years, Alberta has un-
dertaken to diversify - the provincial 

economy. In addition to certain propo-
sals to expand secondary industry, par-
ticularly in the area of petrochemi-
cals, a major proposal for economic 
diversification is the development of a 

-, research and development (R & D) indus-
•try ( Bragg, 1979). These provincial 

• initiatives fit within a context of 
-- .-broad objectives identified by •the 

* federal government to increase R & D to 
2.5 times the present national level 
(Calgary Chamber of Commerce, 1980). - 

Major areas of R & D activity 
identified in provincial plans include 
agriculture, alternative • energy 

resources, oil sands development, medi-
cal research and high technology indus-
trial research and development ( Stra-
tegic Planning Group, Province of 
Alberta, m.d.). These areas of spe-
cialization reflect existing strengths 
and investment within the province, 
such as available labour force skills, 

or areas of significance to the provin-
cial economy. High technology indus-

trial research is associated, in the 
provincial proposals, primarily with 
electronics and telecommunications; 
another relevant high technology area 
is northern transportation and housing. 
Medical research is proposed in pharma-
ceuticals. The recreation potential of 
the province and the growing interest 
in preventive health suggest further 
opportunities in medical and behaviour-
al research combining recreation and 
preventive health. Innovative ap-
proaches to intensive agriculture, such 
as hydroponics and aquaculture, have 
been attempted by individual firms and 
represent appropriate areas of further 

research and development to support 
diversification of the provincial econ-
omy (Thompson,- 1982). 

Planning has begun for various 
areas of R & D, and decisions have been 
made regarding locations. In Calgary, 
three separate complexes are being 

developed to undertake research in 
heavy industry, medicine, and energy 



89 

and resource development. However, for 

purposes of this project, the assump-
.tion is made ( contrary to these exist-
ing plans) that most of the provincial 
R & D activities will be concentrated 

1. and located in our new community. Bas-
ing- its economy on research and 
development is compatible with the in-
tention to develop a community which 
experiments with, and tests, innovative 
•approaches to energy efficient urban 
form. Several potential areas of R& D 

could be supportive of these objec-
tives; and,^ the presence of these ac-

tivities may also encourage the inclu-
sion of additional innovative com-
ponents in the town design. Further, 
employment in R & D activities is con-
sistent with many of the emerging 
economic and lifestyle trends discussed 

• above; assuming an economy based on R & 
D provides an opportunity to consider 
the impact of changing economic and so-

• cial characteristics on the design of 
the new town. 

Major R & D enterprise in North 
America evolved only since World War 
II, but despite this limited experience 
certain desirable conditions and asso-
ciations can be identified ( Browne, 
1966; Franklin, 1976; Fisher, et al., 
1980). Most R & D establishments are 
organized in research parks where both 
large and small-scale organizations can 
interact and share certain centralized 

services and facilities. Secondly, the 
association of applied R & D activities 
with the basic research of universities 
and post-secondary institutions is seen 

as critical to success. 

Canada has experienced particular 
problems, however, in the development 
of R & D activities. These relate pri-
marily to the preeminence of foreign-
owned companies in the Canadian economy 

(Franklin, 1976; Fisher, et al., 1980). 
The principal constraints include a 
small domestic market, strong interna-

tional competition in the goods produc-
ing sector, and high labour and tran-
sportation costs that compromise the 

competitive position of Canadian firms. 
All these factors combine with the pol-
icies of foreign-owned firms to under-

take their research at locations out-
side Canada. Thus, there has been re-
latively little private investment in R 
& D in Canada; most has been undertaken 
by governments and public institutions. 
For private sector investment to become 
successful in Canada, it is necessary 
to concentrate R & D efforts on pro-

ducts and processes that are special to 
Canada and/or that are new on interna-

tional markets. 

Among the areas of R & D proposed 
by the Province of Alberta, several ap-
pear to meet this criterion, and 
represent initiatives that are special 
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to Canada." Unique climatic and 
development conditions in this country 

define the focus of R & D in areas of 
resource development and alternative 
energy, agriculture and northern tran-

sportation,--.'and housing. In many in-
stances, proposals for R & D are linked 
to new industrial or manufacturing 
development; in our community, several 

such opportunities could be explored. 
The development of equipment associated 
with resource. development, alternative 
energy and' northern transportation 
would, be adapted primarily to Canadian 
requirements,,, but could conceivably 
also find international markets. Suc-
cessful commercial ventures in inten-
sive agriculture and the manufacture 
of, for instance, recreation equipment 
may have rgional markets. Electronic 
and medical equipment, and pharmaceuti-
cals, because of the nature of the pro-
ducts, warrant efforts to reach nation-
al and international markets. 

Other Basic Economic Activities  

The location of our site within 
the Calgary region presents opportuni-
ties to include tourism and tourist 
service activities as a component of 
the economic base. Allied with tourist 
services, the R & D activities and as-
sociated light industry create a possi-

bility for convention facilities within 
the community; the proximity to other 
urban centres and the natural amenities 
of the site offer further potentials to 
expand these facilities "to serve the 

metropolitan region. Given the size of 
the region, it would not be feasible to 
plan for another major university. In 
any event, a high calibre technical in-
stitution will be required to comple-
ment and support R & D enterprises; 
and, a small, private liberal arts col-
lege would be compatible with other 
community activities and the lifestyle 

patterns of the residents. 

Lifestyle patterns and trends will 
influence the provision of local ser-
vices. Increasing numbers of people 
are expressing interest in pursuing 
multiple careers; therefore, continuing 
educational opportunities would be an 

important community facility, as sug-
gested above. Balanced lifestyles also 
indicate the significance of varied re-
creation opportunities within the com-
munity. Other minor components, sup-
porting lifestyle options, might in-
clude small-scale craft industries or 
truck farming enterprises. 
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Community Employment Structure 

The community employment structure 
is affected by the assumptions that 

have been described. As mentioned pre-
viously, economic stability in mature 
communities has also been correlated 
with employment equal to approximately 

40% of the total resident population. 
A review of a number of new towns shows 
that planned employment figures 
represent from 35%-50% of the target 
population (Nields, 1973). Therefore; 
a target of 40% of the projected popu-
lation, or 80,000 jobs within our com-

munity, appears to be reasonable. 

To understand better the impact of 
the projected employment levels, it is 
useful to consider the relationship 
between basic and nonbasic employment. 
In new towns, this ratio ( or multi-
plier) is assumed to be lower than in 
older communities of a comparable size 
because, among other reasons, the char-
acter of basic activities in the newer 
community is less diverse. As a wider 
range of basic activities is esta-
blished, the economic base strengthens 
and the multiplier increases; that is, 

each basic job creates a greater number 
of nonbasic, or local service, jobs. 
On the other hand, tertiary sector em-
ployment is very labour intensive, sug-
gesting a relatively high demand for 
local services among these employees. 

Therefore, a multiplier of approximate-
ly 1-5 is assumed for our community: it 
is low because this is a new town, but 

higher than new towns with an economy 
based on manufacturing, for instance. 
This means that approximately 40% of 
total local employment will be in basic 

activities, with the remaining 60% pro-
viding local services. 

The community employment struc-
ture, showing how employment is divided 
among various types of economic activi-
ty, is presented in Table 4.1. 
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SOCIODEMOGRAPHIC PROFILE 

Several factors influence the so-
ciodemographic profile of the community 
population, 'viz, the age sti'ucture, 

household types and size, and labour 
force characteristics. First, the pro-
posal to concentrate provincial R & D 
initiatives in the community and the 

resultant concentration of certain 
types of employment will largely deter-
mine the types of people who move to 

the community. Secondly, the proximity 
of the community to a major urban cen-
tre means that broad urban sociodemo-

graphic trends may influence the popu-
lation characteristics of the communi-
ty. Finally, there are a number of 

identifiable demographic characteris-

tics that have been associaed with new 
towns developed within metropolitan re-

gions. , 

Community Age Structure  

New towns attract proportionately 
large numbers of young families 

(Golany, 1976b). Conversely, unless 
special ' attention is given to their 
needs, there are relatively few elderly 
residents. This contrasts with the 
trend in most urban areas, where the 

.population is aging. The .igfng of the 
"baby boom", in combination with trends 

towards later marriage and declining 
fertility rates, are major factors ac-
counting for this. In new towns, how-
ever, the predominance of married women. 
in their .who a; 
starting families . means that the . fer 
tility rates within these communities 
are higher tha,n urban averages, and 

there is a larger percentage of chil-
dren than in the general urban popula-

tion. 

In our community, the overall age 
structure in the initial years will 

resemble other new towns, but with some 
important differences. The nature of R 

& D results in generally higher levels 
of education among the town's employed 
population. Therefore, adults coming 
to the community will tend to be 
slightly older than in other new towns. 
Similar to general trends, they will 
have marriea later, in part because of 
longer education; and they will be 
starting their families. As mentioned, 
therefore, ' the fertility rate for the 
community will be higher than average 
and there will be a higher percentage 
of children, particularly of preschool 

age. 

By the time the community has 
reached the target population of 
200,000 (25-35 years), the age struc-
ture will'still e skeed:sligJ iy tb:. 
wards more childer thñ vëi'ag, and,' 
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fewer elderly. Over the early periods 
of development, in-migrants to the com-
munity will continue to be primarily 

young adults. As they marry and start 
families in the community, the local 
fertility rate will continue to be 

higher than average. However, at the 
end of the development period, the dis-
tribution of children will have shift-

ed, and there will be a larger percen-
tage of school age children and 

teenagers. This results from the fact 
that, as the community matures, popula-
tion growth results more from natural 
increase than in-migration and, there-
fore, the impact of trends towards dec-
lining fertility rates will be felt in 

the community, with the growth of the 
child population slowing in relation to 
adults. 

Among adults under 65 years, there 
will be a more even distribution; the 

original adult residents, concentrated 
in the 45-64 year age group at the end 
of development of the community, may 
still constitute the largest sub-group, 
but they will be complemented by subse-
quent adult in-migrants, who are 
younger, and the older children among 
original residents who have reached 
their young adult years. Although the 
percentage of elderly will have in-
creased slightly from the initial 
years, it will still be lower than in 
the general population because there 

are relatively few incentives for eld-
erly to settle in our community. The 
assumed age structure of the target po-

pulation is presented in Table 4.2 and 

Figure 4.1. 

Household Characteristics 

Within the general urban popula-
tion, there has been a decline in the 
average size of households. One of the 
more prominent reasons for this is the 
decline in fertility rates -- viz, a 
decline in the number of children per 
family that reduces household size. 
Smaller households also result from 

changes in household formation pat-
terns. Children leave the parental 
home at earlier ages; young people tend 
to live on their own for longer 

periods, and to marry and start fami-
lies at a later age. Further, the ris-
ing divorce rate causes the increased 
formation of two, smaller households 

where previously there had been one, 

larger household. 

These trends in household forma-
tion patterns constitute new household 
types. One-person households and 
households of non-related individuals 
are increasing in proportion to other 

types. Occupants include young people 
and others who choose to live alone, as 
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well as divorced spouses without depen-
dents. Divorce also creates the 
single-parent household. 

In new towns, the predominance of 
young families tends to increase the 

average household size. Even where 
families have fewer children, following 

general trends, the concentration of 
these families means that the average 
household size for the community will 
be higher than in the general urban po-
pulation. New towns within metropoli-
tan regions tend to attract fewer sin-

gle adults than, for instance, resource 
new towns; also, as mentioned, there 
are fewer elderly than in the general 

population. Therefore, the impact of 
these demographic groups on household 
size may be less in our community than 
in the general population. However, 
trends towards increased divorce must 
be considered in a new town where, ini-
tially, stress levels may be higher 
than in existing urban centres. This 
would tend to decrease average house-

hold size. 

At present, average household size 
is just below three people; projections 

indicate that the average size will 
steadily decrease. However, in our 
community an average household size of 

2.85 is assumed. This is higher than 
expected for the average of the general 
population at the time the target popu-

lation is reached, and reflects pri-
marily the high incidence of families 
with children. Therefore, there will 
an aggregate need for approximately 
70,000 housing units, of which 75%-80% 
will be family units. 

Labour Force and Jobs 

At present, approximately 75% of 
the general urban population is over 15 
years old, or in the age group from 
which the labour force is drawn. In 

the last decade, the participation rate 
has been increasing. This has been due 
to significant increases in the number 
of women in the labour force, and in-
cludes a modest decline in the partici-
pation rate for men. The rise in fe-

male participation rates is strongly 
influenced by the amount of education 
women have and by their marital status 
(Statistics Canada, 1976). For in-
stance, in 1976, women with a universi-
ty degree had a participation rate of 

71% compared with a 45% participation 
rate overall for women; the participa-
tion rate for married women was less 
than the female average, while single 
and divorced women had participation 

rates of 56.5% and 64%, respectively. 
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In new towns, the total participa-
tion rate tends to be higher than aver-
age. Because there are fewer retired 
elderly people, a larger percentage of 
people over 15 years old will be in the 
work force. The male participation 

rate will also be higher than average, 
on the assumption that most male 
members of households moving to new 
tQwns will be working. Often in new 

towns, the female participation rate is 

far lower than the average; most women 
in new towns are married and have young 

children who keep them at home. Howev-
er, in our community, while the overall 

and male participation. rates will 
resemble those of other new towns, the 
female participation rate will likely 
be different. Several factors can be 
cited to support this assumption. 

First, the education level of wom-

en will be relatively high because the 
proposed employment structure will at-
tract people with generally higher 1ev-

els of education. Second, increasing 
numbers of women are university gradu-
ates pursuing careers. Third, comple-
menting these two reasons, R & D lends 
itself readily to female employment. 
Fourth, assuming that current economic 
conditions persist, there is increasing 

need for families to rely on two in-
comes, drawing more women into the la-
bour force. Finally, current trends 
towards rising divorce rates increase 

the number of women who enter the work 
force. Based on these factors, the 
following assumptions and characteris-
tics describe the labour force in our 

community. 

Seventy percent of the population 
is over 15 years old; thus, 140,000 

adults are potentially in the labour 
force. Assuming that 51% of the adults 
are female, and that the male and fe-
male participation rates are 8i and 

56%, respectively, then there will be 
approximately 96,000 residents in the 
labour force, or an overall participa-
tion rate of 69%. Nearly 5 of the 
total resident population, therefore, 
will be in the labour force. However, 
the proposals for the economic base and 
employment structi.ire projected employ-
ment equal to 40% of the population. 
That is, there will be a 17% shortfall 
in potential in-town employment for the 

resident labour force, or'16,000 jobs. 

Employment commuting patterns are 

affected by the occupation profile of 
residents, and result from a mismatch 
between these worker characteristics 
and available employment in the commun-

ity. The occupation profile, in turn, 
is affected by several factors. In 
part, it is a function of the local em-
ployment opportunities. Therefore, to 
the extent that people come to the com-
munity to take jobs there, it would 
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reduce the total amount of commuting. 
However, the proximity of the community 
to the other urban centres in the re-
gion, plus the experience in North 
America that new towns tend to attract 
higher percentages of professionals and 
other well-paid 'people, suggest that 
there will be employment commuting out 
of our community. Further, although 
women increasingly are assuming profes-
sional and other well-paid positions, 
overall they occupy the lower-paid ser-
vice jobs. The higher percentage of 
working women may require out-commuting 
to find suitable employment. Converse-
ly, a mismatch between the salaries of 
lower-paid employees in the community 
and the cost of housing will mean that 
those employees will tend to live out-
side the community, and commute in to 
their jobs. There will be net out-
commuting of 16,000 workers daily be-
cause of the shortfall in employment 
opportunities; total commuting may be 
higher, however, depending on the match 
between jobs in the community and the 
occupation profile of resident workers. 
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REGIONAL TRANSPORTATION  

In addition to the factors just 
noted that generate employment commut-
ing, other circumstances contribute to 
a demand for intra-regional transporta-
tion. A new community within a metro-
politan region must rely initially on 
the major urban centre to provide cer-
tain services and facilities for its 
residents. As our community approaches 
its target population, the full range 

of planned services and facilities 
should be in place, and residents' 

dependency on facilities in the metro-
politan centre will be minimized. How-
ever, the relatively small size of our 
community in the Calgary region, com-
bined with its physical proximity to 
Calgary, mean that Calgary will provide 
the highest order of services and fa-
cilities for the entire region; for ex-
ample, major universities, cultural fa-
cilities such as a symphony orchestra, 
high value goods shopping, etc. 

Rail and bus represent the most 
energy efficient alternatives for shbrt 
to medium distance travel, such as 
within a metropolitan region. As 
pointed out in Chapter 2, the choice 
between these two modes depends on the 

accessibility of good regional highways 
for buses, and the quality of roadbeds 
that would permit economically viable, 
high speed rail service. However, sub-

stitution of mass transit for the con-
venience of private transportation 
means that integration of the regional 
system with activity and movement sys-
tems within the community is crucial to 
the success of the structure plan. 

Our community site is bounded 
along the south by the Trans Canada 

Highway which provides a connection 
into central Calgary. The main line of 
the CPR from Calgary runs along the 

north edge of the site, with an exist-
ing spur line into the site to service 
the gas plant on Jumpingpound Creek 

(see Figure 3.2). Therefore, opportun-
ities exist to develop one or both; for 
a number of reasons, however, a region-
al transportation system based on bus 
service is preferable to one based on 
rail service. 

In the development of interurban 
rail service, shared use of an existing 
rail line, in competition with traffic 

already using it, is not feasible. 
Also, a commuter rail service must be 
capable of high speed travel to remain 

competitive with other intra-regional 
options; this requires optimum align-
ment conditions for rail tracks, a si-
tuation which does not exist all along 
the Bow valley floor. On the site, the 
rail line runs through an area where 
he soil conditions, as discussed in 
the site analysis ( Chapter 3), restrict 
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intense urban development. The spur 
line, as presently developed, services 
only the gas plant. Focussing urban 
development in close proximity to this 
facility, to utilize the spur line for 
commuting, is not desirable because of 
the incompatibility of the gas plant 

with many urban activities. 

Bus service, on the other hand, is 

a good solution. Several potential 
points of access from the Trans Canada 
into the site for regional commuter 
services also afford the opportunity to 

coordinate passenger service with goods 

movement, particularly in terms of the 
development, within the community, of 
exchange points between various region-
al and intra-urban transportation sys-
tems. It is important to ensure that 
any regional transportation system is 
accessible to major urban activiiies, 
especially intra-urban transportation 

systems, to facilitate access to the 
regional system from all parts of the 
comr unity. The bus mode is also advan-
tageous in terms of capital cost. 

Interurban travel beyond the re-
gion relies primarily on air transport, 
despite the fact that this is very en-
ergy consumptive. The most appropriate 
means of providing services to connect 
community residents to the internation-
al airport at Calgary for long-distance 
tiips would be helicopter. A heliport 

can be developed within reasonably 
close proximity of other urban activi-
ties without creating extreme noise or 
safety hazards. In this way, air tran-
sport service from the community could 

be coordinated with intra-urban tran-
sit, as well as urban and regional 
roadways, to maximize accessibility. 

An alternative approach would be 
to upgrade the existing small airport 
at Springbank, approximately 15 kilome-
tres east of the community site along 
the Trans Canada Highway. Shuttle ser-
vices to the Calgary International Air-

port might be combined with direct re-
gional service throughout Western Cana-

da. 
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DEVELOPMENT OBJECTIVES 

Emerging trends and assumptions 
concerning the economic base, employ-
ment structure and sociodemographic 
characteristics define a range of func-
tional requirements for the physical 
structure of the community. Develop-
ment objectives pertaining to economic, 
social and transportation issues 
presented in this section provide cri-
teria for translating these functional 
requirements of our community, into ur-
ban form, in the structure plan. 

Economic Objectives. The spatial 

requirements of most tertiary activi-
ties, which constitute the majority of 

community employment, do not severely 
constrain their location. They do not 
have extensive areal requirements, and 
the nature of these activities is com-
patible with most other urban activi-
ties. ' However, sociodemographic 
characteristics may impact on the loca-
tion of employment. It has been as-
sumed that labour force participation 
rates will be high, particularly ' for 

women. Further, most households are 
families with a high probability of all 
adult members being employed. The fol-
lowing, therefore, are objectives for 
the location and spatial organization 

of: employment: 

- employment opportunities should 

be widely distributed throughout 
the community ( ie. not concentrat-

ed in one or two major locations); 

- centres of employment should be 
closely related to an appropriate 
range of community facilities, 
such as commercial, institutional 
and recreational, and to intra-
urban transportation services; 

- a range of sites to accommodate 
different economic activities 
should be provided, including ex-

pansion capability; and 

- the location of all industry 
should be coordinated with a 
choice of efficient regional tran-

sport facilities, with particular 
emphasis on road access. 

Community Services and Facilities  

Objectives. The sociodemographic 
characteristics of the community, as 
well as emerging lifestyle trends, will 
have a significant impact on the , func-

tional requirements for residential en-
vironments and other community facili-
ties such as recreation, education and 
shopping, First, several objetives 
identify criteria for the overall pro-
vision and spatial organization of 
these: 
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- the spatial organization of the 
community should aim to create vi-
able minimum districts capable of 
providing a broad range of ap-
propriate services and facilities, 
with the catchment areas of facil-
ities related to populations re-
quired to support them; 

- decisions about which facilities 
are best concentrated or dispersed 
should be based not only on the 
relationship between various uses 

but also the effect of their loca-
tion on accessibility by different 

means of transportation; 

- diversity among various sub-
centres should be promoted to en-
courage interaction among and 
between community residents; and 

- the spatial organization and the 
provision of facilities should 
maximize individual opportunities 
in the urban environment. 

Housing Objectives. Initially, 
the functional requirements for housing 
are determined by the size and types of 
households. Household income and the 
expectation of an increasing range of 
lifestyles within the community further 
affct the provision of housing. 
Therefore, preliminary housing objec-

tives include: 

- a range of housing types and 
densities related to the require-
ments of different types of 

residents; 

- housing for a range of incomes 

so that residents may find the 

type of house, facilities and en-
vironment within the community 
that fulfills their requirements; 

and 

- housing developments located, 
and their densities determined, in 
order to ensure access to a range 
of community facilities and means 
of transportation, but without 
overloading these facilities. 

Recreation Objectives. Community 
recreation facilities will assume an 

increasing importance in the new com-
munity. First, the site's natural 

amenities will encourage participation 
in a wide variety of activities. 

Second, the rise in interest in lifes-
tyles that focus on health, recreation 
and physical fitness will create a spe-
cial demand for recreation facilities. 
Finally, the higher densities and 

smaller house size will mean that the 
provision of community recreation fa-
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cilities must accommodate a broader 
range of interests. Objectives for 
these facilities include: 

- a wide range of recreation in-
terests need to be satisfied, in-
cluding such things as community 
repair workshops, allotment gar-

dens, cooperative home processing 
facilities, and jogging, nature 
and cycle trails; 

- major community-wide recreation 
facilities need to be developed in 
response to the amenity and re-
creation potential of the site, 

and should include a mixture of 
active and passive recreation fa-

cilities; 

- open space and recreation cen-
tres should be provided to serve 
both • immediate residential en-
vironments and their large commun-
ity districts; 

- open space provision should be 
determined by function and loca-
tion in the community rather than 
arbitrary population standards, 
and should be distributed with re-
gard to maximum accessibility to 

the catchment for its particular 
function; and 

- recreation facilities relying on 

environmental quality for their 
attractiveness should be located 

to ensure that transportation ac-
cess and adjacent land uses do not 
compromise their quality. 

Education Facilities Objectives. 
High quality education, including 

diverse opportunities for continuing 
education, is planned to be an impor-

tant community asset. In an imovative 
new community, opportunities exist to 

structure education facilities to in-
crease both formal and casual learning. 

Therefore, 

- education at all levels should 
be integrated in one system to 
maximize resources to provide a 

diversity of learning opportuni-
ties and to encourage interaction 
in the learning process; and 

educational facilities should be 
dispersed throughout the communi-
ty, to encourage exchange between 
the learning situation and other 

community activities. 

Transportation Objectives. While 

the goals for energy efficient develop-
ment stress public transportation and 
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other alternatives to reliance on the 
private car, multiple means of tran-
sportation will be required to meet 
community needs. Specific objectives 
include: 

• - regional transportation access 
• to the community which maximizes 

accessibility to, and integration 
with, urban activities and the 
iitra-urban transportation- system; 

'- the distribution of activities 
and the provision of road ' and 

parking space should be determined 
primarily by the requirements of a 

viable public transportation sys-
tem, and only secpndarily by the 
requirements of free circulation 
on a road network; 

- accessibility among different 

activities in,, the community should 
be as high as possible, and 
achieved through a combination -of 

transportation facilities, and 
mixed use; 

- different systems of transporta-
tion and communication should be 
provided appropriate to different 
types of activities and locations 
within the community, including 
public transportation, roadways, 
and pedestrian and bicycle sys-

tems; 

- roads and their layout should be 
designed to minimize trip times, 
vehicle metrage per trip and po-
tential congestion in order to 
minimize transportation energy 
demand, but without necessarily 

planning alignments to take the 
shortest route between points; and 

- the foregoing notwithstanding, 
efficient urban goods movement re-
quires easy, rapid access between 
origins and destinations and op-
portunities to by-pass the denser 
urban development areas. 



T ThREE 

STRUCTURE PLAN 
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Throughout our investigation of 
the impacts of innovation and energy 
efficient design on urban form, we have 
been looking for new ways to organize 
and structure the physical form of ci-
ties. New modes of energy use, design 
criteria, and innovations of them-
selves, place new demands on the physi-
cal forms of development. Energy effi-
cient development, however, is mediated 
by social and environmental criteria. 
These latter articulate the objectives 
and limits which people recognize in 
their interactions among themselves and 
with the natural environment. Innova-
tive, energy efficient urban form, 
therefore, implies changes in the func-
tional organization of cities and in 
our appreciation of the relation 
between natural and man-made environ-
ments. 

The functional organization of a 
city relates the spatial and temporal 
distribution of the elements of physi-
cal structure -- the "adapted spaces" 
and movement channels -- to the pat-
terns of people's behaviour and activi-
ties. Two fundamental planning princi-
ples for energy efficient design are 
consolidation and integration. The 
first, consolidation, immediately im-
plies increased densities. However, 
certain aspects of the relation between 
consolidation and energy use suggest 
that the initial pressure to consoli-

date, that is to bring people and fa-
cilities closer together, is modified 
by the scale and geometry, or pattern, 
of high density areas. In addition, 
the second principle, integration, 
further qualifies the process of func-
tional adaptation to energy efficient 
development. Specifically, the in-
creased admixture of different activi-
ties and facilities is required within 
high density areas to confirm an energy 
efficient urban form. 

When analyzed for their implica-
tions for urban development, the en-
vironmental features of a site reveal 
factors that support and encourage en-
ergy efficient form. Attention to to-
pography, sun and wind patterns, 
drainage patterns and other climatic 
variables, such as temperature and pre-
cipitation, can augment urban develop-
ment ( judged traditionally by economic 
and safety criteria) with greater ener-
gy efficiency. In the discussion of 
energy innovations ( Chapter 2), we not-
ed that passive solar systems, for ex-
ample, have optimal building locations 
that combine slope and aspect to pro-
duce an orientation which minimizes the 
need for space conditioning energy use. 
It was also noted that if natural as-
sets, such as existing drainage pat-
terns, are retained and incorporated 
into the development patterns, they 
represent energy savings ( in this case 
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those associated with the construction 
of stormwater sewers). In a further 
example, topographic conditions help to 
define a geometry for development that 
reinforces an energy efficient relation 
between place-related activities and 
facilities and the movement networks 
that link them. 

Energy conserving innovations, 

therefore, affect many facets of the 
physical structure of cities, including 
the density and mixture of activity 
systems, the overall form and movement 
patterns, infrastructure systems, and 
open space systems. This relationship 
between energy, and functional and en-
vironmental determinants of form pro-
vides a way to organize and present the 
proposals in this study. The discus-
sion begins in Chapter Five with the 
urban landscape; that is, the relation 
between the forms of the natural and 
man-made environments. The intent is 
not only to indicate the intrinsic site 
constraints and opportunities for ener-

gy efficient development, but also to 
discover ways in which the conservation 
and/or use of open space and natural 
features can create an urban landscape 
that contributes most beneficially to 
the aesthetic, symbolic and functional 
characteristics of the city. In 
Chapters Six and Seven, the discussion 
focusses on the man-made or built en-
vironment and its functional organiza-

tion. The civic structure ( Chapter 
Six) addresses the form of the city as 
a whole, and the distributed patterns 
of the activity and movement systems 
that serve the entire population. 
Functional issues of density and 
development pattern dominate the dis-
cussion of energy efficient form at 

this scale. Not, however, to the total 
exclusion of questions of integration 

and mixed use, although this latter is-

sue is developed more fully in the dis-
cussion of commirnity form ( Chapter 
Seven). Community form traces the form 
of the principal development entity, 
the urban district, and how, at this 
scale of development, functional and 
physical integration of activity and 
movement systems is crucial to energy 
efficient urban form. 

THE NATURE OF THE STRUCTURE PLAN  

The organization and scope of dis-
cussions in Chapters Five through Seven 
involves the development of a structure 

plan -- a set of proposals for the 
overall physical structure of develop-
ment, including the distribution of po-
pulation, major activites and transpor-

tation facilities, and other lands for 
recreation, conservation areas, water 
supply and effluent disposal, and for 
agriculture ( Eversley, 1973; Lichfield, 
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et al., 1975). 

The structure plan further speci-
fies certain planning, design and 
management principles required to 
direct and guide development as it oc-
curs over time. One of the keys to a 
structure plan, therefore, is its 
,open-endedness (Rapoport, 1977). In 
brief, its specifications should be the 
least needed to achieve the criteria 
and objectives set for the physical 
form. In order to facilitate, rather 
than inhibit, people's activity pat-
terns, it is important to guard against 

over-designing and over-specifying. 
The measure of a good structure plan is 

the degree of choice it affords -- to 
different social groups to establish 
environments appropriate to their func-
tional and cultural needs; and, more 

generally, to respond over time to 
changing urban functions and processes, 
and to accommodate, and even encourage, 
variations that can never be planned or 
designed in advance. 

Open-endedness notwithstanding, 
there is need to determine certain 
basic elements of the physical struc-
ture that underlie and support oppor-
tunities for choice and diversity. A 
structure plan, therefore, constitutes 

a framework that provides general rules 
or principles for the organization, 
development and use of land, yet re-

quires a process of " infill" to evolve 
specific environments (Rapoport, 1977). 
In this sense, these principles 
represent performance criteria for sub-
sequent, detailed design ( e.g., site 
plans, architecture, landscape designs, 
etc.). 

The framework has a physical ex-
pression, encompassing the principal 
morphological elements of the urban en-
vironment. But in articulating these 

physical elements, the stress is on 
those that must be fixed in order to 
enable others to be flexible and 

changeable. As with performance cri-

teria, a structure plan concentrates on 
specifying important characteristics of 

the physical structure that become the 
basis for making further sets of deci-

sions, but without specifying the pro-
cess or results of detailed design. 

Finally, although making a struc-
ture plan may be limited to determining 
the framework for detailed design, it 
is, nonetheless, itself a process of 
design. "City design is an art of 
creating possibilities for the use, 

management and form of settlements," in 
a process that has "a peculiar mix of 
rationality and irrationality" ( Lynch, 
1981:290). Possibilities may be re-
vealed through research and analysis 

that help to ground a design. They may 
also be suggested in less tangible, 
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more intuitive ways which reflect a 

"sense of the land" or the specially 
creative purposes for adapting it to 

human activities. 

• Throughout our work on this pro-
ject, different synoptic images of the 
possibilities for a new town design --

encompassing discreet structural ele-
ments as well as overall forms -- have 
been the touchstone of the design pro-
cess They have often directed our 
research into various aspects of urban 

activity systems, new town characteris-
tics, energy efficiency innovations, 

environmental site analysis, etc., and 
have acted as "hypotheses" for ' test-
ing" or interpreting the information 
derived from research and analysis. As 

• the work progressed, the research and 
aiialysis itself, in addition to con-
firming or challenging particular form 
images, has led to new ones. The final 
result, therefore, comes from the in-
teraction of these two forces and, as a 

• process, does reflect that peculiar mix 

of which Lynch speaks. 

Specifically, our urban form pro-
posals have evolved emphatically from 
our sense of the site. This landscape 
has a strong and rich character, dom-
inated by the ridge-valley terrain, the 
climatic demarcations of vegetation, 
the presence of water and the visual 
links with the regional landscape. The 

process of understanding those 
resources led us to a desire to fully 
exploit their aesthetic and environmen-
tal potential for innovative, energy 
efficient urban form. These charac-
teristics create an urban landscape in 
which natural and man-made environments 
are closely integrated. As a result, 
urban development is guided and "in-
formed" by the attributes of the site. 

Throughout the following discussion, it 
will be seen how the overall plan and 
its component parts almost invariably 

become specified, or are determined by 
what the landscape and the landscape 

plan offer. 

Urban development often assumes a 
process of fitting a site to the needs 
and objectives of human activities --

the site is " tamed" by flattening the 
contours, removing the vegetation, 
draining the water. Our conviction is, 
however, that such a proóess too readi-
ly.overpowers natural systems, and des-
troys their potential to create oppor-
tunities for development measured in 
human and aesthetic terms. Instead, 

the process of design is non-linear and 
interactive. The constraints ard po-
tentials of the site, even where they 
are the genesis of a design, are in 
constant "dialogue" with the functional 
and other requirements of the communi-
ty. This process makes reference back 
to our discussion of a systems view of 
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urban form, and the importance of 
"Choice Theory" to explain its evolu-
tion ( Chapter 1). People's activities 

generate form, but those activities are 
motivated by certain values and atti-
tudes. Our approach endorses the view 
that greater value should be attached 
to the relationship between urban and 
natural systems, and more emphasis 
placed on environmental criteria for 
urban form. It is our contention in 
the designs developed in this project 
that energy criteria function in con-
junction with social and environmental 
-criteria to determine innovative urban 
forms. 



R,-TER 5 

URBAN LANDSCAPE 
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The landscape component of urban 
form defines the relationship between 
features of the natural and man-made 
environments. The natural environment 
-- air, water, landforms, soils, plants 
and animals -- contributes in essential 
ways to human systems, to what is re-
quired or desirable for personal and 
communal well-being. The characteris-

tics of the landscape relationship con-
stitute, therefore, major determinants 

of the quality of the urban environment 
that can be achieved on a given site. 

These characteristics are distinguished 
by three criteria: i) environmental, 

ii) functional and iii) aesthetic. 

Hazard areas or areas with high 
agricultural capability deemed worthy 
of conservation delineate environmental 
constraints on intense development. 
Conversely, development ought to be en-
couraged in site areas with charac-
teristics such as good potential for 
passive solar heat gain. Functional 
characteristics of the landscape rela-
tionship include, for instance, natural 
features that invite and/or give form 
to recreation activities. Aesthetic 
features, such as views or cultural and 
historical landmarks, can be incor-
porated into design to provide visual 
or symbolic and cultural links between 

the urban environment and its regional 
setting or its regional 'history. In 
addition, the presence of water or high 

quality vegetation, as aesthetic 

resources, creates pleasant, highly 
valued environments for active and pas-
sive recreation, and residential 
developments. 

Some significant aspects of the 
landscape relationship are suggested by 
consideration of these characteristics 
individually. Other aspects, however, 
follow from interactions among them. 
For example, an urban form that adheres 

to natural drainage patterns combines 
environmental criteria to protect the 
dynamic:balance of hydrological systems 

with functional criteria for cost-
effective stormwater management. The 
preservation of aesthetic resources 
such as views and important landmarks 
often coincides with the protection of 
unique environmental resources, and 
thereby contributes to functional legi-
bility and orientation within the com-

munity. 

The landscape relationship to ur-
ban, form implies the fullest possible 

use and management of natural 
resources. Evolving circumstances sug-

gest new criteria, in addition to those 
mentioned, for defining this relation-
ship. Prominent among these are public 
and private desires for enrg'r effi-
cient use of natural resources. 
Although energy criteria overlap with 
others, particularly environmental and 
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functional criteria, they also need to 
b.ponsidered separately. Stormwater 
management proposals, for instance, to 
tilize natura1 drainage patterns and 

restrftt development on permeable soils 

.1educe? development costs associated 

with the energy required to construct 
sewers, as well as;'energy inputs to 

treatment processes. Careful attention 
to certain other landscape features, 
however,, such as site-specific solar 

'- aócèss potential or climatic condi-
tions, are also orucia1 factors in gen-

• . .erating more energy efficient urban 
forns. 

• In this chapter, the impact of the 

natural environment on urban form will 
be discussed in the context of several, 
landscape components: i) conservation 
areas, ii) open space systems and iii) 

local urban food production. The im-
plementation of these landscape propo-
sals also depends on a fourth com-
ponent: designed landscape elements. 
The discussion covers the salient 
features of the relationship of each 
component to urban form, as proposed 
for the project site and with special 
attentioxi to energy criteria. Subse-
quent discussions of civic structure 

and community form will also refer to 
these landscape elements, thereby ex-
-panding on the interrelationships among 
urban for&domponents. 
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CONSERVATION. AREAS  

Growth and expansion of an urban 
areacán, in the extreme, spoil, or con-
taminatè its environment to such a de-
gree that large economic investments 

are required to ameliorate degraded 
conditions or the impact of extending a 
community's resource catchment area 
into remote territories. ( California 
watei àupply and erosion crises illus-

. 'trate this point.) Thus, the designa-

tion of conservation areas in which 
'.little or no development would be per-

mitted attempts to manage and shape 
development in a manner that conserves 

natural resources having present and 
future value. 

Ecology sets limits and conditions 
on human intervention in the natural 
environment, without telling us what to 
do. The limitations on development in 
conservation areas stem primarily from 

a desire to preserve the quality of na-
tural- systems and unique site features. 

Hydrological systems, for instance, are 

a focal environmental criterion. By 
restricting development in aquifer re-

charge areas, conservation areas can 
reduce imbalances that development in-
troduces to a site's hydrological sys-
tem. Similarly, controlled development 
where soils tend to erode, easily 
reduces siltation of water bodies and 
flooding potential. 

Many wildlife species, capable of 
maintaining viable habitats in urban 

areas, enhance the quality of the urban 
environment. With special care, it is 
also possible to retain habitat condl-. 
tions for unique or endangered species 

and those that might otherwise succonib 
to the pressutes of urban development. 
Surface water systems and varied areas 

of vegetation assume significance in 
maintaining food chains and movement 
corridors necessary for sustaining 
wildlife populations. These, there-
fore, constitute additional environmen-

tal criteria for designating conserva-
tion areas within urban form. 

In addition, the judicious in-
tegration of natural resources can im-
prove the functioning of man-made en-
vironments. Functional criteria, how-
ever, remain closely linked to environ-
mental ones. They focus on a selective 
approach to development in response to 
inherent opportunities and constraints 
dictated by natural features of the 

site. The incorporation of natural 
drainage patterns into urban stormwater 
systems has already been cited. Other 
areas of a site, however, may be func-
tionally unsuitable for development be-
cause, for example, geomorphologi.calor 
topographic conditions can incur high 
development costs or constitute hazar-
dous conditions to buildings ( or p&r-
sons). ' 
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The application of energy criteria 
extends functional criteria by taking 
iiito consideration site conditions that 

specifically affect energy efficient 
urban form. Those conditions that 
woit]d diminish this potential are of 
particular concern, leading to develop-

ment limits in such areas to minimize 
the negative impact those site features 

would have on energy efficient design. 
- .Two major considerations, already men-

tioned above, are solar access charac-
teristics and climatic conditions. 

Solar access is severely limited 
on both a 'daily and annual basis in 
areas with a northerly orientation and 
slopes greater than 5. Our site in-
cludes significant areas with these 
conditions, principally on the north-

facing escarpment above the Bow River 
and along the north-northeast faces of 
the several ridges transversing the 
site (Figure 5.1). If developed, for 
instance for residential purposes, 
larger lot sizes would be required than 

,,,.,.,,, ,,&lsewhere to ensure maximum possible 
solar insolation, resulting in lower 
development densities. Moreover, the 
reduced potential for passive solar 

heat gain will mean greater energy 
demand and costs for space heating than 
elsewhere, as well as higher infras-
tructure costs to service lower density 

developments. 

Prevailing winds also affect ener-

gy efficient design ( Figure 5.2). 
Cold, northwest winter winds reduce 
temperatures and increase heat loss in 
buildings, particularly, on the. 

northwest slopes that face into these 

winds. Chinook winds, from the west 
and southwest, are generally associated 
with warming temperatures. However, 
their high velocities increase the heat 

loss in buildings in areas where these 

winds have their greatest impact, again 
on slopes that face into these winds. 

Our analysis of site conditions 

(Chapter 3) indicated natural features 
instriiwically suited for inclusion in 
conservation areas ( see Figure 3.14, 
repeated on next page). A variety of 
factors were considered, including dif-. 
ficult or hazardous development condi-

tions, unique features and valuable or 

fragile natural systems needing protec-
tion in urban development. The areas 
delimited by these environmental and 
other, general functional criteria 
coincide with those suggested here by 

energy criteria. Together, they reveal 
a strong image or pattern on the site 
where development should be limited. 
These areas, however, can readily ac-
commodate certain activities and care-

fully controlled development. It is 
these multiple use proposals that give 

particular significanc.e to .'theimpact--
of conservation ' areas on urban form. 
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These components of the landscape rela-
tionship -- incorporating open space 

and food production activities into 
conservation areas -- will be presented 
and discussed in the following sec-
tions. 
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OPEN SPACE 

'Qen space within developed areas 
tends to disappear with increasing po-
pulation concentration, while open 
space beyond a city's periphery rapidly 

becomes less accessible as development 
epands outwards. Yet, open space is 

an essential component of the landscape 
relationship. It'fulfills several 

functions that rest on establishing and 
maintaining contact between natural and 

man-made environments. 

Natural environments constitute an 
aesthetic resource. The presence of 
natural elements adds variety to, and 

upgrades, the visual quality of an ur-
ban environment. Open space helps to 
relieve and moderate the visual and 
psychological impacts of a dense, 
built-up area. A network of open 

spaces functionally and visually del-
ineates the linkages among parts of the 

physical structure, while helping to 
emphasize the distinctiveness of each 
part and the open spaces themselves. 

Therefore, urban open' space contributes 
to passive identification with non-
urbaii ( and sometimes stress-relieving) 

environments, as well as enhancing the 
perceived quality and functioning of 
the urban landscape. 

A system of open spaces also ex-

pands the choice of recreation activi-
ties available to urban residents.. 
Changing lifestyles resu]t  .in new. 
demands for divese:.recreatiOflaQ.tivi-: 
ties. In addition to -" active" recrea-
tion activities focussing on intensive 
uses of land and water resources, or on 
man-made environments, there has been 

growing participation in "passive", or 

extensive recreation activities that do 
not require large-scale development or 
adaptation of the natural environment. 
As people's leisure time increases and 
as attitudes change, more people are 
pursuing activities such as fishing, 

canoeing, hiking, cross country skiing 
and nature study. 

In conservation areas, the wet-
lands, marshes and water bodies that 
are protected to safeguard hydrological 
systems or wildlife habitats also pro-

vide opportunities for hiking, fishing, 
nature study, canoeing, etc. Rugged 
terrain unsuitable for development and 

extensive wooded areas containing mul-

tiple vegetation species can form the 
basis of interesting and challenging 
hiking and cross country ski trails. 

With careful planning, it is possible 
to integrate land " improvements" or f-
cilities for these activities' into con-
servation areas. And, of , ourse, 
designing townsites- with - .- opei- .' spa 
systems that integrate these - two func-
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r. 

tions significantly increases the ac-
cessibility of recreation spaces to ur-

ban 'residents 

The natural features of our site 
furnish the context for an imaginative 

open space system designed to preserve 
environmental quality in conservation 
areas and, at the same time, to offer 
residents a variety of recreation op-
portunities. The natural conditions 
conduoive..to supporting a range of pas-
sive recreation activities constitute a 
primary determinant of the physical 
form of the new community ( Figure 5.3). 

The, extensive north escarpment 
leading down to the Ghost Reservoir and 
the Bow River is a principal component 
of this system. The steep slopes and 
dense, varied vegetation are suitable 
for wildlife habitat; this.is also a 
primary animal movement corriao±' across 
the sitei adding to the area's interest 
for hikers and others. Hiking and ski 
trails can further benefit from the 
diversity of topographic conditions, as 
well as,' varied outward views. Below 
the escarpment, the reservoir and the 
river, and the Jumpingpound Creek on 
the eastboundary of the site, form an 
extensive corridor offering many possi-

bilities for fishing, canoeing, hiking, 
camping and nature studies. 

The crests and north-northeast 
slopes of the ridges transversing the 

central site area form a second com-
ponent of the open space system. These. 
linear landforms provide opportunities 
for hiking, cycling and cross country 
skiing, as well as for nature study. 
Residential areas arranged along the 
south-southwest slopes of these ridges 
benefit from close proximity and direct 
access to the open space system. How-
ever, an urban form that adheres to 

bands of open space alternating with 
larger bands of developed areas will 

ensure reasonable physical access to 

all residents ( Figure 5.4). The align-
ment of the several ridges dominates 
the central site, and their extent and 
strong visual character mean that the 
impact of these -open space resources 
will be felt throughout the community. 

Aligned with the north end of the 
ridges, there is. a line of small lakes 
extending in an east-west direction. 
Currently -- with- no major development 
on the site -- they have -been rated as 

moderately good waterfowl habitat ( CLI, 
1971b). In addition to environmental 
assets and recreation opportunities, 
water surfaces offer valuable aesthetic 
complements to development. However, 

the impact of urban development is 
likely to upset the hydrologic balance 
creating these lakes, and may , even 
cause them to disappear. It will be 



FIGURE 5.5 

SECONDARY OPEN 

SPACE SYSTEM 

Becondary open space 
yet•m 

Development area 

Draloago channels 



117 

necessary to consider specific design 
initiatives to ensure their stability 
andvaiue as urban landscape resources. 

Therefore, in general, we propose that 
• the lakes be incorporated into the open 
.space system, with a varied approach 
taken to the design character of each, 
viz, whether a lake is left "natural" 
or manipulated by design and landform 

changes to become a "control" lake, in-
tegrated into built environments near-

by. (Further discussion occurs later 
in this .chapter.) 

Intermittent streams lying in the 

valley bottoms extend from the lakes to 
drain the site, creating continuous 

"paths" through the site to the Jum-
,.pingpound Creek. It is proposed they 
form a secondary open space system 

(Figure 5.5). Although contiguous with 
the lakes in the major open space sys-
tem, when incorporated into urban 
development the drainage channels 
create open. spaces significantly dif-
ferent in character and function. The 

:elements of the major system are large 
in scale and are perceived as largely 
undeveloped. Further, the density of 
recreation or other development in 

these areas must remain low to maintain 
environmental quality. The drainage 

channels, on the other hand, form open 
spaces embedded within the built en-
vironment. They are relatively small 
in sdiale, and interact finctionally and 

visually with areas of very intense ur-
ban development. The open spaces and 

paths developed along the drainage 
channels accommodate many passive re-
creation activities -- walking, e —. 
cling, jogging, cross country skiing. 

However, because this secondary system 
is integrated with adjacent develop-
ment, it also serves as a focus for a 
wider range of community activities --

active recreation facilities, housing, 
even local industry. 

These two open space systems ex-
tend throughout our site. As a result, 

the form and character of urban 
development is constantly influenced by 
the physical and visual proximity of 

the natural environment. Moreover, the 
impact of this landscape relationship 
is reinforced by the fact that the open 
space systems promote functional, re-
creation and aesthetic objectives. 
They also have implications for urban 
energy use when passive recreation ac-

tivities -- hiking (walking), •cycling 
or cross country skiing -- are viewed 
as alternative, energy efficient modes 
of transport, and the open space sys-
tems themselves as alternative movemeiit 

channels. [6] 

[6] To take an excellent, example, theRideau Canal in Ottawa, affords 
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What results is two interconnected 
movement systems based on the two 
characteristically differing open space 
systems (Figure 5.6). Because it ex-
tends throughout the site, the major 

open space system invites long distance 
movement patterns reaching to the ex-
tremities of the towneite. Its natural 
character, as well as its scale and ex-
tent, further suggest that recreation 
will remain the principal reason for 
movement along this system. The loca-
tion and character of the secondary 

open space system will induce different 
movement patterns. Within the immedi-

ate residential environment, for exam-
ple, movement along the drainage chan-

nel easements provides an option to 
walk or cycle to local facilities, thus 
reducing transportation energy demand 
and sponsoring stronger, local social 
interaction. At a larger scale, howev-
er, the drainage channels converge in 
the south central portion of the site, 

where several ceritres of, major, city-
wide activities are planned. These 
open spaces, therefore, provide con-

tinuous paths from local areas to major 
residential, commercial and employment 

similar opportunities and many peo-

ple skate or canoe to and from 
- work, school or shopping, as well 

as for recreation. 

centres. Moving in the other direc-
tion, north towards the junction of the 
two open space systems, other major ac-
tivity centres are planned where the 
drainage channels leave the lakes, in-
creasing exchanges between the two 

movement systems. 
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URBAN FOOD PRODUCTION 

The common perception of food pro-
duction as a purely rural activity is 
misleading; many aspects of food pro-
cessing and distribution occur in ci-
ties. In addition, new technologies 
and land use innovations demonstrate 
the feasibility and advantages of ex-
tending urban food production to in-
clude growing food. Several reasons 
support exploration of new alterna-
tives, including the energy costs of 
current agriculturl methods, the com-
petition for land between agricultural 
activities and urban development, and 
emerging lifestyle trends. These are 
briefly discussed, followed by a dis-
cussion of three innovative approaches 
being recommended in our community pro-

posal: 1) intensive agricultural tech-
niques, ii) dooperative truck farm en-
terpries, and iii) household allotment 
gardens. 

Developments in technology account 
for significant improvements in the ef-
ficiency and productivity of agricul-
tural activities. A parallel develop-

ment, however, has been the increase in 
the scale of farms, ' which use large 
amounts of energy-intensive fertilizers 
to maintain large-scale agricultural 
efficiencies and high crop yields 
(qoodman, 1977; Quigley, 1979). Thus, 
increased agricultural productivity in-

creases energy requirements for food 
production. In addition, monopolizing 
tendencies have created national and 
international hinterlands and 
transformed food production into an 
agribusiness. This includes freezing, 
processing and shipping food products 
over long distances throughout the 
year. This pattern of consumption, 
although commonplace in most developed 
countries, further increases the energy 
costs of food production. 

Despite its size, the geological 
and climatic conditions of Canada mean 
that only 13% of its total area is 
suitable for agriculture. Of that, 
less than 20% is prime agricultural 
land [7] ( Science Council of Canada, 
1976). However, most Canadian cities 
occupy these areas (Russworm, cited in 
Thompson, P.S., 1981). The Calgary-
Edmonton corridor, for instance, con-
tains 60% of all prime agricultural 
land in Alberta; within this corridor, 
the best land is concentrated immedi-
ately around the two main cities 

[7] "Prime agricultural land" 
corresponds to Classes 1-3 of the 
Canadian Laud Inventory, including 
land with moderate to no limita-
tions for use in crops ( CLI, 
1971a). 
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(Thompson, P.S., 1981). Concerns for 
the appropriate and judicious long-term 
use of natural resources, therefore, 
gains importance as urban expansion 
continues to take agricultural land out 
of production. Good agricultural land 

converted to urban uses means the sub-

stitution for it of less good land for 
- food production, resulting in lower 

yields and/or higher unit production 
costs ( e.g., fertilizers). 

The extent of this problem is il-
lustrated by considering data on rural 
land conversions in Alberta between 
1966 and 1971 (Thompson, P.S., 1981). 
During that period, nearly 3,000 hec-
tares of rural land was converted to 
urban uses within the vicinity of the 
five largest cities in the province. 

Of that, nearly 70% was improved land 
and over 60% was prime argricultural 

land., confirming the tendency that good 
land has higher rates of conversion 
than poor land. Cities in Alberta had 
among the highest rates of conversion 
in Canada during that time period, in-
cluding the second highest rate of 
conversion of prithe agricultural land. 

Finally, social and lifestyle is-
sues substantiate exploring new ap-
proaches to urban food production. In 

recent years, increasing numbers of 
households have moved to acreages or 
hobby farms located just beyond the ur-

ban fringe, although they still depend 
on jobs and services in the city. 

There has also been a rise in vacation 
packages ( as well as prizes offered in 
advertising campaigns) for " farm holi-
days". Both trends indicate a desire 

for exposure to land-based, productive 
activities, while continuing to be part 

of a contemporary urban lifestyle. 

As further evidence, within the 
city there has been a dramatic increase 
in individual garden plots: in the Un-

ited States, between 1973 and 1975, the 
number increased from 20.5 million to 
32.5 million ( Goodman, 1977). Recent 
survey research indicates that garden 
plots contribute to recreation and 
economic ( i.e., through food produc-
tion) needs of the users: "Perhaps one 
attraction of allotment gardening is 
precisely this mixture of recreational 

and economic benefits. As perceived by 
users, gardening saves rather than 
disposes of money" ( Jaakson and Peart, 

1979:148). 

Allotment gardens, therefore, are 
enjoying renewed popularity as an ap-

proach to urban food production at the 
scale of the household. Other innova-
tions, such as the concept of small-
scale cooperative farm enterprises and 
techniques for intensive agriculture, 

extend the scope of urban food produc-
tion to include commercial operations. 
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:'Eachof these'approaches addresses one 
juore,of the issues r?lated to urban 

f6bd pi'öduction implied in this discus-
4. a 

"iiiodei,ae scale lowers some of the ener-
gy costs, viz, for distribution. Other 
energy inputs may be provided at less 
cost through recycling and cogeneration 
techniqies.'• Local production also in-

''ludes a mechanism for maintaining 
primeagricultural land in productive 

within the urban area, and suggests 
• net lifestyle options associated with 

"production. Furthermore, these 

ihree alternative approaches are not 

mutually exclusive, and can be imple-
mented in tandem or alone 

Intensive Agriculture  

"Intensive agriculture" refers to 
food production that is not essentially 

land-based and often relies on forms of 
cogeneration to provide inputs of nu-
trients or heat. The most common types 
are Ii) aquaculture -- the intensive 
culture of fish for either human 'con-
suinptiónor fertilizers; and ii) hydro-
ponics (àiso,lmown as soil-less garden-
,ing) Until recently-' there have be,en a 

number of technióal and marketing con-
straints to commercial aquaculture pro-
duction, including small market size, 
competition from international produc-

ers, relatively low rates of return, 
increasing costs and dif±'iQultiQa in 
developing suitable species ( Ja,nss,on, 
et al., 1979).-. Curreiit1y, , iwever,' 
several enterprises demóxis'trate the ii4 

creasing feasibility of adacultur. 
Production of trout by these methods is 
now feasible in Canada, and commercial 
production of char is being investigat-
ed in Alberta (Thompson, 1982). Feasi-
bility of commercial aquaculture 
depends on the site-specific nature of 

several factors -- management, techni-
cal capability, regulatory environment, 
economic conditions and environmental 

conditions;- feasibility also varies 
with different species. 

Commercial aquaculture relies on 
artificially controlled environments 
with heated water to grow the fish 
(Jansson, et al., 1979). Wat,er must be 
heated to optimize growth rates for 
commercial production. Thus, an inex-
pensive source of waste industrial heat 
or ' cheaply implemented solar heating 
can provide'a valuable, cost-effective 
input. Other innovations' include pró-
posais to combine aq,uacultüre ,sythtems 
with sanitary sewage treatment systems, 
in which partially treated effluent is 
used to grow herbivorous fish such as 
carp ( Jansson, et al.,.1979). Theb:e 
can be processed, , for fish 'ñiea1aiid fr7 

tilizers, or they can serve as 
feedstock to produce' öthèr types;df 
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fish for human. consumption. The bene-
fits of a combined sewage-aquaculture 

system include the superior quality and 
nutrient value of the fish produced, 
improved waste treatment and reduced 
environmental impact ( Allen and Hepher, 
cited in Jansson, et al., 1979). How-
ever, there are still severe social and 
cultural obstacles to public acceptance 

of this method of food production which 
limit current applications to fertiliz-

er production. 

A " throughflow" aquaculture system 
is one to which fresh water is con-

stantly being added. Once used, it is 
considered waste water, but it can be 
further employed after minimal treat-
ment to irrigate farms, parks or other 
open space lands. Alternatively, the 
water can be recycled as the growing 
medium. While this approach requires 
extensive water treatment and the elim-
ination of waste materials between cy-
cles, it does allow greater precision 
in environmental control within the 
aquaculture system ( Jansson, et al., 

1979). It is also more conserving of 
heat and water, and significantly 
reduces the quantity of waste water 
(Kennedy, cited in Jansson, et al., 

1979). --

A hydroponics system. transforms 
the traditional greenhouse to one in 
which produce is groin in a nutrient-

rich liquid medium. Feasibility 
depends on many factors that must be 
determined in the context of a site-
specifc proposal. But the general 
principles of hydroponics production 
mean that the availability of inexpen-
sive waste industrial heat or solar 
heat greatly improves the system opera-
tions. Thus, readily available, 
economical heat sources can enable 

year-round production of more varied 
food products, while lowered energy 
costs, in turn, improve end product 

costs. 

Aquaculture and hydroponic systems 
are, in many respects, ideally suited 
to urban areas; they can utilize indus-
trial waste heat and/or coordinate food 
production with urban waste management 
systems. A further characteristic of 
industrial areas can also be brought 

into play. Because there is a tendency 
to uniformity of the built form in 
these areas, conditions are improved to 
utilize active solar systems for inten-

sive agriculture. This option may gain 

importance where local industry is un-
able to supply sufficient, consistent 

quantities of waste heat. 

Commercial aquaculture and hydro-
ponics operations will be located in 

the southeast corner of our site, in 
the area designated for extensive in-
dustrial activities ( Figure 5.7). This 
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portion of the site affords ample, 
,flat,ell-drained land that can easily 

- accommodate the large-scale, horizontal 
''-' development required by these ventures. 
Commercial food production located here 
can also benefit from excellent tran-
sportation access.. The major public 
transit loop, as well as local roads, 
penetrate into the industrial area, and 
provide good communications with local 
services and markets. The area is 
bounded ' on one side by the Trans Cana-
da, providing, direct access to regional 
transportation routes that, bypass areas 
of intense, urban development.• - 

Site drainage patterns influence' • 
the placement of infrastructure systems 
dependent on gravity flow ( e.g.; " sani-
tary sewage). On the project site, the 
locations of the major site drainage 
divide results in the majority of the 
developed site being drained towards 
the southast corner.' This, therefore, 
confirms the location chosen for aqua-
culture- operations in terms of the fu-
ture feasibility of coordinating them 
with sewage treatment. 

1. 

While necessarily separated some-
what from other urban activities, com-
mercial intensive agricultural activi-
ties as discussed here will generate a 
distinctive and strong bui].t form --

large areas of greenhouses, solar col-
letors, etc. The southeast portion of 

the site is open to view from the Trans 
Canada, the main vantage point outside 
the community. The visual impact of 
these forms serves as a significan,t 

statement about the comnuhi.t-y, 'expres. 
ing, as it does, an 'asect "of the 
landscape relationship and dramatically 
articulating one of the innovations 
underlying the commirni ty' s development. 

In addition to a symbolic and aesthetic 
role, these facilities provide func-
tional buffers between other community 
activities and the noise and visual' 
distractions of the highway. 

Cooperative Truck Farms  

We now turn to a second innovative 
plan for urban food production, involv-
ing a renewed interest in extensive --

or land-based -- agricultural ventures 
within urban areas. Our model derives 
from the traditional market garden or 
truck farm which has been largely dis-
placed by urban expansion. It attempts' 
to combine commercial enterprise with a 
new urban lifestyle option. 

The key to the concept is the es-
tablishment -of a farm,' owned, 
managed and worked on. -rd , coopera-
tive 'basis' by the, r"idts..; 
The homes sire to ' b nc$rporated 
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in a rural setting, each backing 
on to a farm and so sited, 

landscaped and designed that the 
basic rural character of the area 
is maintained (Strong Moorhead, et 

al., 1976). - 

This quote describes an award-
winning proposal developed on a 450-

acre site in metropolitan Toronto. The 
development includes single and multi-

family, medium-priced houing ($50, 000 
in 1976), for approximately 300 fami-

lies, using less than 10% of the total 
land area. Part of the remaining land 
is used to produce much of the 
community's food. Most of the land, 
however, is devoted to commercial agri-
cultural operations. 

The concept constitutes a 
comprehensive approach to the issue of 

• urban food production. Its relevance 
to energy efficient design results from 
the opportunities to produce food in-
tended for local markets on a scale 
that further reduces the need for large 
energy inputs. The advantages that em-
erge -from the experience with this ap-
proach confirm its importance: i) the 
potential for an alternative lifestyle 

option within the urban context and ii) 
a way to encourage preservation of 
agricultural land through private pro-
perty development, as well as iii) the 

addition of a valuable tax base for the 
community (Nash, Jr., 1976). 

Cooperative farming is proposed 
for the northeast corner of our site, 
in a well-suited area ( Figure 5.8). A 
crucial factor is the agricultural ca-
pability .of the land, which is best in 
this area: the soils are characterized 

by a high incidence of organic materi-
als, a condition not well-suited to in-
tense urban development but favourable 
to agricultural activities when proper-
ly drained; large portions of the area 
consist of flat to gently rolling ter-

rain, allowing efficient farm opera-
tions; and, the adjacent plateaus tend 
to moderate adverse effects of prevail-

ing winds. 

A number of other criteria arise 
for siting and developing a cooperative 
farm (Nash, Jr., 1976; Strong Moorhead, 
et al., 1976): i) it should be within 
easy commuting distance of employment, 
urban cultural facilities and markets; 
ii) it should be large enough to sus-
tain viable commercial agricultural 
operations; iii) an attractive rural 

atmosphere is important to market the 

concept; and iv) adequate non-farm land 
located in wooded or sloping areas is 
necessary to accommodate residential 
units. In our case, the Radnor and 

Crawford Plateaus afford farming ac-
tivities separation and privacy from 
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other, more intense urban activities. 
The distance to major urban facilities 
is still. .short, however. And, the 
landscape bharacter of this portion of 
the site is distinctive and unique 

within the area of the community. The 
:genl.y eloping, visually expansive land 

is strongly suggestive of small-scale 
farming. Around the periphery, topo-
graphic relief, stands of trees, as 
well as the river and creek that form 

area boundaries, help define the larger 
area and provide visual relief as well 

as varied sites for non-agricultural 

activities 

The area is large, covering ap-
proximately 15 square kilometres. We 
propose three separate -cooperative 
farms, each encompassing three to four 

square kilometres. Precise determina-
tion of the minimum size for a commer-
cially viable operation depends on the 

types of food produced and their unit 
areal requirements. Within that cri-

terion, however, this proposal is based 
on the intent of the cooperative farm 
concept to limit the scale of opera-
tions to a size that allows self-
management and maintains the quality of 
lifestyle chosen by the cooperative 
members. 

- I E'ch cooperative, estimated at 300 
households, would function as a 
separate entity to provide the basic 

food and housing for its members. The 
commercial operations of each could 
remain separate, although the physical 
proximity of the farms, the, similarity 
in the range of commercially viable 
food products each would be growing and 
the common market they service suggest 
collaboration among them for the dis-
tribution and marketing of their pro-
duce. Lastly, the three farm communi-
ties together could support a village 

to provide a range of local commercial, 
social, education and community recrea-

tion services. 

Allotment Gardens  

The allotment garden constitutes a 

third innovative approach to urban food 
production in which personal and lifes-
tyle objectives take precedence over 
commercial operations. Allotment gar-

dens were largely abaidoned in North 
America after World War II because of a 
return to low, stable food prices. To-

day, however, rising food costs contri-' 
bute to the increase in the cost of 
living, and encourage the resurrgence 

in home gardening. Also, more people 
choose to grow their own food because 
they wish to avoid commercially grow 
produce that has been treated chemical-
ly and picked prématurely to extend 
"shelf life". 



,Tool sheds 

Residential 

FIGURE 5.9 

ALL.oTMENT'ARDENS 

11 



126 

When garden plots are grouped, as 
on a neighbourhood basis, it permits 
higher urban densities to be maintained 

in an area, while still providing con-
venient, reasonable access for gar-
deners. Grouped plots also increase 
opportunities for siting gardens in lo-
cations that provide the necessary con-
ditions of good soil, flat land with a 

good solar aspect, available water and 
protection from cold winds. Other 
design considerations for garden loca-
tions include ( Jaakson and Peart, 

1979): i) public and private transpor-
tation access, and parking; ii) availa-
bility of complementary activiYcies and 
facilities, e.g., playgrounds, communal 
processing, freezing and storage facil-
ities, servicing and garbage removal 
access, and equipment storage facili-
ties; and iii) appropriate adjacent ac-

tivities to provide surveillance to 
minimize vandalism. Finally, the re-
creational and/or economic emphasis of 
people's demand for a plot may influ-
ence plot size and the types of comple-
mentary activities, e.g., permanent 
plots rented on a long-term basis may 
need to be larger. 

Public allotment gardens would be 
developed along the main pedestrian 

routes in our community ( in addition to 
any private initiatives that may be 
taken within housing developments). 
These areas can incorporate a variety 

of recreation and community facilities, 
including the gardens, that are compa-
tible with the objective of using the 

drainage channels as an important com-
ponent in the urban stormwater manage-
ment system (Figure 5.9). The associa-
tion of allotment gardens with major 
pedestrian paths mutually reinforces 
two of our community service objec-
tives. Movement along the paths, 

within a district or farther afield, is 
encouraged and enhanced when the paths 
connect various community facilities, 
and when pedestrians and cyclists enjoy 

opportunities to view, or even partici-
pate in, diverse activities. Pedestri-
an and cycle paths facilitate access to 
the allotment gardens from housing 
areas within the district, as well as 
to and from other district focal -points 
and transit stops. The other activi-
ties that would occur along the open 
space system -- local playgrounds, 
schools, playing fields, community cen-
tres -- would complement gardening ac-
tivities; the inclusion of community 

food processing facilities near the 

garden plots would increase the diver-
sity of district activities and enhance 
social interaction based on groups of 
people congregating at points in the 
district and variously participating in 

different activities. 
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DESIGNED LANDSCAPE ELEMENTS  

[3 
A complete urban landscape gen-

ally. requires the introduction of 
;,.- designed elements. In some -cases, the 
intent is - to refurbish -natural 

Y . features, where, for instance, natural 
' environments havebeen severely altered 
prior to urban development. Often, 

- - however, the need is to reinforce and 
;ensuré the stability of natural systems 

feat,ires wher it is expected they 
- will be adversely affected by irban 
'4.,'development.. A third reason is' the 

desire to enhance, the aesthetic quali-
tied of the urban environment, using 
landscape features to shape pedestrian 
paths, as noise and visual buffers 

• between different activities, etc. 

The linear open spaces on the 
north-northeast ridge slopes will bene-
fit from a program ' of. reforestation. 
These slopes were-extensively cleared: 
for ranching. Much of t,h- thcisti1• 
vegetation is of poor q,ulity', reflect-
ing early successional stages in re-
vegetation. However, geological and 
climatic conditions of the site indi-
cate that the slopes are capable of 
supporting more varied types of higher 

quality vegetatioxi. The reforestation 
program, restores the slopes to their 
inherent capacity as environmental 

resources, and strengthens their role 
as urban landscape resources (Figure 

5.10). 
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The visual impact of bands of open 

space alternating with developed areas 

will be heightened by the presence of 

varied vegetation, augmenting legibili-
ty of the urban environment and enhanc-

ing the quality of developed areas 

overlooking these open spaces. More 

dense vegetation will also improve the 
stability of the steeper slopes. It 
increases soil capacities for water in-

filtration and retention, and reduces 
the risk of erosion or slumping prob-
lems associated with intensive land 

uses of these areas. In addition, it 
improves the possibilities that various 
animal species currently using these 

slopes will continue to find protection 

and habitat. 

A reforestation program is costly 

and must extend over a number of years. 

Therefore, to achieve its full poten-

tial in the new community it is neces-
sary to begin in the earliest develop-
ment phase with planting and forest 

management. It is possible to initiate 
such a program prior to the start of 

construction without adversely affect-

ing other planning efforts, and this is 
recommended to hasten the positive im-
pact of these open spaces on the 

developing community and urban form. 

The overall landscape proposal in-
corporates existing water bodies into 

-the major open space system ( Figure 

Extending the open space system 

to link these lakes extends opportuni-
ties to ski, hike or cycle in a con-

tinuous system of recreation open 

space. This portion of the system also 
provides access among several adjacent 
centres of intense development. It is 

proposed to leave Copithorne and Parks 

Lakes in an essentially natural state. 
Difficult soil and terrain conditions 
adjacent to them preclude urban 
development. Also, their geographic 

separation from built-up areas rein-
forces our decision to incorporate them 

as natural, open space areas within the 
urban landscape, and to emphasize their 

role as aesthetic resources, wildlife 
habitats, nature study areas, etc. 

The other lakes, namely Potts, 

Cope and Stony Lakes, located adjacent 
to intensive urban development, assume 

a role in more active recreation, such 
as boating. Urban development extends 

up to their edges and, in selected 
places, even into the lakes. This 
treatment creates a dramatically con-

trasting character from the natural 
ponds. It will likely be necessary to 
dredge for adequate water depth, and to 

control the supply and outflow of water 

to maintain levels. For these reasons, 
and to help maintain other, environmen-

tal functions they fulfill, only the 

more stable, permanent lakes have been 
designated as control lakes foe active 
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urban use ( Figure 5.12). 

In the context of an undeveloped 
site, all the lakes serve as reservoirs 
in the site drainage system, draining 
the north half of the site and feeding 
into the network of drainage channels. 
The,volume and rates of flow of surface 
run-off increase dramatically as urban 
development creates impervious ground 

surfaces, thereby expanding the role of 
the' lakes into an urban stormwater 
managemeit plan. The main objective of 
such a plan is to reduce the amount of 

surface run-off going into a sewer sys-
tem by directing its flow into natural 
drainage patterns and over permeable 
soils in order to increase, direct in-

filtration. The lakes serve to store 
surface run-off which is later slowly 

released into the drainage channels. 
In order to facilitate this, surface 
flow to the lakes must be encouraged by 
restricting adjacent development that 

: would obstruct natural draiiiage pat-
terns. Also, in order to moderate the 
run-off volume and rate, buffer zones 
of restricted development should be 
created in areas where slbping lands 

abut:the lakes ( Figure 5.13). 

The increase in surface run-off 

can lead to eutrophication, a process 
whereby excessive quantities of nu-
trients are ôarried by the run-off into 

the lakes. This contributes to the 

buildup of algae, which, when they die, 

decompose and exhaust the oxygen sup-
plies needed to support other aquatic 
life. This process will affect the 
control lakes more, although it may 
also affect the natural lakes. Several 
steps can be taken to reduce its in-
cidence, including annual drainage of 
ponds and removal of organic materials 

and debris; aeration techniques; 
mechanical agitation or circulation of 
the water; or, the introduction of 
plant and fish species that consume ex-

cess nutrients. 

In our urban landscape scheme, 
drainage channels continue their func-
tion of carrying stormwater. Their im-

portance for site drainage ( as with ex-
isting lakes) increases with the larger 

volumes of surface run-off generated by 
development. These channels and the 
areas along their lengths have been 
designated as a secondary open. space 
system to ensure success of the storm-
water management system. It is neces-
sary, however, to reinforce the capa-

city of these channels to function in 
the urban landscape. In their natural 

state, they are intermittent streams --
shallow, and overgrown with scrub vege-
tation, and highly susceptible to ero-

sion caused by periodic, sudden flows 
of water. In order to function as an' 
urban stormwater system, drainage ease-

ments must be' designated, allowing 100 
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metres for primary channels and 30 me-
tres for secondary channels (Wallace 
McHarg Roberts and Todd, 1973) (Figure 
5.14). In addition to the installation 
of check-dams in the drainage channels 
to slow the release of water and of 
permeable soils along their lengths to 
increase direct recharge, the introduc-
tion of vegetation along the channels 

will reduce erosion and siltation (Fig-

ure 5.15). 

FIGURE 5.15 

DRAINAGE CHANNEL VEGETATION 
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Our discus'sion of civic structure 
concentrates on the form of the city as 
a whole, and divides into six parts: 1) 

the development pattern, ii) central 
places, iii) movement systems, iv) ur-
ban activity systems, v) infrastructure 
and vi) development phases. These con-
stitute the principal large-scale phy-
sical elements that distinguish the 
spatial organization of the built en-
vironment. The development pattern 

outlines the interface between built 
and natural environments. An internal 
structure of district centres and pri-
mary movement systems define in greater 
detail the location, intensity of 
development and distribution of major 

community activities. The patterning 
of urban densities and the grain of 
development are key attributes of the 
civic structure. In the final two 
parts, the organization of infrastruc-

ture systems and the phasing of 
development reinforce objectives for 
energy efficient urban form. 

DEVELOPMENT PATTERN 

Where U there are dominant natural 
conditions, such as topography, these 
generally become major determinants of 
the development pattern. The ridge and 
valley terrain is the single most im-
portant natural feature influencing our 

selection of the location and form of 
development. Opportunities and con-
straints inherent in these topographic 
conditions ( as 'well as other, site 

characteristics discussed in Chapter 3) -

tend to determine the general " flow" of 
developiiient, or urban pattern (Figure 

6.2). To summarize: 

Narrow valleys in the central area 
are visually and physically en-
closed by the adjacent ridges. 
The scale and configuration of the 

valleys determine a north- south 
flow to development, which is, in 
turn, reinforced by the alignment 

of drainage channels. 

North of the valleys, the flow of 
development changes to an east-
west orientation. This broad, 
open area provides an " end" to the 
north-south valleys and signals 
the change to the north escarp-
ment. Visual edges are created by 
the ends of the ridges and these 
reinforce the physical connection 
that an east-west development flow 
establishes between the valleys. 
The open north edge strengthens 
the east-west pull by visually 
focussing on the regional mountain 
landscape surrounding the site. 

Site characteristics and other 
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factors, such as proximity to the 
Trans Canada, influence the flow 
of development in the area south 

of the valleys. This area is gen-
erally flat, with few distinguish-

able features. Here, the drainage 
channels converge and their align-
ments help to orient development 
in an east-west direction. Visual 
and functional proximity to the 
Trans Canada, on the other hand, 

tends to pull the focus of an 
east-west pattern towards the 

highway, to connect the city with 
the "outside world". These forces 

are complementary and add signifi-
cance for the form that develop-

ment should take. 

Lastly, a secondary north- south 
valley development corridor is si-

tuated on the east edge of the 
site, between Cope Ridge and Craw-

ford Plateau. It is only weakly 
linked with the remainder of the 
site, and the gas plant limits the 
range of compatible urban develop-

ment. 

In order to better understand the 
implications of these site attributes 
for the form of urban development, we 
reviewed typical urban forms and their 
characteristics, and evaluated several 
for their applicability for promoting 

our objectives. This investigation 
resulted in our proposal for the basic 

structural relationships of the new 
town. The remainder of this section 
summarizes the arguments leading up to 
the choice of a development pattern and 
indicates, in general terms, its 
relevance to the site and our energy 

objectives. 

Typical urban forms, such as the 
star or ring, are distinguished mainly 
by their essential geometrical proper-
ties that suggest different internal 
physical structures. Theoretical ex-
plorations, as well as practical ex-
perience with urban development and 
growth, have shown significant correla-
tions between a pattern and the resul-
tant spatial organization of the major 
elements of urban activity systems. 
This correlation is readily observable 

in the pattern of major transportation 
routes, although it also applies to the 
location and distribution of other, 
place-related activities. Moreover, 

repeated associations between form 
geometry and the spatial organization 
of urban activities appear to support 
the choice of particular forms in order 
to facilitate particular objectives for 

urban structure. 

For example, the frequency with 
which the grid pattern is used relates 
to functional advantages of scale and 
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onfiguráio'naaely small-scale, reg-
ularl T epeatingt ' elemënts The grid 

has also  been recommended as a highly 
energy e±'fibient form under certain 

L dirumstanes: wheh opare with ; con-; 
. entinallr aesigned or random. suburban' 

patterns, ' it, utilizes land efficiently 

andreduce road and ther infrastruc-
[ ture lengh; I and', on flat land where 
moderate dnitis 6an be maintained, a 
recangulaigrid ith' the long axes 

oriented east-vest will maximize the 
?potntia. 'for j3asive solar heat gain 

j. (i{ix, et al. 1977, Tyler, 1980)! The 
rid Qafflso 'be'conceived to disperse 

urhanfácilties,. such as reiail and., 
' 'work plácè,' and thereby reduce tran-

demand because of 

.:horte. ravel ,,, distances and less 

ra'fic congestion. 

Radiocentric forms evolved as: 
j t'ansi corridors that encouraged the 

Th concentration'of high density develop-
ment around the transit stops The 
overall ponfigration of this form 
viz he relation between centializd 
,Major facilities and the movement sys-
tem--. is ideal for implementing an en-

'ergy efficient transit system. The 
density and diversity of urban activi-
ties at transit stops leads to further 
reductions in space heating and tran-
sportation energy demands. This form 

provides a coherent frmework for 
minimizing energy-intensive sprawl. 

,Our attempts ,to apply these forms 
to development patterning of our new 
community revealed a tendency for them 
to " collapse" and evolve into a thi'd 

form ( see Figure 6.2). The topographic 
and other' conditions that limit 

development on large portions of the 
ridges lead , to a truncated grid pattern 
in which the continuity of development 

and movement is curtailed. The repeat-
ing grid pattern is very effectively 
maintained in the north- south direc-
tion, but the narrowness of the valleys 
imposes severe limits. A radiocentric 
form would appear to favour a major ur-
ban cent'ç loc&ted near the Trans Cana-
da, with corridors of nodal development 
extending up the valleys. However, the 
symmetry and integrity of this form are 

best maintained in expansive, plain 
terrains. Also, repeated experience 
with this particular variant has shown 
that when:the effect of the car on ur-

an form is taken into consideration, 
there are strong pressures to connect 
adjacent corridors with radial roads. 
This is accompanied by an expansion o 
development that encroaches on open 
spaces and dissipates' the effects of 

the original form. 

What finally resulted, from our 
tests is a form that might be referred 
to as "linear loop" ( see Figure. 6.2). 
Areas capable of supporting intense 
development shape 'int a' 'gèñerallr 
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linear form. Transforming this linear 

characteristic into interconnected, 
continuous loops of development antici-
pat'probable' tendencies affecting .ur-
ban growth on this site. For example, 

the"ioop'/ evoLves with development 
phases and accommodates movement 
between adjacent valleys. Moreover, 
linear fOrms are ' among the most energy 
efficient, with, in this case, the val-
ley configuration producing a north-
south development spine which, in turn, 
favours an appropriate solar orienta-

tion for adjacent residential develop-
ment. The,scale of the valleys sug-

gets that high density concentrations 
along these development spines would be 
apprôpiátiAlthough this would reduce 

the •potential .for passive solar heat 
gain "  s 1 results in energy effi-
cient design, directly through the 
space heating and transportation energy 
implications of high density, mixed use 
development, as well as through oppor-
tunities created to utilize district 
heating systems. Lastly, the extension 
of the linear development into continu-
ous loops supports public transit as a 
major movement system in the community. 

Within the linear loop pattm, 
'details of the internal structure can 
vary. Localized site conditions influ-
ence overall urban form, but resolution 
of the internal structure depends on 
relationships established among dif-

ferent activity systems. Intense 
development concentrated in narrow val-
leys, for example, suggests separation 
of major movement channels.-for private-
and public transportation systems. In-
terconnected loops of development 
focussed on a transit system have a 
direct bearing on the location and dis-
tribution of complementary community 
activities. These and other aspects of 
civic structure will be taken up in the 
remainder of this chapter. 
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CENTRAL PLACES 

The distribution of major communi-
ty facilities defines the central place 
attributes of the city. Those. - attri-
butes, including the number of princi-
pal centres, the location and the den-

sity and grain of development, consti-
tute key elements of the urban physical 
structure. In this section, both sin-

:glecentre and multiple centre options 

-' are discussed. Varying aspects of each 
suggest positive implications for ener-
gy efficient urban form. Our proposal 

recommends a multiple centre plan be-
cause it allows greater flexibility to 
blend, energy efficiency criteria with 
environmental - and functional criteria. 

Single Centre Plans  

Our review of urban form in new 
towns reveals that nearly all urban 

development is structured around a sin-
gle town centre intended as the locus 

of city-wide, non-residential services 
and facilities, and generally including 
high density housing. Smaller service 
centres are, located throughout the 
town, in conjunction with residential 
districts, to provide local community 
services. Often, as a community at-
tains sufficient populatio,i • tnd areal 
size, intermediate àentres develop that 

service larger sub- sections of the ur-
ban region. Several factors contribute 
to the frequent repetition of this pat-
tern. 

A small centre is normally esta-
blished during the initial phases of 

development to provide essential, local 
services for the residential areas that 

exist. At this stage, the new town re-
lies heavily on other urban centres 
within the region to supply most ser-
vices and facilities. Nevertheless, 
however small, that first centre is a 
strong statement defining the image and 
identity of the new town. Subsequent-
ly, therefore, there is a tendency for 

new activities and facilities to locate 
within the area that was initially 
designated as a town centre. 

Closely related to issues of image 

and identity, there are economic con-

siderations that contribute to the con-
centration of most city-wide services 

and facilities in one primary town cen-
tre. The economic feasibility of many 
of these higher order functions depends 
on a relatively large population catch-
ment. Many new towns have been planned 
for target populations between 50,000. 
and 75,000. Widely-used standards for 
facility population sizes, as shown in 
Table 6.1, illustrate that these, 
moderate-sized communities gain $tabiI--
ity by grouping city-wide functiohs in 
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a single centre. Moreover, this physi-
cal proximity among major attractions 
brings together sufficient people to 

support smaller- scale services 'and fa-
cilitie that *ôuld be unable to func-
tion éeparately,; but lihich enhance the 
diversity and economic, independence of 
the community. "" 

Finally, the inclusion of town 
centre housing is most frequently lim-

ited to small apartments designed for 
non-family households, while the 
remainder of the community comprises 

areas of low-density, family housing 
that are separated by roads and open 
space from non-residential activities. 

This approach to land use and social 
organization reflects the view that 
many non-residential activities create 

..,,conditiQns inimical to healthful liv-
'ing. Further, the importance placed on 
certain environmental requirements for 

'child-'rearing encourages the separation 
o± . residential and non-residentil ac-
tivities, and further supports the con-
centration and segregation of the 
latter,.. 

Energy efficient planning suggests 
a highly compact urban structure that 

• readily assumes a single-centre form. 
This can be seen seen in the plans for 

several new towns ( Figure 6.3). 
Although two of the examples. shown here 
-- Cumbernauld and Hook •-- were planned 

prior' to the emergence of public con-
cern for energy efficient planning, the 
third -- South March, Ontario -- had 
this as its primary design objective. 
All three illustrate how a compac't form 
encourages energy efficient develop-
ment. -

The physical design of Cumbernauld 
was premised on concentrating approxi-
mately70% of the population in a com-
pact area in order to create a vital, 
stable urban centre ( Osborn and Whit-
tick, 1977). Similarly, Hook accommo-
dates 60% of the community population 
within the inner urban area ( London 
County Council, 1961). The compact 
form leads to higher overall develop-
ment densities and to a finer grain, or 
mixture, of urban services and activi-
ties. These two attributes interact to 
reduce the demands for space heating 
energy and transportation energy. 

The concentration of many dif-
ferent activities provides ideal condi-
tions for an efficient . and economically 
feasible public transit system. Furth-
er, proximity amongst urban functions 

encourages alternative movement sys-
tems. Both Cumbernauld and Hook 
guarantee residents easy access to com-
munity facilities with the provision of 
a well-developed pedestrian movement 
system. The plan of movement systenis 
in Hook illustrates how separate means 
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of acces&-- by vehicle, or by public 
transit and on foot -- are maintained 
in close proximity to activities, while 

priority is 'given to the more energy 
efficient modes ( Figure 6.4).. In Cmii-

bernauld, also, residential areas are 
linked on one side to' roads allowing 

vehicular access, while on the other 
side pedestrian paths lead towards the 
urban centre ( Osborn and Whittock, 

1977) 

South March, on the other hand, is 
a much smaller community (6,000-7,000 

,.-. .people) that maintains strong employ-
ment and social ties to Ottawa. The 

"smallerscale of development ç.learly 
illustrates an alternative approach to 

energy efficient design within the con-
textofa compact urban form. Develop-
ment densities in South March average 
85 people per hectare (Hix, et al., 

1977), compared with a range of 175-295 
people per hectare in Cumbernauld (Os-

born and Whittick, 1977). These 
moderate densities, aswell as the use 
of a consistent built form that is 

carefully oriented on an' east-west 

axis, increase the potential for. pas-
sive solar heat gain. The compact form 
of the community also ensures that even 
moderate densities will support a dis-
trict heating system, while the regular 
geometry of the plan facilitates an ef-
ficient transmission syster; (Figure 

The compact form, even when used 
for larger scale development, as pro-
posed in Cumbernauld and Hook, ensures 
rapid, easy access to the aesthetic and 
recreational resources located in the 
surrounding open space areas. Within 
the developed area, the concentration 
of services and facilities results in 
high degrees of physical accessibility 
and functional efficiency. In con-

trast, the compact urban pattern often 
leads to - a uniform built environment 
with little choice in housing type or 
density. Critics of the visual monoto-
ny of new town design point to this un-
iformity as a principal aesthetic prob-

lem (Rodwin, 1956; Cullen, 1961). 
Moreover, the limited range of housing 
types built at higher densities is un-
able to attract diverse population 
groups, particularly families. For 
this reason, the extremely compact form 
is less often utilized in favour of the 
single town centre surrounded by low 
density residential districts. 

Our fourth example, Milton Keynes, 
varies the common single centre form 
(Figure 6.6). It shares certain 

features, such as low overall develop-
ment densities organized around the 
town centre, but it does not follow the 
three or four-tier hierarchical ap-
proach to the location and distribution 
of services and facilities. Instead, 
it contrasts the concentration of most 



/ 

i'•• II" ' " 
4 >, s• ,: 

'I 5 y l )• \. 

'P '• ' 

4 17 

1' 
(5 

-4y 11 

5" '( •l 

, Lç4s ( 91;J 

irY 

(i 

FIGURE 6.7 

MILTON KEYNES': 

PLAN 

On-kIloótèr road grid 

Parkwaya 

  fleiIdetiIaI 

Town: centre 

Industrial 

Local activity centres 

Drakag'clnnete 

Open space system 

Lakes 

Movement through 
- open space system 



139 

major, city-wide facilities in the town 
centre with many dispersed local " ac-
tivity centres". This characteristic 
and other principles of development em-
ployed in Milton Keynes represent op-
portunities for energy efficient 
design. These same principles have 
been used to illustrate the form impli-
cations of a "Milton Keynes" option for 
development on our community site (Fig-
ure 6.7). 

A one-kilometre transportation 
grid forms the Milton Keynes civic 
structure. The pattern delineates 
separated housing areas, each accommo-
dating about 5,000 people. The roads, 
or area boundaries, also define the lo-
cation of " activity centres" at the 
midpoints between road intersections 
and physically coordinated with a 
separate pedestrian movement system 

providing access from the housing areas 
(see Figure 6.6). These activity cen-
tres are the key to the uniqueness of 
the Milton Keynes proposal. Instead of 
a series of component "neighbourhoods", 
a more sophisticated urban structure 
has been introduced in which local ac-

tivities are closely integrated with 
two separate movement systems extended 
throughout the community. Further, ac-
tivities are distributed among the 

various centres depending on their in-
dividual catchment requirements and the 

density of the adjacent housing areas. 

All centres include local services and 
facilities, but those requiring rela-
tively large populations to support 
them occur less frequently in the grid. 
For example, elementary schools are lo-

cated in nearly all activity centres, 
while secondary schools are more widely 
distributed across the urban area ( see 
Figure 6.6). 

Low development densities and the 
associated built form characteristics 
-- low rise, consistent scale, often 
separated -- facilitate flexible orien-

tation to solar access for passive 
solar space heating. Local services 

are generally within easy walking dis-
tance of most housing (viz, one-half to 

one kilometre). Less common local ser-
vices, more widely distributed among 
activity centres, may still be close 
enough to be readily accessible from 
the pedestrian movement system, or they 
can be easily reached by car on the 
grid network. 

Further, the scale of the grid 
means that all housing is within ac-
ceptable walking distance (0.5 km.) of 

bus stops located at the activity cen-
tres. •This attribute, in conjunction 
with the concentration of most city-
wide services in the single town cen-
tre, contribute to the feasibility of a 
public transit system. Therefore, 
although a main predicate of this plan 
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was to allow for the unconstrained use 
of the car, the - physical structure 
nevertheless contributes in several 
ways to reducing energy consumption for 
intra-urban transportation. 

Multiple Centre Plan  

In contrast, our proposal redom-
mends an alternative concept for the 

spatial organizatioi of central places. 
Instead of a primary town centre, it is 

proposed to organize urban development 
around multiple, diversified nodes or 
centres incorporating major, city-wide 
activities. The basic elements of this 
polynucleated civic structure include 
the size and spatial characteristics of 
the districts surrounding each node, 
the functional specializatioiI and role 
of individual nodes in the overall ur-
ban "structure, and the means to link 
them together. 

Research on the relationship 
between energy use and urban form sug-
gests that energy efficiency results 
when development is channelled into po-
lynucleated forms (Edwards and Schofer , 

1977). The major factor in achieving 
.this is the reduction in transportation 

energy demand that accompanies decon-
centration and decentralization of .ma-

jor urban activities, and services. 

Transportation infrastructures are cus-
tomarily designed to accommodate the 
peak flows of nondiscretionary travel, 
primarily the journey to work; however, 
discretionary travel unrelated to the 
journey to work constitutes the larger 
portion of urban trips. The multipli-
city of these trips between many dif-
ferent origins and destinations, occur-
ring randomly in time and space, im-
poses significant burdens on the tran-

sportation system. 

•A multiple centre plan disperses 

the goods and services that are the 
destinations of much discretionary 
travel to a larger number of decentral-
ized locations. The increased proximi-
ty and accessibility of these facili-
ties reduces people's need to travel, 
and where it remains necessary, contri-
butes to shorter travel distances. 
Less infrastructure is required, and 
less energy is used to traverse it. 
The pol3mucleated form does not neces-
sarily influence the overall volume of 
non-discretionary travel. However, 
redistributing work places to node lo-
cations reduces concentrated peak trav-

el volumes. Less congestion improves 
the operational efficiency of this com-
ponent of transportation energy demand. 

Tightly patterning urban develop-
ment and distributing residential popu-

lation with employment into multiple 
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centres is one strategy for achieving 
efficient energy planning criteria. 
This implies not only higher density 
development, but reducing the scale of 
consolidation by organizing development 

into several compact centres. Consoli-
dation of this kind offers energy effi-
ciency advantages superior to a single, 
highly concentrated centre. Although 
single-centred concentration of employ-

ment alone can be beneficial, energy 
efficient form is better maximized 
through increased concentrations of po-
pulation than through employment cen-
tralization, per se (Edwards and 

Schofer, 1977). In their final out-
comes, multiple, high density centres 

achieve greater integration and admix-
ture of spaóe uses and human activities 

within each, and thus reinforce our en-
ergy efficiency criteria. 

Innovations supporting reduced en-
ergy use through consolidation and in-
tegration -- higher core densities, 
finer grain and compact scale of 

development -- provide the underlying 
conditions for three further innova-
tions on the energy supply side. Dis-
trict heating becomes technically and 
economically feasible in higher densi-
ty, compact areas. Second, integrated, 
diverse activities create situations 
that improve the operational efficiency 
of energy supply, through opportunities 
to intensify the use -of the built en-

vironment, and to share heating and 
mechanical systems. Cogeneration and 
recycling resources such as solid 
wastes constitute a third set of op-
tions that coordinates well with dis-
trict heating systems. 

A second rationale for a multiple 
centre plan stems from the physical at-

tributes of our site. The topography 
and soil conditions sharply limit the 
extent of developable lands, so that 
deconcentration and disaggregation of 
the built environment into smaller 
areal units produces a town form better 
suited to localized environmental capa-
cities. In other words, opportunities 

are opened to diversify the urban 
structure by organizing each activity 
centre and its functions to respond 
more intimately to the unique charac-

teristics of its localized site. For 
example, a centre located on one of the 

ciontrol lakes can develop regional wa-
ter recreation facilities ( such as 
sailing). Sloped areas induce unique 
built forms combining solar access and 
views with moderately high density, 
compact development. The preserce of 
flat, well-drained areas throughout the 
site prmits decentralization of light 
industry. In contrast, single- centred, 
highly concentrated development misses 
these opportunities and imposes a more 
monolithic central area form. 
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Finally, " scale is a key factor in 
planning towns" (Hall, 1966:158). The 
development of many cities has followed 

•a physical pattern comprised of 
discreet districts. In Toronto, for 

instance, it is possible to discern a 
network of interconne&ted but discreet 
districts. Some are historical in ori-
gin and ethnic in character; different 
districts reflect distinct lifestyles; 
some bring together related economic 

functions that benefit from proximity 
and physical interaction. Principal 
movement systems form "linear streets" 
that reinforce the functional network 

created among and between the dis-
tricts. Our multiple centre approach 
is similarly conceived, viz, the crea-

tion of small-scale environments capa-
ble of supporting a good variety of 
discretionary activities. Most of the 
economic advantages of centralized ag-
glomeration are still maintained, while 
richness of environmental experience, 
diversity of land uses and a distinct 
sense of place and community are 
achieved in ways that are denied by 
large-scale, monolithic built forms. 

This diversity in an urban en-
vironment is important to the well-

being and psychological security of in-
dividuals and groups, and to encourag-

ing social interaction ( Sennett, 1970). 
The social implications of diversity 
for built form are that the environment 

should be made more "plastic," allowing 
different cultural and lifestyle groups 

to manipulate and adapt their physical 
environments to suit particularized ac-
tivities and behaviour patterns (Hall, 

1966; Carr, 1967; Michelson and. Reed, 

1970; Rapoport, 197). 

Moderating the scale of built form 
by planning multiple centres balances 
several social demands on the town's 

physical structure. Each area is small 
enough to provide differing environmen-
tal conditions across the townsite such 
that different groups can evolve their 
own, persistent physical patterns. On 

the other hand, they are also small 
enough to induce their residents to 
move about -- and therefore interact 
throughout the entire community as they 
seek to access the full spectrum of 
services and opportunities. This re-
flects our objective to increase 
"fluidity" of the social environment 
and obviate parochialism at the local 
level. 

Each node is centred on a dis-
trict, three to four and a half square 
kilometres in area, and accommodating 
20,000-30,000 people residing at radial 

distances up to one and ahalf kilome-
tres from the centre., The level of po-
pulation concentration influences the 
functional organization of the district 
and the city as a whole in that each 
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district has sufficient population to 

support a wide range of activities and 
facilities ( see Table 6.1). The con-
centration of these activities produces 
a:' compact, mixed use environment con-
sistent with efficient energy use in 
all respects. 

The district becomes the primary 
source of services and facilities fre-

quently required by residents, such as 
• schools; playgrounds, playing fields 

and local arenas; local health and com-
munity services; and, stores to meet 
weekly as well as daily shopping needs. 
Many of these are located in the dis-
trict centre. Others, such as elemen-
tary schools and corner stores, serve 

'•much smaller -social groups and need to 
be located more closely to them, so 
they are distributed throughout the 
• district. Major services and activi-
ties -- viz, employment, commercial, 
recreation, education and cultural fa-
cilities serving the entire city, and 
high density housing -- are integrated 
into the district centres along with 
the district- oriented facilities. 

• The character of the nodes and 
their districts will be distinguished 
from one another, in part, because of 
differences in site conditions; for ex-
ample, districts that encompass slope 
housing on ridges contrast with those 
in flat areas. Varying physical attri-

butes also suggest important functional 
distinctions. The result is a proposal 
for functional specialization among the 
nodes. Good conditions for intense 
development in the southern portion of 
the community site, in combination with 
proximity to' regional transportation 
routes define a node characterized as a 
"transportation exchange centre". In 
another example, research and develop-
ment facilities proposed for the com-

munity benefit from physical concentra-
tion and proximity to other activities, 

such as a technical school and 
hotel/convention facilities. In addi-
tion, as discussed above, there will be 
differing cultural and lifestyle pat-
terns which can result in specialized 
nodes and districts. 

The key to integrating the differ-
ing elements is the movement systems 
that link them together. These systems 

are a crucial, element of urban foxn, 
and one that is strongly influenced by 

energy efficient design objectives. 
The form of the districts supports op-
tions for pedestrian movement to ser-

vices and facilities in the district 
centres. The intra-urban•movement sys-
tems generate a functional and physical 
network interconnecting the activity 
centres. 
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MOVEMENT SYSTEMS  

Underlying the impact of movement 
patterns on urban form is the need for 
accessilibity, to maintain contacts 

people, to reach separated activi-

tiesand places, to'' obtain requisite 
material resour6es and to exchange in-
formation. Among the special advan-
tages of an urbanized environment -- a 

primary raison d'  etre -- is the im-
rpved accessibility it affords to all 

.tthese things. Thecity as acommunica-
tions network succeeds economically and 

"sociallyTto thq extent, that its struc-
tture ensures accessibility among the 
activities and places of importance to 

.:residents (Lynch,1971). 

A correlate of accessibility is 
personal . mobility. Mobility is meas-

ured in terms of the ease of access, 

and involves both spatial and temporal 
dimensions. The spatial dimension of 
mobility requires that physical obsta-

cles do not impede movement; that is, 
roads are created along which one can 
travel freely. Improved mobility also 
implies that a more accessible location 
is one that can be reached in less 
time; that is, the mode of transport is 
faster ., The choice of transport mode 
is most often made in favour of the 
private car. The advantages ascribed 

to it are well-known. 

But movement systems based preem-
inently on the private car are " eating 
up " land and energy resources (Procos, 
1976). The physical infrastructure and 
patterns of development required to op-
timize mobility for the private car 
lead to low residential densities and 

expansive development areas. This com-
pounds the need to travel, as well as 
the distances.' The private car, to be-
gin with, is an energy intensive mode 

of transport; increased travel over 
longer distances only serves to exacer-
bate energy consumption. In addition, 
the design of movement systems based on 
the private car denies ease of access 
or mobility to those people who, be-
cause of age, health or income, are un-
able to use private cars. 

Urban movement systems require 

diverse modes of transport to optimize 
mobility and accessibility. Public 
transit and pedestrian movement systems 
constitute the more energy efficient 
approaches. Maximum feasibility of 
these systems calls for a concentration 
of people and activities, which leads 
to compact urban forms demanding less 
physical infrastructure for movement. 
These two systems also best serve peo-
ple unable to use cars, thus improving 
equity of access. Yet, the car and 
other road vehicles retain certain so-
cial and private economic advantages in 
the movement of people and goods. 
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Therefore, our proposal recommends that 

priority be given to the design of pub-

lie transit, pedestrian and other, al-
ternative movement systems to 
strengthen energy efficient design, 
within a context that accommodates all 
the major modes of urban transporta-
tion. 

Public Transit  

The public transit system in our 
plan links the nine major activity cen-
tres ( Figure 6.8). Following the con-
figuration of the intensely developed 

area, the transit corridor describes a 
double loop, or a variant on a figure-

eight, similar to the designs developed 
for Runcorn, Redditch and Columbia new 

'towns ( see Figure 2.1). Movement along 
the corridor occurs simultaneously in 
two directions. This ensures ready, 
continuous access from any point on the 
transit corridor to all other points, 
with the possibility of reducing the 
distance travelled by transferring at 
the crossover point between the two 

loops. 

The time required to travel from 
one place to another is a measure of 
accessibility that is critical to -the 
deign of efficient, viable transit 

systems. In particular, the need to 

transfer between transit routes -- and, 
therefore, to wait until the right bus 

departs - is a major deterrant -to the 

use of public transit. For this rea-
son, the proposed transit system relies 
on a simple physical configurationthat 
provides direct links between concen-
trations of population and urban ac-
tivities. It attempts to minimize the 
number of subsidiary routes that feed 
into the main transit loop. Where 
these do occur ( for instance to service 
the industrial area to the southeast or 
the development on Radnor Plateau) the 

concentrations of people and activities 

justify short headways to provide ade-
quate service. 

Public transit service is provided 
by buses rather then fixed rail ( see 

Chapter 2 for discussion of alterna-
tives). Between major activity nodes, 
the buses share the road rights-of-way 
with other vehicles. Within each major 
centre, however, they travel on ex-
cluive rights-of-way flanked by pedes-
trian pathways. The priority given to 
public transit access is reinforced by 
the presence of parking facilities 
around the periphery of the node, 
discouraging the introduction of 
private cars into the area ( Figure 

6.9). 
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It is necessary, however, to modi-
fy these restrictions under certain 
circumstances in order to provide good 
access to the transit system from the 
more outlying areas of the community. 
Three district centres along the tran-
sit corridor accommodate a "park and 
ride" service, with vehicular access to 
parking facilities adjacent to transit 
stops ( see Figure 6.8). One of these, 

the transportation exchange centre lo-

cated near the Trais Canada, is the in-
terface between intra-urban and region-
al transit systems. It provides " park 
and ride" service for residents commut-
ing to Calgary on the regional transit, 
as well as for people entering or 
visiting the community. Other nodes 
designated for this purpose are located 
near areas of the site that are not 
directly served by the public transit 
system. 

The major urban nodes are approxi-
mately two to three kilometres apart. 
Interspersed between them are "local" 
transit stops located at 0.8 kilometre 
intervals. This spacing ensures good 
transit access for the -majority of peo-
ple living within the one-kilometre 
band of high density development flank-
ing the transit corridor. These inter-
mediate transit nodes become the loci 
of the dispersed, local services and 
facilities within the districts- op 
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The form implications of this 
ç' t15flsit; corridor plan are significant. 
The double loop results in overlapped 

'trasit • coverage in the valley west of 
Parks Ridge. This leads to the desig-

" nátióii. of principal activity nodes 

along this valley (Figure 6.10). Prin-
cipal nodes extend to include those lo-
cated at either end of the valley where 
development abuts the Trans Canada in 
the south,, and the major open space 

',.system in the north. The two-way move-
ment along the transit corridor in-

creases' accessibility among and between 
'these nodes, ensuring good access to 

-the most critical city-wide activities 
an .facilities from all other points 

along the transit corridor. 

The crossover of movement also de-
fines a linear area in this valley en-

compassing the highest overall densi-
ties, balanced by areas of lower 
overall densities to the west and east, 
as well as on Radnor Plateau (Figure 
6.11). The area with the best transit 
service -(frequency of service, least 

distance between origins and destina-
tions, etc.) coincides with the loca-
tión of a nearly one-half, of urban 

residents, strengthening the feasibili-
ty ofthe transit system. 

- In addition, along the entire 
length of the transit corridor there is 
a second density distribution or gra-

dient. In cross-section, the intensity 
of development will be highest immedi-
ately adjacent along the length of the 
transit corridor, decreasing with la-
teral distance from this central area. 

The tendency for density to de-
crease with lateral distance from a 

transit line corresponds to the dis-
tance people will walk to use transit 

service. Research done on the 
behaviour of people using the Calgary 
transit system indicates that an aver-

age of 300 metres is the maximum dis-
tance people -- will walk to transit, (Lam 
and Morrafl, n.d.). The study docu-

ments people's behaviour as it is in-

fluenced by the specialized conditions 
of Calgary. Calgary is a relatively 
low density city that extends over a 
very large area. A great deal of the 
city's employment is concentrated in 
the city centre, although increasingly, 
new industry and service employment are 
decentralizing. This, in conjunction 
with dispersed origins and destinations 

for discretionary travel, results in 
lower transit accessibility, measured 
as travel time, when compared with the 
private car. Further, historical conk-
inunity and private attitudes, and vast 
public investments in extensive road 
systems, both corroborate the private 

car as the accepted, publicly endorsed 
mode of transport. All of these fac-
tors have a strong bearing on people's 
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attitudes about how far they will walk 

to reach public transit. 

Public transit can be an energy 
efficient mode of transport, but its 
efficacy depends on providing good, 
convenient service for as many people 
as possible. Good, convenient service, 
in turn, is possible when good load 
factors are achieved, reflecting high 
density concentrations of major origins 

and destinations. A new town, unemeum-
bered by existing road investments and 
spread out land use patterns, allows 

greater latitude in locating and dis-
tributing urban activities torneet the 
requirements for good transitservice. 

This is a major factor in our proposal 
to decentralize, but concentrate, major 
city-wide services and facilities in 

linked nodes. 

The form of our new community also 
reflects some emerging attitudes. For 
example, the need for energy efficient 
design, in itself, is gaininggreater 

acceptance. Further, the personal, so-
cial and environmental costs of in-

discriminate use of the private car are 
becoming more apparent and impacting 
more acutely on personal and public 
budgets. These ( and other) factors ac-
counted for, our plan is predicated on 
a standard, of 0.5 kilometre as the max-
imum distance the average parson will 
walk to reach transit. This figure, it 

might be noted, applies in Eiropean new 
town planning and represents a judgment 
that public transit and pedestrian 
movement systems as major components of 
urban patterning can be compatible with 
private car usage ( albeit more discrim-
inating than in present-day suburban 
Calgary). 

Density of built form and popula-

tion, however, is only one aspect of 
urban form contributing to the design 
of a public transit system. Equally 
important, the admixture of different 

activities within concentrated areas of 
development ( the nodes) provides an ef-
ficient matching of origins to destina-

tions. Moreover, the composition and 
distribution of activities within urban 
districts can enhance the distance fac-

tors affecting accessibility to tran-
sit. Coordinating a variety of local 
community services and facilities along 
pedestrian paths leading to transit 
stops will make walking -- and use of 

public transit -- more attractive and 
practical. 
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Pedestrian Movement  

edestrian movement and cycling 
- are receiving increased attention in 
th,deaign of urban movement ' systems. 
These alternative modes of transport 

. r 
have beneficial energy use iiuplica-
tions. Also, they can combine neces-
sary travel with lifestyle objectives, 

such as physical exercise and recrea-
tion. It is more likely that people 

-'wtll walk or cycle between residential, 
'educational, cultural, recreation and 

reven employment activities, than to and 
frqm stores. In the latter case, the 
need to transport large quantities of. 
goods makes access to these facilities 

• by other means more convenient. Howev-
the scope for coordinating urban 

activities with pedestrian and cycle 
movement exerts a definite influence on 
the patterning of the urban environ-

ment. 

The two dominant city-wide pedes-
trian systems proposed for our communi-

ty evolve from the designation of open 
space systems ( Chapter 5). One, 
focussing on natural areas designated 
for conservation and passive recrea-
tion, -provides for wide- scope movement 
across the site. The second, closely 

--integrated with a variety of community 
facilitith, encourages movement within 
the areas of intensive developiient. In 
order to function effectively as the 

basis of pedestrian movement systems, 
however, these open space systems must; 
establish physical links with the cen-
tres where major services and facili-

ties are located. 

Our theme of integrating the pri-

mary open spaces into district centres 
underlies the spatial organization of 
the townsite (Figure 6.12). Either 
utilizing elements of the natural 
landscape present in various locations, 
and/or by creating and incorporating 

open space into the pattern of urban 
development, a link is established 
between high density nodes and natural 
environments. Special opportunities 
inherent in sites adjacent to the.lakes 
and the open space system of which they 
are a part help determine the location 
of several district centres (Figure 

6.13). The linear open space thus pro-
vides a natural pedestrian link that 

articulates each node. Similarly, the 
natural drainage channels in the val-
leys help establish the location of 

other high density centres. The secon-
dary open space system that follows 
these channels lends itself well to 
pedestrian and cycle links among nodes 
from within and between districts. 

Both open space systems encourage 

the alternatives of walking or cycling 
as a means of - travel. Each also 
guarantees separation of pedestrian and 
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cycle movements from vehicular move-
ment, an essential -factor in planning 
for alternative movement systems 

.(Golany, 1976b; Osborn and Whittick, 
1977; among others). Our discussion 
will return to pedestrian systems in 
the next chapter on community form, to 
explore the impact of the physical. pat-
tern and design of these systems and 
the relationship of adjacent activities 

on their success. 

To summarize our discussion of 

movement systems to this point, a pri-

mary goal has been to develop alterna-
tives to the private car. These con-

sist of a central public transit system 
supplemented by opportunities to walk 
or cycle ( Figure 6.14). The. configura-

tion of these two movement systems, in 
conjunction with the locations of major 
centres, confirms the priority accorded 

them. It also demonstrates the good 
degree of access they afford throughout 
the community, and a meaningful choice 
of movement systems for residents. 
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Vehicular Systems  

A parkway system is introduced as 
r9fl important functional and aesthetic 

component in the movement sytem for 
private cars ( Figure 6.15). It is 
designed primarily to channel through-
movements of vehicles across the site. 
Two features of the roadway plan are 
intended to facilitate the efficiency 

of these movements. 

The parkway system by-passes major 

areas of intense urban development, 
with the alignments -forming the edges 
of districts ( Figure 6.16). In this 
way, travel can be maintained at more 
consistent speeds to optimize conveni-

ence, comfort and the operation of 
Vehicles. Access to the parkways is 
therefore limited and controlled to as-

sist free flow of traffic and to minim-
.ize congestion. The physical separa-
tion of high speed vehicular movement 

from other urban activities, as well as 
landscaping along the rights-of-way, 

help reduce visual and noise nuisances. 

In the central valleys, parkway 
alignments lie in "solar lee" of the 

ridges ( Figure 6.16). Principles of 
energy efficient planning discourage 
residential and other facilities in 
these areas because they are shaded by 

the adjacent topography. These res-
trictions do not hold for transporta-
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tion routes, however. Further, the 
wind protection afforded by the ridges 

can help minimize snow drifting on the 

roads ( Figure 6.16),. 

The parkways in the valleys are 

fitted into alternating bands of open 
space and intense development. Their 
alignments are also closely fitted to 
variations in topography along the 
length of the valley. Motorists using 

the parkways can thus enjoy visual 
diversity, a sensuality of landscape 
and the enhanced orientation resulting 
from contrasts between open space and 
built form. The northern, east-west 
extension of the parkway system affords 

dramatic views of the regional mountain 
landscape, contrasting with the urban 
environment in the foreground. 

In functional terms, the valley 

parkways "drain" vehicular movement 
into the southern portion of the com-
munity where there are several points 
of regional contact established with 
the Trans Canada. The northern exten-
sion of the parkway system creates 
secondary access to the community from 
the northeast and connects the proposed 

cooperative farm communities to the in-
tensely developed area. In the 
southeast portion of the site, the 
parkway forms a boundary between high 

density development and the industrial 
areas, affording excellent access to 

each area while mediating the conflicts 
between incompatible activities. This 

section of the parkway system is also 
part of a major, regional by-pass that 
traverses the site from the Trans Cana-
da to the 1A highway and serves goods 
movement in and out of the community. 

The secondary roads in the system 
(collectors) function as the main net-
work for private vehicles within each 
district, linking the district and its 
central node to the parkway system 
(Figure 6.17). They channel localized 
movement in and out of a district with 
a limited number of intersections with 

the parkway system. Development along 
the collectors is restricted, thereby 
limiting impediments to traffic flow 
that may be caused by parallel pedes-

trian movement or frequent vehicle en-

trances and exits generated by adjacent 
developments. The transit right-of-way 
is also conceived as a secondary road. 
However, as discussed previously, only 
transit vehicles are allowed the most 
direct access through the core of dis-
trict centres. 

A successful infrastructure for 
goods movements must provide both ac-

cessibility to the origins and- destina-
tions of these trips, and options to 

by-pass areas of intense development 
(see Chapter 4)' The parkway and col-
lector road systems meet these cr1-
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teria. Rapid crosstown movement is fa-
cilitated by the parkways, as well as 
direct access between regional highways 
and's the major in&ustrial areas. which 
-generate, a high percentage of goods 
movement trips. As for other vehicles, 

the district collectors provide access 
vto th. central node where many goods 
movement origins and destinations are 
located'. L&s well, because the restric-
tiopi development along the collec-

tors discourage localized movements, 

• thatis,'pedestrians. or cars entering 
or exiting, there are fewer conflicts 

between them and goods movement. 
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URBAN ACTIVITY SYSTEMS 

Movement systems transport people 
from one place to another to pursue 

different activities. They are, there-

fore, inextricably linked with place-
related activity systems If transpor-
tation is thought of in terms of the 
activities it generates, this interface 
between movement and activity systems 
becomes a critical factor in under-
standing the spatial organization of 
the urban environment. The issues of 
urban form then expand beyond accessi-
bility alone to include the unique ac-
tivity opportunities created by an al-
lianoè between facilities for movethent 
and place-related activities. 

The Activity Corridor 

Coordinating movement systems with 
urban activities as a major determinant 

of urban form is not new, and several 
similar examples can be found in new 
town proposals ( Figure 6.18). The 
"community route" in Irvine, Scotland, 

ensures that local facilities are lo-
cated at transit stops along the routes 
leading to the major centre. Irvine, 
California, and San Antonio Ranch, Tex-
as, both rely on the private car as the 

predominant mode of transpàrt. Even in 
these cases, however, the integration 

of movement and activity systems yields 
a continuous linear core in which major 
urban activities are located. 

Transit stops naturally become the 
loci of commercial and other activi-
ties. The bulk of activities that cus-

tomarily gravitate to them are, howev-
er, " transition" activities (Procos, 
1976). They include dropping off chil-

dren at day care on the way to work, 
or clothes at the laundry; and retriev-
ing children and clothes plus picking 
up a few groceries at the convenience 

store on the way home. To innovate 
would be to plan for, and attract by 

various means, "destination" activities 
at strategic points along the movement 

system; employment, education or re-
creation facilities at selected loca-
tions would," for example, constitute 
sustained activity and greater social 

vitality (Procos, 1976). This func-
tional expansion and diversification of 
the transit node reinforces the tran-

sportation substitutions achieved by 
the presence of mixed use development, 
and it changes the relationship of 
transportation to urban activities from 
one that is often perceived as in-
fringement towards one of more positive 
collaboration. 

Activity enrichment of transit 
nodes combines with functional special-
ization among nodes to augment the 
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capacity of the activity corridor to 
geflprate'a strong focal identity for 
the spatial organization of our commun-
it.Assuggested in the discussion of 
central places; different nodes or dis-
trictsalong. the activity corridor 
benefit from local concentrations of 
complementary economic or social func-
tions. Different districts assume dis-
tinct qualities from the nature of the 

kç-activities in them. 

Certain of the district centres 
will attract those specialized activi-

r 'ties servicing the entire community and 
whose locations depend on proximity to 
large numbers of people and/or various 
-site characteristics (See Figure 6.10). 

)I,ajor , employment, for example, will lo-
cate ; in centres that provide accessi-
bility to local employees -- or 
residential areas -- and to regional 
transportation routes. A transporta-
tion exchange centre is defined pri-
.marily by the high degree of access its 

• location affords between intra-urban 
transportation systems and regional 
transportation routes. Regional com-
mercial facilities, as a further exam-

ple, need to be accessible to 
residents, but their location is less 

dependent on site characteristics. 

The remainder of this section 
discusses the distribution of various 
activity systems and land uses; of par-

ticular interest are residential and 
employment activities, the coordination 
of intra-urban and regional transporta-

tion, and regional commercial, educa-
tion and recreation facilities. The 
discussion outlines some preliminary 
estimates of the spatial requirements 
for these different facilities. [8] 
Based on standards and proposals made 
in other circumstances, we have at-
tempted to adjust our estimates where 

necessary to reflect the design con-
cepts we propose for the civic struc-

ture. 

Residential Activities  

Residential built forms have the 
most pervasive impact on overall town-
site form. The target population of 
the new community is 200,000. Based on 
2.85 persons per average household, ap-
proximately 70,000 dwelling units are 

[8] A number of sources were consulted 

in developing these estimates ( in-
cluding City of Edmonton, 1973; 
Underwood McLellan and Associates 
Ltd., 1974; Murray V. Jones and As-
sociates Ltd., 1976; City of Cdl-
gary, 1981; Ardagh, 1982; Wilson, 
1982). 
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required. The distribution of housing 

development is organized on the basis 
"bf'districts that contain the services 

' 'and .' facilities supportive of the 
residential environment, ranging from 

opportunities, secondary 
schools and recreation facilities, to 
convenience stores and day care cen-
tres. Each district accommodates 

20,000-30,000 people and requires 

betwen7,000 and 10,500 housing units. 
t.; 

To meet energy efficiency on-
-tenia residential development should 

attain an average net density of 35-40 
dwel1ing ,units ( 100-115 people) per 
hectare. More than half of the housing 

'would be built'at medium densities, of 
.40.50 dwelling units ( 115-140 people) , 
per he9tare. This allows for low rise 
forms that can accommodate a large 
number of smaller families. Lower den-

aity housing, at an aaerage of 20 dwel-
ling units ( 55 people) per hectare, is 
located in more outlying areas. Locat-

ed in the major district centres, high 
density housing ranges from 60-100 
dwelling units ( 150-250 people) per 

hectare ( Figure 6.19). 

Areas of medium to high density 
development, such as the central nodes, 
concentrate sufficient heat demand to 
make, district heating fasibie. 
Although relatively, low densities are 
recommended to achieve 'effective pas-

sive solar heating (M.M.Dillon et al., 
1979), low rise development on south-
facing'slopes constitutes one situation 
where passive solar heating can 'be' used 

effectively at'medium densities.' In 

compact areas of medium density that 
rely on district heating, a low rise 
built form oriented to maximize passive 
solar heat gain can moderate energy 
demand for space heating. Lastly, low 

to medium density cluster housing im-
proves the feasibility of small-scale, 
active solar systems that are too ex-
pensive to be installed in individual 
units. 

Employment Activities  

The multiple centre structure fa-
cilitates the objective established in 
the community program to distribute em-
ployment opportunities throughout the 

community ( see Chapter 4). Most of 
this employment is tertiary in nature, 
and, therefore, highly compatible with 

many other urban activities. In addi-
tion, as discussed previously, distri-
buting employment locations can ease 
congestion and other peak load pres-
sures in the journey to work. Intro-
ducing employment into residential 
areas works well when, as in the multi-
pie node proposal, there is çonie'iiient, 
quick access between employment and the 
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transit system. This integration may 
also attract people to live and work in 
the same district and encourage them to 
walk to work. 

New circumstances also influence 
patterns of employment. More women 
have entered the labour force. Second, 
rapid changes in technology contribute 
to the fact that people are now more 
apt to change careers during their 
working lives. Lifestyle factors also 
prompt some people to combine part-time 
employment with other, non-remunerative 

pursuits. In addition to individual 
work patterns, many professions and in-
dustries are taking more active roles 
in community affairs and education; for 

example, providing child care facili-
ties or sponsoring local recreation. 
All of these factors benefit from the 
integration of employment and other ac-
tivities, and strengthen our proposal 
-to decentralize work places. 

The majority of employment will be 
located in and around the four central 

districts ( Figure 6.20). The composi-
tion of employment in each district. 

willvary, including activities that 
form the economic base of the community 
as well as the services and facilities 
required by district residents. Three 

other district centres, located just to 
the north of the central nodes, will 
also include city-wide employment, 

although at a smaller scale because 
they are relatively less accessible lo-

cations. Employment opportunities 
found in the remaining centres will 
focus more on district services and fa-

cilities. 

An estimated one-third of the la-
bour force are employed in offices; 
that is, approximately 25,000 people. 
Based on a current standard of 35 
square metres per office worker, there 
is a total demand for 875,000 square 
metres. Each of the four major centres 
would therefore contain approximately 
150,000 square metres; the secondary 

employment centres, 80,000 square me-

tres each; and, in the other centres, 

nominal amounts of office space to ac-
commodate district-based personal and 
professional services. 

R&D constitutes the major activity 
component of the economic base. While 
it is basically compatible with many 
other urban activities, the ciwitering 
together of several R&D organizations, 
with their laboratories and other 

space- consuming facilities, suggests 
the development of " research parks". 
In addition, viable R&D often relies 
on, or can benefit marginally from, the 
nearby presence of support facilities, 
such as a technical institute, 
hotel/convention facilities or light 
industry. Thus, the structure plan 
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,'- provides for suitable R&D sites near 
mast-major activity nodes. These are 
conveniently linked with major tran-
p9rtat1on systems and other facilities 
in the activity - centres ( see Figure 

- -7 

Ene'gy and high technology, the 
main -R&D activity employing approxi-
mately 4,500 people, requires 30 hec-
ares, cntrally located in the commun-
ity and roviding good coordination 
with intra-urban and regional movement 

,.systepis. A technical institute ( 1,500 
employees)., located in this area, re-

f ' qüies20 hectares; A hotel/convention 
centre (2,000 employees) further re-
quires approximately 15 hectares. 

• A health services centre, combin-
ing an active treatment hospital with 

• research facilities in the areas of 
health care and pharmaceuticals, de-
fines a second central employment dis-
trict; with 4,000 employees, it re-

-quires 20-25 hectares. In contrast, 
agr±cultuial R&D is. located outside the 

• central aiea in order to be close to 
other agricultural. production facili-

ties, such as aquaculture and hydropon-
ics. .Th R&D combined with production 
totals 800 employees in a development 
of;'20 hectares. 

4 L 

Industrial Activities  

Based on estimates of industrial 
and related employment reaching aprox-
imately 15,000, there is a demand for 
400-500 hectares. Some light industry 
is compatible with residential and oth-
er district activities; locating it ad-
jacent to district centres extends the 
scope of- district employment and our 
objective to closely integrate work 
places with other types of activity. 
Approximately 100 hectares is distri-
buted among the principal employment 
centres to accommodate light industry. 

Much extensive industry and relat-
ed activities, such as warehousing, re-
quire large amounts of space for ini-
tial development and expansion capabil-
ity. They also generate heavy traffic, 
and can be a source of air, and noise 
or "visual" pollution. Therefore, they 
are located together to facilitate 
sharing of various support services. 
,An area of extensive industrial uses, 
of 300-400 hectar'es, developed on the 
flat, well- drained land in the 
southeast portion of the community site 

best meets these conditions and re-
quirements ( see Figure 6.20). In addi-
tion, there is excellent access to re-
gional transportation facilities. 
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:-  ransportation Exchange Centre  

:One ' district centre functions as a 
transportation xchange node comprising 

.4O-5O hctares (Figure 6.21). It is 
located at the intersection of several 
major movement systems, between the in-
dustrial area and the rest of the com-
munity. The principal purpose of this 
node is to accommodate exchanges 
between public and private modes of 
'transport, and between intra-urban and 
regional transportation systems. It is 
futher proposed to expedite employment 
commuting outside the community by the 
estblishiuent of a regional public 

:transit service. This bus service ori-
ginates from the exchange node, en-

cOuraging the use of intra-urban public 
transit in conjunction with the region-
al system. Major parking facilities 
will still be required in the exchange 
node to accommodate commuters who drive 
o.the regional transit depot. 

,.".\ 

As discussed in Chapter 4, when 
demand justifies regional air service, 
upgrading a small nearby airport will 
afford service for our community, as 
well as shuttle connections to longer 
distance flights from Calgary Interna-
tional. Should population and economic 
development eventually create a demand 
for more accessible air transport, a 
heliport could be established near the 

major transportation exchange node. 

The bulk of goods movement will be 
by truck and will rely on proxiinity.to 
the Trans Canada. However, a spur line 
of the Canadian Pacific Railway enter 
the site, leading to the existing gas 
plant near the proposed industrial 
area. It would be possible to extend 
the spur to provide an alternative mode 
for industrial goods movement. The 
rail line should also access a trans-
shipment depot located near the tran-
sportation exchange centre to increase 
the effectiveness of consolidated 
intra-urban goods movement. 

Commercial Activities  

Estimates of the demand for retail 
commercial space indicate a need for 
approximately 270,000 square metres, 

gross leaseable area ( CIA). Commercial 
facilities are distributed in a 
hierarchical pattern that reflects the 
proposed physical structure of the com-
munity as well as the nature of these 
activities ( Figure 6.22). In.a commun-
ity of 200,000, one regional commercial 
centre is sufficient to accommodate the 
highest order consumer services. This 
centre, providing 100,000 square metres 
GLA, is located in a central node on 
the transit corridor. The civic struc-
ture, however, is-premised on districts.. 
with relatively large populations in 
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order to be able to provide a wide 
range of services and facilities within 
them ( see Table 6.1). Therefore, the 

district commercial facilities, ranging 
between 15,000 and 22,500 square metres 
GLA provide opportunities for 
residents to comparison shop; the 
larger of these commercial entres are 

located in the more central districts. 
A third level of commercial facilities 
is located at the local transit stops, 
comprising approximately 1,000 square 
metres GLA. 

Community Services and Facilities  

Most community education facili-
ties, except elementary schools, are 
located in the activity corridor in as-
sociation with the district centres 

(Figure 6.22). The technical education 
institute, included in the energy and 
high technology research and develop-
ment centre, requires 20 hectares. 
Other post-secondary education, such as 
a liberal arts community college, 
should be sited separately, at a cen-
tral location with public transit ac-

cess; it would require about 15 hec-
tares. 

Secondary schools are located in 

each of the district centres. Each 
high school requires about 12 hectares. 

These facilities should be integrated, 
in each centre, with district recrea-

tion facilities and, where appropriate, 
with the technical institute and the 
community college to establish shared 

resources and to provide more 
comprehensive services to the dis-
tricts. Junior high schools are dis-
tributed at or near local transit stops 
and developed in conjunction with local 
parks and open space; elementary 
schools are more widely distributed 
along pedestrian paths within dis-

tricts. 

A number of proposed regional fa-

cilities for active recreation have a 

bearing on the civic structure ( Figure 
6.22). Their location often depends on 
the distribution of certain natural 
resources. As well, they are to be 
coordinated with major movement systems 
and sited to complement adjacent ac-
tivities. Some of these include two 
27-hole municipal golf courses ( 70 hec-
tares each); a ski hill (iso hectares); 
rodeo and fairgrounds ( 20 hectares); 
and, a stadium with track and field fa-
cilities (30 hectares). 

As well, the district population 
is sufficient to support major recrea-

tion facilities in each centre, includ-
ing gyms, raquetball and squash courts, 
ice arena, indoor pool, indoor tennis 

courts, curling, etc. An estimated 



161 

twenty hectares is needed for these. 
In the following chapter, we will dis-
cuss further the organization of local 
recreation facilities within districts. 

Community health care originates 

with the regional health centre and 
hospital. In addition, individual dis-
trict centres include out-patient and 
emergency medical services in conjunc-
tion with a range of community social 
services (Figure 6.22). Other 
district-scale facilities include li-
braries and police stations; fire sta-
tions, however, are more widely distri-
buted throughout the district. 

Finally, the inclusion of commer-
cial food production in our structure 
plan proposal suggests an opportunity 
for a farmers' market, located in a 
district centre that has good transpor-
•tation links (Figure 6.22). In other 

urban centres, these activities have 
also been successfully combined with 
workshops and marketing space for 
craftsmen and other small-scale indus-
tries or shop trades. The focus of the 
proposed node may be expanded to in-
clude these and other complementary ac-

tivities. 
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URBAN INFRASTRUCTURE  

Innovations in the design of ener-

gysupply and waste disposal systems 
aesppcially relevant. Together with 

: energy— conserving innovations, they 

corrite -to the development of an en-
vironmentally sensitive and energy ef-
ficient urban structure. Our prelim-
inary investigation of energy efficient 

sign (Chapter 1) suggeted several 
objectives for supply: i) develop 

"diverse sources, matching the quality 

zpf t available energy to the demands of 
-tparticular end-uses; ii) broaden the 

scope' of possible sources to include 
•renewable sources because exploitation 

and use of them does not adversely mm-
pact on the quality of environment; 
and, iii) rely on locally generated en-
ergy which requires small or 

moderately-sized installations, and 
• which pçrmits local control with 

greater flexibility in the design and 
adaptability for on-going management of 
supply systems. 

In response to these criteria, 

good opportunities exist in our commun-
ity to exploit passive solar heat gain 
in .-individual units. There are high 
annual levels of sunshine, including 
cold weather periods. The largest por-
tion of the- site having passive solar 
potential consists of flat or gently 

rolling open areas and portions of the 

valleys. In addition, excellent oppor-
tunities exist on those parts of south 

and southwest-facing slopes suitable 
for development ( see Figure 5.1). Pas-
sive solar heat gain necessitates that 

site planning, density and built form 
be well controlled to ensure solar ac-
cess, conditions best met in low densi-
ty residential areas that tend to occur 
towards the outer edges of urban 

development. 

Passive solar systems also consti-

tute a major component in the design of 
heating systems for more isolated, low 
density development, such as the pro-
posed cooperative farms. Moreover, as 
mentioned previously, passive solar 

heating systems can also be utilized in 
areas of higher density, such as on 
portions of Radnor Plateau and Cope 
Ridge, where sloping conditions permit 

a terraced built form. 

However, because of limitations 
inherent in the implementation of pas-

sive solar systems, district heating 
should constitute the primary basis of 
the energy supply infrastructure for 

the community. This technological in-

novation supports many of the planning 
innovations ( such as increased density 
and mixed use) that contribute to ener-
gy efficient urban form. Our proposal 

further recommends that implementation 
of these systems be decentralized on 
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the basis of the individual districts. 

Different distris would there-
.fore, resolve the qi).estion of the exact 
extent of district heating according to 

composition of activities, develop-
ment densities and other localized fac-

For example, in most district 

centres, higher densities encourage an 

exclusive reliance on district heating. 
The mixture of different activities, 
sharing facilities and/or extending the 
intensive use of these areas over 
longer periods of time, will augment 
efficient operations. On the other 

hand,. low density areas will not gen-
erate sufficient heat demand for dis-
trict systems. Further, some medium 

density areas, particularly where other 
energy efficient, means, such as high 
levels of insulation, have been em-
ployed, may not constitute the most 

favourable conditions. 

The schematic design of a district 

heating infrastructure for our communi-
ty demonstrates the flexibility in-
herent in this approach ( Figure 6.23). 
As the community grows, new development 
can be added sequentially to the sys-
tem, in a cost effective manner; future 
consolidation of generating plants 

remains an option. 

Many different sources can be used 

in district heating systems. Innova-
tive approaches replace fossil fuels 
with renewable sources. For most or 
all districts, it is proposed to com-

bine these systems with the collection 
and disposal of solid waste which can 
be burned to produce heat. Supplemen-
tary active solar systems can also be 
used in areas with good solar aspect, 
and where uses adjacent to the heat 
generating plant secure the insolation 

of solar collectors. Industrial waste 
heat is also a valuable heat source for 

district heating systems in high densi-
ty areas adjacent to industry. The 

transmissions distances are short, 
resulting in efficient supply. In ad-

dition, active solar systems can often 
be successfully installed in industrial 
areas to supply heat to district heat-

ing systems. 

The integration of solid waste 
disposal with district heat generation 

has several implications affecting ur-
ban physical structure. First, it 

reduces the need for extensive land 
fill sites. Correspondingly, fewer, 
smaller trucks can accommodate the 

transport of waste within each dis-
trict, so that it becomes feasible to 
design collection vehicles to match the 
scale of local road systems, and vice 

versa. Moreover, within the district 
cores, high density development just!-
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flee consideration of vacuum pipe net-
works to transport solid waste materi-
als to nearby generating plants. 

For sanitary sewage systems, on 
the other hand, we recommend a city-
wide collection infrastructure leading 
to centralized treatment facilities. 
Centralization and segregation of 

treatment facilities reduce incompati-
bilities between these and other urban 
activities and, as well, ensure greater 

environmental control in the treatment 
and disposal of sanitary Iastes. The 
design of the collection system is 
based on traditional gravity flow prin-

ciples (Figure 6.24). The majority of 
the developed area naturally drains to-
wards the southeast. However, the 
ridges necessitate that separate trunk 
lines be developed in each valley, to 
avoid having to tunnel lateral lines 
through the ridges. Further, the in-

stallation of pump vacuum systems is 

required to join the collection infras-
tructure in the sections of the site 
north of the drainage divide with the 
main gravity flow system. 

Sanitary waste treatment is locat-
ed near the industrial area. An inno-
vative approach to treatment is recom-
mended which has immediate implications 
for energy efficiency and for integra-
tion with other systems, such as inten-
sive agriculture. The system encloses 

sewage ponds in greenhouses where solar 
heat speeds a purification process 
based on the introduction of various 
plants and animals ( Baylin, 1979) ( Fig-

ure 6.25). 
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Waterhyacinths and duckweed plants 

'float on the surface, absorbing nu-
trients.and toxins. As these are har-
vested, they can be digested to make 
èhaneto power the treatment plant, 

or they can be used as mulch fertilizer 
for parks and community gardens. The 
greenhouse effect means higher year-
round productivity and greatly reduced 

iand.req.uirements. Final treatment in-
volves disinfecting and yields clean 

water that can be used for irrigation, 
industry or aquifer recharge. As well, 
éh.nges in attitudes may eventally make 

-:it acceptable to use the treated ef-

fluent for aquaculture systems. The 
a sludgethat remains from this process 

on be utilized in spray fertilization 
of field crops on the cooperative 

fans. 

The storniwater management plan is 
based on utilization of existing lakes 

and drainage channels. General design 
characteristics of this system were 
discussed in Chapter 5. Here it is 
useful to point out an adaptation which 
is required to accommodate our proposal 

for civic structure. The activity cor-
ridor, however, consists of a linear 

area of intense development with a high 
percentage of impervious surfaces. 
This will block natural flow patterns 
to the drainage channels from the oppo-
si.te side of the activity corridor. 
Therefore, it is necessary to create a 

second north- south drainage pattern 

consisting of primary drainage chamIels 
collecting runoff from swales and 

secondary channels located in residen-
tial areas, and retention ponds created 

at points where storage and controlled 

release downstream is required. This 
can be established in conjunction with 
pedestrian paths and local open space 
areas. Where this is possible, it 

reduces the need for construction of 

storniwater sewers. 
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DEVELOPMENT PHASING  

The new community will be 
developed in five main phases over a 

25-35 year period ( Figure 6.26). A de-
tailed proposal for phasing exceeds the 
scope of this project; however, it is 
useful to discuss how staging of 
development can contribute to energy 

efficient form. 

In the initial period of community 
development, it is desirable to estab-

lish and secure key elements of the ur-
ban activity pystem In addition to the 
development of residential areas, major 
economic activities providing local em-

ployment should be introduced as quick-
ly as possible. It is important to de-
fine the purpose and character of the 
community at these early stages, even 

though it is not yet possible to incor-
.-porate all the requisite facilities to 

provide it with an independent ex-

istence. 

In our proposal, initial develop-

ment concentrates in the southern por-
tion of the community, encompassing an 
area delineated by the locations of the 

major research and - development node, 
the transportation exchange node, and 

the industrial area. In this way, 
development remains compact while 
creating the initial statement or image 
of the high density activity corridor. 

The character of this area reflects a 
strong image of the economic base and 

various innovations that underlie com-
munity development; proximity to the 
Trans Canada underlines the importance 

of exchanges between the community and 
its region. 

The location of this first phase 
also induces the development of dif-

ferent movement systems and infrastruc-
ture. The initial portion of the tran-

sit corridor connects the existing ma-

jor activity nodes and extends a subsi-
diary loop in the industrial area. The 
area is bounded by the beginnings of 
the parkway system, including the major 
interchanges with the Trans Canada. 

Also of particular concern to efficient 
urban development at this stage is the 
establishment of major infrastructure 
systems. By initiating development in 
this portion of the site, development 
begins at the "bottom" of the proposed 

sanitary sewage and stormwater drainage 
systems. In the case of the former, 

minimal collection infrastructure will 
be required to connect development 
areas with the centralized treatment 

facilities. The natural drainage chan-
nels converge in this area to provide 
the beginnings of the city-wide system. 

An energy efficient pattern of 

development results when growth and 
areal expansion are contiguous with ex-
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isting development. This is reinforced 
by the natural tendency for new 
development to extend up the valleys on 

either side of Parks Ridge. Subsequent 
phases of development will involve ra-

pid growth of the community. It is im-
portant to establish the structural 
features proposed for the urban form to 
provide a framework for development. 

This includes the extension of the pri-
mary - movement and infrastructure sys-

tems, establishment of "upstream" ac-
tivity nodes and districts, and in-

tegration of developed areas with the 
"prongs" of the major open space system 
to reinforce the pattern of alternating 

• open space and intense development. 

The city-wide activities designat-
ed for the nodes at the north end of 
the transit loop, such as regional 

: shopping and recreation facilities, 

depend on large population catchments. 
The extension of deyelopment to these 
areas will coincide with the growth of 
the community. These nodes will com-
plete this initial transit loop and 
will establish the activity corridor as 
the basis of urban form. The creation 
of major "poles" of community activity 

focus through the development of the 
facilities planned for them will help 
define a dynamic balance among linked, 

multiple nodes. 

The final stages of development 
will follow this basic pattern and 

form, with adaptations to fit particu-
lar circumstances in these later 
development areas. This approach de-

lays the need for more expensive varia-
tions of the urban form until the com-
munity is well- established and reason-
ably stable. The objectives of later 
phases of development include the need 
to integrate areas utilizing vacuum 
sanitary sewers with those dependent on 

gravity flow; how to incorporate the 
principles for design of the stormwater 

system into its extension beyond the 
valleys; the extension of the parkway 

system to provide access to the commun-

ity from the northeast; and, the in-
tegration of outlying, low density 

residential areas. 
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COMMUNITY, FORM 
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The "urban district" is the prin-
cipal subdivision element for the phy-
sical framework of the town, and con-
stitutes its community form. It de-

fines a local area functionally and 
;physically related to a node or activi-
ty centre. The civic structure, based 

on the links among these centres of 
• diverse character, articulates the spa-
tial organization of city-wide activity 
patterns. The present discussion of 

community form narrows the scope of ur-
ban form considerations to an examina-
tion of the spatial organization of the 
individual district and its localized 

activity patterns. 

We begin by noting that the preem-
inent attribute of community form is 
the high degree of mixed use in the 

built environment. An essential aspect 
of our multiple centre concept is that 
each centre brings together diverse ac-

- tivities and services. Its character 
then influences the spatial organiza-
tion of activities and facilities 
throughout the district. The overall 
density of the district is more 
moderate than in the central nodes, 
resulting in a somewhat coarser, more 

diffused activity grain. However, dif-
ferent activity systems are juxtaposed 
with one another, and with local move-

ment systems. 

DISTRICT SIZE 

Each district accommodates 
20,000-30,000 people. It encompasses 
an area of three to four-and-a-half 

square kilometres, within a one-and-a-
half kilometre radius of the central 

node. The overall population density 
of the district is moderate, in the 
range of 50-60 people per hectare. 

However, the scale of the district is 
relatively large. This approach to 
community form differs from much of 
current practice in urban planning. On 
the other hand, the choice of scale for 
each district is closely related to the 
functional, social and energy objec-
tives pursued in this design. 

The "neighbourhood unit" has been 

the dominant concept underlying the 
planning of modern urban development 

(Figure 7.1). This concept represents 
a judgment about the smallest cohesive, 
social and functional unit of develop-
ment. Each unit accommodates 4,000-
5,000 people, a figure derived from the 
number of families required to support 
a local elementary school. Spatial or-

ganization centres on the school, with 
the unit area defined by a radius of 
approximately 0.5 kilometre or 5-minute 

walking distance for children. Major 
arterials bound each neighbourhood, to 

provide vehicular access to local ser-

vices and facilities located around the 
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periphery, and to deter. large numbers 
of vehicles from entering and disrupt-

ing the residential environment. 

More recent social changes and new 
lifestyle trends have rendered the 
neighbourhood unit significantly less 
relevant. The patterns of people'.s ac-

tivities would now appear to respond to 
the physical environment in ways that 

are not commensurate with the charac-

teristics of a neighbourhood unit. So-
cial interactions among friends occur 

either at the very local level of a 
small group of physically related dwel-
ling units, or at a much broader scale 
defined by groups of people with simi-

lar interests but who are widely scat-
tered around the community ,( Rapoport, 

1977; Lynch, 1981). In this sense, the 
neighbourhood unit can be seen as both 
too large and too small. 

Activity patterns which affect the 
mix of facilities in the residential 
environment are also changing. Lifes-
tyles do not focus ( and never have) on 
the elementary school ( although it 
should remain easily accessible to 
children). Smaller families in which 
all adult members work, as well as 
higher residential densities, create 
demands for a wider range of easily ac-
cessible services and facilities. The 
small convenience store, club hail and 
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church that are customarily included in 
the neighbourhood unit' do not fully en-
compass people's needs in the residen-
tial environment. At the same time, 
the neighbourhood is too small to sup-
port a more diverse range of facili-

ties. 

Our proposal suggests that the 
city should have a more continuous and 
integrative physical structure with 

subdivisions large enough to permit 
diversity and complexity. The "dis-
trict" concept represents an attempt to 

create a structural element that facil-
itates the social and functional as-

pects of many and diverse activity pat-
terns. Functional efficiencies are en-
couraged by the larger population 
catchment within a compact area. More 
varied services and facilities can be 
included in the central node, while 

basic, local facilities can remain more 
widely distributed throughout the dis-

trict. The internal structure of a 
district focusses on opportunities to 
provide convenient access to these fa-
cilities and services. However, the 
scale of the district is large enough 
to support the decentralization of ma-
jor city-wide activities and facilities 
which, in turn, yield a specialized 
character for different districts. The 
inward-looking aspects of the internal 

structure leading to the district cen-
tre is balanced by elements such as 
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the public transit system that connects 

districts in a continuous functional 
network ( Figure 7.2). 

Earlier, in the initial descrip-
tion of the multiple centre concept 
(Chapter 6), we spoke of the social 
demands placed on urban physical struc-
ture and the role of scale in mediating 
needs for more intimate, personalized 
spaces with fluidity and flexibility in 
the built environment. In our propo-
sal, the size and physical scope of 
each district allows for local varia-

tion among small-scale developments, 
each structured to meet these needs of 

distinct groups that are dependent on 
the built environment; thus strengthen-

iing social ties based on physical prox-
imity. On the other hand, the physical 
integration of districts into the 
city-wide movement system facilitates 
communications between and among more 
widely dispersed social patterns. 

Social and cultural vitality can 
be very strongly associated with social 
interaction occurring in public spaces. 
This interaction depends, in part, on 
numbers of people. Enough people need 
to congregate in a space, regularly, 
for it to appear that " something is 
happening", to impart significant mean-
ing to the social space. Diversity of 
activities is also crucial to the so-
cial dynamic of public spaces. At is-

sue here is the reluctance some people 
feel to interact in public places in 

close proximity to strangers. In fact, 
some research indicates that the sense 
of privacy is enhanced in environments 
in which individuals or small croups 
can participate in a variety of dif-
ferent activities ( Cantor, 1970; Pro-
cos, 1976). Therefore, our community 
form ( particularly the size of the dis-
trict and the mixed use character of 
the central nodes) creates an enriched 
public environment that reinforces, an 
induces, social interaction. 

Energy efficient design also bene-
fits from the district concept. The 

district characteristics favour the im-
plementation of several innovations. 
The mixed use node results in an effi-
cient concentration of major origins 
and destinations for intra-urban trav-

el, making public transit the primary 
means for coordinating the separate 
elements of the physical structure. 
The size and internal structure of the 
district reduce dependencies on mechan-
ized forms of transportation to access 
local activities and facilities. 
Further, the physical attributes of the 
district -- moderate density, mixed use 
and compactness -- create conditions 
suitable for district heating. 
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MIXED USE NODES  

"Mixed use" refers to the grain of 
development, or the degree to which 
different elements of the urban en-
vironment interact. The activity 
grain, of primary concern to this dis-
cussion of urban form, refers specifi-
cally to the admixture of different 
types of activities and the physical 

facilities they require. Mixed use 
developments not only combine different 
place-related activities or movement 
activities, but they also create links 
between these two categories of activi-
ty systems. They can occur at the 
scale of individual buildings or pro-
jects; they also describe the character 
of larger development units or the to-
tal urban structure. 

Mixed use developments reverse 
traditional planning ideas which pro-
moted a coarser grain resulting from 
the segregation and separation of 
differing urban activities, and which 
were once held to be the cornerstone of 

good town planning (Lynch, 1981). The 
neighbourhood unit established ex-

clusive areas of residential develop-
ment. In addition, segregation of ac-
tivities was the physical consequence 
of objectives for economic efficiency. 
Enclaves of commercial, industrial and 
other employment were intended to max-
imize favourable operating conditions 

for these activities ( Golany, 1976b). 
With the growing recognition that the 
city is a complex social and functional 
environment, planners have begun to 
challenge tradition planning princi-
ples: "... it is safer to put the burden 
of proof on proposals to separate uses 
in space than on proposals to in-
tertwine them" (Lynch, 1971:33). 

Not only recent social theory and 
the obsolescence of early 20th century 
planning principles, but recent in-

terest in energy efficient design and 
conservation of natural resources have 
prompted planning and design ideas to 
move toward integrated, mixed use 

development (Procos, 1976). There are 
two pertinent dimensions. The spatial 
dimension demands greater physical 
proximity among activities and results 
from compact development and higher 
densities. In addition, the temporal 
dimension involves more intensive use 
of the physical environment. The 
shared or sequential use of the same 
facilities by different activities 
strengthens the effects of compact, 
high density development, viz, lower 
space heating demand, less need for 
mechanized travel and suitable condi-
tions to implement more efficient space 
heating and transportation systems. As 
well, it reduces the energy costs of 
urban development by reducing the need 
for additional construction to accommo-. 
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date multiple activities. 

The city core or central business 
district has always been the locus of a 
certain amount of high density housing; 
that is, it is a mixed use area.. The 

horizontal growth of cities and the 
departure of families for the suburbs, 
however, left isolated residential en-
claves in the core area, resulting in a 

coarse grain analogous to the more 
widespread trend to separation of 
differing urban activities ( Figure 

7.3). Commercial facilities and of-
fices in core areas are clustered 

OffIce I commercial 

Residential 

FIGURE 7.3 CORE SEGREGATION 

Open space 

Industrial. 

separately from apartments. High den-

sities tend to decrease the distances 
between these activities, but they also 
make it more difficult to provide - 

junct facilities to housing, such 'as 
open space and recreation facilities. 
In addition, until recently, little at-
tention was paid to the quality of the 
public environment in core areas, or to 

creating functional links among dif-
ferent activities and facilities. 

Mixed use developments attempt to 
improve the functional and physical in-
tegration of activities located in core 
areas through the introduction of a 
strong residential component. Economic 

considerations can lead to a greater 
mixture of activities, and situations 
in which certain activities effectively 
create internal subsidies to support 
less profitable, but socially desirable 
facilities. A diversity of commercial, 
recreation and even office facilities 
included in high density residential 

environments represent important ameni-
ties to attract people to them. These 
objectives can be achieved in snail or 
moderate, rather than large-scale 
developments, further adding to the 
quality of the residential environment 
(Figure 7.4). 
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Public transit and other movement 
systems are essential elements of mixed 
use development. The diversity and 
temporal intensity of uses in the area 
encourages the, physical integration of 
multiple modes of transport with 
place-related activities ( Figure 7.5). 
Further, in mixed use areas, the demand 
for support services such as parking is 
spread out more evenly over the day, 
allowing time sharing of these facili-
ties and reducing the impact of private 

transportation.' 

The juxtaposition of housing with 
other, diverse facilities also acts as 
a catalyst to create public spaces and 

enhance the pedestrian environment 
(Figure 7.6). This is one of the most 
important consequences of mixed use 

development for community form, and it 
has significant implications for the 

quality of high density residential en-
vironments. Public spaces should be 
small in scale and form an integral 

part of pedestrian movement systems 
(see Figure 7.5). These attributes 
create a favourable public domain for 

social interaction in the residential' 

environment. 

Residential 

Office I commercial 

Parking 

FIGURE 7.4 MEDIUM-RISE MIXED USE DEVELOPMENT Hazelton Lanes, Toronto 
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Education is a second key to in-
creased integration and mixed use. The 
availability of school facilities, such 
as classrooms, gnus, workshops and 
playing fields that can be used on a 
time sharing schedule encourages the 
integration of related community and 
recreation activities focussing on 

sports, theatre groups, community asso-
ciations and clubs, as well as adult 
education. Mixed use proposals also 
mesh education- community facilities 

with housing, social services, commer-
cial and even employment opportunities 

(Figure 7.7). 

If secondary schools located in 

district centres are close to, or phy-
sically integrated with, intra-urban 
transit stops, education begins to move 
into the community, offering students 
exposure to learning environments out-

side the classroom. Transit ensures 
students rapid access to facilities and 
resources around the city: computer 

studies can occur at research and 
development centres; civics at the city 
hail; or, sports and physical education 
can use the resources of regional re-

creation facilities or the major open 
space systems. At the same time, fa-
cilities such as community libraries, 
when they are included in schools 
linked to the transit system, provide 
services to commuters travelling to 

work. 

FIGURE 7.7 

EDUCATION-BASED MIXED USE 

DEVELOPMENT 
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The landscape resources of our 
site and elements of the civic struc-
ture reveal special opportunities for 
mixed use developments. For example, 

where it passes through, or is adjacent 
to a district ' centre, the open space 
system based on the drainage channels 

adds new dimensions to public open 
space within the centre. Natural ele-

'ments provide visual and textural ex-
periences, enhancing the sensuous qual-

ity of the built environment. They 
also suggest additional, incidental or 
planned activities that add to the 
-dynamic quality of social interaction 

-- adults sunning themselves, babies 
crawling on the grass, little boys 

sailing toy boats Similarly, the 
lakes create unique public spaces in 

the adjacent district centres. They 
not only add to the visual, aesthetic 
quality of the built environment, but 

the recreation activities, such as 
boating, they introduce to the centres 
create .a focus for social interaction. 
In some districts, light industry or 
other extensive activity, such as a 
research park, is located adjacent to 

the parkway. This can allow for in-
tegration of the movement and activity 

systems, either in plan, with vehicular 

access directly from the parkway, or in 
section, by developing over the parkway 

(Figure 7.8). 

District roe 

Pedestrian access 
to district centre 

S Servicing 

P Parking 

PAR W V 

Plan: direc access from parkway to research park 

Recreation 

section: development extends over parkway 

L.hht Industry 

Parking 
 A 

H*uain 

Offices 

Service 8torei 

FIGURE 7.8 PARKWAY / DEVELOPMENT INTEGRATION 



FIGURE 7.9 

COMMUNITY NODE 

Transit corridor 

Community open space 

Pedestrian paths 

Commercial / 
community facilities 

Residential 



178 

DISTRICT ACTIVITY AND MOVEMENT SYSTEMS  

The spatial organization we pro-
pose for the ,disjrict underlines the 
importance of integrating local activi-
ty , and movement, systems. This section 
will outline proposals for the concen-
tration of activities at local transit 
stops, and thea coordination of communi-

ty activities with intra-district 
pedestrian movements. 

The tranit corridor incorporates 

;local transit stops spaced at apprdxi-

mately O.8'kl].ometre intervals. These 
attract local, residents who use the 
transit system to commute to work out-

:side theirh. own district,' and for dis-
cretionary travel to shopping or cul-
:tural events in other district centres. 
The range and character of activities 

that concentrate around a local transit 
'stop is influenced by its role in mov-
,ing people in and out of the district. 

A community node is proposed at 
:the transit stop. We argued in Chapter 

6 that "destination activities" should 
be included in the district centres. 
!At thá intermediate transit stops, how-
ever, the demands of a predominantly 
residential environment suggest that 
;more "transition" services should be 
coordinated with people's movement pat-
terns to meet their local, day-to-day 

needs. The range of these services and 

facilities include day care, conveni-
ence shopping and a post office, 
church, community club or clinic. 

A roughly linear form is recom-
mended for the community node to extend 

services and other facilities into the 
district from the transit stop ( Figure 
7.9). The transit stop is also the lo-
cation of small concentrations of 

higher density housing. The intensity 
of the mixed use development and its 
built form should diminish with dis-

tance from the transit stop such as to 
create a transition between the commun-
ity node and surrounding residential 

environments. 

The character and form of develop-
ments associated with the local transit 
stop define an important community pub-
lic space. The community node becomes 
the locus for both formal and casual 
social interaction. People are fre-
quently drawn to this area to take ad-
vantage of easily available services 

and facilities. The area configuration 
and its small scale ensure contacts 

beween people passing through. 

Moreover, mdvement patterns around 
the community node are carefully zoned 

to reinforce the quality of the 'public 
environment. Roads and parking facili-
ties to accommodate private vehicular 
movement are restricted to peripheral 
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locations. The proximity , between fa-
cilities I justifies the reliance on 
pedestrian and cycle movement to pro-

vide access within the èomniunity node. 

Pedètrian circulation within the 
node, is the beginning of a pedestrian 
movement syptern extending out into the 
district. The" main elements of this 

network radiate out from the community 
node in a grid pattern rotated 45 de-
grees to the alignment of the transit 
corridor (Figure 7.10). This geometry, 
in which the pedestrian path bisects 
quadrant areas surrounding the transit 
stop, minimizes the discrepancies in 
access to the community node from dif-
ferent points within the district. The 
radial distance of the pedestrian net-
work is approximately 0.5 kilometre, 
the design standard adopted for maximum 
walking distance to transit. As well, 
it corresponds to the general physical 
dimensions of our high density activity 
corridor. , From the main pedestrian 
paths, this movement system extends 
farther, .with secondary and tertiary 
paths connecting the former directly 
with open space and pedestrian paths 
within residential sites. 

Because people's willingness to 
walk '1i'a function of'the diversity of 
activities that can be reached and the 
quality of the public environment, 
codrdinating the location of different 

activities makes pedestrian travel con-
venient; and, creating a series of pub-
lic spaces extending throughout the 
residential environment reinforces 
pedestrian movement patterns. The suc-

cess of our proposal to encourage sub-
stantial pedestrian movement in the lo-
cal community will depend on the in-
tegration of activities along these 
paths ( Figure 7.11). The facilities 
located in the community node provide 
services to all the residents living in 

that portion of the district. Other 
services and facilities, with even 
smaller catchment areas should be dis-
tributed along the pedestrian network, 
in close relation to residential 
development. Coordinating these ac-
tivities with the pedestrian system im-
proves their accessibility to all 
residents and creates small nodes or 

foci for social interaction in the pub-

lic environment. 

Community and recreation facili-
ties are widely distributed. ( see Fig-
ure 7.11). The community node is the 
site of facilities such as community 
clubs or meeting halls, and larger-
scale active recreation facilities, 
such as public tennis courts, a skating 
rink or curling arena. Commercial re-
creation facilities, such as a small 
restaurant or pub, or raquet ball or 
squash courts, may also be included ir' 
the community node. Different facili-
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ties to meet the local recreation needs 
of various age groups are located both 
in the community node and along the 
pedestrian network. 

Major sports fields will generally 
be located near the secondary school in 
the central district node. However, a 
teen club or similar facility should be 
located in the local community node. 
Slightly younger ch11d1en require large. 

open spaces designed to ócpmmodate 
team sports or bike riding; these 
spaces should be distributed along 

pedestrian paths and,iñconjuntion with 
open space surrounding local. schools. 
Play areas for very young children need 
to be widely distributed close to small 

groups, of houses; they should be coor-
dinated with pedestrian paths where 
they border residential areas. Passive 
recreation can be accommodated with fa-
cilities such as benches for adults 
near preschool play areas, and preser-
vation of unique natural features or 
views along the paths; during the 
winter, these pedestrian paths are also 
ideal for local cross country ski 

trips. 

Community allotment gardens can be 
distributed along the pedestrian net-
work ( see Figure 7.11). They contri-
bute to the aesthetic and functional 
diversity in community public spaces, 
while ensuring easy access for gar-

deners. The concentration of gardens 
may also lead to sufficient demand to 
justify communal processing and storage 
facilities for garden prduce. in 
medium density developments, other comrn-
munity facilities may include, for ex-
ample, car repair workshops. The dis-
tribution of these and other facilities 
depends on their catchment areas and 
access requirements. 

The functional diversity of the 

pedestrian network is complemented by 
its landscape character. A high degree 
of landscaping is required along these 
pedestrian paths to help to distinguish 
different areas and their activities, 

and to provide buffers to protect 
privacy and minimize nuisances. The 
generalized pattern established for the 
pedestrian network is also varied to 
allow outstanding natural features to 
be incorporated in the design of pedes-
trian systems. In the case of a number 
of community nodes, pedestrian paths 
leading there follow the alignment of 
the drainage channels, integrating this 
city-wide open space system into com-
munity development. In a similar 
manner, the pedestrian network provid-
ing access to community and district 
nodes can simultaneously link people to 
the major open space system located at. 
the periphery of the district. 
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At the district scale, the in-
tegration of drainage channels into the 
pedestrian network, as well as the ex-
:tension of the network into residential 
development,' has implications for the 
fe as. Mtbility of natural stormwater 

.draige; systems ( Figure 7.12). At in-
tervals u aloñg ' the length of the 

d4ae' .chanels, retention ponds will 
be created. Residential open space in 
area adjacent to these channels is 
oriented to permit the establishment of 
drainage swales leading to the primary 
drainage channels. Additional reten-
tion ponds or detention 'areas are need-
ed in sloping areas to moderate the 
.rate of run-off. Thus, our proposals 
combine efficient stormwater management 

with qualitative enhancement of the lo-
cal public environment. 
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Finally, throughout the district, 

pedestrian movement is carefully 
separated from vehicular movement. The 
pedestrian network, emanating out from 
community or district nodes, is alter-
nated with a road network that permits 
vehicular access from the periphery but 
restricts it in the central node ( Fig-

ure 7.13). Because the roads access 
small residential areas, the design of 
the network seeks to limit their scale 
to the specific requirements generated 
by local traffic. In this plan, only a 

few roads permit cross-district move-
ment, related to providing increased 

access around the district centres. 

Where the pedestrian and road net-

works do cross, or where they occupy 
the same right-of-way, it is preferable 
to protect the safety and quality of 
the pedestrian environment with grade-
separated crossings (Figure 7.14). 

At-grade crossings must be designed to 
maintain clear views. In cases of 
parallel pedestrian and vehicular move-
ment, landscaping should be used to 
separate them; the pedestrian system 
should also provide separate paths for 

cyclists and people walking. 
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RESIDENTIAL ENVIRONMENTS  

Although its extent depends on 
density, residential development is the 
largest single consumer of land in the 
urban environment. Lower densities in-
crease distances between housing units, 
and between homes and community service 
points. This results in a-coarser po-
pulation and activity grain, but allows 

for increased amounts of open space in 
residential areas, i.e.; a finer mix-
ture of built and natural environments. 

In our structure plan, medium den-
sity hàusing located in and adjacent to 
the activity corridor comprises most of 
the housing. Lower density housing oc-
curs in peripheral areas. A third 
category, consisting of medium density 
slope housing, takes advantage of the 
special topographic characteristics of 
the site. 

Medium Density Housing  

Medium density housing constitutes 
an efficient use of land and other 
resources while allowing for variety in 
built form. The principal built forms 
include low to medium- rise, multiple 
unit forms, such as the townhouse, 
stacked units and small-scale apartment 
complexes. Innovative single forms, 

such as patio and narrow lot housing, 
increase our options at the lower end 
of the density range. This wide range 
of built forms includes a high percen-
tage of ground- related dwelling units 
suitable for families. Most provide 
private outdoor space and separate en-
trances to each unit at grade. - The 
higher density forms have shared build-
ing access with, - however, only a small 
number of units around an entrance. 

Further, low building heights offer 
visual and auditory contact between 

dwelling units and activities on the 
ground ( an important asset in housing 
designed for young families). 

An important functional advantage 
of medium density areas is the in-
creased choice of transportation op-
tions. Access by private car is main-
tained. Compact housing further rein-
forces the options taken to organize 
diverse activities around public tran-
sit and pedestrian movement systems. 

At medium densities, the urban 

landscape becomes an important in-
tegrating element in the residential 
environment. Low to medium-rise forms 

tend to relate strongly to natural ele-
ments in their surroundings. The phy-

sical organization of the built - en-
vironment can be easily manipulated to 
create small groupings of units 
separated by substantive landscaped 
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spaces ( Figure 7.15). 

A general model for the spatial 
organization of residential environ-
ments is illustrated by two similar ex-
amples. The South March plan ( referred 
to in previous discussions) coordinates 
consistent built form, organized on a 
large-scale grid, with good solar 
orientation and landscaping ( Figure 
7.16). These same principles have been 
applied in the second prototype, pro-
posed in work by Gerson (1970), with 
the difference that the housing has 
been physically integrated with facili-
ties for other activities ( Figure 

7.17). In this case, also, vertical 
segregation of pedestrian and vehicular 
-movement, whether to facilitate parking 

or to access non-residential facili-
ties, improves the quality and safety 
of public spaces. Horizontal separa-
tion of these movement systems ensures 

good pedestrian access without elim-
inating vehicular access to the 
residences. 
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The largest portion of the pro-
posed activity corridor follows the 
alignment of valleys traversing the 
community site. The orientation and 
dimensions of these valleys support our 
proposal to superimpose on the linear 
characteristics of the civic structure 
a community form that infills a grid 
structure elongated on the east-west 
axis (Figure 7.18). Distinctions 
between higher density housing found 
adjacent to comunity nodes and more 
moderate densities farther away are ex-
pressed -by varying the degree of physi-
cal integration of residential and oth-
er activities. In this plan, district 
heating and passive solar heat gain op-
tions are made to coincide. In com-
pact, medium density residential en-
vironments, however, district heating 
is of greater significance to community 
form, and a regular geometry, such as 
our grid, ensures optimum configuration 
for the heating infrastructure. 
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Low Density Housing  

In general, decreased density is 
accompanied by greater amounts of. 
discreet open spacesinthe residential 
environment. Low density housing fre-
quently occurs in peripheral areas of 
the community where the presence of na-
tural features can enhance the quality 

of these spaces. These areas form 
transitional zones which give people 
access to undeveloped areas and; at the 
same time, help to sustain indigenous, 
flora and fauna. Similarly, the in-
teraction with natural environments in 
these peripheral areas can accommodate 
pew urban lifestyles, such as the pro-

posed cooperative farms. 

Energy efficient community form in 
low density residential areas stresses 

- conditions to improve space heating 
ystems. Among the most successful in-
novations are those that contribute to 
reduced energy demand and more effi-
cient operation of these systems 
through architectural design and build-
ing standards. In low density areas, 
this impact is highlighted because the 

spatial characteristics of the area 
minimize other opportunities to define 
,energy efficient community form. 

With respect to single unit, low 
density housing, the salient principles 

to be followed for meeting energy effi-

cient criteria are ( Figure 7.19): 

i) in conventional street-oriented 
layouts, a grid pattern elongated 
in the east-west direction to max-
imize solar insolation; 

ii) the organization of the dwel-
ling and of the lot itself will 
differ on the north and south 
sides of east-west streets, so as 
to orient major living spaces to 
the south; 

iii) intensify development by 
reducing lot sizes and frontages; 
however; lots with wider frontages 
go on the north side of streets to 

compensate for lost solar exposure 
within the unit where the garage 
is oriented towards the street on 

the south face; 

iv) minimize the number of units 
on north-south streets; where they 
occur, chevron lots can iicrease 
the insolation potential of these 
units; 

v) standardize building setbacks 
to minimize unit- to-unit shading: 
buildings entered on the south 
side require optimum front yard 
setback1 and buildings entered on 
the north, an optimum back yard 
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setback; 

vi) limit and coordinate building 
heights to minimize the shadows 

cast; 

vii) vary the height of buildings 
along a street to minimize shad-
ing: higher buildings should be 

placed on the north side and the 
lowest buildings in the middle of 

the south side to maximize early 
morning and late afternoon insola-
tion of those on the north; 

viii) landscape around units to 
optimize solar insolation and 

maintain climate control: decidu-
ous trees to the south maximize 
heat gain in winter and minimize 
it in summer; and, coniferous 
trees to the north divert cold 

winds and snow drifts; 

ix) establish the narrowest road 
allowances compatible with local 
traffic volumes; the area freed by 
reduced road allowances can pro-
vide increased flexibility in the 
siting of buildings to ensure 

solar insolation of units. 

Cluster Housing  

With even more open space than in 
conventional low density development, 
cluster housing can achieve a better 
mesh between the natural and built en-
vironments ( Figure 7.20). Moreover, 

the configuration and scale of clusters. 
can be flexible enough to allow their 
organization to enhance individual 
privacy and safety, and, at the same 
time, to engender a closer sense of 

community. 

The built form of cluster housing, 

with small, attached units, generally 
decreases the passive heat gain poteri-

tial. On the other hand, it may con-
centrate sufficient heat demand to make 
other innovations feasible -- small-

scale district heating, for example 
utilizing active solar systems. The 
basic site planning principles for low 
density development, stated above, ap-
ply with only minor and exceptional 
differences to cluster housing develop-
ment. 

We recommend low density cluster 
housing in two major areas of the site. 
The articulation of energy efficient 
development varies, however, to reflect 
different functional and environmental 
conditions. The first case is illus-
trated by the conditions in the western 
valley; the second case involves 
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development atop Radnor Plateau. 

The western valley js somewhat 
separated functionally and geographi-
cally from the rest of the community 
(Figure 7.21). However, the accessi-

bility afforded by the transit corridor 
is an important asset, and this north-
south alignment influences the local 
community form. The form is 
strengthened by the parallel north-
south alignment of the open space sys-

tem based on the major drainage chan-
nel. The parkway system provides a 

third, north-south force. The orienta-
tion of local roads, however, remains 

basically east-west, facilitating 
street-oriented and independent housing 

clusters in an energy efficient form. 
Residential, landscaped open space 
separating " rows" of housing, as well 
as north-south shelter belts also pro-

vide extensive pedestrian access lead-
ing to the main open space system and 

community nodes ( Figure 7,22). 
Parkwa 

FIGURE 7.22 
WEST VALLEY CLUSTER HOUSING 
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Development forms on Radnor Pla-
teau are suggested by the range of 
amenities and recreation opportunities 

in this area of the site (Figure 7.23). 
From the top of the plateau and the 
south-facing slope, there are panoramic 
views of the community and the regional 
landscape, making this a highly desir-
able residential area. Further, by 
developing appropriate facilities, one 

can provide community-wide access to 
the recreation resources of the north 
escarpment. Therefore, the transit 
corridor is extended to a district node 

on the edge of the Plateau, and a local 
loop services development. 

Low density housing is proposed 

towards the north edge of the Plateau, 
as suggested by the relative isolation 
of this area ( Figure 7.24). Comple-
menting this development is higher den-
sity housing, in the central node and 

medium density housing on the south 
edge and face of the Plateau ( discussed 

below). An open space corridor extends 
from the central node east along the 

centre of the Plateau. It channels 
pedestrian movement from both the low 
and medium density areas into the cen-

tral node, as well as providing various 
points of access to environmental and 

recreation resources on the plateau and 
north escarpment. 

etrian 

kirithode 
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The spatial organization of the 

low density residential area is esta-
blished by the proposed alignment of 
the local transit loop. This places 
the community nodes along the northern 
edge, providing public access to the 

escarpment without disrupting the adja-
cent community. The high density built 

forms in the community nodes also pro-
vide additional protection from pre-
vailing northwest winds for adjacent 

residential development. 

Slope Housing  

Our third category of residential 
environment is medium density . slope 
housing, strongly suggested by the im-
pact of particular environmental 
features on energy efficient form 
(namely, slopes with good solar as-
pect). The angle of incidence of sun-
light on south-facing slopes produces 

shorter shadow patterns than in other 
areas. Therefore it is possible to 
develop at higher densities and in more 
compact forms without cutting off sun 

to individual units. This is achieved 
by employing a consistent building 
height and terracing units on the con-

tours ( Figure 7.25). 

U _!!ter sun One unit does not 
overshadow another 

FIGURE 7.25 SOLAR ACCESS FOR SLOPE HOUSING 
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Planning principles for the spa-
tial organization of these areas adapt 
conventional energy principles to the 
site conditions ( Figure 7.26): 

i) roads and housing follow exist-
ing contours and grades as much as 
possible to minimize high develop-

ment costs and erosion; 

ii) terraced development influ-

ences the internal organization of 

units, to provide access to the 
units, with one type occurring on 
the uphill side of roads and' a 

second on the downhill side; 

iii) place taller buildings at 
higher elevations to take advan-
tage of views and to render an ar-
chitectural definition to the con-
tour of the crest, with lower un-
its terracing down the slope; 

iv) locate development below the 
contour crest to provide protec-
tion from wind and turbulence; and 

v) establish vegetation and 
shelter belts along the crests and 

around housing developments to 

further enhance wind protection. 
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Much of the community site with 

south-facing slope conditions is un-
suitable for development because of ex-
cessive slopes, unstable soil condi-

tions and rock outcroppings. However, 
the south face of Radnor Plateau and 
the north portion of the southwest 
slope of Cope Ridge are possible areas 

of medium density housing. While a 
slope housing area requires detailed 
study for each proposed project to en-
sure its physical integration with oth-
er activity and movement systems, and 
while specifying this level of design 
exceeds the scope and purpose of this 
project, nevertheless these two areas 
illustrate some interesting variations 

in general spatial organization and 

community form options. 

On Radnor Plateau, the local tran-

sit loop creates a linear spine paral-
lel to the front edge of the plateau 
(Figure 7.27). The higher density as-
sociated with community nodes is ex-
pressed in higher built forms along 
this spine. From there, the housing 
'terraces down the slope in decreasing 
density and built form. This corre-
lates built form and density with de-
creased accessibility from community 
facilities, and demonstrates well prin-
ciples of energy efficient slope 

development. 
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Although the general development 
conditions on Cope Ridge support slope 
housing, the spatial organization of 
development is different from that on 

Radnor Plateau ( Figure 7.28). The en-
ergy efficiency principle of contiguous 
development means here that the inten-
sity of the slope development should 

decrease as it moves uphill from the 
high density activity corridor in the 
valley. Also, exposure to severe wind 

conditions along the ridge crest limits 

development. Therefore, built forms 
must be carefully manipulated to ensure 

.the form of downhill development does 
not block solar access to development 
located above it. The resultant com-
munity form will tend towards clusters 

of terraced units horizontally separat-
ed to minimize shading. This means a 
lower density than general development 
conditions might permit on these 
slopes, but this too is confirmed by 
the reduced accessibility of the slope 
area to transit and major activities 

within this particular district. 

Cope L 

Distric 

FIGURE 7.28 
COPE RIDGE SLOPE HOUSING 
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We set- out to explore the implica-
tions of innovation for urban form. 
Our project began with a general objec-
• tive to increase energy efficiency in 
urban development, thereby providing a 
framework for selecting innovative com-
ponents to be incorporated into a town 
design. Then, through a proces of 
preparing a structure plan, the study 
investigated possibilities for new and 
different urban patterns. 

The study did not attempt to cal-
culate energy savings, nor to test in a 
rigourous manner the technical and 
financial dimensions of implementing 
the innovative components. These limi-

tations notwithstanding, the research 
extensively drawn upon and cited 
throughout this study inspired the par-
ticular innovations incorporated in our 
plan. We can therefore state with con-
fidence that energy savings can be 
achieved by the chosen urban forms. 
Under general conditions, the innova-
tions we have explored are technically 
operational and the cost of implement-
ing them can net energy benefits. 

The absence of a quantitative 
measure of the energy efficiency 
achieved by our structure plan, it 
should be noted, has been intentional, 
and reflects certain obstacles to 
specificity in a study such as this. 
Beyond our general conclusions, each 

application of an innovative component 
(for instance, of district heating) has 
specific conditions that affect the 
results -- environmental and site con-
ditions; economic variables, including 
the costs of money, alternative fuels, 
and labour and materials to develop the 
transmission network; the composition 
of industry and the demand for waste 
heat; the extent of other energy-saving 
measures, such as increased thermal in-
sulation; etc. Other innovative com-
ponents must similarly be assessed in 

the context of varying factors. 

Nonetheless, we should expect to 

learn something from a planning exer-
cise such as this, which attempts to 
integrate innovative aspects into what 
is possibly the moat complex of design 
problems. Heuristic studies generate 
images and concepts for possible physi-
cal forms for urban systems. These im-
ages and conceptual plans, though they 
may reflect wishes as much as known 

circumstances, are a way of learning 
and an important step to understanding 

what constitutes a good fit between 
changing urban systems and their physi-
cal settings. 

In this project nothing has been 
accepted as an assumption that is not, 

to some extent, consistent with well-
acknowledged trends. The sociodemo-
graphic and economic trends are already 
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evident. Energy efficiency is rapidly 
gaining acceptance as a necessary con-
dition for planning and design. And, 
as mentioned, many of the innovations 
have proven feasible in demonstrations. 

• The process of exploring the implica-
tions among these factors for site-
-- specific town design expands our images 
of energy efficient urban form, and 

provides us with alternative structures 
to investigate and test further. 

In this final chapter, we briefly 
summarize the , results of this design 
study. We also offer a retrospective 
assessment of the project by including 
some observations about a systems ap-
proach to energy efficient urban form, 
and the impact of structure planning on 
the design process and its results. 
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SUMMARY COMMENTS ON THE STRUCTURE PLAN  

The energy used in cities is sup-
plied from natural resources. It is a 

convenient illusion, however, to think 

that because much of this energy comes 
from geographically distant sources 
there are only weak connections to be 
maintained between urban development 
and the natural environment in and 
around the city in order to promote en-
ergy efficiency. In fact, the develop-
ment site is more often rife with en-

.vironmental clues that, if followed, 
will greatly enhance energy efficiency 
by strengthening real, systemic ties 
between urban and natural environments. 

In the initial stagesof planning, 
this relationship is confirmed through 
analysis of the intrinsic development 
suitabilities of a site. In addition 
to constraints, this process identifies 
"free" environmental assets; that is, 
existing natural features whose in-
herent qualities create opportunities 
for energy efficient urban forms. The 
designs of various urban infrastructure 
systems, for example, are affected by 
consideration of these factors, includ-
ing opportunities to implement solar 
energy systems for space heating, to 
utilize gravity- flow systems for the 
removal of liquid wastes, and to sub-

stitute natural drainage patterns to 
manage storinwater runoff. To promote 

energy efficient development, there-
fore, site analysis should include 

specific site factors that promote ef-
ficient forms, or inhibit them. 

Understanding the nature of a site 
and its assets and constraints yields 
an urban landscape from which the city 
derives many of its environmental, 
aesthetic and, particularly, functional 

characteristics. In our project, the 
landscape is a dominant, determining 
factor for urban form. The areal ex-
tent and " finger" configuration of the 
major open space system is reinforced 
by a smaller-scale but extensive secon-
dary open space system that follows the 
drainage channels. The effect is a 

high degree of contact and integration 
between natural and urban environments. 
Drawing the natural and man-made ele-
ments of an urban landscape together at 

all scales of development urbanizes the 
natural environment ( the site) in a way 
that further humanizes the urban.. en-

vironment. 

Open space systems based on con-
servation areas designated in the site 

analysis contain natural features con-
ducive to passive recreation activi-

ties, such as hiking, canoeing, nature 
study, etc. Some of these activities 

hiking (walking) and cycling -- and 
the open space systems where they oc-
cur, also constitute alternatives to 
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mechanized transportation systems link-
ing people and places throughout the 
community. Urban food production is 
also encouraged, as a commercial ven-
ture as well as a component of personal 
lifestyles. 

Within the urban landscape frame-
work, activity ; and movement systems 

- subsume urban functions and organize 

the physical structure. Intra-urban 

transportation is a crucial factor in 
urban energy use, and movement systems 

are a major urban form determinant. As 
such, the modes of transport and the 
pattern of their movement channels play 
a significant role in achieving energy 
efficient development. 

Our proposal argues in favour of 
diverse transport modes to meet the 
needs of varying groups for different 
types of travel. Clear priorities, 
though, are established for the more 
energy efficient modes, viz, public 
transport and pedestrian movement. 
These two systems are made to comple-

ment each other in the organization of 
the physical structure. The transit 
corridor forms a looped spine through 
the major activity centres, linking 
them together. From the residential 
environment, convenient pedestrian ac-

cess leads to the services and facili-
ties located in the district centre and 

transit connections to other areas in 

the city. 

Nonetheless, movement of people 
and goods in private vehicles remains 
as a system component of some impor-
tance. In order to optimize energy 
savings for this mode, it is necessary 
to ensure smooth traffic flows on rea-
sonably direct routes. Our approach to 
this has been to align parkways adja-
cent to areas of intense development, 

creating an " edge" that efficiently 
by-passes, but allows controlled access 

to, high density centres. 

Urban activities have traditional-
ly been separated in space and time on 
the basis of mutually exclusive land 
use categories, thereby increasing the 
form significance of transportation 
systems that link them. In contrast, 
we argue that while spatially distri-
buted activities create a demand for 
movement systems, the latter also gen-
erate activities. The relationship 
between place-related and movement ac-

tivities is a symbiotic, or collabora-
tive, one. In order to achieve greater 
efficiency in urban form, we urge a 

functional re- organization of activi-
ties and substantial integration of 
different activities and facilities. 
Because of the essential links between 
place-related and movement activities, 
the scope of "mixed use" includes in-
tegration of these two categories of 
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urban activities. 

With changes in the nature of 
economic activities and industry, the 
charge that industry is incompatible 
with other urban activities ( supporting 
segregation of the two) now carries 
less weight. Therefore, widely distri-
buting employment throughout the urban 
area increases its accessibility to 
more people. Lifestyle changes, where 
most adult members of a household work 
outside the home, plus trends to small-
•er households living in smaller dwel-
lings, increase the demand for a wide 
range of services and facilities close-
ly integrated into residential environ-
ments. 

Further, from a perspective of the 
economics of development, mixed use 

projects have attributes that can 
• strengthen their feasibility, including 

the effective subsidies created by cer-
tain activities which can support the 
inclusion of more varied services and 
facilities than otherwise economically 
possible; and, reduced capital and 
operating costs for the physical facil-
ities resulting from shared use of 
spaces and infrastructure systems. 

Greater mixture of uses gains 
further support when we consider its 

contribution to energy efficient 
development. In general, mixed use, or 

a finer grain of activities and facili-
ties, augments increased density -- or 
consolidation of development -- to im-
prove energy efficiency. With regard 
to space conditioning, for example, ef-
ficient use of energy results not just 
from the reduced heat demand that fol-
lows greater density. The efficiency 
of energy systems also relies on shared 
use, whereby heat demand is evenly 
spread throughout the day because there 

is sequential use of the space by dif-
ferent activities. 

In the area of transportation en-
ergy use, mixed use is the key to ef-
fective transportation substitutions, 
and reductions in the need to travel. 
A diversity of activities and facili-
ties strengthens the increased densi-
ties that are essential to a viable 
transit system. Increased options to 

secure a range of services in one loca-
tion enhances its attraction as a trav-
el destination. Within any given mixed 

use area, access to various facilities 
relies on pedestrian rather than vehic-
ular movement. However, provision for 
private cars can be improved through 
measures, such as shared use of parking 
facilities serving different activities 
and facilities at different times. 

Our proposal adapts the mixed use 

concept to a structure plan based on 
multiple centres. Polynucleated forms 
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• have been shown to be among the most 
energy efficient development patterns. 
This approach necessitates a shift away 

from the traditional concept of the 
neighbourhood as the functional, social 
and, therefore, physical unit of urban 
development. A larger "district" be-
comes the primary subdivision element 
of urban form. 

At moderate densities (35-40 dwel-
ling units/ha), population units of 

20,000-30,000 people can be organized 
within a radius of one to one-and-a-
half kilometres of a district centre. 

Diverse housing types can be provided 

at these average densities to accommo-
date differing household needs, all 

within a short distance of open spaces 
surrounding and/or integrated into the 
built environment. The range of ser-
vices and facilities available at the 
district level also increases with the 
larger population catchment. Social 
interaction in the public environment 
is strengthened by the scale of the 

district and the influx of people to 
the centre to pursue a variety of ac-

tivities. Personal social contacts 
among neighbours in the immediate 
residential environment within the dis-
trict are balanced by easy access to 
friends and associates living in other 
districts via intra-urban transit. 

In addition to creating a focus 
for the functional and social struc-

tures of the community, the district is 
amenable to the introduction of a 
number of energy innovations. Energy 

use can be made more efficient because 
a mixed use, compact area, with higher 
development densities and coordinated 
with a public transit system, reduces 
energy demands for space conditioning 
and transportation. Energy supply for 
space conditioning also benefits, 
through the increased technical and 
economic feasibility of district heat-
ing systems. These can be implemented 
at the local, district scale, allowing 
for incremental, more economical 

development of a system. Moreover, 

they can use a variety of fuels, in-
eluding renewable resources, recycled 
solid wastes, and/or cogeneration or 

use of waste heat where industry is lo-
cated in close proximity to high densi-

ty areas. 

Solar energy plays a lesser role 
in supplying space heat, with its im-
pact felt primarily in low density 
areas, and in ameliorating heat demand 

and adverse microclimate throughout 
other areas, The general north- south 
orientation of the linear development, 
particularly in the valleys, supports 
an east-west orientation to residential 

development. In low density areas, 
abundant open space and landscaping in-
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corporated with development ensures 

solar access to individual units for 
passive heat gain, or to active solar 
collectors in cases where clusters of 
dwelling units are heated by a shared 
system. Even in the central valley, 
the moderate average density of 

development outside district' centres 
can be achieved in low-rise built forms 

which, while part of a district heating 
system, can further benefit from pas-
sive heat gain if properly landscaped. 

• Nevertheless, a modular approach, 
such as the district unit, does not 
have to result in a rigid, monotonous 
urban form. Certain landscape features 
aot.as the impetus for locating centres 
of activity and defining their charac-
ter, such as the lakes which prompt the 
development of regional recreation fa-
cilities. This principle of functional 
specialization has been extended to 
distinguish other centres that provide 
specific types of services and facili-
ties. For example, the transportation 
exchange centre acts as an interchange 
among the various intra-urban and re-
gional transportation systems; the en-
ergy research centre, by including a 
technical school and hotel/convention 
facilities, ensures that mutually rein-
forcing activities are highly accessi-
ble to one another; etc. The exact 
size and character of each district 
centre differs according to its func-

tional character and role. 

As a result, the multiple centre 
plan achieves diversity among the 
several district centres. Other 
features, however, unify this polynu-
cleated form into a coherent, 
comprehensible whole. First, the mixed 

use character of the district and its 
centre bring together more services and 
facilities within easy reach of 
residents. Second, the linear form 
developed in conjunction with the tran-
sit corridor ensures good accessibility 

throughout the community. And, lastly, 
the built environment remains closely 
integrated with the natural environment 
that offers environmental, functional 

and aesthetic resources to the urban 
system. These form elements constitute 
the principal components of our concep-
tual plan. 

To conclude our discussion with a 
preliminary assessment of the success 
of this plan to achieve increased ener-

gy efficiency, we need to review some 
issues related to a systems view of en-
ergy efficiency and urban form, and the 

scale and nature of structure planning. 
These will be taken up in the next sec-
tions. 
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A SYSTEMS VIEW OF ENERGY EFFICIENT  
URBAN FORM 

Our approach to urban form and de-
fining criteria for energy efficient 
development is based on a systems view 
of cities. Within a systems context, 

energy efficiency criteria closely in-
teract with social and environmental 
criteria. The resultant forms 
represent trade-offs among competing 
values underlying these human activi-
ties that motivate adaptations of the 
physical environment. 

In the discussion of energy effi-

cient criteria in Chapter 1, we stated 
that the city is an integral part of 
the larger natural system that encom-
passes it. The flow of materials and 
.energy between natural and man-made en-
vironments affects the health and 
well-being of the urban system. We 
discussed how the role of energy in ci-
ties must be constrained and directed 
by inherent limitations of the overall 
urban-natural environment. 

We also stated that how and to 
what extent energy is consumed is bound 
up with cultural choice. Other social 
and cultural priorities may, and very 
often do, lead to sub-optimal energy 
uses, such as those associated with 
suburban bungalows and preeminent reli-
ance on the private car. One purpose 

of an exploration of energy efficient 
urban forms is to enlarge our awareness 
of the energy implications of certain 

current functional and social patterns 7 
and to indicate how innovative physical 
form may be able to accommodate under 
lying social and cultural values in 
less energy- consumptive ways. 

Thus, the interactions of energy 
criteria with social and environmental 
criteria become the basis for defining 
urban structure. All three considered 

together constitute the measure of 
"success" of the structure plan. In 
other words, the degree of success in 
one area ( in our case, energy efficien-

cy achieved) cannot be assessed in 
terms which exclude the other two; 
there must some sort of integral cal-
culus of practical and cultural judg-
ment. It is this systemic view which 
influenced our choice of energy cri-
teria and innovations, and the forms 
that evolved in the design process. 

The four broadly-stated energy ef-
ficiency criteria represent a departure 
from current priorities for energy use 
and supply. To this extent, we have 
based our study on a set of "wishes" 
for the role of energy in cities, al-
beit "wishes" we believe are gaining 
wider societal support. These cri-
teria, taken as a group, reflect a 
comprehensive systems view. Underlying 
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them are notions concerning the rela-
tionship of energy production and its 
use to the environment -- environmental 
degradation and depletion of resources 

and to social structures -- local 
autonomy, flexibility, personal and so-
cietal costs, etc. From these we have 
drawn criteria for energy efficiency 

that stress reduced demand and alterna-
tive supplies. 

Our decisions about which innova-
tiois to include in the design study 

were made on the basis of what was best 
suited to achieving our energy objec-
tives. The innovations are intended to 
support an holistic approach to energy 
efficiency. For example, the natural 
characteristics of the site are relied 
on very heavily to indicate opportuni-
ties and constraints for efficient 
development -- such as good ( or bad) 
solar aspect, orientation of develop-
ment and effective use of topography 
and landscaping to modify and control 
the microclimate around buildings. 
These " free" assets affect the demand 
for energy; as well, some, such as pas-
sive solar heat gain, constitute inno-
vative sources. Other source innova-
tions, such as district heating or re-
cycling and waste heat, stress the so-

cial and environmental desiderata for 
technologies that are small-scale and 
amenable, to local management based on 
renewable resources, and capable of 

flexible, incremental development to 
permit adaptation to change. 

The relationship between natural 

(the site) and urban systems is crucial 
to the form proposals in our structure 
plan. The physical interlocking of 
open space and developed area 
represent, and augment, the exchanges 
and flows between the two systems, in 
terms of energy and other natural 
resources required by the community as 
well as accommodating certain urban ac-
tivities, such as recreation and food 

production, and providing linkages 
between others. 

The principles of consolidation 
and integration, as mentioned, influ-
ence the internal structure of the 
developed area, leading to moderate 
overall densities and extensive mixing 
of different activities and land uses. 
However, these basic form principles 
have been mediated, and the physical 
structure refined, by social and en-
vironmental considerations, in addition 
to energy efficiency. 

Attention to the scale of consoli-

dation, for example, leads to multiple 
activity centres in medium-sized urban 
districts. These form elements coordi-
nate opportunities for implementing en-
ergy innovations with a physical struc-
ture conducive to positive social and 
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functional organization, and which is 
also appropriate to the environmental 
conditions of the site. In another in-
stance, however, while the physical 
structure was predicated on a strong 
commitment to public transit and pedes-
trian movement, the provision also made 
for private cars ensures that urban 
transportation systems include the 
diversity of modes required by the full 
range of human activity patterns and 
cultural criteria. 

Although premised on this systems 
view, the resultant physical form is 
one which promotes energy efficiency 
per se. The low density suburban form 

that dominates the urban environment 
creates the highest overall demands for 

space heating and transportation ener-
gy. On the other hand, the core of 
many cities tends to exceed the thres-
holds for energy efficiencies associat-
ed with increased densities, and incurs 
higher energy costs for construction 
and operation of the built environment. 
Ourconceptual plan adapts the physical 
environment in ways that address the 
energy issues of these two form alter-
natives and, as such, improves on the 
energy efficiency characteristics of 
the more common urban development 
forms. 

In summary, physical structure has 
been used as a lever to increase energy 
efficiency in several ways. First, the 
open space, that often "lies fallow" in 
low density development but is preclud-
ed in more intense development, is ac-
tively incorporated as a means of 
reducing energy costs of urban infras-
tructure and to expand the range of ur-
ban activities with positive energy im-
plications, such as food production. 
Density is moderated, from the perspec-
tive of optimal energy use, and yet 
consolidation and integration are pro-
moted through the multiple centre ap-
proach. This reduces the need to trav-
el by bringing people closer to more 

services and facilities, while it main-
tains a form conducive to the implemen-
tation of an energy efficiency movement 
system. Throughout, the integrated 
district structure at moderate densi-
ties allows for consideration of vari-
ous energy supply innovations, princi-
pally district heating. 
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STRUCTURE PLANNING 

The final observations we would 
like to make about the impact of info-
.,vation on urban form concern the scale 
of the investigation, the structure 
plan. Our work on this project indi-
cates a relationship between the scope 

of a structure plan and an assessment 
of the opportunities for innovative en-
• ergy efficient town design. 

A structure plan represents a 
framework, or a set of principles for 
the organization, development and use 
of land. These principles define and 

shape the basic " skeleton" of physical 
form. They guide, but do not antici-

pate, the range of private and small-
scale public design decisions that, 
over time, will " infill" specific set-
tings and built forms for these activi-
ties. The scope of the structure plan, 
therefore, is constrained by its func-
tion to articulate those elements of 
physical form that must be fixed in 
order to enable others to be flexible 

and changeable. 

Throughout this project, we have 

concentrated our investigation of urban 
form on those major elements of physi-
cal structure that are the concern of a 
struc,ture plan -- overall development 

patterns, distribution of activities 
and facilities serving the entire urban 

region, major transportation networks, 

etc. At points in our discussion; how-
ever, we made reference to the impact 
of more detailed design on the possi-
bilities for increased energy efficien-
cy in urban development. For example, 
in order to achieve increased energy 
efficiency in urban form, the internal 
organization and design of individual 
dwelling units must ensure maximum in-
solation into major living spaces and 
minimize adverse microclimate condi-

tions. These are essential to effi-

cient energy use in each unit, and to 
options for passive solar heat gain. 
The extent of residential development 

heightens their significance to overall 

energy efficiency in the urban environ-
ment. But these are issues to be 

resolved through site planning, and ar-
chitectural and landscape designs, and 
which exceed the scope of structure 

planning. 

Therefore, one might ask, what is 
the relevance of structure planning to 

evolving energy efficient forms if it 
does not embrace certain important fac-
tors? Taking the above example, the 
role of structure planning lies in the 
fact that a structural element such as 
the orientation of streets is an impor-

tant and necessary condition affecting 
opportunities to achieve energy effi-

ciency in the house design. Specifying 

this aspect of the physical structure 
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: so that residential streets run in 
an east-west direction -- permits the 
detailed design of interior spaces to 
maximize the effects of passive solar 
heat gain in a way that is compatible 

with the provision of other facilities, 
such as private outdoor spaces and ac-

cess to the dwelling, particularly in 
areas where dwelling units are street-

oriented. 

Structural elements such as the 
designation of high density, mixed use 

centres linked by a transit route 
represent necessary physical conditions 
if it is hoped to achieve energy effi-
ciencies through implementation of a 
public transportation system. More de-
tailed consideration of the composition 
of activities and facilities in the 
mixed use development, and seemingly 
simple design issues of providing good 
weather protection at bus stops, or ac-
commodating cyclists wishing to travel 
part-way by bus, persons in wheelchairs 

or mothers with baby carriages, are all 
factors of physical design that affect 
ridership levels and thus the viability 
of transit systems. Notwithstanding 
these important details, and as many 
cities amply demonstrate, existing 
development forms and infrastructure 
can restrict options to implement a 
more effective transit system in con-
junction with established patterns of 
urban activities. This confirms the 

significance of specifying structural 
elements, such as the overall distribu-
tion of major activity centres and the 
nature and form of transportation links 
between them, to act as a framework to 
direct the detailed micro- planning and 
design of specific developments. 

A structure plan is intended to. be 
open-ended to a certain degree, and to 

specify the minimum needed to achieve 
the criteria and objectives set for the 
physical form. As such, it may appear 
to be an ambiguous and inconclusive as-
sessment of the realization of those 
criteria and objectives. What a struc-
ture plan cannot do is guarantee op-
timal energy efficiency. On the other 

hand, what it does do is establish cer-
tain necessary physical conditions that 
will partly determine, then'allow and 

encourage detailed adaptations of space 

to promote energy criteria. 

To conclude, it is useful to ex-

press the role and value of a structure 
plan in terms of the systems approach. 
A systems model is important to us when 

we are able to understand the nature of 
the organizational relationships among 
its component parts. This structure 
defines how the system works and, 
therefore, how change and modification 
to the system can be accommodated in 
ways that maintain its integrity and 
essential purposes. A structure plan 
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represents the organizational relation-
;ships among the elements of urban 

structure. Modification of the physi-
• • oal environment, within the framework 

for. nergy efficient development pro-
posed in the structure plan, will lead 

• to increased efficiencies throughout 
the planning and design of cities. 
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