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Summary

1. SUMMARY

This report describes a joint urban de-
sign study by the Center for Environ-
mental Design Research at the Universi-
ty of California at Berkeley and the Cen-
tre for Landscape Research at the
University of Toronto. The purpose of
this study is to analyze how future de-
velopment in Toronto’s Central Area
will affect street-level sun, wind, and
thermal comfort conditions. The study
stemmed from public concern about the
quality of the downtown environment
and is related to implementation mea-
sures under consideration for a new plan
for Toronto’s Central Area. This study
continues the work presented in the
1974 document "Onbuildingdowntown,"
as well as work done by the Berkeley re-
search team in San Francisco and New
York City.

The research presented in this report ex-
amines the shadows produced by down-
town buildings and recommends proce-
dures and standards for preserving sun-
light on Central Area sidewalks and
open spaces. Secondly, this study con-
siders the effects of buildings on wind
conditions at street-level, and thirdly,

the study evaluates the combined effects
of sun and wind conditions on pedestrian
comfort. Rather than focusing on just
the effects of individual buildings, this re-
search evaluates the cumulative effects
of area wide development.

Lastly, the study illustrates the effect of
future development on the visual quali-
ties of Central Area streets. The study
compares existing development condi-
tions with development permissible un-
der current planning controls and under
the standards recommended in this re-
port.

Study Areas and Study Procedure

In order to study the influence of build-
ing, street, and open space dimensions
on sun, shade, wind, and comfort, the
study team conducted field measure-
ments and laboratory experiments with-
in an area defined by the Canadian Pacif-
ic Railroad tracks to the north, the Lake
to the south, Spadina to the West, and
Sherbourne to the East. Three areas
within the Central Area were selected
for detailed laboratory experiment,
These areas include:

1. The North Midtown area centered on
Bloor and Bay Streets;

2. The East Downtown area between
Dundas and Queen Streets, Yonge
and Jarvis Streets; and

3. The Lakefront and Railway Lands cen-
tered on York Street between Union
Station and the Lake.

A scale model was prepared for each of
the three areas to represent existing
building conditions. On sites where fu-
ture development is likely to take place,
two future scenarios were created. The
first scenario illustrates development
conditions under current planning con-
trols. The second illustrates future de-
velopment modified in ways assumed to
reduce undesirable wind and shadow ef-
fects. This second scenario was con-
structed after a number of tests had
been completed, including wind tunnel
tests measuring the velocity of wind
flows at a pedestrian level. The shading
effects were determined by placing the
models under a parallel-beam light
source that was manipulated to reflect
the sun’s altitude and bearing angle at
varying times of the day and year. To
gauge the combined effects of measured
wind and shadow conditions on pedestri-
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an comfort, wind tunne! and shadow data
was fed into a computer model that sim-
ulates the human thermoregulatory sys-
tem. The model considers ambient tem-
perature, humidity, wind velocity, and
solar radiation, while making assump-
tions about activity level and the amount
of clothing worn. The product of this
model is a numerical ratio that express-
es the percentage of time a particular
place will be comfortable for outdoor us-
ers during daylight hours.

Additionally, field studies were conduct-
ed independently of the hypothetical de-
velopment scenarios. Using photograph-
ic methods, the team recorded and
mapped existing sunlight conditions in
selected parks, squares, and plazas, and
along selected Central Area streets.

Key Findings

The most basic observation con-

firmed by this study is that sunlight and
wind conditions play a crifical role for
people in determining thermal comfort
in public open spaces and along side-
walks.

Toronto has a climate with cold winters
and hot, humid summers, but the cool-
to-moderate conditions during the spring
and fall provide comfortable conditions
for pedestrians outdoors for many days
of the year. During the winter, air tem-
peratures are occasionally very cold and
winds are frequently strong. Protecting
pedestrians from building-induced wind
conditions is an urgent concern. For
park areas where people in protective
winter clothing are engaged in recre-
ation, sunlight present at midday will
only have a mitigating effect on the cli-
mate when winds are calm.

From late April until mid-June, during
Toronto’s spring season, direct solar
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radiation plays a critical role for peo-
ple in determining thermal comfort out-
doors.

For people who want to sit outdoors on
park benches, the combination of wind
and ambient temperature conditions fre-
quently make it too cool to sit in the
shade. However, most of the park and
plaza spaces studied are well enough
sheltered from the wind that sitting in
the sun is comfortable under most tem-
perature conditions prevailing on spring
days. To stay cool outdoors in the sum-
mer months many people seek shade
and prefer a light breeze, especially on
those days in August with high humidi-
ty. During these hot and humid times of
the year, people find comfort on tree-
shaded walks and in parks. Trees pro-
vide shade and, when planted in groups,
may increase the buoyancy driven flow
of air between the cooler tree-shaded ar-
eas and the warmer sunlit buildings and
street surfaces.

During the fall season, climatic condi-
tions are similar to those found in
spring, although fall temperatures are
somewhat warmer. In both seasons
people sitting on benches or strolling
leisurely along sidewalks benefit from
direct sunlight and protection from
wind.

In all three areas selected for this study,
the analyses show that adverse wind
conditions would be created in some lo-
cations given future development aliow-
able under current planning controls. In
general such conditions can be avoided if
the height and placement of future build-
ing volumes are modified. The combined
wind effect and shading caused by future
development under current planning con-
trols would render sections of side-
walks, and to a lesser extent park
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space, uncomfortable during the spring
and fall seasons. Again, uncomfortable
conditions could be avoided by scaling
building dimensions in a way that allows
sunlight to reach open spaces and side-
walks where people will stroll or play.

Recommendations

The findings in this report suggest the
need for planning legislation that con-
trols adverse wind conditions caused by
new construction. In addition, this re-
port recommends establishing height
limits to preserve sunlight to parks and
open spaces in the Central Area during
those times of the day and year when
sunlight is most needed for thermal com-
fort of pedestrians using open spaces for
recreation.

This report recommends the use of sun
access easements, so-called "solar

fans,” for the setting of zoning heights

in the vicinity of open spaces. When
drawn on maps, these easements take

on the shape of a fan. The zones indicat-
ed by the leaves of these fans define
building heights. Buildings built to these
heights would not produce shadows be-
yond the extent of existing shadows.
This report recommends permissible
building heights in the vicinity of open
spaces and the duration of time for which
sunlight shall be preserved for each open
space. These recommendations are spe-
cific for each type of open space in the
Central Area.

Finally the report recommends that sim-
ilar height limits be established to guar-
antee a minimum of three hours of sun-
light encompassing the midday period on
all streets in the Central Area, five
hours of sunlight on streets where peo-
ple stroll and shop, and seven hours of
sunlight on residential streets lined by

lowrise development.

The rationale for these standards are
based on the climatic conditions in Tor-
onto, and on field studies of current sun-
light availability on Toronto streets. Our
studies show the great majority of Tor-
onto streets receive a minimum of three
hours of sunlight during a period of time
that encompasses midday at the spring
and fall equinox. Many streets in the
Central Area receive five hours and
more during that same time of day and
year.

This report makes four specific
recommendations and demonstrates
that these recommendations can be
implemented primarily through zoning
controls. Only a new code developed
to protect sidewalks and open spaces
from strong wind velocities should be
implemented through a performance
standard:

1. Review of the Zoning Height Districts

Revise the zoning height limits in
the Central Area of Toronto. Set
the revised height limits of each dis-
trict compatible with density con-
trols of the same district.

Once established, the new zoning height
limits should not be subject to discre-
tionary review in negotiations between
the sponsors of future development and
the City of Toronto.

Recommendations 2 and 3 further modify
the revised height limit:

2.Sunlight to Public Parks and Open
Spaces

Restrict the allowable height of
future development in the vicinity of
publicly accessible open spaces in
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order to preserve sunlight during
those time of year and day when it
is most needed for the comfort of
open space users.

Adopt an open space classification
system that determines the dura-
tion of sunlight and extent of the
open space area for which sunlight
should be preserved.

3. Sunlight for Streets

Restrict the allowable height of
future development to guarantee
three or more hours of sunlight
during a period encompassing
midday along sidewalks of streets
in the Central Area. Adopta
street classification system that
classifies streets according to the
amount of sunlight they shall
receive at midday between the
spring and fall equinox.

Wind Protection

Establish a performance standard
that protects pedestrians from the
mechanical force of winds induced
by the design and placement of fu-
ture buildings.

The standard should specify the test-
ing procedures used to determine
compliance, so that consistent results

are obtained by different wind consult-

ants when festing proposed projects.
This standard should be developed
under the oversight of a committee of
City officials and the consultants in
the Toronto region likely to be evalu-
ating winds in the future. It is likely
that the work will require the services
of a contractor in assembling the
weather data necessary for the stan-
dard.

In addition, it is suggested that the-
City consider undertaking further de-
velopment work in conjunction with
its wind consultants in order to create
a standard incorporating the thermal
influences of the wind on pedestrians
as well as the mechanical influences,

Sunlight for Parks

Sunlight for Streets

‘Wind Protection
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2. INTRODUCTION

Need for this Study

(excerpts from the February 1990 Terms
of References)

The relationship of buildings to the spac-
es which adjoin them largely determines
the quality of the public realm of the city,
where streets and other open spaces
provide the primary setting for public ac-
tivity. Enjoyment of the outdoor environ-
ment can be significantly affected by mi-
croclimatic conditions and perceptual fac-
tors. Streets and other public open
spaces which are sheltered from un-
pleasant wind conditions, which are sun-
ny much of the day, provide amenity for
the activities which sustain, enliven and
enrich urban life.

In Toronto, as in many other North
American cities, the rapid growth of the
1980s has been accompanied by mount-
ing public concern about environmental
quality.

At the same time technical advances
have occurred which facilitate more accu-
rate monitoring of microclimatic, visual
and experiential effects in the urban en-
vironment, and that make it possible to
identify more specific criteria for pedes-
trian comfort.

Purpose of this Study

The purpose of this study is to explore

the relationship of building form to micro-
climate and pedestrian perception at
street level, in order to establish stan-
dards that will ensure that building form
contributes positively to the pedestrian
environment, permitting adequate sun-
light, comfortable wind conditions, and
suitable scale relationships. This study
examines microclimatic and perceptual

variables affecting comfort levels for pe-
destrians on city streets and other public
spaces. It defines controls for built form
which ensure that comfort levels ade-
quate for an appropriate range of pedes-
trian activities are met at all times, and
that comfort levels are maximized during
periods of peak pedestrian use.

Report Structure

The report begins with a generalized dis-
cussion of sun, wind, and scale in urban
design and moves into a detailed expla-
nation of the study method. Next, an
analysis of the results is presented. The
analysis section includes diagrams indi-
cating the wind speeds and maps of each
area relating comfort conditions to devel-
opment intensity, location, and form.
The report ends with generalized find-
ings and recommendations.

Background for this Study

The City of Toronto is currently consider-
ing review and revision of its Official
Plan policies on built form and environ-
mental quality criteria. In recent years,

a number of North American cities have
introduced policies that value sunlight
and protect street environments from ad-
verse wind conditions. With its 1982
Midtown Development Controls, New
York City reintroduced the 1916 stan-
dards for preserving daylight and the
openness of street canyons to the sky.
The revised planning standards in New
York compare light conditions along ave-
nues and streets of Manhattan under the
historic 1916 district controls to condi-
tions expected under new controls.
Building forms and setbacks are calculat-
ed for anticipated light levels and a pro-
posed Midtown building meets the stan-
dard if it permits a specified amount of
daylight to reach the street level.
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The methodology used in Manhattan
was reviewed for its suitability in Toron-
to. Using the Manhatan methodology,
existing ambient light levels for Toronto
streets could be measured and the effect
of future development on sunlight levels
could be simulated. However, criteria
for judging the acceptability of daylight
standards would be arbitrary.

The 1986 San Francisco Downtown Plan
includes standards for sun access to
downtown streets, parks, plazas, and
squares. Sun-access controls set limits
on the height of buildings in the vicinity
of parks and open spaces, buildings
along streets in the retail district, and al-
so along Market Street. Due to San
Francisco’s cool windy climate, direct
sunlight and sheiter from wind are nec-
essary for a comfortable street environ-
ment. In 1984, the citizens of San Fran-
cisco voted to amend the city charter
with an ordinance that protects sunlight
on city-owned parks and squares from
one hour after sunrise to one hour before
sunset for all months of the year.

In 1984, the City of San Francisco devel-
oped a wind ordinance for the downtown
districts and established guidelines for
compliance. A section of the San Fran-
cisco Downtown Plan implemented by
the Planning Commission in 1989 re-
quires new buildings to be shaped or sit-
ed in such a manner that ground level
wind limits for seating 11 km/hr (7 mph)
and pedestrian areas 18 km/hr (11 mph )
are not exceeded during more than 10
percent of daylight hours.

The challenge of this present study has
been in developing planning controls that
integrate standards for a comfortable
microclimate on sidewalks and in other
public open spaces with existing
standards for land use and urban
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design. Standards under consideration
include: density controls; height and
bulk regulations and setback rules;
landscape planning; and maintenance of
street trees in the public right of way
and other open spaces.

The 1974 consultant study,
"Onbuildingdowntown," commissioned
by the City of Toronto Planning and De-
velopment Department, was explicit in
stating objectives that the form of new
buildings should create desirable year-
round conditions of sun and shade in (a)
designated open spaces; (b) surrounding
streets for pedestrians and vehicles; and
(¢) surrounding residential buildings.

The objectives led to requirements for
designated open spaces, as follows:

(i) Design new buildings so as to maxi-
mize the extent to which direct sunlight
reaches designated open spaces, (at

9:18 am., 12:18 p.m., and 3:18 p.m.) on
the spring equinox, March 21, and on the
autumn equinox, September 21 (E.S.T.
and D.S.T.)

Requirements for streets were as fol-
lows:

(i) Design new buildings so as to mini-
mize the extent to which those buildings
overshadow the north sidewalks of east-
west streets at 12:18 p.m., on the spring
equinox, March 21, and on the autumn
equinox, September 21 (E.S.T. and
D.S.T);

(i) Design new buildings so as to mini-
mize the extent to which those buildings
overshadow the west sidewalks of
north-south streets at 9:18 a.m. on the
spring equinox, March 21, and on the au-
tumn equinox, September 21 (E.S.T. and
D.S.T.); and

(iit) Design new buildings so as to mini-
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mize the extent to which those buildings
overshadow the east sidewalks of north-
south streets at 3:18 p.m. on the spring
equinox, March 21, and on the autumn
equinox, September 21 (E.S.T. and
D.S.T.).

The study also gave a number of prece-
dents of buildings that were considered
examples for achieving the stated princi-
ples.

With regard to wind and calm,
"Onbuildingdowntown" states the fol-
lowing goals:

(i) To ensure that new buildings do not
aggravate existing daily wind conditions
in such ways as to either increase the
wind velocity to undesirable levels or to
deflect it from places where it would be
desirable.

(ii) To provide open spaces that are
places of calm, sheltered from the wind.

A number of requirements for boundary
layer wind tunnel testing were then de-
fined by the study, which apply to select-
ed projects over a specified height limit
in the Central Area at the discretion of
the Planning Department. Such testing
has been carried out for most major
projects erected during the tenure of the
1976 Official Plan.

The objectives of "Onbuildingdowntown"
were subsequently incorporated in the
Official Plan. However, here the de-
tailed requirements pertaining to public
streets have become part of two general-
ized statements:

1A, 41(a) It is the policy of Council to
encourage the retention, development,
and enhancement of public streets and
streetscapes which have well defined
character, scale and enclosure, to ensure
that they are comfortable and convenient

and offer varied activities and experience
to pedestrians.

1A, 48 In order to achieve an improved
pedestrian environment at and around
street level in the Central Area, Council
will seek to ensure satisfactory condi-
tions with respect to wind and calm, and
sun and shade. In doing so Council will
seek to alleviate existing problems of
high wind velocities and lack of sun in
important pedestrian areas caused by

the height or inappropriate spacing or
configuration of buildings, and to prevent
the worsening of such conditions. In us-
ing its power of regulation and review in
implementing this Section, Council will
apply objective standards to determine
satisfactory conditions.

Fifteen years after the adoption of the
Official Plan, we can judge its effective-
ness where a number of new buildings
have been designed in accordance with
these objectives. It is now quite evident
that the intended results have not al-
ways been achieved on the streets and
open spaces of the Central Area of Tor-
onto.

The reason for this is twofold. First of
all, the language used for describing the
requirements was vague; for example,
the design should "minimize the extent
to which the new building overshadows
the sidewalks” and "maximize the ex-
tent to which direct sunlight reaches
designated open spaces.” The language
leaves much to interpretation and was
not clearly enough defined to permit
strict enforcement of the Official Plan.

Secondly, at the time of the adoption of
the Official Plan, it was hoped that spe-
cific language for implementation would
follow. Specific planning controls were
never legislated. Section 40, the site
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plan review process, was the only legal
instrument available for implementing

the above stated objectives, but proved
to be insufficient.

Also, some requirements in
"Onbuildingdowntown" were demanding
and probably not achievable within a
densely developed urban core; for exam-
ple, achieving "sunlight on a west side-
walk on a north-south street at 9:18 in
the morning on the autumn equinox.”
Here, a building could only be half as
high as the width of the street. In other
words, on a 26m wide street such as

Bay Street, a building could be only 12m
high at the lot line. This recommenda-
tion 1s very restrictive indeed.

As a result, the requirements were
largely ignored, and although it was re-
quested that wind tunnel tests and
sun/shade studies be provided for select-
ed developments, these tests were used
for negotiation purposes only. City offi-
cials lacked specific standards for en-
forcement, and consequently, the author-
ity to demand the desired sun penetra-
tion and comfort amenities for streets
and open spaces.

The main body of the report starts with a
discussion of the relationship between
climate and urban form and continues
with definitions of Toronto’s climate, re-
ports on the field studies, and the test-
ing of alternative levels of future devel-
opment under laboratory conditions, and
concludes with recommendations for
planning controls with guidelines for
compliance.

Sun, Wind, Comfort, and Scale in
Urban Design

The form of cities emerges over time and
is shaped by decisions about the con-
struction and demolition of physical
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structures. The form emerges in predict-
able ways, although these decisions are
made at different times by people with-
out obvious connections. Despite the
great variety of a city, we find many sim-
ilarities between streets, districts, and
building types.

These similarities are not accidental.
They are the result of an elaborate sys-
tem of rules that contribute to a collec-
tive understanding about the design of
cities. At its most basic level, this un-
derstanding supports a social system in
which things are encouraged or discour-
aged through essentially social means,
ranging from legal sanctions to the most
subtle incentives.

One such rule is the right to light and air
in city streets and open spaces. Limits
on the height and bulk of buildings have
existed as a legal embodiment of good
neighborliness in order to promote public
health and comfort. In fact, such rules on
height and bulk became the basis for
zoning ordinances in Canada and else-
where.

In North America, the first study that led
up to this subject was conducted in 1913
by the Commission on Heights of Build-
ings of New York City. The commission
was an investigating body appointed by
the Board of Estimate and Apportion-
ment to study how skyscrapers affect

the safety and health of the community.
If the commission discovered an effect, it
was to indicate what regulation could be
lawfully adopted to bring improvement.
When the committee was formed in the
beginning of 1913, any office or hotel
structure in New York City could cover
an entire site, rise to any height, and
maintain the lot dimensions at the high-
est story. Shadows cast from high-rise
structures darkened streets and build-
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heights equal to the width. Above that
height, as on the avenues, buildings ascend
within a line drawn from the center of the
street through the top of the wall upon the
lot line.
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ings. The Commission recommended
that building heights and use be regulat-
ed (in the interest of public health and
safety). The report resulted in an
amendment to the city charter including
height and use districts under the provi-
sions of the Board of Estimate and Ap-
portionment. The law has been in opera-
tion since it was passed on July 25,

1916. The new charter amendment came
at a time when districts were expanding
rapidly on the Upper East, and more re-
cently the Upper West, sides of Manhat-
tan. The new height rules have given
these districts and others a very distinc-
tive form and character (Fig. 2.1).

The Commission that framed the New
York City charter amendment had made
a careful study of building regulations in
European cities. In Paris, for example,
the King’s declaration on Building Lines
and Window Openings, dated April 10,
1783, was followed by an ordinance on
August 25, 1784, defining the major prin-
ciples of regulating architecture. These
principles set a cornice line, slope of
roof, and calculated facade height as a
function of the street’s width. The stan-
dards were somewhat arbitrarily cho-
sen. On streets between 9.75 and 20
meters in width, the maximum height
was set at 17.54 meters with roof slop-
ing upwards at 45 degrees. In the hun-
dred and fifty years following, these
height limits were modified, in 1869,
1884, and again in 1902, eleven years
prior to the visit by New York planners
(Fig.2.2).

The use of the mansard roofs along most
streets built during the Haussmann peri-
od strongly -characterized the skyline of
Paris after 1884. When the commission-
ers from New York examined the 1902
revisions to the Parisian buildings laws,
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they found that the height limits main-
tained the height of the street facade at
18 meters (the earlier limits had been
17.54 meters in 1784), but increased the
total allowable height to 30 meters.

In Paris, situated at 47 degrees northern
latitude, a 49-degree slope of a roof
would allow sunlight to reach into north-
south streets of 20m width between
11:00 a.m. and 1:00 p.m. from April 2 to
September 10. In New York City, locat-
ed further south at 39 degrees north lati-
tude, the altitude of the sun exceeds 45
degrees more frequently during daylight
hours in the course of the year, giving a
greater percentage of sun to streets of
20m width. Indeed, the setiing of such
angles and building heights appears
somewhat arbitrary, given the various
width of streets, their orientation, and
the Jocation of a city with regard to the
position of the sun and climatic zone.

Sun, Wind, and Comfort

Although the relationships between the
overall form of a city and its climate can
be intuitively understood, it is generally
not possible to use intuition for predict-
ing how specific future buildings will af-
fect climatic conditions. Also, there is
no comprehensive mathematical model
that can predict the effects of proposed
structures on the comfort of those who
walk along sidewalks or use public open
spaces. By comfort here, we mean the
physiological well being of a person lei-
surely walking along a sidewalk or sit-
ting on a bench outdoors. A combination
of experimental and computational tech-
niques is necessary to make such com-
fort predictions. For example, the
amount of shadow a future building will
cast on sidewalks and open spaces can
be measured by placing scale models in-
to an artificial sky-laboratory where the
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1. A diagram of the 1839 regulation on building
height. Courtesy of the Atelier Parisien d'Urbanisme.
On streets over twenly meters wide, cornice height
was raised 2.5 meters, which made apartiment build-
ings look much more monumental.

Fig. 2.2 Map of the Blvd, St. Germaine,
Paris. Diagram of regulation on building

A diagram showing how the 1884 regulation affected
building height.

By authorizing roofs that fit under an arc with a
radius of six meters, the 1884 regulation resuited in
iarger roof volumes; comice height, however, did not
change. Diagram courtesy of the Atelier Parisien
d'Urbanisme.

d’Urbanisme

A dizgram showing how the 1902 building code
affected building height.

The 1902 regulation on building height was the most
generous in the city’s history. While cornice height
remained the same, roof volume was determined by
an' arc whose radius, varying according to street
width, was extended Dy a 43-legres diagonal.
Maximum building height thus rose to 32 meters
{compared to 22.41 meters in 1784). Diagram cour-
tesy of the Atelier Parisien d'Urbanistne.

height. Prepared by Atelier Parisien

11
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sun is represented by a parallel-beam
light source. The light source can be ad-
justed to represent the altitude and di-
rection of the sun at any given time. The
extent of the shadows over selected
times of the year is then measured in-
side the scale model. Sun and shadow
analysis can also be performed by com-
puter using a three-dimensional data file
of all building, street, and open space di-
mensions, combined with software for
shadow casting, shadow accounting, and
modeling of proposed buildings.

Similarly, in most complex cases, the air-
flow around buildings must be measured
against a scale model of existing physi-
cal conditions placed in a boundary-lay-
er-simulating wind tunnel. By inserting
models of proposed or potential future
development in the tunnel, accurate mea-
surements of street level wind velocity,
direction, and turbulence can be ob-
tained. Building-induced wind phenome-
na can be obtained through comparing
measurements under existing conditions
with measurements of changed condi-
tions.

The measurements of wind and sun or
shadow conditions provide two of the six
key variables that affect human comfort.
Solar radiation provides warmth for the
human thermoregulatory system. A hu-
man body exposed to wind exchanges
body heat through convection. Two oth-
er climate variables, humidity and ambi-
ent air temperature, also affect thermal
comfort. Values for these are usually
obtained from weather records. In addi-
tion, the model must know or make in-
formed assumptions about the activity
levels of people and the amount of cloth-
ing worn, In recent years researchers
have attempted to establish computer
modeling procedures that predict the
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combined effect of these six comfort-in-
fluencing variables. Although such com-
puter techniques show promise and

work reasonably well for predicting com-
fort conditions in indoor environments,
they are still unpredictable with regard

to climatic conditions outdoors. They
may be used, however, to predict rela-
tive spatial and temporal comfort under
alternative development scenarios out-
doors (See Arens and Bosselmann,

1989; Bosselmann et al., and Arens et
al., 1984)

A combination of wind tunnel simulation,
sun access analysis, and mathematical
modeling of the human body’s ther-
moregulatory system under Toronto’s
climatic conditions have been used in the
laboratory studies of this report. These
methodologies are explained in detail in
section 3.2.3 of this report.

Climate and Comfort in Toronto
Human beings of any age and sex have
limits of heat loss above which they both
feel cold and are indeed being physiologi-
cally impaired. Similarly, major discom-
fort and some distress does occur on cer-
tain summer days when temperature ris-
es above 30 degrees Celsius and the
relative humidity measures 60 percent at
midday. Canadians face challenges from
natural climate in a greater measure

than people in most other countries. To-
gether with the people in most parts of
the Soviet Union, Canadians experience
both humid heat in the summer and
harsh cold in the winter.

Toronto, located at 43 degrees 40° north-
em latitude and 79 degrees 24 west of
Greenwich, has a cold winter season, a
cool spring, a hot sometimes humid sum-
mer, and a cool fall season (Fig. 2.3).
Winter in Toronto lasts from November
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to March or April. During these six
months the mean daily temperatures
range from 4.8 degrees in November to
4.4 Celsius in January.

Spring comes to Toronto with some de-
lay compared to cities located on the
same northern latitude in Europe and
Asia. During May and June, daily tem-
peratures reach a mean of 13.2 to 19.2
degrees Celsius.

Summer in Toronto is warm to hot and
sometimes humid. Temperatures in July
and August measure around 21.2 de-
grees Celsius at the daily mean. The fall
season in Toronto is somewhat warmer
than the spring. Temperatures have a
daily mean of 11 degrees to 11.2 degrees
Celsius. The average daily maximum
ranges from 21 degrees in September to
13 degrees Celsius in October.

Toronto’s temperature and humidity con-
dition are summarized in Fig. 2.3, and
they are also shown in the bioclimatic
chart, Fig. 2.4. This chart shows lines in
the lower-right portion of the figure that
indicate the range of the abovemen-
tioned monthly average maximum and

Fig 2.3 Toronto Climate Data (Source:The
Times Books World Weather Guide, 1984)

minimum temperature and humidity con-
ditions. In the middle of the chart, the
shaded area indicates those temperature
and humidity conditions under which a
person leisurely walking, dressed in typ-
ical business clothing, would be comfort-
able in the shade.

For most of the year, Toronto’s tempera-
ture makes such leisurely strolling un-
comfortable. Only during July and Au-
gust and on a few days in September
will pedestrians be comfortable in the
shade. The rest of the year the air tem-
peratures are generally too low; direct
sunlight is needed for comfort at this typ-
ical clothing level. The amount of radia-
tion required to compensate for low air
temperature is indicated by the lines be-
low the lower edge of the comfort zone.

For example, to compensate for the cool
midday temperatures of 10 degrees on a
day in April, the equivalent of 350 watts
per square meter of insolation

(measured on the horizontal) are need-
ed.

Direct sunlight will produce such
amounts of radiation when the sun rises

13
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Fig 2.4 Bioclimatic Chart (Source: Center for
Environmental Design Research 1990, Bureau
of Standards, US Dept. of Commerce)

high enough above the horizon. In Tor-
onto, the sun reaches sufficient altitude
at midday in April and September. Prior
to April when the sun is lower and air
temperatures are even lower than 7 de-
grees Celsius, radiation from the sun
alone will not suffice in producing com-
fortable conditions unless additional lay-
ers of clothing are worn. During the
coldest times of the year, special insulat-
ing clothing is necessary to protect from
even colder temperatures and from the
chill of the winds.

During May and June and during Sep-
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tember and October, pedestrians can ex-
pect comfortable conditions on those
Toronto sidewalks and in parks that are
sunny. In July and August, tempera-
tures at midday rise above 25 degrees;
on such days when the humidity mea-
sures above 55 percent people in Toron-
to will seek shade, reduce the amount of
clothing, and ideally expose themselves
to a light breeze in order to stay cool.
They find such outdoor conditions at the
lakefront or in one of the parks under
trees.

The amount of wind needed to compen-
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sate for such hot (26 degrees) humid (58
percent) conditions amounts to a light
breeze of 0.5 meters per second, as
shown above the shaded area on the bio-
climatic chart.

Winds in Toronto

The winds are strongest in Toronto dur-
ing the winter. They frequently exceed
20 km/hr from the west, southwest,
east, and northeast. Such strong wind
velocities are less frequent during the
rest of the year. During the spring, the
winds come from the northwest or east
and have a strength of 15 to 19 kim/hr. In
the summer, winds are generally calm-
er. If strong, between 15 to 19 km/hr,
they come from the northwest. Wind at

Fig 2.5 Seasonal Wind Velocities and
Directions (Source: Environment Canada,
Atmospheric Environmental Service, 1951-
1980.)

10 to 14 kmy/hr comes from various direc-
tions, southwest, east, west, south, and
north. During the fall, winds frequently
come from the east, southwest, and
northwest at speeds of 15 to 19 km/hr
(see Fig. 2.5, Seasonal Wind Velocities
and Wind Directions).

Winds in Toronto Streets and Open
Spaces

The measurements shown in Fig. 2.5 in-
dicate data gathered at two Toronto lo-
cations -- the Island Airport and the In-
ternational Airport. In both cases, the
instruments are located in the vicinity of
an open air field at a height of 10m. The
comparison of these measurements
shows considerable differences between

15
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PL. No. Wind Ratio
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48 0.418 0.395 0.241 0.362
49 0.361 0.317 0.59 0.351
50 0.336 0.595 0.521 0.3%7
51 0.423 0.505 0.481 0.422
52 0.311 0.372 0.532 0.411
53 G.382 0.529 G.55 0.298
54 G.294 G.324 4.307 G.,2581
55 0.234 0.533 0.335 ¢.403

Pt. No. Wind Ratio
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56 0.424 G.496 0.361 G.369
5% 0.55 G.666 0.263 0.383
58 0.362 0.673 0.444 0.594
59 0.811 0.604 0.363 0.254
[34] D.244 D.622 0.573 0.43
&1 0.51% G.686 0.56 G.349
62 0.3%6 0.49 0.32 0.491
63 3.596 0.564 G.4186 0.345
64 0.598 0.715 ¢.493 0.538

Fig 2.6 Map showing wind velocity ratios for
Northwest wind in the Yorkville area of
Teronto, and tables indicating wind

the two locations. Explanations for
these differences are found in the fact
that the City of Toronto as a concentra-
tion of buildings affects the flow of the
wind. For example, north winds, fre-
quent and strong at the International
Airport, are rarely measured at the Is-
land Airport weather station. Here the
proximity of concentration of high build-
ings to the north of the airport in down-
town Toronto shelters the station from
such winds. Similarly the east winds
reach the Island station along the shores
of Lake Ontario unobstructed. The same
wind will not measure as frequently and
as strongly at the International Airport,
which is sheltered from these easterly
winds by the City of Toronto,

16

velocities for West, Southwest and East
winds.

Winds on Toronto Streets

At a smaller scale, the winds along Tor-
onto city streets and in open spaces dif-
fer greatly in direction and velocity when
compared with the measurements at the
stations. Here, wind velocities at street
level are reduced or sometimes acceler-
ated, depending on a number of variables
such as the presence of buildings in the
vicinity, and their height and shape, the
dirension and direction of streets and
open spaces. Generally, the buildings in
an urban area shelter streets and open
spaces from weather-induced winds.

For example, on Yorkville Avenue near
Bel Air Street in a section of Toronto’s
Central Area, where low buildings line
narrow streets, the velocity of the wind
will only measure 25 percent to 50 per-
cent of the wind velocity at the weather
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station.

The results shown on Fig. 2.6 are the re-
sults of wind tunnel simulations de-
scribed in detail in Section 4 of this re-
port.

As an example for accelerated wind ve-
locities, the map in Fig. 2.7 shows how
the placing and height of two tall build-
ings increases the wind velocities at the
intersection of Bloor and Yonge Streets.
Here the velocity of the wind at the foot
of these buildings and across the street
is equal or greater to the speed at the
weather station. The velocities mea-
sured range from 94 percent to 150 per-

Fig 2.7 Map showing wind velocity ratios for
Northwest wind at the intersection of Bloor
and Yonge Streets, and table indicating
wind velocities for West, Southwest and East
winds.

cent of the speed measured at the sta-
tion on days with northwest winds.

It is important to note in studying these
results that within a few blocks distance
wind speed is modified by the form of
buildings to measure between 25% and
150% of the windspeed measured at the
weather station.

The Effects of the Mechanical Force
of the Wind

Apart from the wind’s cooling effect at
warm temperatures and the chilling ef-
fect at low temperatures, the human
body is subjected to the mechanical force
of the wind. The effects of the mechani-
cal force of the wind on pedestrians has
been tasted empirically and is described

17
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WIND EFFECTS
Wind Speed Effects Observed and Deduced
0 Calm, no noticeable wind
Wind felt on face
7.1 Clothing flaps
142 Newspaper reading becomes difficult
213 Hair disarranged, dust and paper raised,
rain and sleet driven
283 Control of walking begins to be impaired
Violent flapping of clothes, progress into
wind slightly slowed
354 Umbrelta used with difficulty
425 Blown sideways, inconvenience felt walking
into wind, hair blown straight
Difficult to walk steadily, appreciably
slowed into wind
Noise on ears unpleasant
49.6 Generally impedes progress
Almost halted into wind, uncontrolled
tottering downwind
56.7 Difficulty with balance in gusts
Unbalanced, grabbing at supports
67.3 People blown over in gusts
78.6 Cannot stand

Standard equivalent mean wind speed in kilometers per hour

Fig 2.8 Wind Effects. Source: Edward
Arens, Designing for an Acceptable Wind
Environment (1981),

in Fig. 2.8 (Arens, 1981). The wind-
speed limits ("acceptability criteria’) are
expressed in terms of an "equivalent
wind," combining the effects of mean
windspeed and wind turbulence or gusti-
ness on people (Hunt, 1976; Jackson,
1978). The acceptability criterion for
seating areas is 12 km/hr (7 mph) or 3.1
m/s equivalent windspeed. At this ve-
locity a newspaper flaps and is difficult
to read.

The acceptability criterion for areas
where people walk is 18 km/hr (11

mph). The support for this criterion is
based on the original 5 m/s (11 mph) lim-
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it used by Penwarden and Wise (1973),
Hunt (1976), Melbourne (1978), and
others. At this velocity hair is unpleas-
antly disarranged, rain is driven lateral-
ly, and dust and paper are raised. Both
of these comfort criteria are close to
those proposed originally by Davenport
(1972).

Finally, the criterion for safety is exceed-
ed when gusts of wind exceed 70 km/hr
(44mph, 20my/s). At this wind velocity
people have serious difficulty with walk-
ing and elderly persons may be blown
over. Although this velocity is a com-
monly accepted limit for people’s safety,
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there are differences among wind re-
searchers on how often it should be al-
lowed to be exceeded in a standard.

Sunlight on Toronto Streets

The natural phenomenon of sunlight is
frequently taken for granted. We under-
stand that the sun traverses the sky

from east to west at angles that are
higher or lower depending on the time of
day and year. While this understanding
reflects accurately our observations, we
know that matters are a great deal more
complicated. The earth travels around
the sun, and at the same time rotates
around its own axis. The calculation of
the earth’s position at a moment in time
is therefore a complex geometric task.
This computation is explained in Appen-
dix I of this report. The appendix also in-
cludes a table of sun angles at important
times of day and year. For the under-
standing of this report, it is important to
have some detailed knowledge of sun
angles and the orientation of Toronto
streets.

The Toronto street grid is rotated by six-
teen to eighteen degrees to the west of
north. The two diagrams, Fig. 2.9 and
Fig. 2.10, explain the relationship of the
sun’s arc in June, September , March,
and December (Fig. 2.9 for east-west
and Fig. 2.10 for north-south streets).

Sunlight for East-west Streets
Following the sun’s arc in September
and March, buildings on the southside of
an east-west street prevent sunlight
from reaching the street- at sunrise.

Not until midmorning when the sun has
risen to an altitude of, for example, 37
degrees, will sunlight reach the northern
sidewalk (assuming a building height of
less than 12m on the southside of the
street, and a street width of 20m). With

higher buildings or narrower streets,
sunlight would reach the northern side-
walk at a time close to noon, but only if
the relationship of building height to
street width does not exceed a ratio of
1:1. If such aratio is exceeded, sunlight
will not reach the northern sidewalk by
noon between the month of September
to March. In order for the December
sun to reach the northern sidewalk by
noon, a building could not exceed 8m in
height at the property line of a 20-meter-
wide street. In June, however, a 60-
meter-high building would allow sunlight
on the northern sidewalk at noontime.

The term noontime indicates a moment
in time when the sun is at the highest
position in the sky on a given day. This
moment in time is referred to as solar
noon. In Toronto this time does not ex-
actly correspond to noon local Eastern
Standard (EST) time, but to 18 minutes
after the noon hour from late October to
late April and 1:18 PM Daylight Savings
Time from late April to late October.
(The computation of solar noon takes in-
to consideration the distance between
the longitude of Toronto at — for exam-
ple -- City Hall to the meridian of the
Eastern Standard Time zone. In addi-
tion, an exact computation would consid-
er the velocity at which the earth travels
on its elliptical orbit, and a factor for the
refraction of sunlight upon entry into the
earth atmosphere. The exact computa-
tion would show a slightly different time
of solar noon for each month. The exact
hours can be found in the sun angle table
in appendix 1.)

Prior to solar noon, the sun is posi-
tioned on an axis that is exactly perpen-
dicular to east-west streets (or directly
in line with north-south streets). In
March this position is reached at

19
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11:30 a.m. EST, in September at 12:30
p.m. DST, in June shortly after 12:45
p-m. D8T, and in December at 11:00 a.m.

times the width of the street will receive
no sunlight in December, approximately
five and a half-hours starting at 12:18

EST. p.m. DST in September (11:18 am. EST
In the afternoon, the sun is positioned in in March), lasting until a time shortly be-
the western Sky ahove the axis of east- fore sunset. In June the same sidewalk
west streets. This position is reached would be in the sun most of the day ex-
at 4:00 p.m. DST, in June, at 4:45 p.m. cept for the early evening hours prior to

EST, in March, and at 5:30 p.m. DST, in sunset.
September. In December the sun sets

below the horizon at a time prior to

reaching the axis of an east-west street.

In summary, the northern sidewalk on an
east-west street with buildings on the
south side that measure in height 0.8

20
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SUNLIGHT ON NORTH-SOUTH STREETS

Sunlight on North-South Streets

The sun located in the southern sky
shines along the axis of north-south
streets for a period of time during mid-
day. In December, this position occurs
shortly after 11:00 a.m. EST; in March,
half an hour later at 11:30 a.m. EST; in
June, as late as 12:45 a.m. DST; and in
September at 12:30 p.m. DST. Sunlight
reaches first the western sidewalk, then
both sidewalks at the times indicated
above, and finally only the eastern side-
walk. In March and September, this
window of time lasts approximately
three hours on streets where the height
of buildings measures 1.5 times the

width of the streets, or five hours, where
the height of buildings measure 0.8
times the width of streets. In the sum-
mer these windows of time are longer (3
hours become 4.5 hrs.), in December
shorter (3 hours become 1.5 hrs.).

Criteria for Establishing a Sun Access
Standard

The discussion on Toronto’s climate con-
cluded that sunlight is essential for pe-
destrian comfort during the spring and
fall, especially at those times of day
when radiation from the sun is capable of
compensating for cool air temperatures,
Therefore, in the spring and fall, a period
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of time encompassing noon is at a premi-
um for pedestrian comfort on Toronto
streets.

The second criterion for a sun access
standard takes into consideration use
and activities on Toronto streets. Lunch-
time for office workers varies somewhat
between 11:00 am. and 1:00 p.m. local
time regardless of Eastern Standard
Time or Daylight Savings Time.

Surveys in other cities have indicated
that office workers take 30-minute to 60-
minute lunch breaks, and rarely walk to
locations that are further than three city
blocks from their place of work. A mini-
mum standard for sunlight to streets
would need to consider a two-hour peri-
od for a time when, ideally, all streets in
Toronto should have at least one sunny
sidewalk. For north-south streets, such

a period would start at 11:00 a.m., and
would last until 1:00 p.m. Given the
shift of time from EST to DST in late
April, 11:00 a.m. EST would become
12:00 p.m. DST, and 1:00 p.m. would be-
come 2:00 p.m.. The effect of this shift
would be a three-hour time window from
11 am. to 2 p.m. DST, set for the 21st
of September. While such a window of
time would serve office workers at lunch
time, a more extensive time window
should be considered to benefit shoppers
on commercial streets and residents on
neighborhood streets, especially children
and elderly people who use sidewalks
for extended periods of time. A five-, or
even a seven-hour, time window of sun-
light would provide residents with com-
fortable climatic conditions from mid-
morning to mid-afternoon.

For east-west streets, the application of
the sun access time windows would

have a dramatically different effect on al-
lowable building heights than on north-

22

south streets. On north-south streets,
time windows for sun access can be cen-
tered more or less at noontime depend-
ing on EST or DST, but on east-west
streets, significantly lower building
heights would result if a time window
would start two hours or even one hour
prior to noontime.

In order to design an equitable standard
that would produce similar building
heights on north-south and east-west
streets, the three-hour time window al-
lowing sunlight to east-west streets
could only start at approximately noon-
time (12:18 p.m. DST, 11:18 a.m. EST)
and would reach into the afternoon
hours. At the key date of September
21st, the five-hour standard would start
at one hour prior to noon and the seven-
hour standard two hours prior to noon.

The third criterion for sun access stan-
dards would take into consideration a re-
quirement for symmetry of street sec-
tions. Buildings facing each other on
north-south streets should be of equal
height. However, on east-west streets,
sun access standards would not create a
symmetrical street section. The stan-
dard could only define building heights
on the south side of an east-west street
(for the obvious reason that the sun
does not shine from the north).

In the analysis sections of this report,
field studies document measurement of
the duration of sunlight to selected
sireets. The results of these field stud-
ies informed the final setting of time win-
dows for sun access standards. They

are explained in the recommendation
section of the report.
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3. STUDY METHOD

The methodology section of this report
explains the techniques used by mem-
bers of the Toronto Study Team in mea-
suring the amount of sunlight that falls
on selected streets and open spaces in
the Central City Area. The second part
of this section describes laboratory ex-
periments conducted with scale models
built in Berkeley, by the Berkeley team.
The experiments test alternative scenar-
ios for three Toronto districts and in-
clude wind tunnel simulations, sun and
shadow studies, and mathematical mod-
eling of comfort conditions.

The section drawings on
pages 25, 45, 46, 47, 53,
and 151-156

have been drawn at the

same scale and reduced
to approximately
lcm = Tm (3: 700).

PEAR STREET

L Rewr Duncan

thunk of KING STREET  npeiw

Narva Seotia Bank of Commerce

SHUTER STREET

i Near Mutual
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STUDY AREA 3.
i NORTH
# MIDTOWN

STUDY AREA 2:

BAST
DOWNTOWN

STUDY AREA 1:

LAKEFRONT &
RAILWAY LANDS

Fig. 3.1 Streets and Open Spaces Studied.
The areas within the three circles were
modeled for laboratory studies.
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3.1 Field Studies Methodology

Methodology Used to Analyze
Existing Sun Access and Open Spaces
in the Central City Area

In collaboration with the Planning De-
partment, the research team selected a
number of representative streets and
open spaces for an analysis of existing
sunlight and shadow conditions. These
streets and open spaces (shown in Fig.
3.1) were chosen because they were im-
portant locations in the city, have high
potential for development on adjacent
properties, and were noted for heavy pe-
destrian use.

Photographic techniques were used to
study existing sunlight and shadow con-
ditions. At selected streets, fish-eye
lens photographs were taken at all inter-
sections and midblock along both side-
walks, in order to quantify the duration
of sunlight penetration to the sidewalk.
The standardized location of the shots
was at the crosspoint of lines drawn two
meters from the lot line at a height of 1.0
meter above the sidewalk level.

Slides of the intersections and midblocks
were superimposed over a diagram dis-
playing the sun’s path across the sky on
the photograph. Looking at the compos-
ite picture, it was possible to identify the
times of the day when sunlight is avail-
able at each location. An example of
such a photograph is shown in Fig. 3.2.

The sunlight duration was mapped on
street maps, in bars representing one-
hour duration on the sidewalks (as an
example see Fig. 3.3). All results were
then gathered and mapped together on
an abstracted city map (Fig. 3.4).

On streets in those areas selected for
laboratory modeling, the data was taken

Fig. 3.2 Fisheye Pictures:

a) Queen Street, midblock betwéen Soho
and Spadina, taken on the southside of the
street.

b) City Hall, Nathan Phillips Square, taken
at the center of the Square,

The superimposed lines indicate the path of
the sun at the summer solstice (June 21), the
equinox (March/September 21), and the
winter solstice (Dec. 21). The superimposed
lines are used to measure the duration of
available sunlight.
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Fig. 3.3 Abstracted maps of Queen Street
showing the duration of sunlight on
September 21, June 21, and December 21.

from readings taken on the models, under
a parallel-beam light source using hourly
readings of sun and shadow distribution,
Model readings include approved buildings
that are not yet built.

The methodology used for evaluating open
spaces followed a similar pattern: field
readings were done by laying a grid over
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the park or open space and then taking
fish-eye photographs. The results were
then mapped. Model readings were tak-
en for open spaces within the three
study areas designated for laboratory
modeling. The different model sites in-
clude approved buildings, not yet built.
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FIELD STUDY ANALYSIS :
SUN ACCESS TO STREETS

. -
SUN_ACCESS = [

An
.

NOTE :

iN STUDY AREAS SUN ACCESS WAS MEASURED
ON SCALE MODELS WHERE SUELDINGS APPROVED |
BUT NOT YET CONSTRUCTED WERE INCLUDED,

QUTSIDE STUD'Y AREAS SUN ACCESS WAS FIELD
MEASURED,

HOURS OF 5N ACCESS TO

AT LEAST ONE Sf

1

DEWALK

Fig. 3.4 Summary of the Field Study Analysis
of Sun Access to Streets.
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3.2 L.aboratory Studies
Methodology

Selection of Study Areas

Lakefront and Railway Lands

(Site 1)

Bounded by Simcoe and Yonge, Union
Station, and the Waterfront, this area
was selected because it is a part of the
city that is targeted for major develop-
ment. The present zoning allows for
high density development similar to the
downtown financial district.

Streets within the study area are impor-
tant pedestrian streets, with regional
significance. They are major pedestrian
links from the city to the waterfront and
from the skydome to Union Station,
which will become more heavily used in
the future. York Street and Bay Street,
in particular, will carry large numbers of
tourists and visitors to the lakefront and
to the ferry terminal. Similarly, in the fu-
ture, the new Esplanade will become
one of the frequently traveled prome-
nades in the City. Like University Ave-
nue, it will create an impression of Tor-
onto’s streets in the minds of the City’s
visitors.

30

Queens Qu, York Street Slip

Lakefront Promenade

Queen Quy Looking West



Sun, Wind and Comfort Study Method

i
i
L

5
ol

Fig. 3.5 Aerial View of the LakeFront. ¢
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East Downtown (Site 2)

The East Downtown area was selected
as being representative of a medium-
density, mixed-use (commercial and res-
idential) district. The area is character-
ized by large tracts of undeveloped or
underdeveloped land. In this area a
number of development applications in-
volving a significant amount of residen-
tial development have been filed with
the Department of Planning and Devel-
opment.

Dundas Street, in the north, and Queen East Downtown seen from Mutual Street.
Street, to the south, are main streets.
They both have streetcar lines and are
used as shopping and access streets by
many pedestrians.

Mutual Street and several other north-
south streets will be developed as resi-
dential streets centered on Shuter

Street. Presently, they are empty and
lined with parking lots. Shuter Street
does not carry heavy vehicular traffic and
could be valuable as an east-west con-
nector for pedestrians and bicyclists

from the residential district to the center
of the city. Bond Street is a special Mutual Street Jooking north, near Shuter.
street, as it is lined with a number of re-
nowned historically significant public
buildings such as St. Michael’s Choir
Separate School and the Metropolitan
United Church buildings.

Metropolitan United Charch.
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Fig. 3.6 East Downtown, Aerial View.
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The Bloor Street Midtown Area

(Site 3)

The third area studied by the team is
centered on Bay and Bloor Streets. The
area was selected because it encom-
passes districts with two quite distinct
characters, linked closely together: the
Bloor Street Midtown shopping district
with high-density commercial develop-
ment, and, to the north, the Yorkville
district with low-density commercial de-
velopment including boutiques, restau-
rants, and fashionable stores. The
northern border of the Yorkville district
is adjacent to an exclusive residential ar-
ea. This residential area runs along Ha-
zelton Avenue and has two-and-a-half-
story Victorian houses shadowed by tall
trees. The Midtown Area is an example
of an area that makes a transition from
the dense highrise commercial environ-
ment of Bloor and Bay Streets to a low-
rise residential area north of Yorkville
Avenue,

The study area is bounded by Avenue
Road to the west and Church Street to
the east and stretches north-south from
Yorkville to Charles. Bloor and Bay
Streets have experienced major develop-
ments during the past fifteen years,
causing strong winds at street corners
(one of the most notorious corners in the
city is the intersection of Bloor and
Yonge) and sun-deprived sidewalks.

On the other hand, both streets are ma-
jor shopping streets, and Bloor Street
has recently been the site of major land-
scaping initiatives.
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Bloor Street looking north on Bay Street.

Cumberland Street.

Yorkville Avenue.
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Fig. 3.7 Bloor Street, Midtown Area, Aerial
View.
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3.2.1 Modeling of Development
Scenarios on Selected Sites

The Berkeley study team constructed
scale models of each of the three select-
ed areas for use in wind tunnel simula-
tion and for shadow analysis. The mod-
els depicted existing buildings, streets,
and open spaces, including those devel-
opments under, or approved for construc
tion as of June 15, 1990. For the produc-
tion of scale models, 1:2000-scale prop-
erty maps and building footprint maps
from the City of Toronto’s computer da-
tabase were used to measure the hori-
zontal dimensions of buildings and
blocks. Aerial photographs and a mylar
overlay with spot elevations measured
photogrammetrically were used for mea-
suring vertical dimensions and building
massing. The scale selected for the
modeling measured 1:360 (1" = 30") for
the North Midtown and the East Down-
town sites. The LakeFront site was
built at a smaller scale of 1:480 (1" =
40’) because the large size of the build-
ings allowable under current planning
laws would have impaired the accuracy
of the wind tunnel simulations had they
been modeled at the larger scale of the
other two sites.

Potential Development

Together with the staff of the Depart-
ment of Planning and Development, the
study team identified sites where future
development was currently under consid-
eration or possible under existing plan-
ning controls. For these sites, the plan-
ning staff obtained preliminary design
drawings from project sponsors, or, in
the absence of any design drawing, the
Berkeley team together with the Plan-
ning staff determined possible building
volumes. The modeling of this potential
future development considered the maxi-
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East Downtown Area

Existing Conditions,

North Midtown Area

Existing Conditions.

Buildout uader Mitigated Development,
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mum allowable coverage and/or units per
hectare as well as existing height limits,
setback constraints, and guidelines re-
garding light, privacy, and views.

In considering potential development op-
portunities on sites that could be assem-
bled for mixed-use projects, the intent
was to generate a hypothetical develop-
ment scenario based on the existing
planning policies and zoning regula-
tions. In particular, it was assumed that
the modeled hypothetical project should
not exceed the maximum density permit-
ted in the Official Plan and the maximum
height limit established in the Zoning
By-Law.

In examining the existing policies and
regulations that would apply to these po-
tential sites, it was also apparent that,
with a small number of the selected
sites, modifications to the height and
density controls would be required in or-
der to model a more feasible and realis-
tic project that did not compromise stan-
dardized building techniques. These
changes were made in those areas

where the Planning and Development
Department has acknowledged that the
existing density and/or height controls
could be modified to accommodate appro-
priate comprehensive development,

Mitigated Development

After analyzing the existing conditions
and the potential future development
through wind tunnel and shadow simula-
tions, the second future scenario devel-
opment was modeled, based upon modi-
fied planning controls.

The modeling and testing of the mitigat-
ed scenario was guided by the following
objective: demonstrate that it is possi-
ble to mitigate the effect built form has
on the microclimate of streets by modify-
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ing the placement, height, and massing
of future development.

For this purpose we constructed building
envelopes that follow mitigation mea-
sures. These measures include sun ac-
cess criteria and considerations in the
placing of buildings that were intended
to reduce strong surface winds.

Three assumptions were made in the
modeling of this mitigated scenario:
One, we decided to compare equal
amounts of future development poten-
tial. For example, a set of buildings on a
given site modeled at a density of 6
times coverage under the potential sce-
nario was modeled on the identical site
with the same coverage under the miti-
gated scenario. This assumption is im-
portant, because, had we simply lowered
the coverage under the mitigated scenar-
10, an improvement in the climatic condi-
tions could be attributed to the lower
coverage and not to the mitigation mea-
sures.

Prior to conducting the experiment, it
was anticipated that at some level, miti-
gation measures would constrain the
density of future development. The mod-
eling experiment revealed that mitiga-
tion measures could be successfully ap-
plied up to a maximum density of 10
times coverage. The effect of comfort
controls on density is explained in detail
in section five.

The second assumption was made with
regard to the existing zoning heights.
Under the mitigated scenario, we modi-
fied the height limits according to the
sun access standard, but operated under
the assumption that the zoning height
limits would remain intact above those
portions of properties that are unaffected
by the sun access standards. The rea-
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son for this assumption is identical to
the reason given in assumption one.

Thirdly, we assumed that a "build-to"
line would be introduced. Such a "build-
to" line would require buildings to be
built along the perimeter of city blocks,
at the property line, or at a line that runs
parallel to the property line. If buildings
follow such a line, a continuous street
wall will result. A street wall provides
shelter from the wind and therefore con-
tributes to a better microclimate at
street level.

These three assumptions have guided

us in the modeling. It was the intent of
this experiment to model building enve-
lopes representative of the kind of devel-
opment that might be accommodated in
Toronto in the future. Therefore, develop-
ment sites include various building lot di-
mensions in a range of different Official
Plan districts. The model sites were lo-
cated on narrow and wide streets, in the
east-west and north-south direction.
Each street was assigned a sun access
standard of either three or five hours of
sunlight encompassing the midday peri-
od. For reasons of acquiring a represen-
tative sample, care was taken in the as-
signment of these time windows with
the intent that enough streets of differ-
ent width and orientation were tested
under the three- or the five-hour time
window.

Specifically, the North Midtown Area,
Bloor Street, Bay Sireet, and Yonge
Street were assigned a three-hour win-
dow of direct sunlight. Scollard Street,
Cumberland Street, and Yorkville Street
were selected for five-hour streets. In
the East Downtown area, Dundas,
Queen, Victoria, Church, Dalhousie, and
Jarvis Streets were modeled as three-
hour streets. Shuter, Yonge, Bond, and
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Mutual Streets were modeled as five-
hour streets. In the Lakefront and Rail-
way Lands area, the Esplanade, Har-
bour Walk, Queens Quay, Simcoe, York,
Bay, and Yonge Streets were treated as
three-hour streets.

The section views in Fig. 3.8a,b show
one of our model sites in East Down-
town. The drawings compare the poten-
tial building volumes and the mitigated
scenario with additional mitigation mea-
sures that were established after the re-
view of the test results. They were in-
corporated in the recommendations,
These additional measures included, for
example, the assignment of five-hour
time windows for all predominantly resi-
dential streets in the study areas. The
rationale for these assignments is ex-
plained in a street classification system
in the recommendation section of this re-
port.

In this mitigated development scenario,
potential development sites were mod-
eled to represent realistic building pro-
posals. They are not only volumetrically
possible within the Official Plan require-
ments and the sun access planes, but

are based on assumptions about building
and site design and development worked
out with the Planning and Development
Department. Depending on the site, a
combination of residential and commer-
cial floorplates and building configura-
tions was modeled in a manner which
satisfied the goals and constraints of the
Official Plan.

Selecting locations for Measurements

Within the models, points along some of
the streets and in the parks were select-
ed for measurements of sun and wind
conditions. These points were strategi-
cally chosen to capture the range of con-

ditions and effects in each area. Particu-
lar care was taken to place test points in
locations which would be heavily used
by pedestrians. Points were also placed
in areas where it was hypothesized that
major new buildings would create sub-
stantial shadow and wind impacts at
street level.

3.2.2 Methodology for Sunlight
Analysis

To measure the shading effects of each
of the building configurations, sun condi-
tions were simulated for every daylight
hour between the hours of 8§ am. and 7
p.m.. A parallel-beam light source was
positioned near the model and moved to
simulate the path of the sun throughout
the day. Stations were marked to reflect
the sun’s altitude and azimuth (bearing
angle) at each of the dates and times for
which solar data was required.

The solstices and equinoxes were se-
lected to represent solar conditions for
an entire season, where March 21 repre-
sented the spring sun condition; June 21
represented the summer sun; September
21 represented the fall sun; and Decem-
ber 21 represented the winter sun.

3.2.3 Wind Tunnel Testing

Wind tunnel studies were performed to
examine the pedestrian-level wind ve-
locities and directions around the three
study sites. To understand how devel-
opment would influence wind conditions
at the sites, pedestrian-level wind
speeds and turbulence levels were mea-
sured at selected points under existing,
potential, and modified planning con-
trols. Smoke visualization was used to
study the characteristic air flow patterns
in the streets and to document local
wind directions.
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Fig. 3.9 Wind Tunnel Study

The results of the wind tunnel simulation
are shown on maps included in the anal-
ysis section of this report. A detailed
discussion of the methodology used in
the windtunnel simulation can be found
in Appendix L

3.2.4 Thermal Comfort Modeling

Combining the results of the wind tunnel
simulations with the results from the

sun and shadow studies formed the ba-
sis of the thermal comfort analysis. This
analysis is done with a mathematical
model of thermal comfort conditions for
pedestrians. Two personal and four cli-
matological variables affect thermal com-
fort. They are a person’s metabolic rate
and clothing level, and the air tempera-
ture, air velocity, mean radiant tempera-
ture, and relative humidity. The second
section of Appendix 1 details the as-
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sumptions made and the data used for
the mathematical modeling. The results
of the comfort prediction are shown on
seasonal maps for existing, potential,
and mitigated development scenarios in
the analysis section of the report.
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Fig. 4.1 Field Study Amnalysis: Sun Access to
Selected Streets in the Central Area.
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4. ANALYSIS

This section of the report explains the
results of the field studies and the labo-
ratory simulation.

4.1 Field Study Analysis

4.1.1 Field Studies - Sunlight on
Streets

In order to analyze sunlight available to
city streets, a photographic survey of se-
lected streets was undertaken using a
fish-eye lens. Selected streets were
chosen as typical streets of the Toronto
Central Area, and results of the photo
survey are mapped on Fig. 4.1. The map
shows solar access at the time of the fall
equinox, September 21, which was iden-
tified as a critical time period for deter-
mining setting sun-access standards.
The fall equinox is important becanse
the sun’s radiation at this time of year is
a dominant factor in determining thermal
comfort for pedestrians.

In reading Fig. 4.1, it is important to

note that the map is an abstraction. Al-
though the results are shown as bars
aligning the entire length of the street,
the points surveyed are only taken at

the four corners of the intersections and
once on each side of the street in the
middle of the block. Thus, high buildings
on a given block may shadow the side-
walk but may not be recorded on the
map. More detailed information showing
sunlight duration with greater precision
are shown as an example on Fig. 3.3 in
the previous section of the report.

It is apparent from the survey that de-
spite the high build-up of the city, many
streets receive sunlight during most of
the daylight hours at most times of the
year. It is also evident, however, that
some streets receive little sunlight due
to the height built-up along portions of
major east-west streets in the Central
Area, such as Bloor Street, King Street,
and Front Street.

BLOOR STREET

560 block

KING STREET

Near Spadian

QUEEN STREET

Near Peler
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North-South Streets

The rotation of the street grid of Toronto
by 16 to 18 degrees to the west of north
favours sunlight to north-south streets
from late morning until early afternoon.
For this reason, it is easier to provide
sunshine on north-south street side-
walks during the lunch time than on
east-west streets. A typical north-

south street such as Bay Street be-
tween Dundas and Wellesley receives
one to two hours of sunlight in the morn-
ing and two to four hours in the after-
noon in many places. John Street be-
tween Front and Queen, which is lined
by buildings of lower height, typically
has one to two hours of sun in the morn-
ing and five to six hours in the after-
noon. The most restrictive case that
was studied, Victoria Street between
Wellington and Dundas, receives an av-
erage of one to two hours of sun access
daily.

The survey of north-south streets
shows that streets in the Central Area
receive anywhere from two hours to

eight hours sun access per day. On av-
erage, streets in the Central Areare-
ceive five hours of sun access per day.
The building heights that make five
hours of sun access possible measure at
an average (.8 times the width of the
street. For example, on a 26m street
like Bay Street five hours of sun access
would result in a street wall height at
the property of 20m, or six to seven sto-
ties high, depending on commercial or
residential floor heights.

On a narrower street lined by higher
buildings like Victoria Street, an average
of three hours of sun access results

when the relationship of street width to
street wall height is approximately one
1o one-point-three-five (1:1.35). Here,

a 20m wide street would have buildings
of 27m height at the property line, or
eight to ten stories.

East-West Streets

The north side of east-west streets re-
ceives sunlight during much of the day in
September, while the southern side re-
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The section drawings on
pages 25, 45, 46, 47, 55,
and 151-156

have been drawn at the
same scale and reduced
to approximately

lem = 7m (1: 700

QUEEN STREET

Near Mutual

THE ESPLANADE

Solential Streel Sextion
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FIELD STUDY ANALYSIS :
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Fig. 4.2 Field Study Analysis: Sun Access to
Parks in the Central Area.
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ceives almost no direct sunlight, except
during the late afternoon when the sun’s
position is aligned with the streets and
bathes both sidewalks in sunshine. Fig.
4.1 illustrates that east-west streets
ranged from a low of zero to one hour of
sun access in September along the built-
up portion of Bloor Street, between Bay
Street and Avenue Road, to a high of
eight hours on Queen Street, between
University Avenue and Spadina. The
east-west streets studied averaged

three to five hours of sunlight, primarily
on the northern sides of the street.

The solar-access window of five hours
starting at 11:18 a.m. DST in September
results in a relationship of street-width
to building-height of one to point six
(1:0.6). For example, on a 26m street,
the building height on the south side at
the property line measures 15.5m. If the
building height is the same on the north
side, the 18-degree shift of the street
grid west of north will result in further
sun access in summer months, as the
sun crosses the axis of the street in the
late afternoon, providing direct sun ac-
cess to the southern side of the street.

In a typical east-west street, with a so-
lar access window of three hours begin-
ning at 12:18 p.m. DST in September,
the relationship of street width to street
wall height is approximately one to point
eight (1:0.8 ) On a 26m street the build-
ing height on the south side at the prop-
erty line is approximately 21m, the same
street-to-building relationship as for
five-hour time windows on north-south
streets.

General Observations Resulting from
the Sunlight Analyses

In general, it is interesting to note that
the height-width relationships that are
noted for 3- and 5-hour solar access

windows on north-south and east-west
streets are not unlike similar height
standards adopted in Paris and New
York. The analysis suggests slightly
lower heights of development due to the
more northern latitude of Toronto com-
pared to New York. As is apparent from
the analysis, dense urban form can be
achieved while allowing solar access.

4.1.2 Sunlight for Open Spaces

For parks and open spaces, surveys

with fish-eye photography were also un-
dertaken (Fig. 4.2). The team has ana-
lyzed seventeen open spaces in the Cen-
tral Area. Seven open spaces are re-
corded in the recommendation section of
this report, each characteristic of a type
identified in the Classification of Open
Spaces. Inreading Fig. 4.2, it is impor-
tant to note that, although the results

are shown as bars aligning the perimeter
of the park, the points surveyed were
taken at equal intervals along the perim-
eter of the park and at central or repre-
sentative locations within the park.
While some high buildings surrounding a
park may shadow particular areas, the
results recorded in Fig. 4.2 are general-
ized to illustrate the prevailing condition.

It is evident that a large amount of sun
access is still available to the Central
Area’s larger open spaces. It is also ev-
ident that smaller urban parks are more
vulnerable to losing solar access due to
their size and to high-density develop-
ments in their vicinity, as is seen at sev-
eral downtown plazas and other urban
open spaces. Even buildings three or
four blocks away can cast shadows over
open spaces and severely restrict sun
access, often during critical hours.

As mentioned above, pedestrians and
open space users during spring, fall, and
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winter depend on sun radiation for ther-
mal comfort. Comfort is particularly im-
portant for the enjoyment of open spaces
and parks, and one may observe that
sunlight is critical for human enjoyment
as well as healthy growth of many
plants. Parks cannot function in perma-
nent shadow. Yet a number of down-
town open spaces such as Commerce
Court, and to a lesser degree Trinity
Square, are in the shade most of the
time. Observation of these spaces clear-
ly demonstrated that these spaces are
used when and where there is sunshine
and empty where there is none, for all
but the hottest summer months.

Larger Open Spaces

The Rosedale Valley Ravine, Allan Gar-
dens, The Grange Park, and Osgoode
Gardens fall under the category of large
urban open spaces. In most cases at the
present, sunlight reaches most of the ar-
ea at almost all times of the year for
most of the day. This results in an aver-
age 9-hour duration of sunlight. All of
these spaces are planted and provide for
a large variety of activities. They are
valuable assets for the city, and it is un-
likely that many more opportunities to
develop open spaces of this size will
present themselves in the Central Area.
For this reason, it is important that pres-
ently available sun access is maintained.

Mid-Size Open Spaces

Trinity Square, College Park, Devonian
Square, Nathan Phillips Square, Maple
Leaf Quay, Osgoode Mall, and the open
space surrounding Metropolitan Church
fal} under the category of mid-size open
spaces. These spaces are typical in
their size and association with higher
density development. They are repre-
sentative of the types of spaces that the
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city may acquire in the future, as, for ex-
ample, the newly created open spaces in
the Railway Lands or in the Ataratiri
neighbourhood. The survey conducted
indicates that parks in this more devel-
oped urban context receive on average
six hours of sun access daily. Fortu-
nately the available time of sunlight ac-
cess is centered around the noon hour,
allowing passive recreational use like
sitting on a bench, or very active use like
ice-skating.

These open spaces exist within a vari-
ety of conditions and should be analyzed
individually. Specific restrictions should
be identified for each space and stan-
dards should be set to ensure a mini-
mum duration of sun access during the
midday hours. Also, the fish-eye photo-
graphs indicated that access to many of
these spaces would be seriously im-
paired if tall buildings were to be erected
within two to three blocks to the south,
east and west of a given site. The map
(Fig.4.2) shows that most midsize open
spaces receive six hours of sunlight in
the spring and fall.

Small Open Spaces

Many of the small open spaces ar¢ €fi-
closed by high buildings. Poor sunlight
access is typically observed at these Jo-
cations. Commerce Court, Court House
Square, Cumberland Park, and the poten-
tial park site at Dundas Square fall un-
der this category, as well as spaces in

the forecourt in front of the Mowat Block
on Bay Street. The analysis indicates
approximately three hours of sunlight
falls on most of these spaces at the fall
equinox, September 21st. These spaces
are important in providing open space for
lunch time users, and it is important to
preserve available sun access. Small
open spaces are vulnerable to losing
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whatever little potential sunlight they re-
ceive by the shadow of only one or very
few buildings nearby. Again, as in the
case of the mid-size spaces, specific
regulation for each must must be estab-
lished in order to preserve existing con-
ditions.

Fisheye View of Sky above Roundhouse Park
taken at centerpoint of turntable at the
former locomotive roundhouse,
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4.2 Laboratory Analysis

The maps presented in this section of
the analysis show wind velocities and
seasonal comfort conditions for existing,
potential, and mitigated development
scenarios. This section also includes
visual simulation of the existing
conditions and the two future
development scenarios.

Wind

The results of the wind tunnel analysis
are expressed in terms of an "equivalent
wind" which combines the effects of
mean windspeed, and wind turbulence or
gustiness. Using the wind tunnel, it is
possible to calculate the ratio between
the wind speed at each point on the
ground and the wind speed at the
weather station from which the wind
data is obtained. There is a set of ratios
for each wind directon. If, for example, a
ratio of 0.5 is measured at a given point
in the model for a given wind direction,
the wind speed at this point amounts to
50 percent of the wind speed measured
at the weather station. For example,

the actual wind velocities at a point with
a ratio of 0.5 would measure 10 km/hr
wind when the wind at the weather
station measures 20 km/hr. These wind
speed ratios are recorded on the maps in
this section of the report. In studying
these maps, velocity ratio above 0.8
should be noted. At those points where
wind velocities exceed 0.8 along
sidewalks, the likelihood of adverse
wind conditions for pedestrians is great.
For example, if wind velocities exceed
22 km/hr at the weather station, at a
point with the ratio of 0.8, the wind
speed at street level will amount to 17.6
km/hr. A wind at that speed will be
close to the 18 km/hr (exactly 17.7 km/hr
or 11 mph) wind speed acceptability

criterion for pedestrians (see Section 2,
Effects of Mechanical Force of Winds for
Pedestrians).

Wind speeds in excess of 22 km/hr are
frequently measured at Toronto weather
stations, particularly on days with west
wind during the winter months and on
days with winds coming from the
northeast and east in the winter and
spring.

In parks and in areas where people sit,
attention should be paid to wind velocity
ratio of 0.6. Given an acceptability crite-
rion of 11 km/hr (7 mph), the velocity ra-
tio of 0.6 would produce actual wind ve-
locities of 11 km/hr at those times when
the wind at the weather station mea-
sures 19 km/hr, a wind velocity frequent-
ly measured at weather stations during
all seasons of the year.

Comfort

The results of the comfort analysis are
expressed in terms of percentage of
time. For example, the number shown
at a given location on one of the season-
al maps indicates the percentage of day-
light hours for which such a point would
be considered comfortable, where a point
with a percentage of less than 41 per-
cent is likely 1o be too cold most of the
time. During the spring and fall, 60 per-
cent is the highest percentage of com-
fortable time found in the three study ar-
eas.

A graphic scale is used to clarify the
meaning of the comfort percentages.

The range of percentages measured in-
cludes points with percentages of 25% to
41%. These points are generally too
cold to be comfortable most of the time
in the spring and fall during daylight
hours. Percentages from 42% to 51% are
considered generally comfortable, and
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52% to 60% are mostly comfortable.
This graphic scale should be interpreted
primarily for comfort during the midday
hours. Points in the below 42% category
are less likely to be comfortable at lunch-
time. The middle category indicates
points that are likely to be comfortable
during the lunch break; the 53% to 60%
category indicates points that are likely
to be comfortable from mid-morning until
the late afternoon hours.
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Wind Tuonnel Studies, Northwest Wind
Comfort Modeling, Spring Season
North Midtown, Bloor Street Area

East Downtown

Railway Lands

BLOOR STREET

Near Hay COLGNADE BUILRING

BLOOR STREET

Medical Arts Building
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North Midiowr;; Bloor Street Area
Existing Condition, Northwest Wind

4.2.1 North Midtown, Bloor Street
Area

Wind

The wind velocities under the existing con-
ditions are high to very high along Bloor
Street between Avenue Road and Yonge
Steet. The intersection at Bloor and
Yonge is extremely windy (1.50) on days
with northwest winds.

There are only a few places along Bloor
Street where pedestrians are sheltered
from the wind. Cumberland Street, one
block to the north of Bloor Steet is some-
what sheltered. Here wind velocity ratios
range between 0.40 and 0.80. The most
windy corners are at Bay Steet (0.85) and
at Bellair Street (0.66). The parking lot on
CumberlandStreet west of Bellair Street is
slated for a park. Here velocity ratios of

o6

0.45 to 0.66 would make the future park
only moderately sheltered. (On days with
winds from the east the park would be
sheltered).

Other streets and parks analyzed but not

shown on the map above include Yorkville
Avenue and Ketchum Park. The wind ve-
locities on Yorkville Avenue are lower
than those measured on Cumberland

Steet. In Ketchum Park along its southern
edge winds exceed the 0.6 threshold.

In total, the North Midtown has twelve
sidewalk points indicating wind velocity
ratios in excess of the 0.8 threshold.
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1 1111 I
Existing Conditions
Pt. No. Wind Ratio
W LS

1 1.088 1.163

2 0.35% 0.998

3 1.105 0.617

4 1.495 1.206

5 0.941 0.832

6 1.276 0.787

7 0.768 0.661

8 0.%49 0.639

g 0.775 0.526 .
ig 0.714 G.38
11 0.401 0.387
12 0.372 0.344
13 G.581 0.676
14 G.699 0.387
15 G.903 G.738
16 0.426 0.523
17 ¢.593 0.675
18 0.685 0.378
19 0.508 G.403
20 0.389% 0.503
21 0.553 0.332
22 0.345 0.567
23 0.48 0.555
24 0.631 C.669
25 0.638 G.70%
26 0.597 G.688
27 G.B65 1,131
28 0.743 0.884
29 0.454 0.543
30 0.4 0.341
31 0.558 0.571
32 D.668 0.586

0.143
0.228
0.253
0.324
0.206
0.318
0.354

0.3187

0.41
0.656
0.321
0.445
0.534

0.81
0.454
0.871
.652
.476
.651
.723
L3632
.327
0.422
0.673
0.782

0.66

0.87
0.884
0.686
0.471
0.337
0.478

oooooo

33
34
35

37
38
39
4G
41
42
43
44
45
46
47
48

0.525
0.607
0.631
0.571
0.318
0.503
0.853
0.812
0.384
0.447
0.369
G.552
0.402
0.644
6.561
0.418

0.288
0.256
0.242
0.306

0.57
0.552

0.39
0.452
0.862¢
¢.351
0.389
0.819
0.641
0.524
0.548
0.362
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North Midtown, Bloor Street Area
Potential Condition, Northwest Wind

Potential development along Bloor Street re-
sults in higher wind velocities. At points
where wind velocities of (.35 to 0.40 had
been measured under existing conditions,
potential development would increase wind
speeds in some places above the 0.8 thresh-
old (Compare points 22 and 23 and also
points 11 and 12).

The wind velocities along Cumberland
Street and in the future Cumberland Park re-
main unchanged.

Yorkville Avenue, two blocks to the north of
Bloor Street (not shown on the map) is-
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made more windy at the intersection with
Bay Street if a 30m to 46m high building
were to be constructed. (Velocities in-
creased from 0.24 and 0.40 to 0.92 and 0.72).

In total, in the North Midtown Area, the
number of points on sidewalks where veloci-
tiy ratios above (.80 were measured in-
creased to 17 under potential development.
In parks the number of points with velocity
ratios above 0.60 remained approximately
the same,
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1.002
0.959
1.147
1.314
1.05%
1.147
1.098
1.086
.98
0.629
C.679
0.629
0.57¢
0.629
0.975
0.467
G.602
.67
0.454
0.415
0.805
0.942
0.815
0.689
0.537
0.516

SW
1.205
1.026
0.515
6.27%
D.545
0.805
0.589
0.65
¢.557
0.343
0.513
0.431
0.481
0.553
0.681
.481
.497
.27
.603
.652
0.25
0.522
0.556
0.671
0.681
G.742

(=g =RaRa -l

E
0.231
0.347
(.481
0.409
0.259
0.448
0,417
0.1%6
£.443
0.645

0.5
0.258
0.517
0.502
0.534
0.518%
G.621

0.337
£0.721
0.877
0.776
0.682
0.515%
0.763
0.856
0.753

G.632

.57
0.354
0.564
0.451
0.411
0.549
0.448
0.505
1.096
0.794
0.931
0.832
0.733
1.017
{.858
0.54¢6

1.041

0.771
0.765
0.685
0.483
0.404
G.506
0.359
0.415

0.856
0.732
0.427

0.61
0.612
0.653

0.76

0.61
0.906
0.537
0.342
0.373

¢.67
0.658
0.631
0.383
0.684
0.358
0.338
0.539
0.576
¢.682

1,107
0.884
0.581
0.364
0.57¢%
0.588
0.543
G.358
0.434
0.428
0.46
0.633
0.801
0.852
0.674

0.23
0.423
- 0.53
0.527
0.637
0.753
0.47

COoODOoOODOOOoO0

0.209
0.223
0.265

0.26
0.304
0.191
0,289
0.231

0.257
0.654

0.53
0.512
0.544
C.266
0.282
0.6%1
0.773
D.603
0.331
0.371
0.353%
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North Midtown, Bloor Street Area
Mitigated Condition, Northwest Wind
Along Bloor Street sidewalk winds would points with velocity ratios above 1.00 has
measure almost as strong under mitigated been reduced from 7 to 5. Mitigation mea-
development as they would under poten- sures have proven more successful along
tial development. Under mitigated condi- other streets in the study area.

tions, the new building at St. Thomas and
Bloor Streets (points 22 and 23) would
provide only somewhat improved wind
conditions when compared with a new
building under potential development.

Overall, the number of points where veloc-
ity ratios above (.80 were measured has
decreased to 11 from 17 under potential
development. The number of points in
parks with ratios above 0.60 remained at
It appears any new developments along 7.

Bloor Street would increase the channel-

ing of the already high existing wind veloc-

ities. At the extemely windy intersection

of Bloor and Yonge streets, the number of
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1 1.267 1.046 0.252 0.642 28 0.721 0.717 0.945 0.268
2 D.678 0.512 0.432 0.703 29 0.41 0.511 0.701 0.224
3 1.135 0.825 0.396 0.48 30 0.429 0.333 0.526 0.279
4 1.314 0.348 0.388 0.789 31 0.517 0.52% 0.46 0.202
5 0,935 0.549 0.331 .557 32 0.565 0.503 0.49 0.19
6 1.017 0.618 0.46 0.552 33 0.596 0.538 0.524 0.222
7 1.019 G.461 0.42 0.732 34  0.549 0.314 0.384 0.229
8 1.071 0.528 0.119 0.62 35  0.598 0.387 0.425 0.314
9  0.846 0.463 0.295 0.718 36 0.3986 0.429 0.342 0.286
10 0.53% 0.226 0.597 0.886 37 0.371 0.565 0.46 0.595
11 0.754 0.432 0.233 0.68 38 0.321 0.596 9.517 0.391
12 0.919 0.29 0.216 0.953 39 0.684 6.755 0.51 0.341
13 0.624 0.553 0.507 0.459 40  0.669 ¢.771 0.584 0.473
14 0.681 0.478 0.41 0.758 41 0.552 0.571 0.135 0,286
15 6.53 0.635 0.454 0.926 42 0.388 0.233 0.16 ¢.386
16 0.6 ¢.453 ¢.58 0.617 43 0.831 0.37 0.266 0.795
17 0.571 0.455 0.641 0.335 44 0.43 0.448 0.436 0.763
18 0.662 0.335 0.39. 0.926 45  0.3%94 0.451 0.632 0.675
19  0.454 0.48%5 0.518 0.862 46 0.314 0.396 0.655 .451
20 6.32 6.542 0.677 0.634 47  0.454 0.565 0.77 0.372
21 0.775 0.471 0.7586 0.633 48 0.693 9.361 C.318 0.487
22 0.969 0.406 0.42% 0.439 '
23 0.672 0.479 0.449 0.279
24 0.473 0.611 0.654 0.491
25 0.69 0.617 0.805 0.358
26  0.636 0.605 ¢.704 0.27
27 0.887 0.982 0.877 0.221
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North Midtown, Bloor Street Area Comfort Scale

Existing Condition

4.2.1 North Midtown, Bloor Street Area

Comfort in Spring 25%-41%  42%-51%
Under existing spring conditions, two-thirds 77 ’
of the points tested are too cold to be com- @

fortable. The contrast in building heights be-
tween the Yorkville area and Bloor Street
produces a wide variation between wind and
sun conditions and produces worsening con-
ditions on Bloor. Generally, all but four of
the points on Bloor Street are too cold to be
comfortable, whereas the streets and parks
from Yorkville Street north are usually com-
fortable. The potential park site on Camber-
land Street is comfortable approximately
30% of the time during daylight hours.
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52%-60%
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North Midtown, Bloor Street Area
Potential Condition, Spring Comfort

When potential development under current
regulations is modeled, conditions are
slightly cooler and less comfortable. All but
one of the points on Bloor Street are now
uncomfortably cold most of the time. Bloor
Street sidewalks would only be comfortable
between 27% and 30% of the time. Several
more points on Yorkville Street east of Bay
would have colder conditions if buildings up
to 30m were built along Bay Street.

Comfort Scale

25%-41%  42%-51% 52%-60%
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North Midtown, Bloor Street Area Comfort Scale
Mitigated Condition, Spring Comfort

Development under the mitigated scenario
would increase the duration of sunlight near 25%-41%  42%-51% 52%-60%

the intersection of St. Thomas (Bellair

Street) with Bloor Street and at Balmuto @ @
Street, Yonge Street with Bloor Street.

These sidewalks would be more comfortable

under the mitigated development than under

the potential. Comfort conditions along

Yorkville Avenue, east of Bay (not shown

on the map), would imprive under the miti-
gated scenario.
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Fig 4.3.a Yonge Street Existing Condition

Built Form

A computer simulation techrique was used to
simulate the visual effect of each hypothetical
development scenario on the experience of walking
or driving along Toronto streets. At the
intersection of Bloor and Yonge Streets, at the
southwestern comer, a set of low-rise commercial
buildings front Bloor Street as well as Yonge
Street,

Potential Development

This site, if assembled, could potentially house a
large-scale mixed-use development with a podium
of four floors along Yonge Street, and a somewhat
higher podium of five floors along Bloor Street.
Abaove the four-story podium, a 16- to 18-story
{(depending on floor-in-ceiling heights) residential
tower with an north-south orientation conld be
built up to the height limit of 61m.

68

Mitigated Development

The approximate same coverage can be achieved in
the mitigated scenario. The podium portion of this
hypothetical development would be higher, five
floors on Yonge Street and six floors of Bloor
Street.  Above the five-story podium, an L-shaped
tower of 12 to 15 floors could be built (depending
on floor to ceiling heights). The height of this
tower would be approximately 10m below the
Bloor Street height limit of 61m.. The revised
height Himit would be defined by two sun access
planes: the Yonge Street sun access plane of 44
degrees above the streetwall of 16m and the 44-
degree sun access plane on Bloor Strect above a
20.5m streetwall. The 61m Bloor Street height
limit would be reached only at the far southwest
corner of this Iot.
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4.3.b Potential Development

4.3.c Mitigated Development
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Fig 4.4.a Existing Condition

The sequence of simulations shown in Figs.
4.4a to 4.4c display the site of the Holt Ren-
frew store on the north side of Bloor Street
between Bay and Yonge Streets. In our hy-
pothetical modeling of the potential develop-
ment, we assumed that a three-story podi-
um with a east-west oriented tower portion
would be built. The mitigated scenario dis-
plays the same basic configuration. The

70

placing of the tower is not affected by sun
access consideration for Bloor Street side-
walks; for obvious reasons, buildings on the
north side of east-west streets do not cast
shadows during the midday period. They
do, however, if tall enough, cast shadows on
streets that are located to the north of such
a tower, in our case Cumberland Street.
The considerations for sunlight to Cumber-
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Fig 4.4.b Potential Development

land required a slight lowering of the tower
and a placement that is somewhat closer to
Bloor Street. The exact setback of the tow-
er should also take into consideration the
wind velocities at sidewalk level. In our
modeling, we observed a minimum tower
setback of six meters above the podium.
The height of the podium on the north side of
east-west streets was modeled to corre-
spond to the streetwall height set by sun ac-
cess planes for the south side of east-west
streets.

The results of the windtunnel studies indi-
cated that, in this case, such a setback of
6m is not enough to mitigate the force of the

Fig 4.4.c Mitigated Development

wind. A ratio of 0.92 was measured for the
northwest wind direction compared to 0.37
under the existing condition, and 0.67 under
the potential development. In the mitigation
scenario, the wind velocity increased at the
foot of the building. This analysis indicated
that the built form of a future development
on this site would need to follow other con-
siderations than those used in the modeling
shown here. The setback of the tower above
the podium would need to be increased re-
sulting in a lower height of the tower. The
already windy conditions on this section of
Bloor call for very careful wind tunnel stud-
ies of all future developments.
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4.2.2 East Downtown
Wind

Existing Conditions

This area of the city is sheltered from west
and southwest winds and partially sheltered
from the northwest winds by the concentra-
tion of tall buildings in the downtown core.
With the existing conditions, prevailing
northwest winds are generally comfortable,
but pedestrians will experience adverse con-
ditions at a few locations. The area consid-
ered for a possible park at Dundas
Square(not shown on the map) will be
windy only part of the time, with wind ratios
of 0.71 to 0.80 and as high as 0.98 for the
west wind. Only when the wind is from the
southwest does this potential park site

have more moderate wind ratios.

In the entire area under Northwest Wind
conditions only one point measured wind ve-
locity ratios above the 0.80 threshold.

Potential Development

When the developable sites are built out to
what is possible under current planning reg-
ulations, two places experience adverse
conditions. First, the corner of Shuter and
Mutual would have wind ratios of 0.73 to
0.93. Here, the wind is funnelled between
the proposed tower on the northwest comer
and the approved tower on the southwest
corner. When the wind blows from other di-
rections, existing and potential conditions
are similar at this site, although winds will
still be unpleasant for pedestrians. Like-
wise, the intersection of Shuter and Dalhou-
sie Street would be windy if the 46m tall
building on Shuter Street were to be con-
structed.

At nine sidewalk points the wind velocity
ratios measured above the 0.80 threshold.
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Mitigated Development

Development under the mitigated scenario
would create wind conditions close to what
currently exists. At the corner of Shuter and
Mutual Streets, some observations noted
winds below the existing levels.

Only 2 points measured wind velocity ratios
above the 0.80 threshold.

W sH ¥ Site 2 Existing Conditians

3 0,47 4,317 0.396 5.698
10 0.4538 0.452 0.233% 9.5
11 0.652 a.31% 0.271 2.542
iz 0.459 0.282 0.282 a.451
13 Q.592 &, 847 0.45 0,456
3t 9,457 ¢. 551 0.3§ Q.45
15 G.4% 9.25¢ 0,328 o.24
ig 6.3872 0.43 0.537 G.31%
17 0.465 0.458 0,428 G.543
18 0.5G4 8,305 0.273 0.273
19 0.453 9.59 8,385 0.842
20 0,489 9,452 0. 867 0.313
21 0,426 q.561 6.73 0,258
23 0.175 9,513 8.5158 6.279
23 0.304 0.416 8.871 9.351
24 8.17 9,32 0.506 0.684
23 0.372 0.246 .439 0.572
26 &.582 G851 5.396 6,358
27 49.573 ©.217 0,267 §.381
a8 8719 0.293 D.3L7 0.446
29 0.621 8,507 0,383 0. 584
F1 G.488 0. 561 0.535 9.443
31 0.498 0,611 8.5% 0874
32 0.794 0.526 8.336 G554
33 c.568 9.635 8,531 0.717
34 U.584 2,523 5.461 0.§45
35 q.564 0.535 0,425 0.767
16 0,446 9,58 2.381 0.548
%5 0477 a.67 £,387 6.408
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Comfort in the Spring

Existing Conditions

Under the existing conditions, approximate- Comfort Scale
ly half of the points tested are too cold to be

comfortable in the spring. Most of these are

on the north side of tall buildings where sun-

light is blocked or on the south side of east- 25%-41% 42%-51%
west streets, where the sun rarely reaches.

The area set aside for the proposed Dundas @ @
Square (not shown on the map) is moder-

ately comfortable and most of the park in
front of the Metropolitan United Church is
very comfortable.

Potential Development

Under the potential development scenario,
approximately two-thirds of the points test-
ed are t0o cold to be comfortable. Thereisa
particularly dramatic change at the corner of
Mutual and Shuter, which was comfortable
most of the time under the existing condi-
tions. The change here is due to the com-
bined effect of the higher winds and in-
creased shading from the new buildings to
the south.

Mitigated Development

In the mitigated development scenario,
more points would be comfortable than un-
der the existing conditions. Both Mutual
Street and Shuter would receive sunlight for
five hours during midday, and the develop-
ment possible at the Cookes Church Block
would have significantly fewer adverse im-
pacts from both shadow and wind. Points
along Dundas Street (three hours of sun-
light during midday), are more sunny and,
hence, more comfortable than in the poten-
tial scenario showing an increase in comfort-
able hours of 5 to 10 percent.
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Fig. 4.5a Shuter and Church Stree
Existing Condition

Built Form

The computer simulations shown in Figs.
4.5a, b, and ¢ show the intersection of Shut-
er and Church Streets looking west on Shut-
er Street. Under current planning controls, a
low-rise development is possible on the
northern portion of the block between Shut-
er, Church, and Dalhousie Streets.

The development of this site under the miti-
gated scenario would allow four or five
floors or 14m of building height along the
property line on the south side of Shuter
Street. The development facing Church
Street could go up to the height limit of 18m
or 6 floors. The sun access plane providing
three hours of sunlight to the western side-
walk of Church Street is not limiting building
heights on this site. It would have allowed
a streetwall of 31m), well in excess of the
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18m height limit. A five-hour standard (not
considered in the modeling experiment for
Church Street, but later considered in the
recommendations) would limit the street-
wall height to 16m, or 5 to 6 floors. The
building in the middle ground on Church
Street is listed as a historic structure. Its
height would be within the five-hour stan-
dard. Along Shuter Street, in the middle
ground, the development of the Shuter, Mu-
tual, Queen, and Dalhousie block is visible
(referred to as Cookes Church Block). This
development is shown here from the north,
with a tall, 46m-high tower along Shuter
Street. Under the mitigated scenario this
development would be significantly lower.
It would follow the same streetwall height
of 14m as the building in the center of the
picture,
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Fig. 4.6a Queen and Mutual Streets
Existing Condition

The Cookes Church Block is shown again  under the five-hour sun access plane of 44
from the intersection of Queen and Mutual  degrees. Along Dalhousie Street (not visi-
Streets. ble in the picture), a three-hour sun access
plane was applied. Although Dalhousie
Street 1 narrow, the greater angle of the
Under the Potgntial‘developme_rlt, th.iS block three~-hour plane (60 degrees) permits a
would have a low-rise, non-residential highter streetwall of 20m, and--given the

;EESKCL:SII%taz};eri,ga%%é?jlrlns}ggit'toévznx%ould be steep 60 degree angle--the zoning height

constructed and a similar tower along limit of 46m can be reached. (The height
Shuter Street shown in Fig. 4.5. limit could not be reached along Mutual
Street under the lower 44 degree angle. In
the recommendation section, Dalhousie
Street was reclassified as a five-hour
street, resulting in a maximum allowable
building height of 30m).

Potential Development

Mitigated Development

The same density was achieved in the mod-
eling of the mitigated scenario. Along
Queen Street, the streetwall height would
measure 16m. This height would also limit
buildings along Mutual Street, but additional
floors for apartments could be constructed
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4.2.3 Railway Lands / Lakefront Area

Wind

Existing Condition

Under the existing conditions, the wind mea-
surements vary according to the surround-
ings. Wind ratios measured in the undevel-
oped Railway Lands are generally high
when the wind is coming from the northwest
and is unobstructed. Ratios are (.65 to

0.80, below the threshold considered uncom-
fortable for people walking. The east wind
produces even higher ratios, but the west
and southwest winds produce the highest
ratios -- ranging from .85 and 0.95. Along
Queens Quay the winds are comfortable
where buildings are low. Only at the end of
Bay and York Streets would one experience
uncomfortably forceful winds. Along the wa-
ter, most places are very windy, especially
next to the tall buildings because of the
strong winds produced at building corners.
The park at the Bay Street slip has the high-
est ratios for this area (1.17), because the
wind is accelerated in the gap between the
two towers on days when the wind blows
from the northwest.

Potential Development

In the potential development scenario under
the 1985 Plan, the combined effect of the
many new towers would result in very se-
vere winds along the proposed Esplanade
near the corner of York Street, Wind com-
ing from the west or northwest meets this
group of towers abruptly and is channeled
around and down into the streets rather

than passing over. Almost every point mea-
sured showed a ratio of 0.8 or greater which
would be uncomfortably strong. Many of the
ratios were above 1.1, meaning that walking
would be impaired some of the time. When
the wind is from the east, this area is more
sheltered by the existing and potential tow-
ers, and the winds would not be as strong.
On the waterfront, the northwest wind pro-
duces lower wind ratios than the existing

84

condition because the new development up-
wind acts as a barrier and shelters this ar-
ea. When the wind comes from the north-
west, west, and southwest directions, this
sheltering does not occur and the ratios are
very high,

Mitigated Development

With the development possible under the
mitigated scenario wind ratios measured
amid the development on the Railway Lands
would be reduced significantly -- by 20 per-
cent to 50 percent. However, along the Es-
planade and along York Street the wind ve-
locity ratio still reaches 0.8 in a number of
places under northwest, west, and south-
west conditions. Smoke visualization clear-
ly showed how the tower setbacks above

the streetwall height help to reduce the
downwind effect created by towers. But the
base portions of buildings possible under
mitigated development (with street wall
heights of 30m to 42m high) create wind ve-
locities that are still very high. These veloc-
ities would be in conflict with a standard
that prohibits winds in excess of 18 km/hr in
areas where people walk. In order to reduce
the wind velocities at sidewalk level, a re-
duction of the streetwall heights would be
beneficial and would reduce the channeling
of the wind along the Esplanade, York
Street, and along a new street in line with
the view axis between the Royal York Ho-
tel and Harbour Square. Also, a reduction of
the width between street walls from, cur-
rently, 40m along York Street and 36 m
along the Esplanade would provide shelter
from the westerly wind.

In the mitigated development scenario, the
points along the waterfront remain as shel-
tered from the westerly wind as they were
in the potential development scenario, but
are uncomfortably high when the wind ap-
proaches unobstructed from the east, across
the lake.
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Comfort in the Spring

Existing Condition

Under the existing conditions, most of the Comfort Scale
points tested in the developed part of this

area are uncomfortably cold most of the

time. This is due to the shadows cast by

the towers on the waterfront and the high 25%-41% 42%-51%
wind ratios next to most of the towers. The

undeveloped lands are moderately comfort- @ @
able because they are in sunlight almost all ‘

day.

Potential Development

When potential development is modeled, all
of the points within the newly developed
Railway Lands are uncomfortably cold most
of the time, because the streets and side-
walks are shadowed almost all day and high
wind ratios are common. The points along
the waterfront are slightly more comfortable
than under existing conditions because this
area is now sheltered from the northwest
and west wind.

Mitigated Development

In the mitigated development scenario,
many of the points along the Esplanade
would be moderately comfortable because of
the combination of increased sun access and
decreased winds. York Street would be
generally comfortable, and the waterfront
would be more comfortable than under the
existing conditions.
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Railway Lands, Potential Condition
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Fig. 4.8.b Potential Development

Fig. 4.8b shows the future view of the 36m-
wide Esplanade at Simcoe Street. The Es-
planade is lined with builings possible under
the Potential Development Scenario. The
height of these buildings goes well beyond
the upper frame of the picture. The buildings
would be as high as 176m on the south side
of the Esplanade, and 137m or 195m on the
north side. In a distance, the Esplanade
curves toward the north and is reduced in
width near the intersection with Bay Street.
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5. FINDINGS AND
CONCLUSIONS

Comfort conditions during the spring and
fall would improve if buildings designed
under mitigated development controls
were built.

In most cases, the mitigated develop-
ment would also produce better comfort
conditions and wind protection in the
winter. The year round wind conditions
on sidewalks and in open spaces would
improve. However, several locations
would still measure equivalent wind-
speed ratios in excess of 0.8. Here,
building volurmes would need to be fur-
ther modified to mitigate against certain
wind effects. In some cases, such as
along Bloor Street, the wind conditions
induced by existing development are
such that almost no future development
could affect or correct these conditions.
These locations are the intersection of
Bloor and Bay and Bloor and Yonge
Streets.

While this study focused on three areas

in Toronto and produced area specific
findings, some broader generalizations
can be made. A wide range of wind and
comfort conditions was found in the
streets and open spaces evaluated in

this study. The highest wind ratios

were found at street corners near large
high-rise buildings that are exposed to
the prevailing wind directions. The caim-
est conditions were found along streets

of uniform low building heights, General-
ly, winds in parks and other open spaces
were considerably more calm than winds
along streets. Overall, the wind veloci-
ties in the Yorkville area north of Bloor
Street were the lowest of any area in the
study. This area is sheltered from east
and southwest wind by high buildings

along Bloor and Bay Streets. The homo-
geneous building heights to the north

‘create a wind environment that is calm

for winds from the northwest and north.
Existing height limits protect this dis-
trict from development conditions that
would produce adverse wind velocities.

Similarly protected from strong winds

are streets in East Downtown. Howev-
er, in this area, high buildings possible
under current planning controls would

produce windier streets and would pro-
duce sections of sidewalks that are less
comfortable.

Few sections of streets with generally
calm winds are found near the Lakefront
and in the section of the Railway Lands
properties between Union Station and
the Gardiner Expressway. Similar to
conditions along Bloor near Bay and
Yonge, this part of Toronto has very
strong wind velocities. Existing wind
velocities along York and Bay Streets
would increase if buildings proposed
along these streets were constructed on
the Railway Lands properties.

Wind in Streets

Within all three study areas, locations
are found where winds produce uncom-
fortable conditions. As mentioned earli-
er, wind velocities of 18 km/hr (11 mph)
are generally considered uncomfortable
for people walking on sidewalks. Equiv-
alent wind speed ratios of 0.8 will be un-
comfortable, if a 22 km/hr ambient wind-
speed is measured at a weather station.
Windspeeds of 22 km/hr and greater oc-
cur in Toronto, particularly on days with
west winds during the winter months
and on days with winds coming out of
the northeast and east in the winter and
spring.

Poinis with wind velocity ratios above
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0.8 are found throughout all three study
areas, in the Railway Lands, in the
Lakefront Area and along Queens Quay
and near York Street Quay. In the East
Downtown area, equivalent windspeeds
of 0.8 and greater are found near the in-
tersection of Shuter Street and Dathou-
sie and on Dundas between Bond and
Church Streets. Along Bloor Street the
equivalent windspeed exceeds 0.8 at
many points, especially near the inter-
sections with Bay and Yonge.

Winds in Parks

In open spaces, wind speeds of 11 km/hr
are considered uncomfortable for people
sitting on benches. Here an equivalent
windspeed ratio of 0.6 would be consid-
ered unacceptable at those times when
the weather station windspeed exceeds
19 km/hr. Weather station wind veloci-
ties of 19 km/hr and higher are frequently
measuring during all seasons of the
year. In our three study areas, we mea-
sured windspeeds in excess of 0.6 at
Cumberland Park at the site of the po-
tential Dundas Square, at the Metropoli-
tan Church, and along the harbourfront
boardwalk.

Comfort Findings

One of the study’s most basic findings
was that under Toronto’s climatic condi-
tions, sunlight in the spring and fall will
produce comfortable conditions for pe-
destrians. Direct sunlight during the
summer will generally result in condi-
tions that are too hot to be comfortable,
and people frequently seek shade and a
light breeze to stay cool. During the
winter, pedestrians in warm clothing and
those that are active will be comfortable
in direct sunlight at midday, but only
when the location is sheltered from the
wind.
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Between the hours of 8 a.m. and 7 p.m.
during the spring and fall, most sunny lo-
cations in Toronto are comfortable from
38 to 54 percent of the time. Locations
in the shade during that time period are
rarely comfortable more than 35 percent
of the time. On typical days in January
between the hours of 9 a.m. and 5 p.m.,
locations in the sun are comfortable up
to 47 percent of the time for a persons
warmly dressed (clo 2.5) and actively
walking.

The study analysis found that existing
comfort conditions vary considerably
from area to area. Yorkville has the

best comfort conditions of all areas stud-
ied. Even in the winter, Yorkville Ave-
nue is comfortable 44 percent of the time
for a person dressed in warm winter
clothing and walking at a clipped pace.
In the spring and fall, for a person more
lightly dressed, a leisurely stroll along
Yorkville Avenue is comfortable 45 to 54
percent of the time. Again, the reasons
for these conditions are the low building
height, ample sunlight, and protection
from the wind.

On Bloor Street, two blocks to the
south, conditions in the spring will be
comfortable only 25 percent to 37 per-
cent of the time. Most of the time, Bloor
Street will be too cold in the spring for
the casually strolling pedestrian. But
the conditions will be somewhat more
comfortable in the fall. The East Down-
town conditions are generally comfort-
able in the spring and very comfortable
in the fall.

In the area near the Lakefront and along
York Street, existing conditions are gen-
erally comfortable in the spring and fall,
except at locations where existing high
buildings produce strong winds at the
street corners.
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Built Form

The modeling of the two hypothetical de-
velopment scenarios has allowed us to
compare future development under cur-
rent planning controls with development
that might be built, if revised planning
controls were legislated. Itis important
to keep in mind that our modeling is the
result of an experiment made under con-
trolled conditions.

Assumptions were made in the modeling
to ensure the validity of the comparison
between the two development scenari-
os. These assumptions, however, can

be questioned when we consider predic-
tions of a future reality. Before we pro-
ceed with a discussion on the effects of
comfort controls on built form, we need
to review the assumptions that were
made in the modeling of the mitigated
scenarios. These assumptions were ex-
plained in detail in the methodology sec
tion of this report:

Assumptions Made in the Modeling

The objective of the modeling was to
demonstrate that it is possible to miti-
gate the effect built form has on the mi-
croclimate of streets by modifying the
placement, height, and bulk of future de-
velopment. For this purpose we con-
structed building envelopes that met the
objectives of mitigation measures.
These measures include sun access cri-
teria and considerations for the placing
of buildings that are indented to reduce
strong surface winds.

Three assumptions guided us in the
modeling of this mitigated scenario:

Density and Lot Assembly

We assumed that the same amount of
floorspace (coverage) would be built un-
der current planning controls as under

comfort controls. If we had not made
this assumption, and simply lowered the
coverage under the mitigated scenario,
improved comfort conditions could have
been attributed to a lower coverage and
not to the mitigation measures. While it
is likely that future development would
be built to the floor area limits set by a
current or future Official Plan, there is no
guarantee that sponsors of future

projects would indeed develop the same
amount of floorspace under existing plan-
ning controls as they would under com-
fort controls.

Hidden in this assumption on equal den-
sity is the notion of land assembly.
Many of the larger sites that were cho-
sen for modeling under current planning
controls had been, or could be assem-
bled. The question is, would land as-
sembled for development under current
planning controls also be assembled for
development under comfort controls?
Any answer will remain speculative.
The comfort controls might discourage
lot assembly because the built form that
would result might not be as economical-
ly feasible as separate developments on
smaller lots over time. The contrary
could also be argued. Comfort controls
might encourage assembly of parcels be-
cause development on a larger zoning
lot might not be as constrained by sun
access and wind controls. Other rea-
sons exist that influence decisions re-
garding the assembly of land. Given the
speculative nature of this question, we
decided that our modeling could only be
consistent if we assume future develop-
ment on identical lot configurations

Building Heights

In the modeling of the mitigated scenar-
io, we applied sun access planes that
preserve sunlight on sidewalks for three
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or five hours encompassing the midday
period. We assumed that buildings un-
der the mitigated scenario would be built
up to these sun access planes, but that
the zoning height limits would remain in
force above those portions of properties
that are unaffected by the sun access
standards. This assumption allows us

to compare building configurations of
similar height under the potential scenar-
0 with buildings under the mitigated
scenario. While it is likely that buildings
will be built up to height limits, in the
Central Area of Toronto where land val-
ues are at a premium, there is no gnaran-
tee, however, that this will be the case
with all developments.

"Build-to" Line

Finally, we assumed that development
under the mitigated scenario would fol-
low a "build-to" line. Such a "build-to"
line would require buildings to be built
along the perimeter of city blocks at the
property line or at a line that runs paral-
lel to the property line. If buildings follow
such a line, a continuous streetwall will
result. A street wall provides shelter
from the wind and therefore contributes
to a better microclimate at street level.

In some cases, "build-to" lines have

been used in Toronto; they are part of ur-
ban design plans for specific areas. In
general, however, "build-to" lines are
currently not used for all properties in
the Central Area.

These three assumptions have guided

the modeling of the mitigated scenario;
they have affected the form of the mod-
eled buildings. Specifically, comfort con-
trols have an effect on height of future
buildings, floorplan dimensions, density
(coverage), and to some extent on land
use, because a viable use of a structure

is related to all the above-mentioned di-
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mensions,

Effect of Comfort Controls on Density
and Coverage

Coverage was considered a constant in
our experiment. However, the modeling
experiment revealed that comfort con-
trols can constrain development poten-
tial depending on the variables dis-
cussed below. On most sites it was
possible to match the floor space mod-
eled under the potential development
scenario with the floorspace modeled un-
der the mitigated scenario. In areas
with low-to medium-density, between
two to four times the lot coverage, com-
fort controls have not affected densities,
even along those streets for which five-
hour sun access standards were pro-
posed. The same finding was made in
medium-density zoning districts. But
here, small lots and especially lots locat-
ed on the southeast and southwest cor-
ners facing east-west streets, were se-
verely constrained by sun access con-
trols. On lots with a typical depth of 30
to 40 meters comfort controls may con-
strain achievable densities to less than
six times coverage. The coverage of six
can be reached on north-south streets,
for which a three-hour standard is pro-
posed. Likewise, this coverage is possi-
ble on the north side of east-west
streets.

In medium- to high-density areas (in

our modeling, the properties along Bloor
Street near Bay and Yonge Streets)
densities can reach the allowable 6.5
coverage. Projects in this area consist
generally of mixed-use developments lo-
cated on medium- to large-size parcels
with a depth of 70m or more. Such a
mixed-use development would typically
have retail and commercial uses located
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in a podium or building base. Residen-
tial floors would be located in a tower
above such a podium. The density of
this type of development, given the great
depth of such properties, is constrained
by the height limit and, to a lesser de-
gree, by comfort controls.

In high-density areas, such as the Lake
Front-Railway Lands, a density of
twelve-times coverage cannot be
reached by development that follows
comfort controls. The maximum density
possible under comfort controls would
amount to ten times the coverage. The
concern for light and calm winds in the
interior block open spaces might further
modify achievable densities. (A more
reasonable building configuration --
shown in the implementation section --
would yield eight-times coverage).

A somewhat higher density then ten
times coverage might be possible on the
north side of east-west streets, if spon-
sors of such projects can demonstrate
that future buildings would not acceler-
ate the surface winds beyond comfort or
even safety thresholds.

The high density of ten-times coverage
assumes that each city block would
house a combination of residential and
commercial development. Residential
development with retail at the ground
level would line the east-west and north
sides of city blocks, and the commercial
development would be located in the
southern section and in the center of a
block, a location where sun access con-
trols do not severely constrain the
height of buildings. A second alternative
in this high-density area is a develop-
ment that would consist of an approxi-
mately ten-floor-high commercial build-
ing covering much of the entire block.
Above this office and retail base, resi-

dential flats could be constructed. They
would take the form of slabs or towers
reaching up to the height limit or a limit
set by sun access planes.

Effect of Comfort Controls on Floor
Plan Dimensions

In areas zoned for low- to medium-high-
density, comfort controls do not con-
strain floor plan dimensions on streets

for which the three-hour standard is pro-
posed, and for north-south streets for
which the five-hour standard is pro-
posed. On these streets, up to densities
of four-times coverage, floorplan configu-
rations were not constrained by comfort
controls in our modeling. A range of dif-
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ferent floorplan designs were possible.
The "build-to" line, however, forced
building volumes into a type of develop-
ment oriented toward streets (see Fig.
5.1.).

Above a density of four-times coverage,
the "build-to" line, in combination with
sun access planes, creates building vol-
umes and floorplan dimensions that in-
corporate two types of orientations.
Floors with units oriented either toward
the street or toward the rear (double-
loaded) would be built in a lower portion
of a building. Above these floors, the
sun access plane limits the floorplan di-
mension. Here narrower flats have both
street orientation and orientation to the
rear. The sun access planes prohibit a
centering of these narrower floors above
the wider floor. The result is an eccen-
tric building design with upper floors
shifted back towards the rear above the
lower floors. Elevators and stairways
serving all floors in such a building
would be located in the center of the low-
er floors, but would be located in close
proximity to the street-facing facade on
the upper floors. Residential develop-
ment would very likely take this form, if
"build-to" lines are drawn identically
with property lines along streets where
retail is encouraged at ground level.

The floor plan dimensions of office space
are not constrained by comfort controls if
built up to the height of the streetwall
permitted under sun access controls.
Depending on lot dimensions, the floor-
plan dimensions of office buildings above
this height will be constrained by com-
fort controls. Office towers with large
floorplates of more than 2,000 square
meters (40m x 50m) are possible but
only in the center of large lots located on
the south side of city blocks.
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Effect of Comfort Controls on Building
Heights

An obvious limit to building heights is
set by sun access planes. However,
buildings on properties along streets for
which a three-hour standard is proposed
are constrained by height limits to a
greater extent than by sun access

planes. Especially on north-south
streets, the 60 degree sun access planes
allow buildings on major portions of
these properties to reach height limits of
30m, 46m, or 60m even on relatively
small parcels measuring in depth not
more than 50m. The same height limits
will not be reached by future develop-
ment along east-west streets and along
all streets for which the five-hour stan-
dard would be proposed. The allowable
building height on these properties
(depth not more than 50m) would be
constrained to a maximum of 18 to 20m.

Built Form Summary

Comfort controls severely constrain de-
velopment in high-density districts.

In medium-density districts, comfort
controls constrain development on most
small lots, but not on medium- to large-
size parcels,

In low- to medium-density districts,
comfort controls do not constrain devel-
opment. Here, they might encourage de-
velopment on small parcels and discour-
age development on large parcels.

The interrelationship of these individual
planning controls is complex. Height
limits, density controls (coverage), sun
access planes, and wind standards inter-
act with one another and with other
rules. Most importantly, in residential
developments they interact with guide-
lines that protect privacy, light, and
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views. Together, these controls define
built form. The proposed introduction of
comfort controls would introduce a great-
er definition of built form. The greater
definition would contribute to a better
quality of the public environment -- spe-
cifically, a better quality of microclimate
and comfort in public streets and open
areas. The next section discusses the
recommendation made by this study. If
followed, these recommendations would
significantly improve comfort for pedes-
trians and open space users in Toronto.

Railway Lands / Lakefront Area
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6. RECOMMENDATIONS

Current policy of the City of Toronto with
regard to preservation of comfortable
conditions for pedestrians is summa-
rized in the following current Official
Plan Statements:

1A, 41(2) Be it the policy of Council to
encourage the retention, development,
and enhancement of public streets and
streetscapes which have well-defined
character, scale, and enclosure, to en-
sure that they are comfortable and con-
venient and offer varied activities and
experiences to pedestrians.

31A, 48 In order to achieve an improved
pedestrian environment at and around
street level in the Central Area, Council
will seek to ensure satisfactory condi-
tions with respect to wind and calm and
sun and shade. In doing so, Council will
seek to alleviate existing problems of
high wind velocities and lack of sun in
important pedestrian areas caused by

the height or inappropriate space or con-
figuration of buildings, and to prevent the
worsening of such conditions. In using
its power of regulation and review in im-
plementing this section, Council will ap-
ply objective standards and determine
satisfactory conditions.

This study confirms that this policy
is valid, and, in order to implement
these policies, it recommends spe-
cific planning controls, standards,
and guidelines.

The research presented in this report
confirms that direct sunlight and protec-
tion from wind are essential for pedestri-
an comfort during the spring and fall sea-
son in Toronto. During the long winter,
sunlight is beneficial, but low angles of
the sun frequently do not provide suffi-

cient radiation to compensate for cold air
temperatures and wind. During the sum-
mer, high air temperatures, combined
with humidity, will frequently provide un-
comfortable conditions.

Planning controls that prevent the
worsening of climatic conditions for
pedestrians would be most effec-
tive if they would address manda-
tory provisions for sun access dur-
ing the spring and fall seasons, as
well as protection from strong wind
year-round.

6.1 Sun Access for Streets in
the Central Area

It is the recommendation of this report
that, during midday hours, all streets
should have the benefit of sun access
during the time between the spring and
fall equinox. This recommendation is
based on the fact that direct sun radia-
tion to the human body can extend the
period of comfortable conditions for pe-
destrians by several months, even at
times when air temperatures are cool or
moderate. Second, the field analysis
conducted as part of this study confirms
that the great majority of all north-south
and most east-west streets in the Cen-
tral Area receive sunlight during midday
for a period of three hours at the spring
and fall equinox. Many streets receive
five or even seven hours of sunlight at
that time of day and year.

Three categories of sun access windows
are proposed: three, five, and seven
hours of sun access to at least one side-
walk. The three-hour period was cho-
sen as a minimum to provide comfortable
conditions during the lunch hour, when
most people use streets in the Central
Area.
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6.1.1 Street Classification System

The responsibility of the time window
assignment rests with the City of Toron-
to. To ease the process, we have estab-
lished classifications of streets in Toron-
t0’s Central Area that categorize the dif-
ferent streets according to their impor-
tance in use and symbolic value. The
classification shown in Fig 6.0 is given
as a guideline. Further studies are
needed to assess and classify all streets
in the Central Area. For north-south
streets, the midday period is defined as
the time window between 11 a.m. and 2
pm. D.S.T. on the 21st of September,
For east-west streets, the midday peri-
od starts at 12:18 p.m.D.S.T,, on the
same date. Strictly speaking, the three-
hour midday period for east-west

streets would end at 3:18p.m.; in fact,
however, the sun will continue to reach
into east-west streets after that time at
the fall equinox.

Recommendations:

Adopt a street classification stan-
dard for all streets of the Central
Area. Assess and classify all
streefs or sections of streets into
categories according to the dura-
tion of sunlight that each street
shall receive. The categories are
three, five, or seven hours of sun
access for a period of time encom-
passing midday on September 21st.

Three-hour Time Window

This study recommends a three-hour
time window for the following street
classification:

Business Streets

Business streets include all streets that
are not otherwise defined in the catego-
ries below,
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Five-hour Time Window

This study recommends a five-hour time
window for the following street classifi-
cations:

Promenades

These are streets and avenues that

have a special significance on a city-
wide basis, where people stroll and en-
joy the outdoor environment of city life at
extended times of the day. Such streets
are institutional environments in their
own right, such as University Avenue, or
are destination streets that bring large
numbers of people to recreational oppor-
tunities, such as the ferry docks, har-
bourfront, or scenic routes such as

Queens Quay.

A high degree of climatic comfort ought
to be available for longer periods on such
streets, and therefore the five-hour win-
dow should be assigned to promenade
streets. A north-south street, Universi-
ty Avenue, and an east-west street,
Queens Quay, would fall into this cate-

gory.

Historic Streets

These are streets that have a special
identity through character, scale or the
preservation of significant historical
buildings in a district. They are often at-
tractive to tourists and people with lei-
sure time. Streets of this kind are Front
Street east of Scott Street, and Queen
Street east of Church Street or west of
University Avenue, and Yonge Street
north of Queen.

Because a high degree of comfort ought
to be afforded to such streets, a five-
hour window should be assigned to his-
toric streets.
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Fig 6.0 Proposed Sun Access Standard.
Streets with five or more hours of sunlight
during midday.
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Main Streets

Main streets are generally major east-
west streets, and a number of north-
south streets, that mark the larger grid

of the City and divide the City into neigh-
borhoods. Their intersections are key
orientation points for the public. Most of
these streets are shopping streets, on a
local or regional level. They lead to and
from neighborhoods and provide city-
wide linkage.

All of these streets are well recognized
and of public significance. Streets of this
type are Bloor Street west of Spadina,
and Dundas Street west of St. George,
and Yonge Street.

* Main streets have also been assigned
the five-hour window, due to their re-
gional and local significance.

Medium-density residential streets and
mixed-use streets

Residential streets are streets that

serve a large residential component.
They are used by people going to work
or shopping, and often by children. They
lead to schools, community facilities, and
open spaces such as parks and play-
grounds. All streets with a residential
component are assigned at least a five-
hour window of sun penetration.

Seven-hour Time Window

Low-density residential streets

These streets are typical residential
streets with two- to three-story build-
ings which require climatic comfort dur-
ing most of the day, when people go to
work and children to school, from morn-
ing until 5:30 p.m.
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6.1.2 Sun Access Standards for
Streets

Recommendation:

Restrict the allowable height of fu-
ture development to guarantee
three or more hours of sunlight dur-
ing the midday period between the
spring and fall equinox,

Three-Hour Windows of Sunlight on
North-South Streets

The study recommends that sun access
criteria allow direct sunlight to reach the
sidewalks for a minimum of three hours
between 11 am. and 2 p.m. D.8.T at the
fall equinox. In order to maintain direct
sunlight on public sidewalks in the Cen-
tral Area during this three-hour period,
new structures and additions to existing
structures on parcels that abut the side
of a street shall be required to avoid pen-
etration of a sun access plane. This
plane is defined by an angle sloping
away from the street above a specified
height at the property line. For proper-
ties along north-south streets, a plane
sloping at 60 degrees will set allowable
building heights at the property line and
for portions of the property until the sun-
access plane reaches the established
height limit of the district in which the
property is located.

The allowable height at the property line
is dependent upon the width of the
street. On a typical 20m wide street,

the height at the property line would re-
sultin 31m. Above this height, building
volumes would be set back, following a
plane sloping at 60 degrees. The allow-
able height at the property line is the
"streetwall height,” and the streetwall
projects upward vertically from the prop-
erty line. Streetwall heights for streets
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of varying street width are shown in Fig.
6.1.

Buildings constructed in this manner will
preserve sunlight on the sidewalk
across the street. Together, the west-
ern and the eastern sidewalk will re-
ceive a total of three hours of sunlight.
The sun access plan in Fig. 6.1 shows
various sidewalk dimensions. The side-
walk dimensions are based upon the
width of streets. For example, future
buildings on 25m or narrower north-
south streets should maintain sunlight
to a sidewalk dimension of 3.5m in
width, and for buildings on streets be-
tween 25m and 29m in width, sunlight

Fig. 6.1 Sun Access Standard,
Three Hours of sumlight encompassing the
Midday Period from March 21st to Septem-

ber 21st.

should be maintained to a sidewalk
width of 4.5m. Future buildings on
streets between 29m and 39m should
maintain sunlight for a sidewalk width of
7m. Buildings on streets wider than

39m should maintain sunlight on side-
walks of 10m in width. These dimen-
sions for sunlight penetration are recom-
mended regardless of the actual width of
the sidewalk.

Three-Hour Windows of Sunlight for
East-West Streets

The study recommends sun access stan-
dards that allow direct sunlight to reach
the sidewalks during the midday period
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starting at 12:18 D.S.T. on the fall equi-
nox. (At 11:18 EST on the spring equi-
nox). For properties on the south side
of east-west streets, a sun access plane
of 44 degrees will set allowable building
heights at the property line and continue
to set heights for portions of the proper-
ty until the 44 degree plane reaches the
already established height limit of the
district in which the property is located.
The allowable height at the property line
is dependent upon the width of the
street. On a typical 20-meter-wide
street, the height at the property line
would result in a streetwall height of
15.5 meters. Streetwall heights for
streets of varying street widths are
shown on Table 6.1. The same sidewalk
width dimensions explained above for
north-south streets should be used for
east-west streets.

The height of properties on the north
side are exempted from the sun access
criteria because the penetration of the
plane (for obvious reasons) does not
create shadows at midday. Neverthe-
less, properties on the north side of
east-west streets should follow the
identical streetwall height requirements
set for properties across the street. The
rationale for this restriction has to do
with the fact that building setbacks
above the streetwall are beneficial to
wind velocity reductions. Downwinds
created by building facades are mitigated
by building setbacks at the streetwall
height. This setback dimension shall
amount to a minimum of six meters. At
this distance from the property line, a
building height is free to reach the estab-
lished height limits of the district in
which the property is located. These
setback dimensions should be increased
if wind tunnel studies indicate the need
for a larger setback in order to meet ap-
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proved wind standards. For example,
wind tunnel studies of buildings in the
137m height district indicated that a set-
back dimension of 20m above the street-
wall height of 30m was necessary to mit-
igate against winds that would other-
wise be directed downwards from such
building heights to sidewalk level. A
mandatory setback above the streetwall
height encourages symmetrical street
sections for east-west streets.
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Five-Hour Window for Streets in the
Central City Area

For north-south streets, the duration of
the five-hour window of sunlight during
midday shall be set for 10:18 a.m. to 3:18
p.m., D.S.T., on the 21st of September.
The slope of the sun access plane mea-
sures 44 degrees. (Note: The five-hour
standard for north-south streets produc-
es streetwall height dimensions and sun
access plane angles identical to the
three-hour standard for east-west
streets.)

For east-west streets, the five-hour
time window starts at 11:18 a.m. D.5.T.
on the 21st of Sepiember. The slope of
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Fig. 6.2 Sun Access Standard.
Five Hours of Sunlight During the Midday
Period from March 21st to September 21st.

the sun access plane measures 40 de-
grees. This five-hour time window
should be applied to streets in the Cen-
tral Area that are predominantly residen-
tial or are more heavily used by pedestri-
ans for leisurely strolling or window
shopping during late morning and after-
noon hours.
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Fig. 6.3 Sun Access Standard.
Seven Hours of Sunlight During the Midday
Period from March 21st to September 21st,
Seven-Hour Windows of Sunlight for 6.1.3 Implementation of Sun Access
Streets in the Central City Area Controls for Streets
For north-south streets, the duration of . L
the seven-hour window of sunlight dur- gte'ggt Igm‘t Versus Performance
ing the midday period shall be set from Plan aras Lati dati
9:30 to 4:30 D.S.T. on the 21st of Sep- dnning reguiation mandating sun ac-

cess planes can be implemented in a
number of ways. In principle, there are
two methods. One option is to use sun-
access planes as height limits, modifying
the existing height limits of a zoning dis-
trict. Future buildings are designed to
follow the streetwall height and sun ac-
cess plane in that portion of the site
where sun access requirements are low-
er than the existing height limit. At the
point where the sun access plane inter-

tember. The slope of sun access plane
measures 30 degrees. For east-west
streets, the seven-hour time window
starts at 10:18 a.m. and lasts until 5:18
p.m, on the 21st of September, when the
sun is aligned with the street. At 10:18
a.m. the slope of the sun access plane
measures 37 degrees.
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sects with the height limit, the existing
height limit takes over in regulating the
allowable building height. Building
heights on properties may be defined by
several sun access planes, if a property
is located at the corner of a block orif a
property penetrates through the entire
length and/or width of a city block.

The second method of implementing sun
access to streets is by legislating perfor-
mance standards. Here, a sponsor of a
development on a given property would
have to demonstrate that a proposed
building does not cast shadows onto
abutting streets during the time period
protected by the sunlight ordinance.
However, if a neighboring building al-
ready in existence casts shadows on a
section of sidewalk that would be shad-
ed if the proposed building penetrates
the sun access plane, the sponsor of this
proposed property would be entitled to
construct such a building as long as it
does not cast any additional shadows.

in other words buildings could be built
that exceed the streetwall heights and
the sun access plane as long as these
buildings remain within a "shadow enve-
lope” of neighboring buildings. A some-
what unpredictable building form and
street section results, if performance
standards are used to implement sun ac-
cess criteria.

This study recommends the use of zon-
ing height limits for the implementation
of sun access controls. The rationale for
this recommendation is twofold. First,
the administration of a sunlight ordi-
nance that relies on height limit is con-
siderably easier than the administration
of an ordinance that utilizes a perfor-
mance standard. If a performance stan-
dard were used, the Department of Plan-
ning and Development would need to

verify the accuracy of all shadow studies
of proposed as well as of existing struc-
tures. This process would only be feasi-
ble if an accurate, three-dimensional
computer database of the Central Area
were available. The accuracy of the da-
tabase currently used would not be ade-
quate.

The currently used database does not
represent the actual topography of
streets and open spaces. Also, the ac-
curacy of existing building dimensions
and precision of their representation dif-
fers greatly. According to our experi-
ence with such databases, an input accu-
racy of +/- 10cm for all horizontal and
vertical building dimensions results in an
acuracy of +/- 1.5m for all shadow di-
mensions on the ground. Given that
sidewalks measure 3.5m, the +/- 10cm
accuracy criterion appears to be reason-
able, but is not met by the database cur-
rently in use.

The second reason for recommending
height limits to implement sun access to
streets is related to a clearer implemen-
tation policy than currently exists.
Height limits that would guarantee sun
access to streets would set a clear sig-
nal to the community that city govern-
ment intends to depart from the discre-
tionary nature of its review procedure to
a mandatory approach

Recommendation:

Review and revise the zoning
height limits and density controls in
the Central Area of Toronto. Set
the revised density controls of

each district to be compatible with
the revised height limit of the same
district.

Once established, the new zoning
heights will no longer be subject to dis-
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cretionary review in negotiations be-
tween the sponsor of future development
and the City of Tornoto. The revised
height limits are further modified by the
height restrictions imposed by the pro-
posed Street and Open Space standards.

Effect of Sun Access Controls on
Building Shapes and on Other Planning
Controls

Members of the architectural design
community might object to the sloping fa-
cade or roof planes that would result
from an ordinance mandating sun access
to streets. One method that can be used
to avoid sloping facade planes above the
streetwall is to mandate a setback at

that height where the sun access plane
meets the streetwall, Contextual zoning
on Manhattan’s Upper West Side re-
quires setbacks of 6.75m above the
streetwall height of 20m on 20m-wide
side streets. Additional floors can be
erected at that setback line, but have to
remain under a sloping plane taken from
the center line of the street. Likewise in
Toronto, portions of buildings above the
streetwall line would require setbacks.
Additional floors could be built, but have
to remain under the sun access plane.

Concemns about the shape of buildings
stem from a potential conflict between
the various planning controls restricting
the form of a proposed building. These
controls would include height limits, sun
access planes, lot coverage, and density
controls. In all cases, height limits
should supersede density controls and
constrain the allowable building volume.
This statement appears obvious, but in
the modeling of potential development,
allowable volume of a building as defined
by lot coverage and density controls fre-
quently exceeded height limits, by a sub-
stantial margin. Therefore, the lot cover-
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age and density controls must be re-
viewed and made more compatible with
existing height limits.

This is made possible by computing
buiiding volumes under density and lot
coverage controls for an average lot di-
mension in a given zoning district, If
several building volumes have been com-
puted for a number of sites, a "building
potential” line can be drawn into a sec-
tion view of that zoning district. When
the height of this line is compared with
the height limit of the district, the height
limit should be well above such a
"building potential” line. If the building
potential line is above the height limit,
zoning of the district should be reexam-
ined. This might result in either an in-
creased height limit or a decreased lot
coverage and density control.
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6.2 Sun Access to Open Space
in the Central Area

Publicly owned and publicly accessible
open space provides a significant re-
source for city residents. These spaces
exist at a variety of sizes and in a vari-
ety of contexts. On a regional scale,
open spaces like a valley system or
lakeshore often define the spatial organi-
zation of the city. At the smallest scale,
open spaces are shaped by the forms
and densities of urban development.
Public open spaces are usually devel-
oped in support of a range of activities,
such as sitting, observing, play, gather-
ing, or more organized outdoor recre-
ational pursuits. In this role they act as
the interface between the public and pri-
vate realms, allowing freedom of move-
ment and social interaction.

"Onbuildingdowntown" (Second Edition,
1974, p. 121) identified four major roles
for open space in terms of use, providing:

Areas for individual relaxation
Visual relief

Space for individual activity and group
activity; and

Space for both organized and
spontaneous public gatherings.

In addition, public open spaces are also
considered as indicators of a healthy en-
vironment and as "green Jungs"” within
cities in which urban pollution has now
become a major issue. Considering the
importance of parks for providing unique
cultural and environmental opportunities
to the public, a fundamental right of ac-
cess to sunlight and shelter from inap-
propriate wind impacts seems consis-
tent with the roles of existing and future
parks.

6.2.1 Open Space Classification as a
Basis of Sun Access Standards
Parks exist in a variety of sizes from
large regionally connected pieces of
lands like the Toronto ravines to small
pocket parks that occupy small spaces

- between buildings. In order to identify

appropriate standards for sun access,
some typological framework should exist
which can relate the goals of the open
space to the desired level of sun access
and wind protection.

This report has used as a basis for this
development a classification under study
by the City of Toronto. In the proposed
typology, open spaces are first broken
down into five broad categories:

1. Regional Parks

Large-scale areas utilized by regional
populations

2. Linear Parks

Ravine lands, bike paths etc
3. City Parks

Usually full block areas

4. Urban Parks

Green spaces surrounding public build-
ings

5. Pocket Parks

Small spaces between buildings, cor-
ners, etc

As well as these more broadly defined
areas, the classification recognizes that
public open space opportunities exist in
other configurations such as:

1. Courtyards

Spaces surrounded by buildings intended
for public use
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2. Forecourts

Public open spaces next to streets, often
acting as entrances to buildings

3. Setbacks

Public open spaces provided as a result
of locating buildings back from property
lines |

4. Urban Gardens

Special public spaces where the empha-
sis is on more ornamental plant displays
or special uses such as sculpture

5. Plazas/Squares

Larger public open spaces usually formal
in layout often adjacent to public build-
ings and/or streets, intended for gather-
ing, informal recreation and ceremonial
use

Classification of Open Spaces in
Terms of Thermal Comfort

Unlike streets, it is more difficult to gen-
eralize about park characteristics due to
their variety of orientations, proximity to
buildings, density/height relationships of
surrounding urban development, dimen-
sions and configuration of site bound-
aries, and variations in site elevations.
Like streets, however, we can begin to
identify, based on the classification of
parks, desirable performance standards
for solar access at new parks and for
protecting access at existing parks.

1deally, public open space should have
optimum climatic conditions for human
comfort and provide for 2 maximum flexi-
bility of use. For open spaces in Toron-
to, this would mean providing access to
sunlight throughout the year while mini-
mizing wind impacts. This is particularly
critical in the colder spring, fall, and win-
ter months,
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The objective in any open space design
should be to maximize the total number
of hours of sunlight available to the open
space. The standards proposed here
have been developed to reflect the condi-
tions for parks studied in each class or
type. However, standards should be tai-
lored to the needs of the individual park,
its physical context and program of use,
such as ensuring that play areas are in
the sun in the spring and fall, that floral
displays get adequate sunlight, etc.

Each open space requires individual
study in order to determine the maxi-
rum available sunlight, the effects of ex-
isting conditions, the impacts on pro-
posed programs, and the specific alterna-
tives available within the proposed
height controls.

The standards that follow should be con-
sidered as minimum, and the planning
objective should be to exceed the stan-
dards whenever possible. -

6.2.2 Standards for Different Types
of Open Spaces

Recommendation:

Restrict the allowable height of fu-
ture development in the vicinity of
publicly accessible open spaces in
order to preserve sunlight during
those times of year and day when it
is most needed for the comfort of
open space users.
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City Parks

While all public parks are city parks, this
proposed type seeks to identify large
parks in the city usually surrounded by
major streets and often a city block in
size, or at least the major portion of a
block. These areas are identified by the
public as important open spaces and are
heavily used by a variety of people en-
gaged in passive or active recreation.
They usually have large amounts of
green space and form an important part
of local identity within the surrounding
community. Parks such as Allan Gar-
dens or Roundhouse Park sometimes in-
clude facilities, such as the conservatory
in the former and the future railway mu-
seum in the latter. In the Central Area,
parks such as Roundhouse Park repre-
sent substantial investments in plan-
ning, capital, and the allocation of space.
Opportunities for such large spaces are
usually rare and therefore should have
the highest degree of climatic comfort.
Examples within our study of city parks
are Allan Gardens, Roundhouse Park,
and the Grange Park.

Solar Access Standards

City Parks are to receive direct sunlight
over the entire year from one-and-a-half
hours after sunrise to one-and-a-half
hours before sunset.

Exempt from this standard are buildings
which abut the park properties or front
streets adjacent to park properties.
Building heights on such properties
should be set according to height limits
set for adjacent streets.

In general, building heights up to 12m
should be allowed for a park in a low-
density residential area, heights up to
18m should be allowed adjacent to a

park in medium-density areas, and 30m
in a high-density area. Existing build-
ings that exceed the height limit are ex-
empt.

SPECIFIC RECOMENDATIONS:

I.Allan Gardens

Permit building up to a height of 12m
on properties abutting the park and on
properties across the street from the
park with the exception of Carlton
Street, where the rules pertaining to
sunlight access for streets may be ap-
plied. The allowable heights of build-
ings located at a distance of 300m
from the park will follow a cut-off
Plane that does not permit shading of
the park in excess of the shadow al-
ready cast by the permitted height of
buildings adjacent to the park.

2. Grange Park

Permit building up to a height of 12m
on properties abutting the park and on
properties across the street from the
park with the exception of the east
side of McCaul Street, where a 24m
exemption is granted. Above these
designated levels, heights of buildings
within a 300m distance of the park will
follow a cut-off plane that does not
permit shading of the park in excess of
the shadow already cast by the per-
mitted building heights.

3. Roundhouse Park

Permit building up to a height of 30m
on properties abutting the park and on
properties across the street from the
park. Above these levels, building
heights within 300m of the park will
follow a cut-off plane that does not
permit shading of the park in excess of
the shadow already cast by the allow-
able height of the buildings abutting
the park properties.
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Linear Parks

Linear parks, like streets, act as a sec-
ondary form of pedestrian connection
within the city. These parks can be as-
sociated with natural open space sys-
tems such as the ravine lands and usual-
ly connect with other open spaces. At
the same time, the type describes spac-
es as simple as bike pathways, pedestri-
an routes along the lake’s edge, or more
elaborate walkways between buildings
in the city, like Osgoode Mall. This sec-
ondary network of pedestrian circulation
provides a unique opportunity for travel
within the city. Opportunities for com-
fortable conditions should be maximized
to protect natural features and to encour-
age pedestrian and bike use. Because of
the diversity of spaces, topography, and
dimensions of linear parks sun access
should be preserved for the highest use
areas. Examples of linear parks within
our study area are Rosedale Valley Ra-
vine and Osgoode Mall.

Solar Access Standards

Because linear parks are not always
consistent in their size, configuration,
and orientation, it is difficult to set one
standard. However, natural areas and
ravines should be protected to ensure
adequate solar access to natural sys-
tems and to mitigate the impacts of
shading along slopes as shadow lengths
increase down slopes.

All natural areas should have sun ac-
cess from one-and-a-half hours after
sunrise to one-and-a-half hours before
sunset (D.S.T.) from the spring to the
fall equinox. For Linear Parks not stud-
ied in this report we recommend individ-
ual studies be undertaken for each park
so that local conditions and programs
can be taken into account.
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SPECIFIC RECOMMENDATIONS:
1. Rosedale Valley Ravine

Permit building up to a height of 12m
on properties abutting the Ravine.
Above this height, heights of buildings
within 300m distance of the park will
follow a cut-off plane that does not
permit shading of the ravine. Existing
buildings that exceed the height limit
are exempt.

. Osgoode Mall

Permit building up to height of 18m on
properties abutting the mall. Above
this level, heights of buildings within a
300m distance of the park will follow a
cut-off plane that does not permit
shading of the mall at any time be-
tween the hours of 10:18 a.m. (D.5.T.)
and 4:18 p.m. (D.S.T.) from the spring
to the fall equinox in excess of the
shadow created by buildings of the
18m permitted height.
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Pocket Parks

These spaces are usually small and are
often located in spaces vacated by build-
ings, remnants of old corner lots, street
closures, etc. Because of their small
size, proximity to buildings, and location
on the east, west, north, or south sides

of streets, it is difficult to set standards
for solar access to fit all pocket parks.
The microclimatic conditions on these
sites will be heavily dependent on the
standards applied to adjacent streets

and future developments in specific loca-
tions that may reduce solar access to
these areas. Examples of pocket parks
studied are Devonian Park, Cumberland
Park, and Maple Leaf Quay.

Solar Access Standards

Pocket parks are often built in very small
and restrictive conditions. Sites along
corners and wider streets have greater
opportunities for solar access than small
spaces between buildings. Sun access
should be maximized whenever possible.

Pocket Parks should have a minimum of
three hours of sun from 11:18 a.m.
(D.S.T.)to 2:18 p.m. (D.S.T.) from the
spring to the fall equinox. For Pocket
Parks not studied in this report we rec-
ommend individual studies be undertak-
en for each park so that local conditions
and programs can be taken into account.

SPECIFIC RECOMMENDATIONS:

I. Cumberland Park

The site set aside for the proposed
Cumberland Park lost its sun access
due to recently approved develop-
ments along Bloor Street. Sun access
has been reduced to approximately
two to three hours over most of the
park between the spring and fall equi-

noX. Already approved proposed de-
velopment, adjacent to the park along
Bloor, will eliminate the majority of
the remaining sun access at the fall
equinox. As a result, Cumberland
Park should have no additional net in-
crease in shading on the park area.

2. Devonian Park

This park now receives a generous
amount of sunlight for a pocket park
Approximately six hours of sun ac-
cess are available over approximately
50 percent of the park site between
the spring and fall equinox. In order to
ensure the preservation of this sun-
light condition, building heights adja-
cent to the park should be maintained
at 18m. Since the buildings to the
south are already 34m and 40m, they
would be exempt. But properties to
the east, now 14m and 17m, should be
held to 18m. Development to the
west of the park across Victoria
Street should be held to 12m to en-
sure no loss of afternoon sun. The
surrounding area is presently zoned at
a height of 46m, and this height ap-
pears to not be in conflict with sun-
light protection of the park.

3. Maple Leaf Quay

Presently this park receives plenty of
sun access year-round; however, as
development of the adjacent sites and
of Harbourfront continues, the dura-
tion of sun access will be reduced.
Approved developments should be ex-
empted, but no additional shading
should be permitted.
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Plazas and Squares

These spaces are often associated with
the city’s major public institutions, such
as City Hall at Nathan Phillips Square,
or in association with major private
buildings, as is the case with Trinity
Square. The type is often characterized
by areas with more hard surface than
green, as found in College Park or Trinity
Square. For the most part they are ur-
ban in character, related to major
streets, and heavily used on a day-to-
day basis. Such spaces are often prima-
ry locations for organized gatherings and
ceremonial activities. Since these spac-
es are associated with public life within
the city and strong architectural expres-
sion, they should receive sunlight during
high-use times, specifically around
lunchtime. Existing and potential plazas
and squares studied include Dundas
Square, Court House Square, Nathan

- Phillips Square, Trinity Square, and Col-
lege Park.

Solar Access Standards
Because of their important contribution
to public life:

All plazas and squares should have sun
access at any time from one-and-a-half
hours after sunrise to one-and-a-half
hours before sunset (D.S.T.) from the
spring to the fall equinox.

Where the plaza or square is to be locat-
ed within high-density urban develop-
ment, sun access should not be less

than six hours from 10:18 a.m. (D.S.T.)
t0 4:18 p.m. (D.S.T.) from the spring to
the fall equinox. For Plazas and
Squares not studied in this report we
recommend individual studies be under-
taken for each plaza or square so that lo-
cal conditions and programs can be tak-
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en into consideration.

SPECIFIC RECOMMENDATIONS:
1. College Park

College Park receives eight hours of
sun access throughout the majority of
the site. As development continues,
some of this access will be eroded.
Development should conform to a
height limit of 18m on properties abut-
ting the Park. Above this height, the
heights of buildings within 300m dis-
tance from the Park will follow a cut-
off plane that does not permit shading
of the park in excess of the shadow al-
ready cast by the permitted building
height of 18m. Existing buildings that
exceed the height limit are exempt.

. Trinity Square

This open space has approximately a
five-hour sun access window. This is
one hour less than the standard would
recommend. Therefore, height limits
should be set to avoid any net in-
crease of shadowed areas from the
present condition.

. Nathan Phillips Square

Many parts of Nathan Phillips Square
receive six hours of sun access at the
the fall equinox. Ideally, since Nathan
Phillips Square is the most important
civic plaza in the central area, it
should receive sunlight in accordance
with the standard of sun access from
one and-a-half hbours after sunrise to
one-and-a-half hours before sunset
(D.S.T.) from the spring to the fall
equinox. Since these ideal conditions
do not exist, zoning heights in the vi-
cinity of Nathan Phillips Square
should be set to avoid any net in-
crease in shading,
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4. Court House Square

Court House square has extremely re-
stricted sun access with an average of
about one to two hours. This space
should be designated as no net in-
crease in shading.

5. Dundas Square

This space is proposed for possible fu-
ture development as an inner-city
square. At present, it receives an av-
erage of four hours of sun access.
Building height in the vicinity of Dun-
das Square should be set to provide a
minimum of three hours of sunlight.

Courtyards

Typically, such spaces are on private
land and surrounded by buildings, yet
are accessible by the public. Their small
size and adjacency to buildings makes
solar access problematic. They are es-
pecially important spaces for lunchtime
use by employees of the surrounding
buildings and by the general public. So-
lar access at lunch time is critical for pro
viding human comfort. Surrounding de-
velopment should be carefully arranged
and developed to ensure protection of
the small solar window that corresponds
with this time. An example of a court-
yard studied is Commerce Court.

Solar Access Standards

It is often difficult to provide solar ac-
cess to courtyards, due to their size and
degree of enclosure on all sides. Most
courtyards, however, are capable of re-
ceiving some solar access in the summer
and shoulder seasons.

Courtyards should have at least three
hours of sun access from 11:18 a.m.
(D.S.T.) to 2:18 p.m. (D.S.T.) between
the spring and the fall equinox.

SPECIFIC RECOMMENDATIONS:

1. Commerce Court

Commerce Court receives on average
two to three hours of sunlight. Unfor-
tunately it seems that some of this
sunlight is being eroded by larger
buildings being constructed in the
area. Future building shall result in
no net increase of shadowing,
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Forecourts

In the design of major developments or
institutional buildings, there is often the
opportunity and desire to create a larger
open space associated with the entrance
of a building or group of buildings. Such
areas range in size from standard set-
backs to more significant public open
space allowing for a variety of passive
uses. These spaces are usually urban in
character, as in the forecourt to the Mo-
wat Block on Bay Street, but are some-
times designed primarily as green spac-
es, such as the one adjacent to the Met-
ropolitan United Church. Solar access to
these spaces is heavily dependent on
their size, location and orientation to the
street. Solar considerations should
begin with consideration of street stan-
dards ensuring optimum sun access to
the space. The surrounding form of de-
velopment should be designed to allow
additional access. Forecourts include
the Mowat Block Forecourt (Corner of
Bay-Wellesley, North East side) and

the Metropolitan United Church Grounds.

Solar Access Standards

Tt is difficult to set standards for
forcourts, due to the variability of size
and location on a street. Each particular
application and circumstance should be
studied individually.

In optimum locations, forecourts should
receive six hours of sun access from
10:18 a.m. to 4:18 p.m. (D.S.T.) from the
spring to the fall equinox.

Forecourts should not receive less than
three hours of sun access if possible dur-
ing lunch time.
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SPECIFIC RECOMMENDATIONS:

1. Mowat Block Forecourt (Corner of
Bay-Wellesley, North East side).

The Mowat Block receives an average
of three hours of sun access over ap-
proximately 50 percent of the site, al-
though primarily in the morning from
10:18 a.m. until noon. The site meets
the standard of three hours of sun ac-
cess. Existing height zoning on Bay
Street of 30m would protect the site in
the future.

. Metropolitan United Church Grounds

This site has excellent sun access for
a forecourt situation with approxi-
mately 5 hours’ sun access at the
perimeters. In fact, it is perceived by
many to be a small park. In any case,
the existing sun access should be
maintained. The implications for
height restrictions would be to limit
the height for properties across the
streets, the following heights should
be permitted: 12m to the east, 16m to
the south, and 18m to the west.
Above these levels, the heights of
buildings within shading distance from
the Park will follow a cut-off plane
that does not permit shading of the
park in excess of the shadow already
cast by the 12m, 16m, and 18m build-
ing height. Existing buildings would
be exempt.
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Urban Gardens

Like pocket parks, these are small, spe-
cialized spaces that are built in support
of horticultural displays or historic build-
ings in addition to facilitating specific ac-
tivities like viewing of sculpture. Their
specific climatic requirements will be de-
pendent on program and times of highest
use. An example of an urban garden
studied is Osgoode Garden.

Solar Access Standards
Generally, because of the horticultural
importance of these gardens:

Urban Gardens should have sun access
from one-and-a-half hours after sunrise
to one-and-a-half hours before sunset
(D.S.T.) from the spring to the fall equi-
nox.

SPECIFIC RECOMMENDATIONS:
1. Osgoode Gardens

On average, Osgoode Gardens re-
ceives eight hours of sun access. In
order to preserve this condition, the
sunlight standard should permit build-
ing up to a height of 12m on properties
abutting the Garden. On properties
across the street on Queen Street and
University Avenue, the rules pertain-
ing to street windows of sunlight ac-
cess could be applied. This would lim-
it development of new properties west
on University and south on Queen
from 46m to 30m in height, respective-
ly. Above these designated levels,
heights of buildings within shading
distance of the Garden will follow a
cut-off plane that does not permit
shading of the park in excess of the
shadow already cast by the permitted
building heights. Existing buildings
that exceed the height limit are ex-
empt.
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6.2.3 Implementation of Sun Access
to Publicly Accessible Open Spaces in
the Central Area

The objective to guarantee sunlight for
open spaces during those times of day
and year when most needed for comfort
of pedestrians can be achieved both
through performance standards and
through zoning height limits.

In order to implement sun access stan-
dards for open spaces, this study recom-
mends the use of the city’s zoning pow-
er to set height limit to provide sun ac-
cess to all publicly accessible open
spaces at those times of day and year
when most needed for the comfort of pe-
destrians and open space users.

Such provisions are consistent with the
regulatory power of city government,
which is responsible for ensuring the
health, safety, and well-being of its citi-
zens. This policing power is used to
avoid a nuisance that would occur if the
city would not prohibit the shading of
open spaces by future development.
Specifically, to implement sun access for
publicly accessible open spaces, the zon-
ing height limits in the vicinity of open
spaces would be set to prohibit the
shading of open space properties.

In the following section, we demonstrate
how the city could set the zoning height
limits for a total of seven open spaces in
the Central Area. The maps on the fol-
lowing pages illustrate "solar fans,"
which are sun access easements de-
signed specifically for each open space.

This report recommends that all public
and publicly accessible open spaces
should be mapped using this methodolo-

gy.
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It is the recommendation of this re-
port to apply sun access standards
equally to public open spaces and
to private open spaces that are pub-
licly accessable.

In this process, care should be taken to
analyze each individual open space so
that local conditions and programs can
be taken into account when height limits
are considered.

6.2.4 The Use of Performance
Standards to Implement Sun Access
to Open Spaces.

It is possible to use performance stan-
dards to implement sun access in open
spaces. Like sun access to streets, the
implementation of such controls could
only be possible if the City of Toronto
were to have the capability to verify the
acccuracy of all shadow studies prepared
for proposed development, including the
shadows cast by existing structures.
Members of our team have experience
with the development of a computerized
three-dimensional data base and with
the development of software suitable for
accurate shadow analysis, consistent
with standards described in this report.
An accuracy criterion of -+/- 10cm would
be necessary for all vertical and horizon-
tal input dimensions in order to produce
shadow predictions with an accuracy of
+/- 1.5m. This accuracy can be
achieved, but would require a far greater
accuracy and precision than currently
available in the existing Toronto data-

- base (see 6.1.3, Implementation of sun

access to streets).
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SOLAR FANS

Fisheye View of Sky above the Metropolitan United Church Grounds
taken midpoint between Bond and Church Streets near the Queen
Street sidewalk
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SOLAR FAN

CRITICAL TIME
1 1/2 HOURS AFTER SUNRISE TO

1 1/2 HOURS BEFORE SUNSET. PERIMETER.

12 M BUILDING HEIGHT ALLOWANCE ARCUND PARK

GRANGE PARK

Fig. 6.4 Solar Fan for Grange Park

For example, the solar fan for Grange Park is
designed 1o prohibit any additional shading of
the park property between one-and-onc-half
hours after sunrise to one-and-one-half hour be-
fore sunset for all months of the year. The

first map, Fig. 6.4, shows how the solar fan de-
fines building heights in the vicinity of Grange
Park. Solar fans consist of sun access planes
that slope away from the property line of an
open space up to the location of the sun. Given
the frequently rectangular shape of open space
propertics, such a sloping plane is struck {rom
each side of the rectangle. The result is a sct of
sun access planes that take the shape of a fan. In
the case of Grange Park, the bottom of cach
sloping plane is set at a height of 12m, along
the property line of the Park, permitting shad-
ows created by building up to 12m in height.
As the sun access planc slopes upwards from
this height of 12m, it defincs allowable build-
ing heighis on properties in the neighborhood
surrounding Grange Park.
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The map in Fig. 6.5 shows how the slope of the
sun access planes is altered by those existing
buildings that penetrate through the solar fan.
This last map needs 10 be compared with the
zoning height map (Fig. 6.6) of the area. Such a
comparison would indicate whether conflict ex-
ists between the current zoning height and sun
access planes to the north, west, south, or east
of the park. In the case of Grange Park, for all
propertics, the carrent zoning heights are more
restrictive than allowable building heights set
by the solar fan. With the exception of the two
highrise buildings shown in Fig. 6.5, existing
building heights conform to the sun access stan-
dard recommended for this park. We have pre-
pared similar maps for the following open spac-
es: Osgoode Mall, Fig. 6.7-6.9, DPevonian
Square, Fig. 6.10-6.12, Trinity Square, Fig. 6.13-
6.15, Mowat Block, Fig. 6.16-6.18, Osgoode
Gardens, Fig, 6.19-6.21, and, Commerce Court,
Fig.6.22-6.24
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Fig. 6.5 Modified Sofar Fan for Grange Park
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Fig. 6.7 Solar Fan for Osgoode Mall

The current zoning height limits are not in
conflict with the exception of the section to

the southeast at the eastern end of Osgoode
Mall.
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Fig. 6.10 Solar Fan for Devonian Square

The curreat zoning height limit of 46m to the
east, south, and west of Devonian Square is
in conflict with the allowable height limit per-
mitted under the solar fan.
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Fig. 6.13 Solar Fan for Trinity Square Park

The current zoming height Hmits are not in
conflict with the height limits under the solar

fan.
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Fig. 6.16 Solar Fan for Mowat Block

The current zoning height limits are not in
conflict with height limits under the solar fan.
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Fig. 6.19 Solar Fan for Osgoode Gardens

The current zoning height limits fo the east,
south, and west of Osgoode Gardens are in
conflict with the allowable height limits
permitted under the solar fan.

134



Sun, Wind and Comfort Recommendaticns

T R T

SOLAR FAN &5
x7»&:1!.‘9%5
CRITICAL TIME MODIFIED SOLAR FAN GONSIDERS BUILDINGS 1N SCALE 2000
HiASam, 10 53 pan. CONPLICT WETH BUILDING HEIGHT ALLOWANCE
B HOUR STANDARD ARDUIND PARK PERIMETER. OSGOUDE GARDENS

Fig. 6.20 Madified Solar Fan for Osgoode Gardens
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Fig. 6.22 Solar Fan for Commerce Court

The current zoning height limits to the east,
south, and west of Commerce Court are in
conflict with the allowable height Iimits
permitted under the solar fan.
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Fig. 6.23 Modified Solar Fan for Commerce Court

Fig. 6.24 Commerce Court Zoning Height Map
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6.3 Recommendations
Regarding Development
Standards for Protection from
Adverse Wind Conditions

This study, and studies in other cities,
confirm that abrupt changes in the height
of buildings have a significant effect on
wind velocities on adjacent streets and
parks. In Toronto, this observation is
particularly important along the lake-
front, where an abruptly rising row of
highrise apartment towers has increased
wind velocities, especially on days when
winds blow from the southwest and east.

Abruptly rising buildings are also con-
centrated along Bloor and Bay Streets,
Once large buildings are constructed in
an area where low buildings predomi-
nate, it is extremely difficult, if not im-
possible, to design buildings that miti-
gate the negative effect.

1. This study recommends that the
existing height zones of the Central
Area should be reexamined with
the purpose of avoiding height zone
changes that exceed 100 percent of
the height of the previous zone. Un-
der existing zoning legislation, ex-
isting height zones frequently abut,
resulting in abrupt height changes
from one side of the street to the
other or within one block. A city
zoned to avoid drastic height chang-
es would result in an urban form
shaped like a gradually rising hill or
ridge.

2. This study recommends that height

zones should abut in the center of
Blocks, and not along streets.
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3. This study recommends that the
City of Toronto develop and imple-
ment a wind effects standard, or
code, as discussed below:

The wind code would be best developed
through a consensus process involving
City officials and the various wind re-
searchers and consultants in the Toronto
region. The code could apply all pro-
posed projects that had the potential for
wind problems, either through their
height or their exposed location. Pre-
surnably the Department of Planning
would be responsible for determining
which projects are to be evaluated under
the wind code.

The new code should be applied in the
review of proposed buildings located on
properties in height zones of 30m and
highter. Here all building proposals
should be subject to wind tunnel studies
unless the consultants certify that the
wind effect caused by a proposed build-
ing would be negligible.

Proposed buildings in height zones be-
low 30m should be subject to wind tun-
nel testing if the height of the proposed
structure exceeds the predominant build-
ing height of existing buildings in the vi-
cinity of the proposed building by four
floors, or by 10.5 m.

Project vicinity is defined as the area di-
rectly upwind from the project site in the
directions of the predominant winds dur-
ing fall, winter, and spring.

The wind effects standard should, at a
minimum, assure that the mechanical ef-
fects of the wind are kept within accept-
able limits. The mechanical effects in-
clude comfort and safety considerations,
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It might be appropriate to have two ve-
locity limits for comfort {e.g. hourly aver-
age velocities of 7 mph for seating areas
and 11 mph for walking areas) and one
for safety (e.g. 44 mph for a 3-second
gust, exceeded some maximum number
of times per year). Deciding on the ex-
act values for these figures should be
part of the development process, since
opinions will differ on how a standard is
best structured.

This recommended standard could be
supplemented with a wind-chill equation
to take partial account of the thermal in-
fluence of wind during cold periods. A
number of such equations exist now,
with fair agreement among them. To add
this supplement in the standard would
require that temperature be added to the
wind weather database, an addition to
what is required for mechanical-effects
standards.

In the future, the standard could include
a more comprehensive simulation of the
effects of wind, sun, temperature, and
humidity on thermal comfort, similar to
the computer model that was used in

Fig 6.25

this study. The results from this pro-
posed thermal simulation would be com-
bined in the standard with the mechani-
cally-induced comfort and safety effects
described above. The standard of com-
pliance would then be based on the num-
ber of hours of comfort/safety and dis-
comfort/hazard expected at street level
during specified periods throughout the
year. Such a simulation would require
year-long sets of hourly weather obser-
vations typical of long-term (i.e. most
likely future) climate, in addition to the
summarized wind data required for the
mechanical-effects standard.

This future comprehensive approach
would require substantial development
work before it could be written into a
standard. The hourly weather datasets
would need to be assembled and adjust-
ed using a typical year procedure to rep-
resent the long-term past climate. The
thermal model must be calibrated and
validated for the Toronto population.
Administrative decisions must be made,
such as how to weight the comfort ad-
vantages of a scheme under summer
conditions against disadvantages that it
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might create under winter conditions, or
vice versa? These are issues that have
not been addressed before in a stan-
dard. Researchers and practitioners un-
derstand and agree upon the criteria for
acceptability of mechanical wind effects
far more than for the newer study of ther-
mal effects. On the other hand, there is
interest being currently expressed by
some Toronto-region wind consultants
in developing such a thermal standard
for several other cities in the Toronto ar-
ea. The City of Toronto might be in a
good position to participate in such de-
velopment work, or at least develop its
standard in such a way that the future
possibility of a thermal standard is not
excluded.

There is a present need for a mechanical-
effects wind standard, even without the
thermal standard. The work needed to
develop the mechanical standard would
be directly transferable to the thermal
standard if and when the thermal stan-
dard would be developed. The model in-
cludes the following:

1. A standard method should be used to
define the wind’s boundary layer in the
various parts of the city. This boundary
layer could be matched by any consult-
ant performing wind studies for compli-
ance to the wind standard.

The required turbulence characteristics
of the boundary layer should also be
specified.

2. Weather data sets should be assem-
bled and standardized as the official sets
for tests in specific areas. A qualified
consultant could examine the available
records for the city and its environs and
produce statistics for wind and tempera-
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ture during specified periods of day
throughout each month of a typical year,

3. Standards should specify wind veloc-
ity limits (acceptability criteria) for safe-
ty and various types of comfort such as
sitting and walking These limits would
preferably be accompanied by the per-
centage of time that each limit is not to
be exceeded, during specific periods of
the day and seasons of the year. The
Berkeley team agrees with some of the
local wind consultants that exceedence
criteria 1s best expressed in terms of
percentage of time rather than in terms
of recurrence intervals. The percentage
of time results are then more easily and
intuitively understood by the layman,

4. The procedure for proving a project’s
compliance to the standard should be
clearly specified. For this reason, it
would be useful to develop a standard
format for the consultants’ reports.

5. Review of the enabling legislation
should lead to an appropriate implemen-
tation method for the wind code.
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7. IMPLEMENTATION

Future Research Needs to Implement
the Recommendation of this Report.

A thorough revision of Central Area zon-
ing is required for the implementation of
this report’s recommendation. Zoning
heights in Toronto’s Central area need

to be analyzed, in many cases revised,
and made compatible with density con-
trois.

Urban design studies of critical areas

and typical city blocks will be a prerequi-
site for such revisions. This section of
the report includes examples that illus-
trate how such urban design studies
could lead to informed decisions regard-
ing building heights, setbacks, configura-
tions, and density controls.

This study does not recommend the
use of performance standards for the
implementation of sun access stan-
dards,

If the City were to use performance stan-
dards, the future analytical needs of the
Department of Planning and Develop-
ment would be significant and costly
(see Sections 6.1.3 and 6.2.4). The ex-
isting computer modeling capability of
the City is sufficient for the necessary
revisions to height and density controls.
Both existing scale models and comput-
er models are sufficient as a visualiza-
tion tool in the analysis of critical areas
and typical city blocks.

A performance standard will be neces-
sary to implement a newly established
wind code. Height limits and controls re-
garding setbacks alone will not prevent
building induced wind velocities that are
adverse to pedestrians and open space
uses. The establishment of such a new
wind code should be made with the coop-

eration of local consultants or academic
groups who would be qualified to per-
form wind tunnel testing. The City of
Toronto will have to set aside funds for
acquisition of an Official Standard
Weather Dataset to be used by all con-
sultants in the testing. We recommend
that one of the local consultants be given
the task to compile this data.

Finally, the implementation of this report
requires urban design studies of typical
streets in the Central Area. These stud-
ies include work on a street classifica-
tion system and detailed recommenda-
tions with regard to street trees and
sidewalk design.

Urban Design Studies of Selected City
Blocks.

The following section includes examples
of urban design studies that would be re-
quired prior to revisions of height and
density controls.

North Midtown-Yorkville

This block was chosen as an example
because in this area between Cumber-
land and Scollard Streets, future plan-
ning controls would need to encourage
an important transition between the
high-density commercial development
along Bloor Street to the low-density
residential scale of the neighborhoods
north of Scollard Street. Figs. 7.1 and
7.2 are centered on the block between
Scollard and Yorkville Avenue, between
Bay and Yonge Streets.

The southeastern part of this block is
currently zoned for building height up to
14m, the northeastern portion permits
buildings up to 30.5m. The 14m zoning
height along Yonge Street and half the
length of Yorkville Avenue is lower than
the building heights possible under sun
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Fig 7.1 North Midtown-Yorkville Area
Comfort Controls Combined with Existing
Height Limits

access controls. Therefore, sun access
controls would not take effect. The fu-
ture height of buildings along Bay Street
and the entire length of Scollard will be
constrained by sun access controls. Ac-
cording to our recommendations this
northern section of Bay Street should re-
ceive sunlight for five hours in Septem-
ber. Along Scollard Street, sun access
controls would prevent future building
from reaching the 30.5m height limit.

The maximum density shown here would

be four times the coverage in the area,
limited to 30m, and two times coverage
in the area, with a 14m height limit.
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Fig. 7.2 shows how the intended transi-
tion between high density and low densi-
ty might be achieved. The height limit
would be set to 16m for much of the en-
tire block. Only along Bay Street would
building heights of up to 21m be permit-
ted. The density would result in a cover-
age of 1:3.0 for the entire block. Future
building would be more compatible with
the built form of Yorkville.




Fig 7.2 North Midtown-Yorkville Area
Comfort Controls. Recommended Height
Limits
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East Downtown

The city block between Shater, Mutual,
Queen, and Dalhousie Streets in East
Downtown is shown in Figs. 7.3 and
7.4. A reduction of zoning heights from
46m currently to 30m -- brought about
by the proposed sun access standard of
five hours for Mutual and Dalhousie
Streets (7.3)-- would result in a density
reduction from seven times coverage to
four times coverage. The sun access
controls would permit building height up
to 30m close to the center of the block.

Additional block studies, similar to
those shown here should be prepared for
Dundas and Queen Streets and for Bond
and Jarvis Streets. If these studies dem-
onstrate that a 30m building height does
not create adverse shadow impacts for
courtyards or shading of rear windows,
then the 30m building height would be
appropriate for medium density areas in
East Downtown.

In the Mutual-Dalhousie, Queen and
Shuter block shown here, due to its rela-
tively narrow width, a 30m height would
shade the rear windows of the town-
houses along Dathousie in the morning.

A building height limit of 20m would pro-
duce an optimum condition.

Fig 7.3 East Downtown-Future Development
Comfort Controls. Recommended Building
Heights
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Fig 7.4 East Downtown-Future Development
Comfort Controls. Recommended Building
Heights
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SOUTH

THE ESPLANADE NORTH

Fig 7.5 Lakefront Area-
Future Development Comfort Controls

Lakefront Area

Block studies along York and Simcoe
Streets between the new Esplanade and
the Gardiner Esplanade showed lower
densities than those currently consid-
ered for this area. A five-hour sun ac-
cess standard for York and Simcoe
Streets would limit building heights to
22m along these streets, and an overail
height limit of 90m. Sun access standard
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for Roundhouse Park, preserving sun-
light for the entire year, from one-and-a-
half hours after sunrise, to one-and-a-
half hours before sunset, would further
restrict the overall height limit to 60m in
this city block. The density would be
lowered significantly. The building sil-
houettes shown in black on Figs. 7.5 and
7.6 total a density of 8 times coverage.



Sun, Wind and Comfort

Implementation

From

1 kRUNHHQUSE TARE

2
SIMCOE STREET

195m

Wm

YORK STREET

The recommended five-hour standard for

York and the Esplanade would lower
this density to 7 times coverage. A low-
ering of the height limit due to sun ac-
cess for Roundhouse Park would further
lower the density to 6 times coverage in
the western section of the block near
Simcoe Street.

However the character of such a devel-

Fig 7.6 Lake Front Area--
Future Development Comfort Conirols

opment would be highly urban and can
be compared to the rows of buildings
that line Central Park in New York City.

The dotted lines shown on Figs. 7.5 and
7.6 indicate building volumes currently
considered for this city block. It is self-
evident from this comparison that sun-
light would not reach Roundhouse Park
for the entire period when the sun
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Fig 7.7 Lakefront-Railway Lands, Comfort
Controls--Allowable Height Envelopes, 3

Hour
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Fig 7.8 Lakefront Railway Lands
Comfort Controls--Aliowable Height
Envelopes, 5 Hour
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Fig. 7.9 Solar Fan for Roundhouse Park

traverses the eastern sky each and ev-
ery day of the year. Only when the sun
has reached a position to the south,
above Simcoe Street, would sunlight
start to fall on the new park. For exam-
ple, the row of 137m-high towers clos-
est to Simcoe Street would create shad-
ows well beyond John Street on the
western side of the park at 8 a.m. in
June. At 10:30 a.m. in June, the same
shadows will have traversed the Park
and will fall clear across the park north
of the Esplanade and south of the CN
tower.

The various sun access standards are
again compared in Figs. 7.7 and 7.8. The
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building height limits and height enve-
lopes possible under the recommenda-

tion of this report are summarized in Fig.
7.8.

The mitigation of wind velocities in the
Railway Lands and along the Lakefront
are an important concern. The potential
build-out under any future plan should
be modeled. The cumulative wind ef-
fects of such buildings should be ana-
lyzed in the wind tunnel.
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Implementation

Streets For All Seasons

Finally, attention should again focus on
streets as public areas of the City. This
study was motivated by a concern for
the quality of the street environment, It
is official policy of the City to encourage
public streets which have a well-defined
character, scale, and enclosure to ensure
that they are comfortable and conve-
nient, and offer varied activities and ex-
periences to pedestrians. The design of
streets is primarily the concern of city
government. Streets make up almost
one-third of the entire surface area of
the City. If this area is designed well,
an important part of a City’s character is
defined. Within the public right of way,
no other single design element defines
streets better than trees planted in rows
to create canopies, or double rows to
create trellised walks.

A TYPICAL NEIGHBORHOOD STREET

A TYPICAL MAINSTREET
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Significant use has been made of street
trees in Toronto’s neighborhoods. Hav-
ing reached maturity, these trees easily
reach across streets, creating a "roof™
that provides enclosure and improves
the microclimate.

Streets in Toronto’s Central Area
should be designed for use during all
seasons., Sun access and wind controls
will provide comfort and shelter during
the shoulder seasons, when direct sun-
light is essential for pedestrian comfort.
At all times of the year, a choice should
exist on every street in Toronto to walk
in the sun or shade, depending on climat-
ic conditions and a person’s need for
comfort. Streets lined with deciduous
trees would let sunlight reach sidewalks
during the shoulder seasons when trees
are without leaves. During the summer
months, leaves create shade. The spac-
ing of trees and the selection of tree spe-
cies should take into consideration the
creation of a uniform canopy.

A MIXED USE RESIDENTIAL , COMMERCIAL STREET
Ithm HEEGHT ZONE

A RESIDENTIAL STREET

Hm BEIGHE ZONE
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On wide sidewalks the trees could be
planted in double rows. On one side of
the street, a double row could create a
shaded promenade for hot and humid
days, and on the other sidewalk a single
row of trees could create a comfortable
walk for those summer days with moder-
ate temperatures when some sunlight is
desired for comfort.

Street trees that allow sunlight to filter
down to pedestrians include a number of
Ash species. They will grow 15m tall
and branch to a diameter of 7m. If plant-
ed at a distance of 7 to 8m, the trees
create a canopy. A sidewalk planted in
such a manner would provide pleasant
comfort conditions on those days when
temperatures are moderate and some
sunlight is required for leisurely stroll-
ing. Similarly, Linden trees make excel-
lent street trees. They produce a unique
light quality due to their pale green leaf
coloring.

A RESIDENTIAL STREET

N A 30m HEIGHT ZONE IN A 30m HEWGHET ZONE

A MIXED USE RESIDENTIAL COMMERCIAL STREE
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Por sidewalks where solid shadows are
desired, the traditional street trees in
Toronto are the Norway Maple SP. Nor-
way Maples and Oaks grow tall and
dense. On some of the wider streets in
Toronto’s Central Area, maples could
have a stunning visual effect. They
could -- for example -- turn the charac-
ter of University Avenue into that of a
truly major city boulevard. Walking and
sitting under rows of maple trees would
be very comfortable on hot and humid
summer days.

In the winter, trees will allow sunlight to
reach sidewalks, but on very cold and
windy days they will have no effect on
the comfort of pedestrians. During the
cold season, buildings have to provide
shelter. Arcades open to the sidewalk
along busy commercial streets could run
parallel to sidewalks. These arcades
would provide shelter from snow, rain,
and wind. An urban design plan should
be prepared that demonstrates where

the opportunity exists to introduce ar-
cades along streets in Toronto’s Central
Area.

An obvious opportunity for arcades ex-
ists in Toronto’s Lakefront area, and in
the development of the Railway Lands.
It is the intent of city policy to reconnect
the City to the lake through an extension
of the existing street pattern southward
to the former harbour front. Along
streets such as Young, Bay, York, Sim-
coe, John, Peter, and Spadina unique op-
portunities exist to create streets that

are walkable links to the newly re-
claimed lakefront. Instead of new exten-
sive underground walkways, arcades
open to sidewalks should be considered
in these public rights-of-way. On York
Street, for example, the distance be-
tween buildings will measure 40m. Here
the space is available to allow arcade
structures built along the property line.

The arcades could accommodate pedes-
trians walking along retail stores.

{

MINIVMUM SETBACK . s
OF 6m ABOVE l6m e
STREETWALL

WING CODE MIGHT 7
REQUIRE WIDER '
SETBACK ~

A COMMERCIAL STREET

EN A 48m HEIGRT ZONE
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The section drawings on
pages 25, 45, 46, 47, 55,
and 151-156

have been drawn at the
same scale and reduced
to approximately

lem = 7m (1: 700).

2m SEFBACK TO
. REDLCE WIND
~, VELOCITIES AT

STDEWALK
LEVEL

SHADE FILTERED SUN

A STREET FOR ALL SEASONS THE ESPLANADE

KRECOMMENDED STREET SECTION
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The sidewalks outside the arcades
would be wide enough to provide sunny
walks during those times when people
prefer sunlight. During warm periods,
the arcade spaces would be attractive
places for outdoor restaurants. The high
residential density proposed for this ar-
ea combined with significant commercial
development, plus the City’s largest
sports facility, a busy commuter rail ter-
minal, and an active lakefront, makes
this reintegrated part of the City a
unique opportunity for a city design
where streets are enjoyable during all
seasons.
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APPENDIX 1

Appendix 1.1 Calculating Solar
Angles

The calculation of solar angles is a com-
plex geometric task. In order to deter-
mine the correct altitude (vertical angle)
and azimuth (horizontal or bearing an-
gle) for a specific latitude at a given
point requires the use of two formulas
given below:

sin altitude = (sin of the latitude) X (sin
of the declination of the earth for a given
date) + (cos of the latitude) X (cos of
the declination of the earth for the same
date) X cos of the minutes from solar
noon)

sin azimuth = (cos of the declination for
a given date) X (sin of the minutes from
solar noon) / (cos of the altitude).

Note: when azimuth angles are greater
than 90 degrees from south they must be
subtracted from 180 degrees

In order to determine the number of min-
utes from solar noon the Longitude of an
given location must be compared to the
meridian of the time zone in which a city
is located . In addition, an Equation of
Time factor for a given day must be add-
ed. (The Equation of Time is the time
adjustment required due to the influence
of the different velocity at which the
earth travels on its elliptical orbit around
the sun.) The formula for solar time is;

solar time = standard time + 4 X
(longitude of Eastern Standard Time -
longitude of a given location) + the
Equation of Time

For example; Toronto City Hall is locat-
ed at longitude 79 degrees 23 minutes

(79.38), the time zone is the Eastern
Standard Time zone of longitude 75 de-
grees. For September 21 at Toronto’s
longitude the equation of time given by
the Astronomical Almanac proposed by
the United States Naval Observatory is
6.767 minutes by the formula:

solar time = standard time - 4 X (75-
79.38) + 6.767 = -10.753

This means that solar noon, in Septem-
ber, or when the sun is at its highest, oc-
curs at approximately 12:10 p.m. East-
ern Standard Time. If you consider that
Toronto is on Daylight Saving Time in
September, solar noon will occur at ap-
proximately 1:10 p.m. local time (12:00
noon local time, then, is 70 minutes from
solar noon).

This Appendix includes a set of solar al-
titude and azimuth charts calculated for
the latitude and longitude of Toronto
City Hall at the 21st of each month in 15-
minute increments from sunrise to sun-
set. The charts are accurate to approxi-
mately one minute in time and 1 degree
in altitude and azimuth readings. The
given angles do not include any defrac-
tion factors due to sun angles with re-
spect to the atmosphere or other atmo-
spheric conditions.

DETERMINING SOLAR
STANDARDS FOR SOLAR ACCESS
TO OPEN SPACES

As planners and designers, we wish to
set rational standards for the protection
of solar access to our open spaces and
streets. ' We would also like these stan-
dards to be equitable and easy to apply.
These standards need to be related to
local times so that we can set appropri-
ate standards based on the times when
open spaces are used. As we have
seen, the calculations for solar altitudes
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and azimuths are complex. There are
variations from month to month due to
the declination of the Earth, the Equa-
tion of Time, and the time shifts caused
by the differences between Eastern
Standard Times and Daylight Saving
Times.

As part of the study, we determined that
there were three critical local time varia-
tions which should be used to set solar
access to open spaces found under typi-
cal urban conditions. These were:

1) solar access to the total perimeter of
a park from 1-1/2 hours after sunrise and
1-1/2 hours before sunset, local time

2) solar access from 10:00 a.m. to 4:00
p.m., local time (6 hours of access) from
the spring to the fall equinox

3) solar access from 11:00 a.m. to 2:00
p-m., local time (3 hours of access) from
the spring to the fall equinox

When related to specific open spaces,
these time windows determine the alti-
tude and azimuths required to ensure so-
lar access to a given point on the ground.

ASSUMPTIONS IN DETERMINING
CRITICAL ALTITUDE AND
AZIMUTHS FOR SOLAR ACCESS

In a month-by-month study of the alti-
tude and azimuth angles based on the
21st of each month (times which corre-
spond to the highest and lowest sun an-
gles), we have identified the critical alti-
tude and azimuth angles which meet the
intent of the standards related to local
time and variations in solar time. In set-
ting these standards, we have made as-
sumptions on the time variation from so-
lar noon, and the local time of sunrise
and sunset. :

Over all the months, the local variation
of solar noon to local noon ranges from
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31 minutes past noon (February) to 2
minutes past noon (October). If one av-
erages the variation over all months, a
time of 18 minutes reflects a practical
time variation that can be set for all
months.

The first standard mentioned above also
requires that we identify the altitude and
azimuths for 1.5 hours after sunrise and
1.5 hours before sunset. In reality, this
calculation is very complex due to the
defraction of light entering the Earth’s
atmosphere. This defraction is related
to the angle of the sun relative to the
Earth’s declination and local atmospher-
ic variations(such as pollution). For
practical purposes, we have calculated
the sunrise and sunset angles using a
formula that does not include defraction,
This is done by calculating day length
and subtracting half the time from solar
noon to get the time of sunrise and add-
ing half the time to solar noon to get the
time of sunset. This formula for day
length is:

day length = 2 /15 Arc cos (-tan latitude
X tan declination)

For example: for September at latitude
43.65 and declination of (.99, the length
of day is calculated at 12.13 hours. As-
suming solar noon at 12.3 p.m., sunrise
would occur at 12,3 - (12,13/2) or 6.24
a.m. EST, and sunset at 6.36 p.m. EST.
Since September is on Daylight Savings
Time, sunrise (converted to hours, min-
utes, and seconds) would be 7:14 a.m,
and sunset would be 7:21 p.m. To each
of these times, 1.5 hours is added to the
sunrise time and 1.5 hours is subtracted
from the sunset time to get the times re-
quired for our standard. In our example,
the standard would set the attitudes and
azimuths at 8§:44 a.m. and 5:51 p.m. as
the desirable window for solar access.
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The times, altitudes, and azimuths used
for each of the standards are summa-
rized below.

GENERAL TECHNICAL
IMPLICATIONS OF THE
ALTITUDES AND AZIMUTHS
GIVEN IN THE OPEN SPACE
‘STANDARDS

The solar fans generated in this report
are based on the azimuths and altitudes
given in this appendix. In Standard 1
they were derived from the study of four
critical months. These were March 21st,
June 21st, September 21st, and Decem-
ber 21st. For Standards 2 and 3 they
were derived from the study of three crit-
ical months that fall between the spring
and fall equinox. These were March
21st, June 21st, and September 21st,

In order to understand the implication of
the standards relative to average cut-off
angles and azimuths that generally
would result, the following summary is
provided.

For standard 1 above, the altitude an-
gles range from 12.07 degrees on De-
cember 21st to 16.26 on September
21st. This represents a variation over
all months of approximately 4 degrees.
On average, then, a cutoff angle of 14 de-
grees and an azimuth of 108 degrees
east and west of due south (a total of
216 degrees) would protect the majority
of solar access throughout the year to
the perimeter of a park.

In standard 2, the variation in altitude
angles is more varied, ranging from
21.57 degrees on March 21st to 48.83
degrees on April 21st, a difference of
27.26 degrees. An average altitude of
45 degrees with an azimuth of 76 de-
grees east and 76 degrees west of due
south (a total of 152 degrees) and a cut-

off angle of 30 degrees and an azimuth of
56 degrees east and 70 degrees west of
due south (a total of 126 degrees) would
allow solar access to the majority of
open spaces, based on this standard.

In standard 3, the variation in altitude
angles is also more varied, ranging from
38.76 degrees on March 21st to 66.32
degrees on June 21st, a difference of
27.56 degrees. An average altitude of
60 degrees with an azimuth of 60 de-
grees east and 30 degrees west of due
south (a total of 90 degrees) and a cutoff
angle of 40 degrees, with an azimuth of
40 degrees east and 40 degrees west of
due south (a total of 80 degrees), would
allow solar access to the majority of
open spaces based on this standard.

158



Sun, Wind and Comfort

- S -t
1 R ANGLES TORONT

Latitude: 43

longtitude 79 Deg, 23MIN |
Declination JANUARY 21s1

Deg. 39 Min. J\iort_h -

4365
79.38
-20.06

|

sin Alt = cos

L cosdcesh+sinl sind

sin Az = cos d sinh 7 cos Ait -180 over

0 deg.)

|
11 |Equation of time="9.875in2b-7 53cosh-1.

5sinb

12 th=380/364"(n-81}

| 13 [Day of Year (n} 21.00

15 |solar time= 5. ime +4(fo.st

d-lo.loc)+equation of iime

17 (JJANUARY 215T

18 [SUNRISE 7:45 AM, SONS

ET 512 PMEST

! | l
20 [TIMEEST TALTITUDE (AZIMUTH |

MIN-NOON
08

37 8:00:00 AM 1.65 54.89 268.00
42 [8:15:00 AM 397 5733 OEI00
T 82800 AM 5.7 54.87| 240,00
437 (830:00 AM 621 54.50] 23800
45 |8:45:00 AM 838 51.70 53750
45 |9:00:00 AM 10.47 48,83 568.00
47 [9:15:00 AM 12.45 45.87 193,00
48 [9:28:00 AM 1411 43,23 180,00
49 [9:30:00 AM 14,36 4781 178.00
50 [9:45:00 AM 16.15 38.67 163.00
51 [10:00:00 AM 782 36.43]  14B.00
52 110:15:00 AM 19.37 33.09 133.00
5310.28:00 AM 20.60 40,12 120,00
54 ]10°30:00 AM 20.78 29.65 318,00
55| 10:45:00 AM 5505 26.10 103.00
[ 56 111:00:00 AM/ 2317 22501 " 8800
5771 11:15:00 AM 24,12 18.80] 7300
58 1T125:00 AM 2482 15.54 60.00
54°11130:00 AM 24,01 15.03 58.00
60711 C45:00 AM 3553 120 43.00
(61 |12:00:00PM] 2587 742 28.00
627121500 PM 26.25 340 13.00
63 123000 PM 2629 052 200
64 11228:00 PM 26,29 0.00 0.00
65 112:45:00 PM 26.17 445 17.00
56 |1:00:00 PM 2587 835 32.00
67 11:15:00 PM 25.38 12.22 47.00
68 [1:28.00 PM 24.82 15.54 60.00
(59 [130:00 PM 24,72 16,04 2,00
70 [1:45:00 FM 23.59 15.80 77.00
71 |2:00:00 PM 22.89 23.48 92.00
72 12:15:00 Ph4 21.73 27.07 107.00
73 [2:26:00 PM 50.60 3012 120,00
74 [2:30:00 KA 5047 30.58 122.00
75 [245:00 PW 1897 33,99 137.00
76|3:00:00 BM 1739 37.30 752,00
77 [3:15:00 PM 1568 40.52 167.00

160

TR B T 3
78 |3:58:00 PM 14.11 43.23 180.C0
79.13:30:00 PM 13.85 43.64 18200
80 |3:45:00 PM 11.94 46.66 197.00
81 14:00:00 PM 9,92 49.60 21200
82 14:15:00 PM 7.81 52.48 227.00)
83 [4:28:60 PM 5.92 54,87 240.00
8414.30:00 PM 5.62 55.24 242.00

A

[ B
SOLAR ANGLES TORONTO

!
Latifude:” 43 Deg. 39 Min. North 43.65
Declination FEBRUARY 21st * ~ ™" ™ 'i" ""fjg2

I

sinAl=coslL cosdcosh+sinlsind

sin Az = cos d sin h / cos Alt (-180 over 50 deg.)

1
2
"3 Hongtitude 79 Dag 23MIN |~~~ "I 7338
5
5
7
8
9
10
11
12

!
Equation of ime= 9.87sIn2b-7.50c08b-1.53inb

b=360/364%n-B1}

13 [Day of Year (n) 52.00

15 isolar time= 5. time +4(fo.s1d-lc.foc)+equation of time

|
17 [IFEBRUARY 2157

18 1SUNRISE 7:00 AM, SUNSET 5:54 PMEST

I ! |
|AZIMUTH ™ MIN-NOON|

0
0
0
Io]
0
5

7:15:00 A

38 17:30:00 AM 2.94 72.01 361.60
39 17:31:00 AM 3.12 71.83 300.00
40 17:45:00 AM £.51 68.35 286.00
41 17:00:00 AM -2.29 71.20 331.00
4218:15:00 AM 10.48 63.87 255.00
43 [8:30:00 AM 12.89 61.02 241.00
44 18:31:.00 AM 13.05 60.83 240.00
45 18:45:00 AM 15.23 58.09 226.00
46 19:00:00 AM 17.49 55.06 211.00
47 19:15:00 AM 19.68 51.93 196.00
48 19:30:00 AM 21.76 48.69 181.00
49 [9:31:00 AM 21.90 4846 180,00
50 [9:45:00 AM 23.75 45.32 -~ 166.00




Sun, Wind and Comfort

A
{51 |T0:00:00 AM 2582
52 |1(:15:00 AM 27.36
53 110:30:00 AM 28,97
54 [15:31.00AM 28.07
55 1104600 AM| .
1 56 {11:00:00AM| ™7 TEVFS T
57 111:15:00 AM|
58 111:30:00 AM .
59 [11:31:00 AM 33.84
|60 | 11:45:00 AM 3453
61 112:00:00 PFM 35.07
62 112:15:00 PM 35.41
63 |12:30:00 PM 35,53
64 112:31:00 PM 35.53
65 [12:45:00 PM 35.44
[ 56 |1:00:00 PM 3513
67 {1:15:00 PM 34.62
68 11:30:00 PM 33.80
69 {1:37:00 PM 33.84
70 11:45:00 PM 32,98
71 {2:00:00 PM 31.88
72 {2:15:00 PM 30.61
73 {2:30:00 PM 2937
74 [2:31.00 FM 29.07
75 12:45.00 PM 27.58
76 [3:00:00 PM 25.86
77 {3:15:00 PM 24,00
78 13:30:00 PM 22.03
79 13:31:.00 PM 21.90
80 13:45:00 PM 19.95
81 {4:00.00 PM 17.79
82 {415.00 PM 1554
83 14:30:00 PM 13.21
| B4 14:31:00 PM 1305
85 14:45.00 PM 10.81
5:00:00 PM 8.35
5:96:060 PM 5.84
5:30:00 PM 3.29
5:31:00 PM R
5:45.00 PM

A | u i C ¥}
LAR_ANGL RONT!
ﬁﬁﬁﬁﬁﬁﬁ i T
Lafitude: 43 Deg. 39 Min. North 43.65
longlitude 76 Deg. 23MIN |~ 771 T TVR38
Declination MARCH 21st B O 0

sin Al=cos . cos d cos h + sin Lsind

sin Az = cos d sin h/ cos Alt (-180 over 90 deg.}

] ]
Equation of ime= 9.87sin2b-7.53cosb-1.5sinb

b=360/364"(n-81}

Day of Year (n)

80.00

solar ime= S. iime +4{lc.sid-loJec+equabion of ime

|
MARCH 215T

SUNRISE 6:22 AM, SUNSET 6:29 PM

|
TIMEEST [ALTITUDE

AZIMUTH

i
|

WAIN-ROON

60
6:25:00 AM -0.03 89.96 360
5:30:00 AM 0.87 89.10 355
6:45:00 AM 3,58 86.51 340
7:00:00 AM 6.28 83,90 325
7:15:00 AM 8.08 81.26 310
7:25:00 AM 10.76 79.49 300
7:30:00 AM 11.65 78.58 295
7:45:00 AM 14.29 75,88 280
7:00:00 AM 6.28 83.90 325
8:15.00 AM 19.48 70.20 250
8:25:00 AM 2117 68.24 240
8:30:00 AM 22.01 67.24 235
8:45.00 AM 24.48 4.1/ 220
9:00:00 AM 26.89 60,98 205
9:15:00 AM 29.22 57.85 190
9:25:00 AM 30.73 55.35 180
5:30:00 AM 31.47 54.17 175
9:45:00 AM 3362 50.53 160
TOB000ANI —3568] 4670 . 145
10:15:00 AM 37.56 42.67 130
10:25:00 AM 38.76 39,88 120

[547|70730:00 AM 3933 38.45 115
104500 AM 40,931 34,01 00

| 56 | 11:00:00 AM 42.36 28.37 85
11:15:00 AM 43.59 24.53 70
11:25:00 AM 44.29 21.20 60
11:30:00 AM 44 .61 19,50 85
T1:45:00 AM 4540 14,32 40
12:00:00 PM 45.94 9.01 25
12:15:00 PM 46.24 3.62 10
12:05:00 PM 46.30 0.00 0
12:3C:00 PM 46,29 1.81 5
12:45:00 PM 46,07 7.22 20
1:0C:00PM | - 45,61 12.56 35
1:15:00 PM 44.80 17.79 50
1:25:00 PM 44.29 21.20 60
1:30:00 PM 43.95 22.87 65
1:45.00 PM 42.79 27.78 80
2:00:00 PM 41.43 32.49 95
2:15:00 PM Jo.a8 36.99 110
2:25:00 PM 38.76 39.88 120
2:30:00 PM 38.17 41.29 125
2:45:00 PM 36.31 45.38 140
3:00:00 PM 34,31 49,27 155
3:15:00 PM 32.20 52.98 170
3:25:00 P 30.73 5535 180
3730:00 PM 29.98 56.51 185
3:45:00 PM 27.68 59.89 200
4:00:C0 PM 2528 63,12 215
4:15:00 PM 22.84 66.23 230
4:25:00 PM 21.17 68.24 240
4:30:00 PM 20.33 69.22 245
4:45:00 PM 17.77 7212 260
5;00:00 PM 1517 74,94 275
5:15:00 PM 12.53 77,69 290

B8 15:25:00 PM i0.76 79.49 300

89 15:30:00 PM .87 £0.38 305
90 [5:45:00 PM 7.18] 83.02 320
a1 16:00:00 PM 4,48 85.64 3335
92 [6:15:00 PM 1.77 88.24 350
93 16:25:00 PM -0.03 £0.96 360
. 94 163041 o
95
96
97
9
89
100
101t

161



Sun, Wind and Comfort

A 1 B ] C [1]

1 o0LAR ANGLES TORONTO)

2 1 |

3 |Lafitude: 43 Deg. 39 Min. North 43.65
|4 |longtitude 79 Deg. BIMIN |~ T - 75.38
[ & {Declination APRIL 21st o 11.61

)
7
sinAlt=cosCcosdcosh +sinCsind

|78 jsin Az = cos d sin h/ cos Ali (-180 over 80 deg.)

10 | [

11 |Equation of time= 9.8/sin?b-7.53¢c05Db-1.5sinb

75 [b=360/364°[n-81)

13 ;Day of Year (n) 111.00

14

15 jsolar tme= S. ¥me +4(lo.std-lo.Joc) +equation of time
16 ;

17 |APRIL 215T

18 |SUNRISE 5:27 AM SUNSEY 7:07 PM

19 ! |

20 [TIMEEST JALTITUDE TAZIMUTH MIN-NOON
21 Eoaleiel e
Pz :

2

24

25

26

27 i
28 Eatond
29 15:30.00 AM -0.14 108.29 406
30 15:45:00 AM 2.48 103.7% 391
31 [6:00:00 AM 513 101.16 376
32716:15:60 AM /.81 98.62 361
33 16:16:00 AM 7.08 8B.46 360
34 16:30:00 AM 10.50 96.09 348
35 16:45:.00 AM 13.20 983.55 331
36 7:00:00 AM 15.91 89.041 318
37 :17:15:00 AM 18.62 58.40 301
(38 171600 AM 18.81 H8.22 300
38 [7:30:00 AM 21.33 85.76 286
40 [7:45:00 AM 24.03 83.06 27
41 [7:00:00 AM 15.91 89.01 316
42 18:15:00 AM 28.38 77.41 241
43 {8:16:00 AM 29.56 77.22 240
44 [8:30:00 AM 32.01 74.43 226
45 [8:45:00 AM 34,61 71.32 211
46 19:00:00 AM 3715 68.05 156
47 19:15:00 AM 39.63 B64.60 181
| 48 19:16.00 AM 309.80 64.35 180
49 19:30:00 AM 4205 60.93 166
50 19:45:00 AM 4437 57.03 151
5T [TOD0 00 AW 46.50] 5286|165
52 [10:15:00 AM 48.69 48,38 121
53 110:16:00 AM 48.83 48.07 120
54 110:30:00 AM 50.64 43.57 106
55 | 10:45:00 AM 5042 38.40] 99
|56 | {1:00:00 AM 54.00 32.85 78
57 111:15:00 AM 5536 26.95 61
58 |11:16:00 AM 55.44 26.55 60
59 111:36:00 AM 56.45 20.70 48|
60 {11:45:00 AM 57.27 14.14 31
[ 61 |T2:00:00 PM 57.77 7.36 16
62 {12:15:00 PM 57.96 0.46 1
64 |12:16:00 PM 57.96 0.0¢ [t}
64 {12:30:00 PM 57.82 6.45 14
65 {12:45:00 PM 57.35 13.25 29
|66 | 1:00:00 PM 56.58 19.84 44
67 {1:15:00 PM 55.52 26.14 59
68 [116:.00 PM 5544 26.55 60
69 {1:30:00 PM 54.20 32.10 74
70 [1:45:00 PM 52.65 37.68 89
71 12:00:00 PM 50.89 42.80 104
72 |2:15:00 PV 48.56 47.78 118
74 [2:16:00 PM 48.8B3 48.07 120
74 |2:50:00 PM 46.88 52.28 134
75 | 23500 PM 44.68 56.49 140
76 |3:00:00 PM 42.36 .- 60,43 164
77 13:15:00 PM 39.96 64.12 179

162

A B [ 4]
78 {3:16:00 ¥M 348.80 64.38 180
79 [3:30:00 PM 3749 67.60 194
80 13:45:00 PM 34,95 70.88 209
81 14:00:00 PM 32.36 74.03 224
B2 14:15:00 PFM 29.73 77.02 239
83 [4:16:00 PM 29.56 77.22 240
84 34:30:00 PM 27.08 79.91 254
85 i4:45:00 M 24.39 82.69 269
85 15:00:00 FM 21869 85.40 284
87 [5:15:00 PM 18.99 88.05 299
I 88 |5-¥6:00 PM 18.8¢ 81.78 300
69 |5:30:00 PM 168.27 90.65 314
90 15:45:.00 PM 13.56 93.21 329
971 16:00:00 PM 10.86 95.75 344
92 16:15:00 PM B.16 98.29 359
93 |6:16:00 PM 7.98 98.46 360
94 16:30:00 PM 5.48 100.82 374
95 16:45:00 PM 2.84 163.37 389
86 17:00:00 PM | 0.21 105.54 404

LAR ANGLES TOR
i R B

Latitude; 43 Deg. 39 Min. North

43,65

jongtitu

wide 79 Deg. 23MIN |
Dectination MAY 21st

.79.38
20.04

sinAf=cosLcosdcosh+sinisind

sin Az = cos d sin h/cos AR (-180 over &

0 355 ]

|
Equalion of fime= 9.87sin2b-7.53cosb-1.55inb

b=360/364"(n-81}

Day of Year (m

141.00

solar time= 8. time +4{lo.s!

d-lo.loc)+equation of time

|
MAY 21ST

SUNRISE 5:48 AM SUNS

T 8:41 PMOST

| 207

A

!
DST_[ALTITUD

E

|
AZBAUTH
s

6:00:00 AM 1.3

6:15.00 AM 3.80 418

B:13:00 AM 3.47 11482 420
29 [6:30:00 AM 6.30 111.79 403
30 [6:45:00 AM 8.84 108.32 388
31 1/:00:00 AM 11.42 106.89 373
32 1 115:00AM 14.03 104.46 358
JA]7:13:00 AM 13.68 D478 360
34 [7:30:00 AM 16.67 102.04 343
35 [7:45:00 AN 19.34 89,62 328
36 18:00:00 AM 2202 4718 313
37 ]8:15:00 AM 24.72 94.71 208
38 [8773:00 AM 24.36 95.05 300
39 |8:30:00 AM 27.43 92.21 283
40 18:45.00 AM 30.14 8Y9.64 258
41 [9:00:00 AM 32.85 87.00 253
42 19:75:00 AM 35.56 84.27 238
43 19:13:00 AM 35.20 84,64 246
44 19:30:00 AM 38.25 B81.43 223
45 19:45:00 AM 40.82 78.45 208
46 110:00:00 AM 43.56 75.30 183
47 [10:15:00 AM 46.17 71.95 178
49 [10:13:00 AT 45.82 72.41 180
49 113:30:00 AM 4872 68.36 163
50 110:45:00 AM 51.21 64.48 148




Sun, Wind and Comfort

A B [0} 1] A B [ 1]
87 |T700:00 AM 5561 5025 133 75 [6:00:00 AM .88 12018 439
57 |[14:15:00 AM 55.91 55.63 118 37 16:15:00 AM 556 17.67 424
B 113300 AM 5561 56.27 120 28 {6:19.00 AM 590 117.01 420
54 |T130:00AM 58,08 50,53 03 29 {6:30:00 AM 7.68 115.22 409
6009 44.83 [:F:3 30 16:45:00 AM 10.16 112.80 354
UBYG0] T ABe5| T T 73 31 17:50:00 AN 12,69 110.41 379
TgadBl T A7Tl 7 B8 FI 71500 AM 15.25 108.05 364
8357 3579 (5] 33 j7:19:00 AM 15.94 107.42 360
59 112.30:00 PM 64.74 24,54 43 54717-30.00 AM 17.84 105.69 345
50 [12:45.00 PM 6568 {614 285 35 17-45:00 AM 2047 103.34 54
51 | 1:00:00 PM 66.23 7.50 13 |56 15:0000 AM 7312 100,98 a7g
57 11:15:00 PM £6.38 A7 3 37 {51500 AM 75.80 98.60 304
53 | 11300 PM 66.39 6.00 ] (738 {8:10:00 AM 25651 57.96 300
64 11:30:00 EM 66,12 5.90 17 39 18:30°00 AM 2849 56.19 789
55 |1:45:00 PM 65.46 18.35 55 40 |5-45:00 AM 3119 93.74 574
56 |2:00:00 PM 64.43 26.31 47 41 [900:00 AM 33.50 86.76 555
67 |2:15:00 P 63.07 33.67 62 42 10:15:00 AW 3661 g8.659 P45
B8 12:33:00 PM 63,07 3573 B0 43 19:19:00 AM 37.34 87,82 240
59 [2:20:00 PM B1.44 30,37 77 44 19:30:00 AM 39.32 85.94 229
70 12:45:00 PM 057 A6.45 G2 45 15:45:00 AM 42.02 83.13 214
71 13:00:00 PM ETED 5164 107 46 110:00:00 AM 4471 80.17 199
T2 139500 PM B5.91 5600 155 47 {10:15:00 AM 47.37 77.02 184
73 [3:13:00 PM 5551 56.07 120 48 (103900 AM 28.07 76.15 180
74 13:30:00 PM 5568 61.42 737 a3 [10:30:00 AM 4993 73.65 168
75 {34500 PM 5555 65.54 152 50 |10:45:00 AM 5557 70.04 784
76 14:00°00 PM 4805 59.34 167 [ 61 [T1:00:00 AW 55.00 56.03 T35
77 {4:15:00 PM 4548 7287 182 527111:15:00 AM 57.52 61.65 124
78 141300 PM 4582 72.41 T80 53 111:19:00 AW 58.16 60,40 120
79°14730:00 PM 3786 76.16 197 B4 11130:00 AM 56.77 109
B0 14:45:00 PV 4021 79.26 PiE 55 | 17:45:00 AM 513z 4
a1 {5:00:00 PM 4753 82.20 57 |56 |12:00:00PM) - I d S
B I5500 PM 54.84 85.01 742 57 12500 PM 38.24 64
83 (5300 PM 3520 B4.64 240 58 192:19:00 PM 36.25 60
#4°|5:30:00 PM 4213 g§7.71 257 59 [12:30:00 PM 30.46 43
85 15:45:00 PM 99,47 85.67 g7e | 60 |12:45:00 PM 21.83 34
86 |6:00:00 PM 76.71 92.88 287 61 |1:00:00 PM 12.48 18
87 [6:15:00 PiA 24.00 95,98 02 62 11:15:00 PM 2,05 4
(88 [6:13:00 PM 24.36 §5.05 300 63 |1:19:00 PM 0.00 ¢
89 [6:30:00 PM 2130 97.683 37 &4 [1:30:00 PM 728 11
90 [6:45.00 PM 18.63 100.27 332 | 65 |1:45:00 PM 16.92 28
91 [7:00:00 PM 1507 102.69 347 &6 12:00:C0 PM 25.96 41
92 {71500 PM 1333 T05.11 362 67 12:15:00 PM 34.20 56
93 17:13:00 PM 13.68 104.78 360 68 27500 BM 36.05 &0
04 [7:30:00 PM 10.73 16753 377 "85 [230:00 FM 4158 74
a5 [7:45:00 PM B.16 109.98 KEH 70 2:45:00 PM 4813 86
95 {80000 PM ] 71245 307 71 13:00:00 PM 53.04 101
7181500 PM 315 114.95 405 72 [3:15:00 PM 5911 116
B8 81300 PM Y 11462 450 73 |3.19:00 PM 60.40 120
09 |6730:00 PM 0.71 117.50 437 74 |3:30:00 PM 63.75 131
; 75 13:45:00 PM 67.93 146
] i : 76 14.00:00 PM T1.75 161
A 7 B T o B 7; 49500 PM 75.26 176
1 78 4:19:00 PM 76.15 180
! SOLAR :?NGLES 'l!'ORONTO };’3 1006 gm 78'23 o1
3 |U5iitde" 43 Deg. 30 Min. Noith 43.65 4.65:00 81. 206
i Jongtituda 75 Doy 29MIN | |~ 7938 81 [2:00:00 FV 5345 221
5 {Declination JUNE 81st |~ | T 93,44 b2 Riln00 PM 8721 239
3 B3 |519:00 FM 87.92 240
¥ %ﬁm 5060 FM B985 251
LT - [ fetoney Cor p—
10 l l 0. _g_g g:;g:gg gm §7.32 508
11 |Equation of time= 9.87sin?n-7. . BLE 97.96 300
e e

b el R A

12 Day of Year () 172,00 01 170000 W 19.04]  T04.44 7]
o - : . 95 7500 M 16.63 105.79 356
1: solar time Sl. time +4{lo.std-io.loc)+equation of {ime gi ;;ggg ;m 15‘34 16740 3E6
30: 405 16915 371
17 |JUNE 215T 95 |7-45:00 PM 1150 11152 386
18 [SUNRISE 536 AM SUNSET 902 PM OST {96 [5:00:00 PM 9.00 113.92 a1
97 [6:15:00 PM .54 116,35 416
90 [8:15:00 PM 5.50 1701 420
59 [8:30:00 PM 414 11883 431
100|8:45:00 PM .79 121.34 448
101[5:00:00 PM .49 153.62 451

163



Sun, Wind and Comfort

AT 8 1 © O A 8 (o o
1 1SOLARTANGLES TORONTO 78 423,00 FM 3627 73.08 18(;
21 1. 7914:30.00 PM 2405 74.58 18
(73 |Uatitude: 43 Oeg. 38 Min. Nodh 4385 80 14:45:00 PM 4236 77.79 202
"4 Jlongtitude 79 Deg. 23MIN |~ 1 TR AE 81 |5:00:00 PM 3955 BO.52 217
B [Declination JULY 21st LT 2bei 82 [5:15:00 PM 3700 83.70 232
r B3 |5:2300 PM 35.58 8518 245
7] 84 |5:30.00 PM 3430 86.45 247
' 8 |sinAlt=cos L cosdcosh+snLsind 85 [5:45:00 PM 31,59 89.11 262
| 9 Isin Az = cos d $in'hi / cos Alt [-1B0 over 80 deg i 86 [6:00:00 PN 28.88 88.31 277
0 ] I | 87 |6:15:00 BM 2617 G420 290
11 |Equafion of imé= §.875in2t7.53c08b-1.58inb 88 [6:23:00 PM 24.72 95.53 300
12 [b=360/364"(n"81) [ 69 [6:30:00 PM 2347 96,67 307
13 [ay of Year (n) 202,00 50 {6:45:00 PM 5078 EERK 322
ikl ] : 91 |7.00.00 FM 1647 T07.53 337
15 |solar fime= 5. fime +4(jo.std-o.loc)+equation of ime 92 |7:15:00 PM 1545 103,94 352
5 ; gg ;:gg:gggﬁ 1406 10522 ggg
307 T84 106.35
L g&gé’?; P S— 95 17:45:00 P 1026 108.77 362
19 .E lw : I 95 18:00:00 PM 771 Ti7.51 357
20 |TIME DST " TACTITUDE [AZIMUTH | MIN-NCON % g;;g;gg Em §;§‘§ }32;32 j;ﬁ
a 99 18:30:00 PM 274 T16.19 727
5 :
24
75
26 [6:00:00 AM
77 16:15:00 AM D58 116.36 | R
28°16.23:00 AWM 388 115.02 Lafitude: 43 Deg. 39 Min Nodh™ | 4385
35163000 AM 5.03 113.85 longtitude 70 Deg. 23MIN'Y ~ " T 1T 7638
30 15:45:00 AM 754 11138 Declination august 21st 12.35
3 [7:00:00 AM 10.05 108.53 |
SZI7I5.00 AM 1267 108.57
75500 AN 14086 T05.22 sinAlt=cos Lcosdcosh+sintsind
34 1730:00 AM 1559 104,30 sinAz = ¢os d sin h / cos AH (-180 over 90 deg.)
AET7A500 AM 17,53 101,68
A5 18.00:00 AM OB 09557 Equation of fime= 9.87sm2b-7.53cosb-1.5sinb
37 (81500 AM B35g 96.64 b=360/364"(n-B1}
(38 (BZ3:60 AM 2472 9553 Day of Year (n} 23300
30 [BE0GTAM 75.00 0437 .
A0 184500 AM 5B.70 G156 solar fime= S. time +4({lo.std-lo.foc)+equation of time
41 [G:00:60 AM 341 69.28
4§ 9:25:08 AN 3402 BEE3 AUGUST 215T
43 19:23:.00 AM 35.56 85.18 H : NBET 874
44(5:30:00 AM 36.80 63,88 SUNRISE © ?7 AMSUNS E Gl Df' 1l
| 45 19:45:00 AM 39,51 81.02 TIME DST ALTITUDE |AZIMOTH | MIN-NOON
46 [10:00:00 AM 4218 78.00 EIR e )
47 10:15:00 AM 4483 74.81 1
48 |70:23:00 AM 46.27 73.02
A9 1T030:00 AM 47.47 71.40
507T7045:00 AM 4598 67.79
|57 [1700:00 AM X K] 53.75
69 111:15:00 AM 54,82 £9.41
53 |T1.25:00 AM 56.05 56.92
B4 |T130:00 AM 57.00 5464 _
55 |11:45:00 AM 59.23 43.36 545!
['56 | 12:00:06 PM 6120 4350 7:06:00 AM
BT {i2d500'PM] T 6295 3700 7500 AM
B 11o23.00 PR 63.79 33.26 72000 AM
B8 123000 PM §4.45 240,683 730.00 AM
(80 11245500 PM 65.64 FEE 74500 AM
B3 |1:0000°PM T @&BAYTT T iEEE T 8:00:00 AM
b2 |1115:00 PM 66.90 478 B:15:00 AM
63 (12500 PM 66.06 0.0G 6:50:00 AM
B4 1T:30:00 PM 66.91 418 8:30:00 AM
| 65 114500 PM 6651 13.01 8:45:00 AM
66 i2:00:00 PM 65.70 21.45 9:00:00 AM
67 12:15:00 PM 6454 2933 §115:00 AM
69 [2:23:00 BM 63.79 3356 5:20:00 AM
B 123000 PV 63.06 36.54 5736500 AM
0124500 BM 8732 ERED] 5:45.00 AM )
71 13:00:00 PM 5937 48.98 10:00:00 AM 37.01 69,58
72 (31500 PM 57.24 54.30 10:15:00 AM 3952 6618
73 |323:00 PM 55.05 7] 10:20:00 AM 35 65.00
74 33000 BPM t4.97 EERE 103600 AM 1197 62.58
75 13:45:00 M 5353 6345 10:45:00 AM 4334 58.75
75 |5:00:00 PM 50,12 6747
77 14:15:00 BM 4755 7136
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Sun, Wind and Comfort

A I B C
51 111:00:00 AMI 74660 " B4 64] 140
52 11:15:00 AM 48.76 50.24 125
53111:20:00 AM 49.44 48.59 120
54 111:30:00 AM 50.77 45.50 1101
55 111:45:00 AM 52.62 40.38 85|
56 |12:00:00 PM] T 54.28 34.80 80
57 112:15:00 PM 55.71 29.03 65|
58 |12:20:00 PM 56.14 26,98 i8]
56 112:30:00 PM 56.90 2278 50
"E0 | T245:00 PM 57.80 16.19 35
61 [1:00:00 PM 58.40 9.35 20
62 {1:15:00 ¥M £8.68 2.35 5
63 11:20:00 PM 58.70 0.00 0
64 [1:30:00 PM 58.63 4.69 10
65 |1:45:00 PM 58.24 11,66 25
66 |2:00.60 PM 5754 18.42 40
67 |2:15:00 PM 56.53 24.90 55
68 [2:20:00 PM 56.14 26.08 60|
69 |2:30:00 PM 55.26 31.03 70
70 |2:45:00 PM 53.75 36.78 85
71 {3:00:00 PM 5202 42,13 100/
72 13115:00 PM 50.07 4711 115
73 13:20:00 PM 49.44 48,69 i20
T4 53000 PM 48.05 51.74 Ta0]
75 (34500 PM 45.86 56.04 145
76 [4:00:00 PM 4356 60.05 160
77 {4:15:00 PM 41,16 63.81 175
78 4:20:00 FM 4035 65.00 180
79 [4:30:00 FM 3869 67.33 190
80 14:45:00 PM 36.16 70,67 205
81 [5:00:00 PM 33.58 73,83 220
82 15:15:00 PM 30.95 76,85 235
83 15:20:00 PM 20.07 77.83 246
84 [5:30:00 PM 28.29 79.76 250
85 [5:45:00 PM 25.61 82.56 265
86 16:00:00 PM 2292 85.28 280
87 |6:15:00 PM 2021 87.63 295
B8 |6:20:00 FM 19.30 8B.80 300
83 16:36:00 PM 17.49 89.47 310
90 |6:45:00 PM 14.78 93.09 325
91 17:00:.00 FM 12.08 85.63 340
9217:15:00 PM 9.38 98.16 355
93 17:20:00 PM 8.49 99.00 360
94 {7:30:00 PM 6.71 100.68 370
95 {7:45:00 PM 4.05 103.22 385|
96 {8:00:00 PM 1.43 105.78 400
97 {8:15:00 PM ~1.17 108.37 415
A I B | [+ 1]

% LAR_ANGLES TORONT

5 R B

3 |Lafitude: 43 Dag. 39 Min. Narth ™ T
| 4" Jlongtifude 79 Deg 23NN |

5 {Declination SEPTEMBEER ;ztist

[

7

8 |sinAlt =cos 1 cosdcosh +sin Lsind

9 Isin Az = cos d sin b/ cos Al{ (-180 aver E-;O deg.)

10

11 |Equation of ime= 9.87sin2b-7.53c0sb-1.5sinb

12 |b=360/364°(n-B1}

13 Day of Year () 264.60

F}

15 Isolar time= . time +4(fo.std-loJocj+eguation of time
16 |

17 |SEPTEMBER 215T

18 §SUNRISE 7:02 AM SUNSET 7119 PFM ST

IT|715.00 AM 0.68 89,58

34 |7:36:06 AM 3.40 8813 345
35 17.45:00 AM 6.11 85,59 330
36 18:00:00 AM 880 8240 315
37 180800 AM 1042 B1.51 308
38 [E500 AM 11.48 80.24 300
38 [F30:00 AM 1415 77.53 285
40 |8 A5G0 AM 16.79 74.76 570
41 [6:00:00 AWK 1938 71.62 355
42 [G:00:00 AM 20.52 70.17 246
43 [S3500 AM PEReT 66.95 240
44 [9530:00 AM 24.45 65.95 225
45 [5:45:00 AM 76.89 62.50 210
46 [10:00:00 AM o957 59,57 185
47 |10:09:00 AM 30,66 57.47 186
48 [T0-15:00 AM 3157 58.08 180
43 [T0:30:00 AM 33.77 5247 185
50 [T045:00 AM 35.87 48.68 180
| 51 [11:00:00 AM) - 37.84 4470 _135
52 111:00:00 AM 38.96 42,21 126
53 |1:15:00AM 30.68 40,51 120
B4 313000 AM 4736 36,10 105
55 |11°45:00 AM 4287 3747 a0
|56 112:00:06 M 44151~ 25,85 75
57 |12:09:00 PM 4488 23,62 66
58 [12:15:00 PM 45,39 21.58 60
59 [12:30:00 PM 4518 16.36 45
60 {12:45:00 PM 46.82 10.99 30|
61 {1:00:00 PM 47.21 5,52 15
62 {1:09:00 PM 47.32 2.5 [
63 {19500 PM 47.34 0.00 G
64 |1:30:00 PM 4759 55D 15
65 [T:4550 PM 46,82 10.99 30
65 |2:00:00 PM 46.18 16.36 45
67 12:09:00 PM 4568 19,52 54
68 |2:15:00 PM 45.29 21.58 60
69 |736:60 PM 4419 76.60 75
70 |2:45:00 PM 4287 31.47 a0
71 13:00:00 PM 41.36 36.10 105
72 30000 PM 4037 38,77 114
73 |3:15:00 PM 39.568 40.51 120
74 |3:30:00 P 3784 44,70 135
75 {3:45:00 PM A587 4868 150
76 |4:00:00 PM 3377 5547 165
77 |4:09:00 PM 32.46 54,66 174
78 14:15:00 PM 3757 56.08 186
79 [4.30:00 PM P9.27 59 81 195
80 |4:45:00 PM 26.80 62.60 210
81 [5:00:00 PM 2445 65.85 225
52 |5.08:00 PM 2295 67.79 254
83 {5:15:00 PM 21.04 68.99 240
34 [5:30:00 PH 19,98 71.82 255
85 {5:45:00 PM 16.70 74,78 270
85 16:00:00 P\ 1438 77.53 285
87 |6:00:00 PM 1256 79.98 204
B8 |6:15:00 PM 1145 80.24 300
88 |63000 PM B.80 82.60 315
90 [545 00 PM B.11 §5.53 330
o1 [7-00:00 PV 340 68.13 TG
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Sun, Wind and Comfort

A

| - N
SOLAR ANGLES TORONTG

o: 43 E_ﬂgg-_aﬂ_?-ﬁin-_'%2951_?1___,‘.___‘__._”_..
gtitude 79 Beg, ZAMIN T "

fon OCTORER st 7~

1644

43.85
7538

I

sin Alt = cos

l.cosdcosh

vsinLsind

sin Az = cos d sin h/ cos All (-180 over 80 deg.}

] ] ]
Equation of ime= 3.87sin2b-7.53cosb-1.5sink

6=360/364°[n-81)

Day of Year {n)

294.00

solar ime= S. time +4{fo std-lo.Jocl+equation of time

i
OCTOBER 21S5T

SUNHISE 6:

38 AM, SUNS

ET 527 PMEST

K B C LI
78 3:15:00 PM 0.57 5174 184.60
79 [3:30:00 PM 1809 54,89 509,00
80 [3:45:00 PM 7583 57.54 524,00
B1 14:00:00 PM 1350 50,80 53560
B2 [4:01:00 FM 1334 61.08 240.00
83 14,15:00 PM 11.08 63.75 254.00
84 14:30:00 PM 863 5654 269.00
85 14:45:00 BM 6.12 69.26 254,00
86 |5:00:00 PM 356 71.92 299.00
87 |5:01:00 PM 339 72.10 300.00

5:15:00 M

E
Lalitude: 43 Deg. 38 Min, North 43.65

Declination NOVEMBER 218t~ | 19,78

i

sinAlt=cosLcosdcosh +sinLsind

1
2
"_4_1f_or?g21;ude 79 Deg 23MIN | 70.38
5
b
7
]
5

sin Az = cos d sin h 7 cos Alt {-180 over 90 deg.}

Equation of ime= 9.87sin2b-7.53cosb-1.5sinb

b=360/364"(n-BT}

Day of Year {n} 325,00

solar time= S. time +4{lo.std-lo.loc}+equation of time

i
NOVEMBEHR 2157

SUNRISE 7:18 AM, SUNSET 4:49 PMEST

:

8:00:00 AM 1
42 38:04:00 AM | 240.00
43 18:15:00 AM | 229.00
44 i8:30:00 AM | 214.00
45 1B:45:00 AN T 199.00
46 [9:00:00 AM | 184.00
47 [9:04:00 AM 180.00
48 [9:15:00 AM 169.00
49 19:30:00 AM 154.00]
50 19:45:00 AM 139.00

(36 17:00°00 AM 3.22, 72.28 301.00
37 :7.01:00 AM 3.39 72.10 300.00
38 |715:60 AM 5.78 69.62 286.00
39 17:30:00 AM 8.30 66.90 271.00
40 17:45:00 AM 10.77 64,13 256.00
41 18:00:00 AM 13.18 61.27 241.00
42 18:01:.00 AM 13.34 61.08 240.00
43 |8:75:00 AM 15,53 58.34 226.00
44 18:30:00 AM 17.80 55.30 211.00
45 18:45:00 AM 19.98 52.16 196.00
46 [3:00:00 AM 22.08 48.91 181.00
47 {2:01:00 AM 22.22 48.6% 180.00
48 19:15:00 AM 24.07 45.54 166.00
49 15:50:00 AM 2595 42.04 151.00
50 [9:45:00 AM 27.70 3840 136.00
[ 51110:00:00 AMy 28320 3462 - 121.00
52 110:01:00 AM 29.42 34.37 120.00
53 {10:15:00 AM 30.78 30.71 106.00
54 110:30:00 AM 32.08 26.67 91.00
|55 1{045:00 AM] - 3329 2250 76.00
(56 | 11:00:60 AM 34.16 18.22 61.00
57111:01:.00 AM 34.21 17.83 60.00
| 58 [11:15:00 AM 34,51 13.43 45,00,
59 111:30:00 AM 35.45 9.37 31.00
60 |11:45:00 AM 35.79 4.85 16.00
81 112:00:00 PM 35.81 0.30 1.00
62 [12:01:00PM 3591 0.00 0.00
63 115:15:00 PM 3582 4.25 14.00
64 112:30:00.PM 35.51 8.77 29.00
65 |12:45:00 PM 34.99 13.24 44.00
66 :1:00:00 PM 3427 17.64 59.00
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68 11:15:00 PM 33.35 21.94 74.00
69 {1:30:00 PM 3224 26.12 89.00
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72 12:01:00 PM 29.42 34.37 120,00
73 {2:15:06 PM 27.92 37.80 134.00
74 ]2:36:00 PM 26.19 41.56 149.00
75 12:45:00 PM 24.33 45.08 164.00)
76 [3:00:00 PM 22.35 48.47 179.00
77 13:01:00 PM 22.22 48.69 180.0Q
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Appendix 1.2 Methodology for
Wind Tunnel Testing

This section describes the experimental
methods used for the wind tunnel tests.

Model-Building

Building models were fabricated out of
polystyrene foam. Buildings on Site 1
were modeled at a scale of 1:480, and
those on Sites 2 and 3 were modeled at

a scale of 1:360. Given the presence of
very high buildings on Site 1, a smaller
scale was necessary for limiting the
overall wind tunnel projected area block-
age to less than 10 percent. A 720 m di-
ameter was modeled for Sites 2 and 3,
and 960 m for Site 1. Within that diame-
ter, each building was modeled as accu-
rately as possible.

Wind obstructions located further away
from the sites were considered part of
the general terrain roughness of the site,
and they were modeled with blocks as
part of the characteristic atmospheric
boundary layer in the wind tunnel.

. O
. .

Wind Tunnel Facility

The study was conducted in the Bound-
ary Layer Wind Tunnel (BLWT) located
in the Building Science Laboratory in the
Department of Architecture, University
of California at Berkeley. The interior di-
mensions of the wind tunnel are 1.5m (5
ft) high and 2.1 m (7 ft) wide, with an
overall length of 19.5 m (64 ft). As
shown in Figs. 4.3 and 4.4, beginning
with the bellmouth entry, the first 12.8
meters (42 ft) of the BLWT comprise

the flow-processing section in which a
combination of turbulence-generating de-
vices and rough objects covering the
wind tunnel floor are used to simulate
the characteristic surface roughness of
the upwind terrain relative to the scale
of the building model. Immediately be-
yond the flow-processing section is the
test area, 3.7 m (12 ft) in length, in
which the scale models are placed on a
2-meter-diameter (6.6 ft) turntable for
testing. A variable-speed fan is located
downwind of the test area. The data ac-
quisition room is located adjacent to the
test area.

- [ilter and Flow Straighlener
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Air velocity measurements, used to de-
-termine pedestrian-level wind speeds
and to characterize the boundary layer
profiles of velocity and turbulence inten-
sity, were made with a Thermo Sys-
tems, Inc. (TSI), Model 10538 anemom-
eter attached to a TSI Model 1266 rug-
ged metal-clad probe. Probe
calibrations were performed with a TSI
Model 1125 calibrator using an MKS In-
struments, Inc., Model 220BD differen-
tial pressure transducer. An IBM
PC/AT-based data acquisition system
was used to record the anemometer
measurements and to perform the neces-
sary data reduction, analysis, and stor-
age.

The mean freestream velocity at a sta-
tionary reference location was monitored
with a Dwyer Model 166-12 pitot tube
connected to a Validyne Model DP103
differential pressure transducer and
Model CD15 sine wave carrier demodu-
lator (signal conditioner). This reference
velocity measurement allowed the wind
tunnel results to be presented in terms

of a velocity ratio, as described in Mea-
surement Procedure and Data Analysis.
Flow visualization was performed with
an Elven Precision Ltd. smoke-generat-
ing systemn.

Simulation of Atmospheric Boundary
Layer

Boundary-layer wind tunnels are used
to simulate characteristics of natural
wind on a scale equal to that of the mod-
el building. The simulated region of in-
terest is known as the atmospheric
boundary layer, which corresponds to
the gradual increase of wind velocity
with height above the ground up to a
height where ground-based obstacles,
such as buildings, trees, and low hills,
cease to affect wind characteristics.

Within the atmospheric boundary layer,
the key wind features to be modeled, the
vertical distributions of mean wind
speed, turbulence intensity, and eddy
size are largely determined by surface
characteristics upwind of a particular
building site.

The variation of wind velocity with
height in the lower levels of the atmo-
spheric boundary layer (the region of
greatest interest in building-related

wind studies) can be represented by the
logarithmic velocity profile for a thermal-
ly neutral atmosphere.

Equation I:

U(z) = (u*/k) ln[(z-d)/zol
where:

U(z) = mean velocity at height z
u* = friction velocity

k = von Karman’s constant (0.4)
z = height above ground level

zq = roughness length

d = displacement height

Terrain types around the selected sites
vary depending on the site and wind di-
rection under consideration, For Site 1
and for winds coming from the west
through the north and to the east, the
terrain is typical of an urban environ-
ment, with a large number of high-rise
buildings surrounding the site. Where
winds come across the lake (i.e. south-
west through southeast), the upwind
terrain is smooth. For Sites 2 and 3, in
the core of the city, the surroundings for
all wind directions are typical of subur-
ban to urban terrains.
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Turbulence intensity is a measure of the
magnitude of velocity fluctuations com-
pared to the mean velocity at a point in
turbulent flow. Turbulence intensities
are always greatest near the ground,
where the boundary layer flow interacts
with the surface roughness and obstruc-
tions, and decreases with increasing
height above the ground. Velocity and
turbulence intensity profiles were mea-
sured in the wind tunnel immediately up-
wind of the model location in order to
document the approach wind conditions.
These measured profiles are presented
in Figs. A1.2 to Al1.7.

Where winds are blowing across the
lake and toward Site 1, a fairly open ter-
rain configuration was modeled. In Fig.
A1.2, the solid line represents the re-
gression fit (R = 0.991) of the mea-
sured data to Equation (1) for that case.
The fit produced a full-scale roughness
length (z;) of 0.08m for a displacement

height (d) of Om, slightly rougher, but
still well within the acceptable range of
values described by ESDU [1,2] for that
terrain. In Fig. Al1.3, the measured tur-
bulence intensities are presented and
correspond well to ESDU values for the
lower region of the atmospheric bound-

ary layer [2].

For the winds coming over the city, an
urban terrain was modeled. Fig Al1.4
shows the regression fit (R2 = 0.969) for
that profile which gave a full-scale
roughness length (zg) of 0.75 m for a dis-

placement height (d) of 13 m, typical of
an urban setup [1,2]. The corresponding
turbulence intensity distributions, shown
in Fig. A1.5, also correspond well to ES-
DU-recommended values. This same
boundary layer setup was also used for
all wind directions on sites 2 and 3. Giv-
en the larger scale for these sites (1:360
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instead of 1:480), the corresponding full-
scale roughness length (z,) was of

0.55 m for a displacement height (d) of
10m, which falls between the suburban
and urban categories as defined by ES-
DU [1,2]. The plots showing the veloci-
ty and turbulence profiles for these two
sites are shown in Figs. A1.6 and A1.7.

Measurement Procedure

For each site, 50 to 70 pedestrian-level
velocity measurement locations were se-
lected at important pedestrian areas
such as walkways or esplanades. For
each site, the wind environment was in-
vestigated for four different wind direc-
tions as described in the Weather Data
section: southwest, northwest, west,

and east.

With a reference mean velocity of 6.4
m/s, each measurement consisted of si-
multaneous readings from the anemome-
ter probe positioned at the desired pe-
destrian-level location, and the refer-
ence pitot tube located 1.23 m above the
wind tunnel floor and 0.9 m upwind of the
front edge of the turntable. The axis of
the anemometer probe was positioned
vertically in all cases, and its height cor-
responded to a full-scale height of 2 m.
The position of the reference pitot tube
was selected to eliminate any interfer-
ence with simultaneous building model
measurements, while providing a stable
characteristic reference velocity away
from the influence of the building models
and ground-level measurements. Dur-
ing each measurement, the two sensors
were sampled at a rate of 15 readings
per second for a duration of 30 seconds.
The collected data was analyzed to pro-
duce the quantities of interest: mean ve-
locity, turbulence intensity, and equiva-
lent wind speed.
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Data Analysis

The San Francisco wind code [5] was
used as a guide to determine the accept-
ability of the measured wind conditions
for each site. This wind code is based
on wind acceptability criteria defined in
terms of equivalent wind speed (EWS).
EWS denotes the mean hourly wind
speed adjusted to account for the expect-
ed turbulence intensity or gustiness at
the site. The wind speed limits in the
code were developed with an inherent
turbulence intensity of 15 percent.
When the measured turbulence intensity
at a point is greater than 15 percent, the
equivalent wind speed is calculated by
multiplying the mean velocity at the
point by a weighting factor according to
the following formula:

Equation 2:
EWS =V _(2*TI+0.7)

where:

V,, = mean pedestrian-level wind speed

TI = turbulence intensity

For measured turbulence intensities
less than 15 percent, EWS is taken to
be equal to V.

Wind speed data representative of Tor-
onto and vicinity are available from the
weather station located at Toronto Inter-
national Airport at a height of 10 m (33
ft). The collected wind tunnel data was
analyzed to determine the empirical rela-
tionship between the equivalent wind
speed at each selected pedestrian-level
location and the mean wind speed at the
weather station height. This relation-
ship is expressed in terms of a velocity
ratio defined as follows:
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Equation 3:

Velocity Ratio = EWS/Vws =
(EWS/ Vpitot) (vpitotlvref) (Vref/ sz)

where;

EWS= equivalent wind speed at pedes-
trian level (m/s), calculated according to
Equation 2

Vs~ mean velocity at weather station

height; 10.0m at full-scale, (m/s)

Vpitot” mean velocity at pitot tube (m/s)

V o= mean velocity measured at 40 cm
in the wind tunnel (m/s)

The terrain around the weather station
site can be characterized as open, flat
country, typical of airports. Since the
simulated boundary layer in the wind
tunnel was representative of a different
terrain, Vws could not be measured di-
rectly. The velocity ratio was therefore
determined in stages, as indicated in
Equation 3. The ratio EWS/Vpitot was
measured using a reference pitot tube
height of 1.23 m (4.1 ft), as described
previously. Since the pitot tube is locat-
ed above the simulated boundary layer
region in the wind tunnel, a separate
measurement was used to reference the
wind tunnel measurements to a velocity
within the modeled boundary layer. For
this purpose the anemometer was
placed at a height of 40 cm
{corresponding to 192m full-scale for
Site 1 and 144 m full-scale for Sites 2
and 3) and the ratio, Vpitot/Vref, was
measured. Finally, using values from
the literature [6] for an open, flat country
boundary layer wind velocity profile, the
values of the ratio Vref/Vws were esti-
mated according to the logarithmic law.
The calculation in Equation 3 assumes
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that the value Vref remains unchanged
between the weather station location
and the city. Due to the proximity of the
airport to the three sites this is a rea-
sonable approximation.
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Appendix 1.3

Thermal Comfort Modeling

Computer models of thermal comfort pre-
dict how people will feel when exposed
to certain physical conditions. This sec-
tion will present an overview of the com-
puter model used in this project and out-
line the assumptions inherent in extend-
ing its application to the outdoors.

Six personal and climatological variables
affect thermal comfort. These are meta-
bolic rate, clothing level, air temperature,
air velocity, mean radiant temperature,
and relative humidity, Metabolic rate is
measured in watts per square meter of
body surface area or ‘met’ units (58.2
watts per square meter equals 1 “met,’
which corresponds to sedentary activi-
ty). Clothing insulation is measured in
’clo’ units. One "clo’ is the insulation of
a relatively heavy suit, including under-
wear, shirt with long sleeves, trousers,
jacket or sweater with long sleeves,
heavy socks, and shoes. Mean radiant
temperature is an index that integrates
radiation from different surfaces sur-
rounding the body according to its size
and surface temperature. Since the com-
puter model was originally designed for
indoor conditions and does not account
for sunlight, we have added an equation
to convert the sunlight value to a mean
radiant temperature. This equation as-
sumes a standard human, surface area
1.8 square meters and weight 70 kilo-
grams, exposed to diffuse and direct ra-
diation using an average solar elevation
of 45 degrees (Arens, Berglund, Gonza-
les 1986). The computer model as-
sumes a cylindrical human with a core
and skin layer and clothing evenly dis-
tributed over the cylinder (Gagge, Fobe-
lets, and Berglund, 1986). Before expo-
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sure to the environment, the body is

. thermally neutral and all heat produced

internally is liberated to the environment
at constant skin temperature. The expo-
sure begins and the model solves a heat
balance equation on a minute-by-minute
basis for the desired period. At the end
of the exposure, the model evaluates the
new skin temperature and/or skin-wet-
tedness due to sweating. Years of labo-
ratory studies have provided well-ac-
cepted relationships between these
physiological measures and indexes of
thermal sensation. The model outputs
an index (DISC) that incorporates these
relationships and provides criteria for
evaluating whether a given condition is
comfortable. A condition is considered
comfortable if DISC is within the limits
defined in the ASHRAE (American Soci-
ety of Heating, Refrigeration, and Air-
Conditioning Engineers) indoor thermal
environment standards (ASHRAE,
1981).

In applying the computer model to the
city of Toronto, each input variable re-
quires careful evaluation. The first two
input parameters, metabolic rate and
clothing, are based on our estimates of
typical activities and dress for the Toron-
to population. To estimate metabolic
rate most of the year, the Berkeley
Team averaged sitting and walking ac-
tivities (1.3 met), using 0.8 clo for the
spring and fall seasons and 0.6 clo for
the summer (Fig. A1.8). Naturally,
these parameters vary from season to
season and for extreme conditions on
any particular day. The model accounts
for these fluctuations in a manner de-
scribed below.

The last four parameters, air tempera-
ture, air velocity, mean radiant tempera-
ture, and relative humidity represent the
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thermal resistance of clothing ensembles

Uriefy, haVts, COeN-NEGK INIFT WL SoNT Slewves,
ght soci and sancals

Light summer clothing: 0,08
Briafy, 100G light-weigT-ousens, Doen-neck St
Wwith short siewves, light socxcs 2nd shoes

Light working snsambie: an
Tight underwenr, cotiors work ahirt with long sesves,
work Tousers, woolien socke snd shoes

Typical indoor winter clothing snseamiie: g,18
Undarweas, Shift Yth ong Heeves, (s,
acket or swester with lang slerven, heavy socks
and shoss

Henvy t European bus suits L1 Jor )
£OtION underwesr with king legs i seeves, Shirt,

suit including trousers, (acket and waistoos!, woollen sacks
amy beavy thoes

T
Clething smambin 3
LI tcial
Nude Q9 ¢
Sharrs o.ms a1
Typicsi trapical ciothing snssmbila: 3,045 3

s

0.7

Fig. AL8

environmental conditions people experi-
ence. Hourly weather data from the in-
ternational airport station near Toronto
were used as as input to the model. The
data is a "typical meteorological year:’ a
composite year-long record of hourly val-
ues over a year period that are most rep-
resentative of the long-term climate pat-
terns from month to month. Local street-
level air velocity was determined by ad-
justing hourly airport wind speeds mea-
sured at the airport, using the results of
the wind tunnel tests. Local mean radi-
ant temperature was determined by ad-
justing the solar radiation values mea-
sured at the airport, by a factor indicat-
ing direct sunlight or shade for a
particular hour. These conversions are
described in detail in the next two sec-
tions.

Local wind velocity

As weather data is read from the weath-
er tape each hour, the model uses the
wind direction information to select the
appropriate wind ratio from a file in order

to compute the local wind speed for that
hour. The observations on the weather
tape were divided into four bins. The
boundaries of each bin were selected
based on the frequency and strength of
winds from the various directions (given
in degrees). The boundaries are as fol-
lows:

1. Berween 303.75 and 11.25:
Northwest

2. Between 11.25 and 146.25:
Euast

3. Between 146.25 and 236.25:
Southwest

4. Between 236.25 and 303.75
West

Local mean radiant temperature

Mean radiant temperature was calculat-
ed for each hour by determining whether
a point was in the sun or in the shade
during that hour of the day. When in the
shade, direct radiation is absent, but the
body is exposed to diffuse and reflected
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radiation from surrounding buildings. If
the sunlight analysis indicates that a
point is in the shade during a particular
hour, the solar radiation level (measured
at the airport) is reduced to 25 percent of
its original value for the caiculation of
mean radiant temperature. This relation-
ship is based on empirical measure-
ments of diffuse and reflected radiation
in urban surroundings. The calculation of
mean radiant temperature from solar ra-
diation value uses the fraction of body
surface area exposed to the sun at an
average value of 45 degrees altitude, the
absorptivities of skin and clothing, and
the radiative film coefficient (see Arens,
Berglund, Gonzales for details of this
calculation),

For each point, for each hour of the year
between 8:00 a.m. and 7:00 p.m., the
model computes the DISC value predict-
ed for an assumed 20-minute exposure
to the outdoors. Each hour’s DISC val-
ue is compared with the ASHRAE com-
fort zone, and the fraction of hours
above, within, and below the zone are
recorded by season. The division of the
year into seasons is as follows:

Spring:

April 1 to May 31
Summer:

June 1 to August 31

Fall:

September 1 to October 31

One Winter Month.
January 1 to February 1.

In order to produce realistic resuits for a
variety of conditions, the study team
made specific adjustments when condi-
tions fell outside a certain range. For
example, if the model predicts DISC val-
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ues that are too hot, while the air tem-
perature is less than 20 degrees Cel-

sius, it was assumed that people will re-
main comfortable by removing clothing.
The hours before 9:00 a.m. and after 5:00
p.m. in the winter season are not includ-
ed in the analysis, since these times are
generally dark. For the spring and fall
seasons, if the air temperature is below
10 degrees Celsius, 0.5 clo was added to
the base case of 0.8, an adjustment
roughly equivalent to putting on an over-
coat. For the summer season, if the air
temperature is below 20 degrees Cel-
sius, 0.2 clo was added to the base case
of 0.6. In the winter, clothing was in-
creased to 1.5 clo and metabolic rate to 2
met, but a function for wind-chill was not
included. Such a function would produce
wind discomfort from combinations of
very cold temperature and wind, regard-
less of the human’s overall heat bal-
ance. Future work might include a wind-
chill equation, of the form H = F(V,T),
applied on a minute-by-minute basis in
the model. However, implementation
and testing of this additional equation
was beyond the scope of this project.
Fine-tuning of the model could offer
greater sensitivity to the adjustment in
habits that comes with changes in sea-
son. A more sensitive model would
yield more precise estimates of pedestri-
an comfort.

Realistic computer modeling of human
outdoor comfort often involves making
several assumptions about underlying
processes. For this study, we have
adapted a model developed for indoor en-
vironments to outdoor conditions. This
adaptation required assumptions about
the activities and dress of the population
of Toronto and about the uniformity of
weather patterns over areas of the city.
The research team believes these as-
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sumptions are acceptable when the re-
sults are applied over large areas of the
city.

REFERENCES:

Arens E., Berglund, L., Gonzales, R.
1986, "Thermal comfort under an extend-
ed range of environmental conditions",
ASHRAE Transactions, Vol. 92, Pt. 1.

American Society of Heating, Refrigera-
tion, and Air-Conditioning Engineers,
1981, "Standard 55-81, Thermal environ-
mental conditions for human occupancy”,
Atlanta,

Gagge, A. P, Fobelets, A. P, Berglund,
L. 1986, "A standard predictive index of
human response to the thermal environ-
ment”, ASHRAE Transactions, Vol. 92,
Pt. 2.

177



Sun, Wind and Comfort

178



Sun, Wind and Comfort

APPENDIX II

Summary of Existing Legislation in
Toronto and Other North American
Cities.

At the present time, nearly everywhere
in North America, much of the planning
control for sun access and wind protec-
tion lack specificity and are discretionary
rather than enforceable under standards.

Toronto’s Official Plan contains policy
statements that recognize the need for
such controls but these are not followed
up by firm regulations and standards.
Other Canadian cities have similar poli-
cies with discretionary implementation.
In most cities, major projects are sub-
jected to wind tunnel studies, and the re-
sults are used in negotiations with the
planning staff. Sunlight access is regu-
lated by specific performance standards
in only one city, Calgary, for a very limit-
ed area. Ottowa requires specific site
studies adjacent to pedestrian areas,
while Edmonton requires studies for
buildings over 14 m in height. In other
Canadian cities, sun access studies are
discretionary.

A number of cities in North America, in-
cluding San Francisco, Boston, and Phil-
adelphia, use a combination of planning
controls to guarantee sun access to open
spaces including streets.
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Canadian Cities

City

Calgary

Edmonton

Halifax
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Environmental Quality

Sunlight Access

Wind-Shelter

Sunlight Access

Wind-Shelter

Sunlight -Wind

Type of Regulation

Performance Standard

Selected streets and open spaces are
given specific performance standards in
the planning legislation.

Discretionary Review

Requirement for larger development pro-
jects to conduct wind studies.

Discretionary Review

For buildings over 14 m in height, a sun
shadow impact study is required in the
Downtown Area.

Discretionary Review

Wind Impact Statement and Study may
be requested by Development Depart-
ment. No consistent policy with regard
to application.

Discretionary Review

To date only general statements of plan-
ning policy limiting ‘significant’ impacts
on pedestrian areas or parks due to
shadowing or wind effects. Definition of
‘significant’ ambiguous and determined
on a project-by-project basis. The

terms of reference usually decided upon
under traditional plan reviews and devel-
opment agreements. Generally only ap-
plied to a large urban or special projects
like Halifax Gardens.
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London Wind Discretionary Review

Buildings above a specified threshold
height are required to submit either wind
tunnel test results or a recommendation
by a wind engineering consultant.

Montreal Sun-Wind Discretionary Review

Large developments which vary from the
zoning bylaw are sometimes required to
submit sun studies and wind tunnel test
results depending on the planning and
design issues identified.

Ottawa Sunlight Access Planning Policy Requirements

Specific site studies of sun access are
required, with emphasis placed on future
development on south side of streets for
buildings adjacent to pedestrian areas.
Focus on sunlight conditions conditions
in "shoulder” seasons.

Wind-Shelter Council approved Planning Policies
Official Plan Amendment

Modeling required to demonstrate com-
pliance with criteria for wind in open
pedestrian areas (malls, mini-parks,
squares, etc.). Study includes buildings
which are adjacent to open pedestrian
areas; buildings located at corners of
blocks; any mid-blocks in which the av-
erage height is more than 2/3 the aver-
age height of surrounding buildings, and
any buildings directly across an abutting
street. The policy has an option to allow
wind modeling on the city model deve-
loped by the National Research, and 11
out of 22 new buildings have had wind
model testing required based on the Offi-
cial Plan policy.
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Winnipeg Wind Design Approval Bylaw

Developers are required to submit state-
ments by wind engineers disclosing po-
tential wind impacts and proposed miti-
gating measures as part of development
review. Should the Design Board (a po-
litical body) feel the wind issues warrant
further investigation, it can require scale-
model tests.

No performance standards are set; stan-
dards are based on recommendations by
wind engineers.

United States Cities

City Environmental Quality Type of Regulation
New York Daylight Access Two Options for Evaluating Compliance:
Height Limit

i. Sky exposure curve. Curve starts at a
height of 1.5 times the width of the
street or avenue. The curve projects up-
wards from the property line.

Performance Standard:

ii. Daylight evaluation chart. Develop-
ments must average 75 percent expo-
sure to pass. Squares in the graph are
scored. Below 70 degrees the score is
equal to 0.3 credit; above 70 degrees the
score is equal to one full credit for each
square of sky blocked. The method is
computerized. Reflectivity rating can, for
reflective surfaces, add to the score.

Sunlight Access Discretionary Review

1. Conditional zoning approval requires
shadow impact analysis (30 percent of
Midtown projects).
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Boston

Wind Shelter

Daylight Access

Sunlight / Shadows

Performance Standards

ii. Shadows on residential windows. De-
velopments which exceed as of right
heights (e.g. need conditional approval)
require shadow analysis of windows ad-
jacent or opposite the proposed develop-
ment. The approval is discretionary.

iii. Standards for sun access to parks are
currently under development as a result
of a study prepared for the New York
Parks Council by the Environmental Sim-
ulation Laboratory at Berkeley.

Performance Standard

Sponsors of large development projects
are required to conduct wind studies,
The expected wind velocities in new or
existing open spaces shall not exceed
the mean gust reading measured in ex-
isting comparable open spaces. The
wind studies are done as part of the En-
vironmental Impact Study (EIS) process.

Sunlight Blockage Limit

A given project shall not exceed the
blockage of the minimum zoning enve-
lope. No citywide standard, but mea-
sured through environmental review pro-
cess, optional and becoming less com-
mon. The methodology for measuring
daylight access is similar to New York’s
Midtown daylight chart.

Height Zoning and Performance Standard

i. Zoning ordinance has designated im-
pact areas, "Boston Commons" and
"Downtown Crossing.” No net increase
in shadow is permitted between 8 a.m.
and 2:30 p.m. Specific developments are
exempt from this ordinance.

183



Sun, Wind and Comfort

Wind

Chicago Sunlight access

Wind

Philadelphia Sunlight access

Pittsburgh Sunlight Access
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ii. Midtown Cultural District. No net
increase in shadows is permitted
between 8 a.m. and 2:30 p.m.

ii1. State legislation being considered
prohibiting shadows on major open spac-
es one hour after sunrise to one hour be-
fore sunset.

Performance Standard

Preliminary designs and final designs
are analyzed through wind tunnel test-
ing. The final design analysis is quanti-
tative. The mean wind speed shall not
exceed 22 mph,

Discretionary Review

Sponsors of major developments can be
required to submit shadow analysis.

Discretionary Review

Sponsors of major development proposal
can be required to submit wind studies.

Height Limits

i. Building heights south of Chestnut and
Walnut Streets are limited to prevent
sunlight blockage.

Discretionary Review

Building applicants seeking variance or
conditional use permits can be required
to demonstrate shadow impacts.

Discretionary Review

Sponsors of major developments are re-
quired to submit shadow analysis.



Sun, Wind and Comfort

Wind Discretionary Review

Sponsors of major developments are re-
quired to perform wind tunnel tests for
preliminary designs and final design.
Mitigation measure might be required
during design review prior to zoning ap-
proval.

Charlotte, N.C.  Sunlight Access Performance Standard

In the Central Area, no development
shall cast a shadow in excess of 20 feet
onto residentially zoned property on
September 21 (equinox) between the
hours of 9 a.m. and 3 p.m., except for
residential properties across the street.

San Francisco Sunlight Access Height Limits

In inner city neighborhoods, the building
height limits are set to protect sunlight
to public open spaces and streets.

Performance Standards

Sun access standard for streets in the
retail district and Market Street are set
to protect sunlight access to sidewalks
during intensive use periods.

Sunlight Ordinance (Prop. K):

Parks owned and operated by the Recre-
ation Department, including parks,
squares, and playgrounds, are protected
by a 1984 city-wide standard
(approximately 70 public open spaces)
from one hour after sunrise to one hour
before sunset. Two downtown open
spaces, the Civic Center Plaza and
Union Square, have a specific standard.
The Planning Commission and Park
Recreation Commission permitted an ad-
ditional one percent shadow for both
spaces.
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Discretionary Review

Privately owned open spaces and open
spaces owned by other city agencies are
protected by a requirement to minimize
shadow impacts on such spaces.

Wind Performance Standard

A building form should not be used
"which causes wind speeds to exceed
eleven miles” per hour in areas where
people walk and seven miles per hour in
areas where people sit.

Other cities contacted:

Seattle, Washington
Minneapolis, Minnesota
St. Louis, Missouri
Portland, Oregon
Baltimore, Maryland
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