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Appendix A: Implementation

The Thermal Comfort Guidelines serve as an essential

tool for city builders, encompassing planners, designers,
developers, and decision-makers. These guidelines are
designed to be progressively integrated into various city
policies, regulations, standards, and guidelines, evolving and
improving over time. This ongoing process aims to embed a
thermal comfort perspective consistently and effectively in
all aspects of urban development.

All development applications are required to provide

a summary detailing how thermal comfort has been
considered in their design as part of their planning rationale
and/or urban design brief. For city-initiated studies and
large scale developments, compliance with the performance
metrics outlined in Chapter 3 is recommended and should
be verified through a Detailed Thermal Comfort Study, where
deemed appropriate.

The Thermal Comfort Study will determine the impact of a
development or design intervention on the adjacent open
spaces and will inform and direct the design to incorporate
a thermal comfort lens ensuring that each project
appropriately addresses its effect on thermal comfort.

The following sections provide more specific guidance on the
criteria determining the need for a thermal comfort study, as
part of the planning process in the City of Toronto.

All new developments are required to provide a summary detailing how thermal comfort has been considered in their design.
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1.1 TYPES OF THERMAL COMFORT STUDY
1.1.1 Detailed Thermal Comfort Study:

A detailed study is conducted to assess the hourly thermal
conditions around a new development or altered urban space
in Toronto. This analysis offers a comprehensive insight

into how urban changes affect pedestrian microclimate
experiences. Focusing on areas within a 400-meter radius

of the development, specialized thermal modeling and wind
flow analysis software are utilized. These studies, using the
Universal Thermal Climate Index (UTCI), clearly demonstrate
the proposed design's impact on the local environment. By
comparing new data with existing comfort levels, the effect
of the proposed development on area thermal comfort is
understood, supporting evaluation of compliance with the
performance metrics outlined in Chapter 3 of the guidelines.

1.1.2 Desktop Study:

The desktop study for outdoor thermal comfort in Toronto is
a preliminary study using weather files to establish a basic
understanding of the climate's impact on an individual's
thermal comfort. It simplifies conditions and assumes wind
conditions are consistent with data from those weather
files, using a representative material applied to ground and
surroundings, such as concrete or soft landscaping. The
study explores the impact of a simplified representation of
surroundings, sheltering an individual from wind and sun
to give an estimate of thermal comfort experienced in a
location.

An indication of the effects of comfort enhancement
strategies can be estimated in a desktop study, using
modification of inputs (e.g., reducing radiant temperature
based on whether the sun is shaded) to provide an estimate
of thermal comfort.

As a desktop study is a basic analysis that does not account
for complex spatial factors or details of the surrounding
urban landscapes, it serves as an early indicator to identify
potential issues that may require more detailed study.

Limitations:

Compared to the detailed thermal comfort study, the
desktop study is a simplified analysis and does not

achieve a complex spatial assessment of thermal comfort.

It does not account for the interaction of various
environmental factors in an urban context, in particular
the ways that terrain and surrounding buildings impact
wind speeds. However, it serves as a valuable indicator
for basic thermal comfort, grounded in core principles
and assumptions such as the presence versus absence of
wind, and the availability of shade as opposed to direct
sun exposure. This method is particularly useful at the
preliminary stages of design and planning. It enables
quick identification of potential thermal comfort issues,
highlighting areas that may require more detailed and
spatially nuanced investigation. As such, this analysis
is a starting point, guiding more targeted studies and
interventions to enhance outdoor thermal comfort.
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1.2 WHEN RECOMMENDED
1.2.1 Detailed Thermal Comfort Study:

For a comprehensive analysis of the impact of changes to
the built environment on thermal comfort, a detailed thermal
comfort study is recommended for the following. The
specifics of what a detailed thermal comfort study entails
can be found in Appendix B - How to Conduct Thermal
Comfort Study.

A. Planning Initiatives (where deemed appropriate):

e City initiated Official Plan Amendments and Large Area
Zoning Bylaw Amendments

e Master planning initiatives and area studies, particularly
in areas with high pedestrian traffic or where changes
could alter wind flow or solar access at street level, and
in vulnerable neighbourhoods.

e Secondary plans and Site and Area Specific Policies
(SASP).

e Large-scale Transit-Oriented Communities (TOCs) and
Transit-Oriented Developments (TODs).

» Site Planning

e Site planning and design of parks and outdoor
recreation facilities, when the project involves, but is
not limited to:

A large scale

A high density location

A significant/high profile project

The city ability to influence factors outside the park
(e.g., adjacent municipal land)

A park with considerable variation in site condition
across the property

CITY OF TORONTO
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B. Development Applications (where deemed appropriate):

e Large site redevelopments larger than 5 hectares in
area (e.g., 200x250m) with buildings over 6 storeys are
recommended to conduct a detailed thermal comfort study
during the Official Plan Amendment, Rezoning, and Site
Plan application stages.

* Developments that involve significant public realm and/
or built form changes from Council-approved Secondary
Plans and Site and Area Specific Plans (SASP) that include
a City initiated thermal comfort study.

Mitigation Analysis:

If the Thermal Comfort Detailed Analysis indicates that

the thermal comfort criteria, as outlined in Chapter 3 -
Performance Metrics, are not met, a mitigation analysis
should be prepared. Necessary changes should then be
made to the proposed design to mitigate the negative
impacts on thermal comfort. Following these modifications,
a revised detailed thermal comfort study should be
conducted to demonstrate compliance with the performance
metrics. A summary of changes to the proposal should also
be clearly outlined. For guidance on effective mitigation
strategies, refer to Chapter 4 - Design Toolbox, which offers
a range of recommendations to enhance thermal comfort.

1.2.2 Desktop Study:

To facilitate a more informed design process, it is
recommended to prepare a desktop study during the early
stages of design. While submitting this analysis as part of
the development application process is not mandatory, it

is highly recommended to conduct in order to inform the
design. Additionally, presenting the desktop study during
the Pre-Application Consultation Meeting is encouraged to
provide insights and foster discussions. City staff may also
conduct their own desktop study to guide their feedback and
comments during the application review process.



1.3 REVIEW AND MONITORING

Regular Updates and Revisions:

e Establish a schedule for periodic review and update of the
guidelines to ensure they remain current with the latest
research, technologies, and urban development trends.

Performance Monitoring:

e Establish a system for monitoring the compliance with
the guidelines and the general performance of completed
projects.

Feedback Mechanism:

» Create a feedback mechanism that allows city planners,
designers, developers, and the public to provide input on
the effectiveness and applicability of the guidelines.

Case Studies and Best Practices:

e Document and publish case studies of successful
implementations to serve as best practice examples.
This can help guide future projects and demonstrate the
practical application of the guidelines.

Training and Awareness:

Conduct regular training sessions for relevant stakeholders
to ensure a thorough understanding of the guidelines.
Additionally, engage in public awareness campaigns to
highlight the importance of thermal comfort in urban
design.

Collaboration with Academic and Research Institutions:

Collaborate with academic and research institutions to
continuously improve the guidelines based on empirical
data and new findings in the field of urban climate studies.

Adjustments Based on Climate Change Projections:

Continuously adapt the guidelines in response to climate
change projections and scenarios to ensure long-term
relevance and effectiveness.

CITY OF TORONTO
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The Metropol Parasol in Seville, Spain, commonly known as "Setas de Sevilla" ("Mushrooms of Seville"), is an excellent example of how built forms can create canopies that provide
shade and weather protection. With seating areas underneath, it ensures a thermally comfortable publically owned private space (POPS).
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Appendix B: How to Conduct Thermal
Comfort Study

1.1 METHODOLOGY

This section outlines the methodology for assessing thermal comfort in outdoor areas, detailing the necessary information
and requirements to conduct such a study in line with the standards set by these guidelines. Two methods are provided: one
for simpler cases that can be addressed through a desktop study, and another for more complex situations that require a
detailed study incorporating simulated wind and radiation effects.
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Rush hour in Toronto's Financial District.
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1.1.1 Desktop study vs. Detailed study:

A detailed study including Computational Fluid Dynamics
(CFD) simulation for an area of the city is not necessarily
required in all cases. Where appropriate, a desktop study
may be undertaken which assesses the impact that changes
to the urban realm would have on thermal comfort using less
detailed analysis.

There is a trade-off between accuracy and detail when
undertaking a desktop study, as it does not consider several
of the elements that influence thermal comfort in as much
detail. For example, a CFD study can determine how wind will
be impacted by changes in building massing, and wind speed
influences thermal comfort significantly in Toronto; however,
in a desktop study, that wind speed must be approximated
using a designer’s experience-based judgement.

1.1.2 Desktop Thermal Comfort Study

A desktop study can be used at an early stage of a design's
development process, or in situations where a full detailed
analysis of local microclimate across a spatial region would
be unfeasible. Examples of these include regions without
sensitive surroundings, with limited publicly accessible
space and minor changes to form or massing of the area.
The output of this type of assessment describes conditions
in a specific location subject to a series of assumptions,
modifying the input to a UTCI calculation to approximate the
effects of these assumptions.

A. Required information/ assumptions

Location: The source data for weather information used

for a desktop assessment depends on the site's location in
Toronto. See page 112 for a figure that shows Inland and
Waterfront climate boundary to determine if the project
location is considered Inland or Waterfront and use the
appropriate dataset accordingly. While local differences
would be present between these typical datasets and specific
sites due to topography around each site, it is important that
the same baseline data is used across all thermal comfort
studies to allow for quantification of comfort against a
common benchmark.

Surrounding massing: Knowing when the sun will be visible
in public spaces will play a large part in how comfortable

an individual would feel in that space. During winter, access
to the sun will improve thermal comfort, whereas during
summer it can result in heat stress, reducing overall comfort
levels. Knowing when shelter from sun is beneficial or
detrimental allows the designer to adjust their designs to suit
the needs of the site being developed.

Local moisture sources: The addition of moisture into the
air (via evaporation, from still water bodies or more active
measures such as misting) modifies the temperature and
humidity of the air, absorbing heat to enable liquid to change
phase into a gas. This can reduce the temperature of the
air, which is why during summer proximity to water bodies
can have a beneficial impact on thermal comfort. The effect
of this moisture source proximity can be accounted for in

a desktop study by approximating the effectiveness of the
moisture addition to air. For example, depending on other
climatic conditions, evaporative cooling can reduce ambient
air temperature by 5°C ', and can be an effective means of
managing comfort when implemented periodically — and
considering air movement conditions also. However, when
ambient humidity is already high, this cooling effect can be
reduced, and even increase perceived thermal stress due to
oppressively humid conditions.

"Wai K-M, Xiao L, Tan TZ. Improvement of the Outdoor Thermal Comfort by Water Spraying in a High-Density Urban Environment under
the Influence of a Future (2050) Climate. Sustainability. 2021; 13(14):7811. https://doi.org/10.3390/su13147811
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B. Calculation

For each hour of the year, the air temperature and humidity
should be obtained, using either values directly from the
provided climate data files for the selected location, or by
modifying those two values based on the addition of water
into the air from nearby moisture sources.

Wind: Wind speed is the most difficult to approximate for
a desktop study, as wind speed and direction is highly
dependent on contextual massing. For this variable, the
effects of nearby massing must be estimated using guidance
from the Pedestrian Level Wind Study Terms of Reference
Guide for how wind behaves around large objects “. For
example, at a time where wind prevails from the east, with
a large building to the west of a location being assessed,
it may be assumed that downwash will occur, and speeds
would increase slightly on the ground to the east of that
building.

Radiant Temperature: Radiant temperature can also be
obtained using the assumption that if completely sheltered
from the sun, it will equal to air temperature, or if exposed
to sun, equal to the radiant uplift in temperature because

of that exposure 2. Radiant temperature also depends on
surrounding surface temperatures, which can be included in
approximation of mean radiant temperature with the method
for their inclusion stated clearly.

For all the assumptions made, these should be noted and
provided alongside results from this desktop assessment,
with justification for why they have been made, and the
adjustments that have been applied to each of the variables
input into the UTCI calculation.

2 Arens, Edward, Tyler Hoyt, Xin Zhou, Li Huang, Hui Zhang, and
Stefano Schiavon. “Modeling the Comfort Effects of Short-Wave Solar
Radiation Indoors.” Building and Environment 88 (June 2015): 3-9.
https://doi.org/10.1016/j.buildenv.2014.09.004.

3 ASHRAE. “ASHRAE Standard 55 - Thermal Environmental Conditions
for Human Occupancy,” 2020.

4Section 6.7: Wind Responsive Design Guidelines

CITY OF TORONTO
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C. Results

The output of a desktop study would be an annual hourly
approximation of UTCI for a specific location, representative
of the thermal comfort conditions experienced by a person
at that location. The results can be summarized according
to the time periods outlined in Chapter 3 — Performance
Metrics, and indicate whether any additional measures
should be made to improve those conditions based on the
targets also provided.

For Toronto, the following thermal comfort targets are
specified, within discrete time periods and UTCI categories
associated with those periods. These are what new
developments should aim to achieve, to show their effective
design incorporating outdoor thermal comfort optimization.

>65% time comfortable in summer months (Jun-Aug,
06:00-21:00, between 9-32°C UTCI)

* >30% time comfortable in winter months (Nov-Feb, 08:00-
17:00, between 0-26°C UTCI)

* >45% time comfortable in shoulder months (Mar-May and
Sep-Oct, 08:00-20:00, between 9-26°C UTCI)

* <5% reduction in annual comfortable hours using the time
periods and temperature ranges specified for seasonal
comfort

For example, for a location being redeveloped which is
partially sheltered to the south and east, during summer and
between 06:00 and 22:00, the proportion of hours within the
UTCI range of 9-32°C may be 80%, which exceeds the target
of >65%. This suggests that this location performs well
during summer; however, during winter where the acceptable
UTCI range changes to 0-26°C between 08:00 and 17:00,
this reduces to 30% which is lower than 45% and suggests
that it may be less usable during winter months. Over the
entire year assessed, the proportion of time considered
comfortable increases by 3% when compared with the
existing conditions in that same location, which means it
also meets the <5% reduction criteria.


https://doi.org/10.1016/j.buildenv.2014.09.004

1.1.3 Detailed Thermal Comfort Study:

A detailed study is undertaken to determine the hourly
conditions experienced across a specific area of Toronto
around a new development or change to existing public
realm space. This type of study can take time to complete
(between 4-6 weeks), but it provides a much more
comprehensive understanding of the impact changes to
public realm have on how pedestrians experience the climate
in a particular region of the city.

A. Required information/assumptions

Location: The location of the study is used to identify which
of the two (waterfront/Inland) datasets are used as the
typical year's weather on which the assessment is based.

Building massing: A detailed study comprises CFD
simulation of the movement of air and solar exposure of the
region being assessed. This requires access to a 3D model
of that region, including details such as topography and
surrounding material types to simulate these two critical
factors in calculating outdoor thermal comfort.

Furniture and materiality: Features in the urban realm
which are not buildings but contribute to changes in the
thermal characteristics of a space can include shade

(such as trees, shelter structures) and infrastructure
(embankments, terraces, bridges) should be included in any
3D model used for analysis. It can also be immensely helpful
to know where there are sources of moisture, vegetation,
and distinct types of groundcovers, which all contribute to
local microclimate conditions.

Vegetation: Including the wind porosity and radiation
transmissivity of trees in any simulation is encouraged;
however, it is also recognized that time-varying conditions
are more complex. Urban realm planting is often designed
with the vegetation as expected in several years' time and it
is likely that the performance of that vegetation (providing
shade and influencing wind) will not be as designed until
after that vegetation has reached maturity and is established
on a developed site.

Trees should be included in the wind simulation, though
given the variability in porosity throughout the year due to
changing leaf conditions accounting for all combinations

of wind speed and foliage is unfeasible. For directional CFD
simulations, the average annual porosity of a tree/vegetation
is acceptable to be used for all directions, which is a required
simplification to make analysis of this type feasible. Due to
this simplification, results presented including vegetation
should note that the effects of seasonal vegetation would
impact the external thermal comfort of the site being
assessed and should highlight where this might increase or
decrease the level of comfort expected.

CITY OF TORONTO
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Study area: The area to be assessed for a detailed thermal
comfort study should have a radius similar to that of a
pedestrian wind comfort and safety study (up to 400m from
the site being assessed). This is to include the effects from
nearby features (such as building massing, terrain, and
bodies of water) on the factors influencing thermal comfort
in the region being simulated. It is not strictly necessary to
simulate in the same level of detail across the entire region
within that distance, so long as the level of detail is enough
to capture the effects of wind, humidity (if water bodies are
present) and radiation.

The 400m distance from the development site does assume
that the sites width and depth are similar, giving a circular
domain within which the assessment is undertaken.

Sites where the plot is long and linear could be assessed

as a whole, though would require significant computing
resources for larger sites. A more realistic approach would
be to identify similar regions along its length and assess
these individually as representative of the whole site.

CITY OF TORONTO
2025

Plot boundaries and regions simulated for (top) a simple site contained within a single
region, (middle) a long linear site where the entire domain would be simulated, and
(bottom) more complex linear site with specific regions simulated representative of distinct
typologies (reducing simulation domain by 38%)



Areas of interest: Within a region being assessed as part
of a detailed study, there are likely to be key areas where
optimizing thermal comfort conditions is more beneficial.
An example of this might be a region used by those with
specific needs or vulnerabilities. A detailed study can give
a holistic view of conditions across an entire region; but it
is often in focusing on a specific location within that region
that the most benefit can be made by layering different
comfort enhancing strategies. Identifying these early in the
assessment process can help to tailor the process to provide
more relevant and accurate results (for example, simulating
specific regions in more detail than others).

These specific areas of interest can also be used to increase
the level of detail in simulation around that point, for
example, allowing for better understanding of conditions in
areas with increased dwell time such as outdoor seating.
Examples of areas of interest include:

e Publicly accessible open spaces, such as parks and
playgrounds

e Spaces where occupants are expected to dwell for
extended periods (e.g., plazas, gathering spaces,
outdoor events spaces

e Spaces where occupants may be more sensitive to
thermal stress conditions (e.g., schoolyards, amenity
spaces, hospital or care adjacent grounds)

5 https://www.toronto.ca/wp-content/uploads/2022/03/8f9c-CityPlan-
ning-ToR-Wind-Guide.pdf

B. Calculation

There are several ways of simulating temporal/spatial
thermal comfort; however, each has their own benefits and
limitations. The most accurate method would be to simulate
every unique combination of air temperatures, humidities,
wind speeds and directions and sun positions using CFD;
however, this would be very time consuming and create
more data than can feasibly be handled. A simplified method
is proposed here which is more achievable and serves as a
reasonable approximation of typical conditions over a typical
year.

Thermal comfort conditions should be based on sensors
within the simulated domain at pedestrian height (1.5m), at
spatial resolution of no greater than 5m.

Wind: Wind should be simulated using CFD for a minimum
of 16 directions, representing wind from all directions. The
speed at which these conditions are simulated should be the
50th percentile for that direction. If no wind is expected from
a specific direction, then the 50th percentile for the nearest
available direction should be used. No stipulations are

made for the configuration of the CFD simulation; however,

it is expected that those undertaking this portion of the
assessment will be capable of producing results consistent
with The City of Toronto: Pedestrian Level Wind Study Terms
of Reference Guide 5.
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Radiant Temperature: Radiant temperature (often called
Mean Radiant Temperature or MRT) may be simulated using
CFD with some simplifications made for its approximation
but can also be calculated independently of a CFD model
using SolarCal® for heat exchange with the sky, surrounding
surfaces and the sun.

The resolution over which this analysis is run should be
for an average spatial resolution of around 5 metres. This
can vary, with more sensitive areas at higher resolution (<5
metres) and less critical areas (larger open spaces, non-
pedestrianized regions) greater than this.

Mesh density varying with proximity to developments

Calculation of MRT is a complex process, most often
calculating surface temperatures of surrounding geometries
using their material properties and then determining view-
factor to each of those surfaces. A suitable approximation
can be to determine incident radiation based on sun
exposure and reflectivity of surrounding materials and
interpolate between a shaded and unshaded surface
temperature for a typical material.

Alongside the Waterfront and Inland datasets provided, a
shaded and unshaded MRT is provided assuming concrete
surrounding materials (concrete ground with no sky shelter
for the unshaded condition, and full enclosure within an
unconditioned thin concrete box). Annual-hourly irradiance
and spatial sky-view simulated across the 3D model may be
linearly interpolated between those shaded and unshaded
MRT results to give a suitable approximation of MRT without
requiring full simulation of surface temperatures.

The results from this portion of a detailed study should give
MRT conditions for each analyzed point in the area being
assessed, for each hour of the year.

Trees should be included in this study, with varying leaf
conditions across the year based on the expected condition
of those trees in 3-years from the development completion
(to allow for growth and establishment of microclimates that
will develop after the development happens). It is acceptable
to use approximations for leaf cover based on species. This
means that shade provided by a deciduous tree in summer
is greater than shade provided by that same tree in winter.
Where leaf coverage for specific trees is unknown, it is also
acceptable to use an approximation of the average porosity
to radiation for the entire year; however, this must be stated
within the documents describing the assessment to make it
clear that this assumption has been made, and that it would
be an effect on the outputs being presented.

6Arens, E., T. Hoyt, X. Zhou, L. Huang, H. Zhang and S. Schiavon. 2015. Modeling the comfort effects of short-wave solar radiation in-
doors. Building and Environment, 88, 3-9. http://dx.doi.org/10.1016/j.buildenv.2014.09.004, https://escholarship.org/uc/item/89m1h2dg
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Universal Thermal Climate Index: Dry bulb temperature and
relative humidity values should be applied uniformly across
the area being analyzed. Where moisture sources are present
that would impact both these variables, they may be included
in the analysis, with clear description of their scheduled
operation (if periodic) and evaporation/emittance rates in
any CFD simulation.

UTCI should be calculated for each hour of the year,
using and scaling the appropriate CFD results for the
corresponding wind direction for that hour, and including
MRT conditions for the corresponding time also.

Yorkville neighbourhood in Toronto.

C. Results

With spatial data available for every hour of the typical year,
and for the area that was assessed, the proportion of that
area achieving the target thermal comfort performance can
be calculated.

For example, within the area assessed, the proportion of
time comfortable during the period defined for winter can
be calculated. This value should be calculated for the area
within the site boundary, and for sensitive areas nearby.
Within the site boundary (including any nearby priority
sites), if more than half of that area achieves the thermal
comfort targets outlined in this document it is considered a
success.

Where areas fail to achieve the target levels of thermal
comfort, it would be the responsibility of the designer to
prove that changes to design (or through the addition of
mitigation measures) can be made to increase thermal
comfort and not detrimentally impact nearby areas within
the requirements of the thermal comfort guidelines.
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1.2 WEATHER DATA SOURCES

Determining the thermal conditions in any outdoor
environment requires information describing the climate that
environment exists within. For the purposes of quantifying
thermal comfort, a baseline set of weather data describing a
typical year has been created. This provides a standard set
of values against which any thermal comfort assessment
could be made.

The climate around Toronto varies based on local conditions.

Topography, proximity to the shoreline, composition of
ground and surrounding materials and many other factors
contribute to subtle differences between weather across the
city. To simplify assessment of thermal comfort and align
assumptions regarding weather conditions with other design
guidelines for Toronto, the boundary suggested by The City
of Toronto: Pedestrian Level Wind Study Terms of Reference
Guide is used to distinguish two areas over which these
conditions vary.

The boundary is drawn based on the location of an elevation
feature associated with the former Lake Iroquois shoreline,
which coincides with the change in wind profiles for the
demarcated areas. In waterfront areas, wind prevails from
the east and west, along the edge of Lake Ontario, while
inland there are more north and west prevailing winds,
bringing with them different moisture and temperature
conditions also.

INLAND

WATERFRONT

Inland and Waterfront climate boundary

CITY OF TORONTO
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Data describing the typical years weather for the two regions
(Waterfront and Inland) has been sourced for the following
locations:

e Inland: Toronto Pearson International Airport (WMO
#716240)

* Inland: Buttonville Municipal Airport (WMO #716390)

o Waterfront: Billy Bishop Toronto City Airport (WMO
#712650)

e Waterfront: Toronto City Centre (WMO #715080)

These were then combined to create a single file per
Waterfront/Inland region, representing conditions across
Toronto.

The source of this data was PCIC , which provided future-
shifted weather files based on an older CWEC 2016 dataset
to predict future conditions based on an RCP8.5 (high
emissions scenario) for 2050 — to ensure that conditions
represented by this data will remain valid for several years.
It is expected that the conditions represented in the two files
provided alongside this document could be updated in the
future with more up-to-date methods of calculating outdoor
thermal comfort; however, the metrics used to assess
performance of an outdoor space are compared against

the baseline within these datasets. The positive or negative
impact of a design choice is reflected in the results from any
assessment undertaken, which would also be valid for any
other data set representing Toronto’s typical annual climate.

7 https://www.toronto.ca/wp-content/uploads/2022/03/8f9c-CityPlan-
ning-ToR-Wind-Guide.pdf

8 https://www.pacificclimate.org/data/weather-files


https://www.pacificclimate.org/data/weather-files
https://www.toronto.ca/wp-content/uploads/2022/03/8f9c-CityPlan

e Thermal comfort calculation: Ladybug Tools
 (alculating the sky-view (the proportion of visible sky,
with 0 being completely covered and 1 being completely
visible I.e., standing in an open field) for a given point/set
of points

An example of viable software options in-use is included in
the following section.

e (Calculating UTCI from the results of the above data

1.3 SOFTWARE While sp§CIfIC software is not prescribed, togls capable of . E
undertaking these types of assessment are listed below. This >

No specific software is prescribed for the detailed or desktop list is not exhaustive but can provide a starting point from E
analysis procedure; however, it is assumed that those which those undertaking these assessments may approach S
undertaking these types of assessments have experience in the task. The methodology defined here may be followed =
this type of work and know the most appropriate tools to use using combinations of these and other tools but requires %
to generate results from the suggested methodologies. knowledge of the subject in order to produce valid results. =
>

At the very least, these tools should be capable of: e Geometric modelling: Rhino, Grasshopper §
e Simulating wind speed and direction for a 3D domain e GFD simulation: Ansys GFX, OpenFOAM g
containing building massing o ) ) ) =

e Radiation simulation: Radiance, Energyplus, Ansys CFX, 2

e Simulating the incident solar radiation on a given point/set ENVI-met %
of points E

=

 Visualizing spatial results in a way that can clearly show
the difference between areas of greater and lesser thermal
comfort

* These capabilities, along with knowledge of the subject
area, are enough to undertake a spatial thermal comfort
study.

CITY OF TORONTO
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1.4 CASE STUDIES
1.4.1 Desktop Case Study: A Park

The following case study presents an assessment of outdoor
thermal comfort for a small park in north end of Toronto,
surrounded by mid to high-rise buildings. As a Desktop
Study, it is simpler than a detailed spatial thermal comfort
analysis, using some assumptions and approximations for
the impact of surrounding on factors influencing thermal
comfort.

This example is illustrative of the level of detail and types of
output a Desktop Study would aim to achieve. The results
presented here are not to be interpreted as indicative of the
actual conditions at the location being assessed.

A. Site summary and assumptions
Specific locations within the area being assessed are
indicated below. These are:

e QOpen area on the upper right
e Seating area on the upper left
e Erskine Road edge on the lower middle

The parkette is designed for general usage and creative play
and fitness activities. The hours of usage are assumed below

e Summer: 06:00-21:00
e Shoulder: 08:00-20:00
e Winter: 08:00-17:00

The desktop-level assessment undertaken here does not
account for detailed wind effects from surroundings, nor
from changes to topography within and around the park.

As such, results cannot be used to ascertain whether wind
shelter or accelerations caused by local massing would
impact thermal comfort levels. A wind consultant would be
required to undertake a detailed study of wind conditions for
greater understanding of local wind conditions at this site.

CITY OF TORONTO
2025

Desktop study site and specific locations for summary, before and after development



B. Calculation

Wind

This desktop study employs the inland weather source

The surrounding massing and landscape approximated
impact on wind conditions have been considered

Without detailed CFD simulation — in-situ wind conditions
must be approximated — or without knowledge of local
phenomena, use the baseline wind conditions without
modification

Sun/sky Visibility

The surrounding massing and landscape impact on sky
visibility have been considered.

The surrounding massing and landscape impact on sun
visibility have been considered

Moisture Sources

No existing water sources found on site (pond/fountain/
mist), nor included in proposed changes (though these are
included in additional measures applied within this desktop
study to increase thermal comfort during summer).

C. Results

Typical Conditions (without local influences)

A baseline UTCI assessment has been made using
information from the Toronto Inland weather dataset. This
represents the average condition across all locations within
the site being assessed and shows values ranging between
-32C and 45C UTCI.

e During Summer months, 71% of time is considered
comfortable

e During Shoulder months, 52% of time is considered
comfortable

e During Winter months, 35% of time is considered
comfortable

Desktop study baseline UTCI assessment, indicating comfort bands and acceptable annual ranges
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Compared to the Toronto Seasonal Comfort target, the baseline condition at
Redpath Avenue Parkette meets all the comfort threshold, marked in purple.

Desktop study seasonal comfort baseline against seasonal comfort targets

Location specific summary

For a specific location, approximations are made to determine the impact of
changing surroundings on thermal comfort. For example, at the road edge the
current conditions are compared against conditions following site development
and effects from changes to surroundings — in this case the addition of a tall
building to the southeast.

Existing (left) and proposed (right) conditions, focusing on road-edge location

CITY OF TORONTO
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In the existing site, the location being assessed is open to the streets on the east,
southeast, and south, and shaded by nearby trees to the west and northwest.

When developed and including massing from nearby developments due to be
completed at time of site redevelopment, there would be additional shade from the
southeast causing late morning sun to be blocked.

Condition Winter Summer Shoulder
(Nov-Feb, 08:00-17:00) (Jun-Aug, 06:00-21:00) (Mar-Apr and Sep-Oct,
08:00-20:00)
35% 67% 52%
Existing
Proposed 38% 69% 53%

(with adjacent
development)

When including changes to wind due to surrounding massing, these values would
change; however, the intention of a desktop study is to highlight where there

may be significant changes to thermal comfort without undertaking a detailed
analysis of the site. If such a change were identified using this simplified method
of assessment, then measures to further enhance comfort and prevent detrimental
effects would be necessary.

D. Conclusion

Typical conditions sit within required levels of thermal comfort against the Toronto
Thermal Comfort Guidelines. No further action is required to mitigate risk of

heat or cold stress in the location assessed as it meets the requirements of the
guidelines.

Although within an acceptable range, the condition closest to not meeting the
thermal comfort requirement occurs during the shoulder season, primarily due

to wind. Results from this study indicate that protection from winds that prevail
during these months may be considered if during further design this is found to be
an issue, or if it is noted as an issue in occupancy.
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1.4.2 Detailed Thermal Comfort Case Study: Flemingdon Park,
Grenoble Drive

The following case study presents an assessment of outdoor thermal comfort
for a specific area of Toronto, specifically the area adjacent to Grenoble Drive in
Flemingdon Park, Toronto. The assessment procedure shown here, and outputs
given as example are based on the guidelines outlined in the “City of Toronto
Thermal Comfort Terms of Reference.”

Itis important to note that this assessment is an illustrative example. The results
from this assessment should not be interpreted to indicate actual conditions of the
location being assessed, but to provide a clear example of how the methodology
outlind in the this chapter can be applied in practice.

A. Site summary and assumptions

The site indicated will be developed to include a mixed-use development,
comprising new landscaped greenspaces, residential and commercial buildings
atop plinths and include roof terrace areas.

The proposed development is taller than current buildings on-site, which consist
of 17-storey residential towers and a church and school to the south.

Results shown here will include effects from these, to reflect conditions to be
expected in outdoor areas within the site, and in areas adjacent that are identified
as sensitive proposed assets. The development is also being considered regarding
nearby developments for which planning permission has been obtained and which
will be completed prior to this site's development.

Beside, images showing the existing and proposed site layouts are presented,
indicating the additional buildings and nearby amenities and assets where impact
to thermal comfort and external pedestrian wellbeing are prioritized.

CITY OF TORONTO
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Top: Aerial view of site and surroundings; Left: Existing site massing; Right: Proposed site massing

The simulations undertaken here use the Inland (Inland_2050s_
ExternalThermalComfort.epw) to provide weather file air temperature, humidity,
solar radiation and wind, speed & direction values. Building massing was
modelled using Rhino, while radiation simulations were performed using
Radiance, from Honeybee within Ladybug Tools. CFD simulations were
performed using Ansys CFX meshed using Harpoon from the Rhino Model. UTCI
calculations were done in Ladybug Tools using Python code, and visualizations
were done with Matplotlib, also Python code. This is an example of viable
software options, although others are possible as well.

CITY OF TORONTO
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B. Calculation

Two sets of results are presented: Existing (the site as it
currently exists) and Proposed (the site post development,
including surrounding developments that will also be
completed when this proposal is complete).

Sky View

Sky visibility is a strong indicator for night-sky cooling,
with greater visibility of the sky leading to cooler nights.
During winter reduced sky visibility can be beneficial to
increase ambient temperatures and during summer the
additional shade associated with reduced sky visibility is
likely to reduce radiant temperatures. However, the inverse
is also true, where during winter the reduced exposure to
the warming sun can reduce ambient temperatures during
the day, and in summer the reduced visibility of cold sky can
increase overnight ambient temperature.

Wind Speed

The annual-hourly wind speed results, based on simulation
of 16-directions and scaled to each hours’ wind speed (at 10
metres are used as input into the UTCI calculation. Below, a
single point-in-time is shown representative of conditions
at 13:0 on March 21st, corresponding with a prevailing wind
from 319° (northwest) at 5.1m/s.

Radiant Temperature

The temperature of surrounding surfaces (and the sun and
sky) also contributes to the UTCI calculation and includes
the effects from radiant heat sources. The images below
show the mean radiant temperatures at the same time as
shown in the wind results above — indicating the effects

of shade from both trees/vegetation and massing. These
images show the average over a time across several days
around the spring equinox (March 21st), with the effects of
shade cast by trees in-leaf included alongside shadows from
buildings.

The massing densification in this site reduces overall radiant
temperature due to the additional shadows cast by new
buildings within its boundary.

CITY OF TORONTO
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Sky View; Top: Existing site massing; Right: Proposed site massing
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Average wind speed around March 21st at 13:00; Top: Existing site massing; Bottom: Average mean radiant temperature around March 21st at 13:00; Top: Existing site massing;
Proposed site massing Bottom: Proposed site massing
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A direct-sun-hours render shows areas subject to low levels of direct sunlight.
This tells the reader where may be considered darker for more hours, across
the day being represented. In conjunction with radiant temperature, it can also
indicate why a specific area has a higher radiant temperature as this is driven by
solar exposure.
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Direct sun hours on March 21st; Top: Existing site massing; Bottom: Proposed site massing
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C. Results

Annual hourly UTCI is calculated using the results shown previously, allowing for the summarization of
spatial thermal comfort within target time periods per the City of Toronto Thermal Comfort Guidelines.

The results shown here include areas outside the site boundary, as there are some sensitive areas
identified in proximity to the site being assessed.

Shoulder months

The figures below show the Existing and Proposed site layouts, with the threshold for the season shown
indicated as a red line (in this instance, shoulder months should achieve >45% of the time thermally
comfortable, between the hours of 08:00 and 20:59 over at least 50% of the area being assessed. As no
area within the assessed area experiences hot or cold stress <45% of the time then there is no issue or
cause for concern with the proposed development.

Proportion of time comfortable within shoulder months period; Left: Existing site massing; Right: Proposed site massing
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Winter months

During winter months, as wind becomes a predominant factor in thermal comfort
(due to wind chill effects) the changes in massing have increased wind speed
between buildings and reduced the area considered “comfortable”. However, this
reduction is still well within acceptable limits and only small areas are achieving
thermal comfort for <30% of the time over winter months (within the bounds
defined in City of Toronto Thermal Comfort Guidelines).

If one of these areas indicated by the 30% contour were to include a sensitive
asset such as a playground, then it would be worth investigating how to mitigate
this increase in cold-stress — through reducing local wind speed to reduce wind
chill in these areas.
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Proportion of time comfortable within winter months period; Left: Existing site massing; Right: Proposed site massing
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Summer months

During summer months, solar exposure is now the predominant factor in thermal
comfort, due to radiant temperature uplift from the warm sun. The Existing site
comprises several mid-rise residential towers which shade regions to the north
and reduce sky-view in areas immediately adjacent. With existing massing, 47.7%
of the site being assessed achieves “thermal comfort” during the summer month
time period. Shade is the most effective tool for increasing thermal comfort during
summer months, and as the new development includes denser and taller building
massing, the shadows cast by those new buildings increase this value to 72.8%.
While this is beneficial for overall thermal comfort, it would also reduce sunlight
availability for which the design would also need to comply with requisite shade
guidelines also.

Proportion of time comfortable within summer months period; Left: Existing site massing; Right: Proposed site massing
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D. Conclusions

The proposed development does not reduce thermal comfort across the site and immediate
surroundings by more than the allowable threshold (5% reduction in annual comfortable hours,
within the time periods and temperature ranges specified for seasonal comfort).

During Winter, a small reduction in spatial thermal comfort is experienced, driven by increases in
local wind speed accelerating around building edges. While within acceptable limits, if sensitive
assets are to be in areas indicated as experiencing less than the targeted thermal comfort levels,
then mitigation methods to reduce wind speed in these areas should be applied.

The shade cast by buildings during summer months has a beneficial impact on thermal comfort
due to protection from the sun; however, while this may be beneficial it also means reduced
sunlight available during winter. A balance needs to be made where comfort is achieved in both
winter and summer.

Liberty Village neighbourhood.
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