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Urban heat islands (UHIs) are a consequence of city design and population growth. 

Negative impacts of UHIs have been discussed, but the opportunity for UHIs to create 

thermally-comfortable outdoor spaces through their warming effect during cool times has 

not been studied. By taking advantage of UHI and by using microclimate design principles 

for increasing outdoor thermal comfort, citizens might use public open spaces under 

broader weather conditions, including cool springtime and autumn evenings. A public 

plaza in Toronto was designed using microclimate design principles to enhance outdoor 

thermal comfort using UHI effects, and evaluated for human thermal comfort with the 

COMFA model. In most locations within the design the thermal comfort increased during 

cool times, but for a few locations this increased summer heating too. Findings provide 

new directions for landscape architects suggesting how UHI can be used as an 

opportunity under certain conditions in city design.  
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1. INTRODUCTION 

1.1 Background 

The winter city is a general idea to classify cities with long winter and harsh 

winter climate which negatively influences inhabitants (Lu & Liu,2014). In winter cities, 

the use of public open space decreases dramatically because of the cold weather, and 

the snow and the lack protection of a site. For instance, Edmonton, located in Western 

Canada, is a typical winter city with a cold season that lasts from November to March, 

which is almost half of a year (Winter Design Guidelines, 2016). In Edmonton, 

inhabitants can attend outdoor activities with beautiful weather and comfortable air 

temperature for approximately 150 days annually, from early May to mid-October 

(Winter Design Guidelines, 2016). To extend the number of outdoor-comfort days for 

inhabitants becomes one of the design targets for landscape architects.  

To promote outdoor-activity in cities during cool times, public open spaces with 

thermally comfortable atmosphere should be provided to inhabitants. Urban Heat Island 

(UHI) is a phenomenon which appears in cities which the air temperature is higher than 

adjacent suburban or rural areas (Oke, 1982). The UHI may benefit colder cities at 

higher latitudes due to the warming effects (Gartland, 2008). It is primarily caused by 

the increasing use of artificial materials and the raised anthropogenic heat (Erell, 2011; 

Landsberg, 1981; Forman, 2014; Mohajerani et al., 2017; Giguere, 2009). Since the 

term “UHI” was first used in Howard (1818), it has been studied numerous times to 

explore its impacts. However, rarely have researchers analyzed the opportunity of UHI. 

In North American cities, the heat wave brought by UHI effect appears infrequently. In 

the city of Toronto, the government sends extreme heat alerts to citizens since 2001 
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(City of Toronto, 2017). Extreme heat alerts were sent to Toronto citizens five times per 

year on average from 2001 to 2017. As a result, the opportunities of UHI should be 

studied instead of only describing the negative effect of UHI. UHI can bring some 

phenological effects to cities, such as extending the growing season and change plants’ 

early blooming date and leaf drop date (Forman, 2014). Therefore, UHI might be able to 

provide positive effects in creating thermally comfortable outdoor spaces and extending 

the period for citizens to stay outside during cool times.  

The extra heat added by UHI might not be enough to create a thermally 

comfortable open public space. The technology of modifying outdoor microclimate 

should be applied as well. Microclimate is the status of the solar radiation, terrestrial 

radiation, wind, air temperature, humidity, and precipitation in a small scale outdoor 

space (Brown & Gillespie, 1995). To modify microclimate, landscape architects use 

specific principles to modify mainly solar radiation and wind since other elements 

affecting microclimate are less easily modified. In the City of Edmonton, with 

appropriate design methods to catch solar radiation, block the wind and reduce 

shadows from high buildings, the time that people can stay outside comfortably can be 

extended up to 30%, which could equate to about three weeks earlier in spring and 

three to four weeks later in fall (Winter Design Guidelines, 2016). Extending the thermal 

comfort of urban open space is important because it has positive impacts on mental 

health by encouraging people to become more active and by promoting more social 

interactions during cool times (Winter Design Guidelines, 2016).  
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1.2 Goal and Objectives 

The thesis aims to explore how microclimate design principles can be used to 

take advantage of UHI in creating a thermally comfortable outdoor public space in 

Toronto. To achieve this goal, several objectives are indicated below.  

• Summarize central concepts and design principles of microclimate design. 

• Compare and identify opportunities between UHI and microclimate design principles. 

• Develop a design solution for a public outdoor space in Toronto. 

• Evaluate the design against the existing condition result to assess human thermal 

comfort. 

 

1.3 Methodology 

After setting the goal and objectives of the study, an appropriate methodology 

was designed to guide this research. The following flowchart indicates the whole steps 

that led to the research result. To begin the study, a literature review will be conducted 

to explore an existing problem. With the purpose to enhance the outdoor thermal 

comfort, related fields will be studied through literature review which has three parts, 

including the study of UHI, microclimate design principles, and public spaces. The 

literature review will discuss the feasibility of using microclimate design principles and 

the warming effect of UHI to extend the use of public spaces during cool times. Based 

on selection rationale, a site will be selected in Downtown Toronto. By studying the 

monthly average temperature, the study time will be determined. Site inventory and 

analysis will be conducted for the further design, which will be developed to apply the 
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UHI-informed microclimate design principles. Computer-aided design (CAD) plans, a 

site visit, and climate data from Canadian Climate Normals are the primary data used 

in the site inventory and analysis. A three-dimensional model of the site and adjacent 

condition will be created by SketchUp to analyze sun patterns and shadow patterns. 

The climate data, including wind speed, monthly average temperature, and the entire 

amount of monthly sunshine hours, will be used to address two selected dates for this 

study. After analyzing the site, a design will be created by drawing upon the UHI- 

informed microclimate design principles, and an outdoor thermal comfort model, which 

is called COMFA, will be used to evaluate the design. The discussion and conclusion 

will be produced based on the comparison of the existing conditions and the 

microclimatic design.  
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Figure 1.1: Graphic description of research project components 
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2. Literature Review 

2.1 Urban Heat Island  

In 1960, about 33% of the global population lived in cities. In 2016, more than 

four billion people lived in urban and suburban areas when the world population is 7.4 

billion, which means there are approximately 54% of the world population lives in the 

city (The World Bank, 2017). This intensification of city populations leads to many 

problems, such as a growing number of vehicles and buildings, growing demand for 

energy, and expanding areas for living and working. These problems have led to urban 

sprawl, but also to UHI effects in city cores (Mohajerani, Bakaric, & Jeffrey-Bailey, 

2017; Erell, Pearlmutter & Williamson, 2011; Landsberg, 1981; Forman, 2014). The 

UHI is a consequence of city design. 

 

2.1.1 Characteristic of UHI 

Luke Howard first used the term UHI in 1818 as one of the most significant 

phenomena of the urban climate (Erell et al., 2011). The UHI and its effects have been 

studied numerous times to explore its causes, impacts and solutions. UHI is primarily 

caused by (Erell, 2011; Landsberg, 1981; Forman, 2014; Mohajerani et al., 2017; 

Giguere, 2009):  

1) the increasing use of artificial materials, which blocks water filtration, decreases 

water absorption functions, and decreases evaporation from soil, and finally increases 

the stored heat in the surface ground;  

2) the change of urban form and growth of population increases anthropogenic heat 
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from air conditioning, motorized vehicular traffic, and industrial activity. 

UHI is a phenomenon which can be found mostly in cities. Howard (1833), cited 

in Oke (1982), revealed that under the influence of the UHI, the air temperature in urban 

areas, especially in the city core, is higher than surrounding rural areas. When this 

phenomenon arises, the city can suffer from UHI effects such as heat waves, poor air 

quality, and increased energy demand (Giguère, 2009). In urban areas, the maximum 

temperature difference often appears 2-3 hours after sunset. In small-scale building 

complexes, the difference can last until midnight with the influence of the sky view factor 

(SVF): a low SVF decreases the cooling rate at night (Landsberg, 1981; Mohajerani, et 

al., 2017). The air temperature rises from the outskirts to the city core as shown in 

Figure 2.1. The air temperature difference between urban and rural areas is between 

around 4 to 5 degrees Celsius (Landsberg, 1981). The difference can reach 12 degrees 

Celsius or even more with the development of urban form, which means urban heat 

island effect is under evolution as well (Oke, 1987).     

The intensity of UHI effect changes depending on seasons and local climates, 

even in different times of a day (Mohajerani, et al., 2017; Erell et al., 2011; Landsberg, 

1981; Forman, 2014). In the morning, UHI intensity is the smallest; conversely, the 

intensity is the largest at night, since the urban surfaces slowly release heat stored 

during the day and slow the cooling rate during nighttime (Gartland, 2008, Landsberg, 

1981; Forman, 2014). Several studies found that the UHI is stronger in winter than in 

summer. In 1990, a study of “the spatial variation in heat island intensity” was done in 

Tokyo, Japan (Yamashita, 1996). Study result showed that the temperature difference 

between urban and suburban areas was largest in winter (4 to 5oC) while the summer 
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difference was 1.0 to 1.5oC (Yamashita, 1996). Another study in Melbourne, Australia 

found the strongest heat island appeared at winter night (2.4oC), and the weakest heat 

island was found during summer daytime (0.4oC) (Morris and Simmonds, 2000).         

 

         

 

2.1.2 Types of UHI 

According to Erell et al. (2011), the UHI is distinguished by three different types 

based on stratigraphy. Each of them has distinctive intensity and characteristic. The 

types are the surface heat island, the canopy-layer heat island, and the boundary-layer 

heat island.  

1) The Surface heat island (SHI) 

Urban SHIs typically is observed when the temperature of metropolitan surfaces 

is higher than the surrounding natural surfaces. This category of heat island appears 

where a city is surrounded by vegetated rural areas or areas with moist soil, which 

maintaining a cooler air temperature than the urban areas. This type of heat island 

Figure 2.1: Generalized cross-section of a typical UHI  
Source: adapted from Erell et al. (2011) 

 



9 
 

achieves its highest air temperature during the daytime, especially on sunny days with 

little wind, and the effect is weaker at night. 

2) The canopy-layer heat island (CLHI) 

Urban CLHI forms in the air layer closest to the city surface, extending to the top 

of the surrounding buildings. Its intensity is typically stronger at night when the 

atmospheric condition is stable and is weaker or non-exist during the daytime. 

3) The boundary-layer heat island (BLHI) 

Urban BLHI is observed upward to around 1000 to 2000 metres above the city 

(Forman, 2014), typically forming a dome of heated air. During the daytime, the 

thickness of the heated air may reach 1000 metres or more; while at night, the range 

shrinks to hundreds of metres. 

The three types of UHI affect different layer in cities as shown in Figure 2.2. 

Among three types of UHI, SHIs and CLHIs affect microclimate and human activity the 

most since the influenced layers are closely related to human activities (Forman, 2014). 

Thus, these two types of UHI will be discussed in detail.  

 

 

 

Figure 2.2: Three types of UHI described by Erell et al. (2011) 
Source: adapted from Voogt (2004) 
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2.1.3 Causes of UHI  

The UHI is created by numerous factors, including urban form, building density, 

and vegetation. To understand the causes of UHI effect clearly, the energy budget of 

the environment is introduced (Forman, 2014).  

Energy cannot be created or destroyed, only transformed from one form to 

another. The energy input equals the energy output; however, this balance does not 

exist at all times. Energy input equals energy output plus any change in the amount of 

energy that stored in different areas or materials (Brown & Gillespie, 1995). 

At the urban surface level where SHIs and CLHIs typically form, the energy 

balance is determined by six components (Erell et al.; 2011; Forman, 2014; Brown, 

2010). The formula can be expressed as follows: 

Q* + QF = QE + QH + change in QS + change in QA 

Figure 2.3 explains flows of the six energies. Q* is the net all-wave radiation, 

which combines the direct short-wave radiation from the sun and the diffuse short-wave 

radiation from the sky. There is no substantial difference in the Q* between urban areas 

and rural areas because direct short-wave radiation is not different at fine spatial scales. 

Q* of urban areas can be slightly lower than rural areas because of air pollutants above 

cities. QF is the anthropogenic heat produced by human activities, which is only 

significant in specific locations, such as downtown and high-density building areas, or 

industrial areas where heat is exhausted from processes such as cooling. QE is the 

latent heat, which is the heat that is used to evaporate water. Evaporation can take a 

large amount of energy from the surface when the surface is wet, and the atmosphere 

has enough capacity to receive vapour. QH is the sensible heat that can be sensed by 



11 
 

people. When the atmosphere does not have enough capacity to receive vapour or 

there is no liquid water that allowed to evaporate, all of the energy becomes sensible 

heat. QS is net storage heat flux, including the energy that is absorbed from the sun, the 

atmosphere, and other terrestrial surfaces. Objects in cities absorb heat during daytime 

and emit the stored heat at night, but natural surfaces and materials in the rural area 

rarely absorb heat during the daytime. Therefore, QS in city areas is higher than 

surrounding rural areas. QA is the net horizontal heat advection, comes from the 

difference of temperatures, such as between buildings and a park, urban area and 

adjacent suburban. QA does not bring any effect on UHI. Thus, factors affect QF and QS 

within a city will be reasons affect the intensity of UHI.  

 

 

 

 

 

 

 

                             

 

 

 

 

 

Figure 3: Schematic section showing urban surface energy balance components 

Source: adapted from Erell et al. (2011).  

 
Figure 2.3: Schematic section showing urban surface energy balance components 
Source: adapted from Erell et al. (2011). 



12 
 

2.1.3.1 Urban form and building density 

Urban form is affected not only by building dimensions and spacing, but also by 

the number of manmade materials, which are mostly impervious, and by the quantity 

of green space. City size and building density have been shown to correlate with UHI 

as well (Erell et al., 2011).  The difference among these elements between urban and 

rural areas intensify the surface temperature difference between two regions, 

especially after sunset. Because impervious pavements in metropolitan areas can 

store more heat than the vegetated rural surfaces during the daytime; while at night, 

urban materials emit the stored energy slower than rural areas (Forman, 2014). In 

other words, the surface in rural areas can cool down faster than urban areas after 

sunset. This phenomenon forms nocturnal UHI (Landsberg, 1981). 

With the development of the city, the concentration of buildings increases. 

Buildings are higher and denser in urban areas, especially in the city core. Tall buildings 

along street sides create the urban-canyon effect, which has a direct relationship with 

UHI effect (Erell et al., 2011). These buildings limit the visible sky from street level. 

The urban canyon contributes to the formation of UHI in three ways. First, within 

the canyon, multiple surfaces increase the reflection and absorption of sunlight, 

decreasing the urban albedo and rising heat storage in urban structure (Erell et al., 

2011). The research found that low-albedo materials such as materials in a darker 

colour used in urban areas may reach an extremely high surface temperature (80oC) in 

summer (Giguère, 2009). The sky view factor (SVF), which means the proportion of the 

sky that is seen by a surface in deep and narrow urban canyon, is closely related to UHI 

(Erell et al., 2011). It restricts the terrestrial radiation emitted to the sky and slows down 
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the surface and air cooling rate in the evening (Erell et al., 2011). Finally, dense 

buildings reduce wind speed near the ground and inhibit the rate of air-flow between the 

canyon spaces. In other words, it slows down the cooling rate of air in urban areas after 

sunset (Erell et al., 2011).  

 

2.1.3.2 Impervious surfaces and humanmade urban materials 

Due to urban sprawl and urbanization, vegetated and soil surfaces are replaced 

by humanmade materials which tend to be impervious, such as concrete, asphalt or 

bricks. According to Akbari et al. (2009), cited by (Mohajerani et al., 2017), about 40% 

of the surface in the city was covered by pavements currently. The increasing density of 

manmade material changes the paved surface in cities, which blocks water filtration, 

decreases water absorption functions and decreases evaporation from soil (Giguère, 

2009).  

During precipitation, impervious surfaces block the penetration of rainwater and 

leave most water on the surface (Ferguson, 2016). With an efficient drainage facility, 

most water will flow into the sewer. Water left on the surface will evaporate within a 

short period, following by a rapid increase of sensible heat near the surface, which is 

observed by an increase of air temperature (Erell et al., 2011). In rural areas where the 

ground surface is covered by vegetation or damp soil with high permeability, rainwater 

is stored and evaporates slowly after the rain stopped (Erell et al., 2011). During this 

process, the ground surface is moist enough to reduce the sensible heat and thus 

maintain a lower air temperature (Erell et al., 2011).  

Additionally, the ability to store heat is different between urban surface materials 
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and rural natural surfaces. The ability to store heat is related to two material properties: 

thermal conductivity, which is the property of a material to conduct heat; and heat 

capacity, which the quantity of heat a material can store (Gartland, 2008). A 

combination of these properties, called thermal diffusivity, is a significant factor to 

describe how much heat a material can store and how long the heat can be kept 

(Gartland, 2008). As shown in Figure 2.4, manmade materials such as brick, concrete, 

steel, and insulation have high thermal diffusivity, and natural materials such as soil and 

wood have low thermal diffusivity (Gartland, 2008). As a result, manmade materials 

increase the heat storage during the day and decreases the speed of heat emitting at 

night (Landsberg, 1981). 

 

 

 

 

 

 

Figure 2.4: Thermal diffusivity of various materials 
Source: adapted from Oke (1987); Ashrae (1993). 
“High values of thermal diffusivity mean that heat reaches deeper 
into a material layer, and temperatures stay more constant over 
time; conversely, low values mean that a thinner layer is heated, and 
temperatures tend to fluctuate more rapidly.” Gartland (2008, p.18). 
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2.1.3.3 Vegetation 

According to Erell et al. (2011), existing vegetation affects urban surface energy 

balance in four ways mainly. First, tree canopy provides shade to ground surface that 

prevents solar radiation from reaching terrestrial surfaces. Second, it blocks long-wave 

radiation reflected from the sky to the ground and outgoing radiation emitted by the 

ground surface. Third, when the wind is blowing, vegetation reduces wind speed which 

decreases surface convection (either cooling or heating). Finally, it provides moisture 

and releases part of heat during evapotranspiration (Giguère, 2009). With these effects, 

the presence of vegetation can keep the surface temperature lower than exposed paved 

surfaces during the daytime. Without a certain amount of vegetation, urban areas will 

lose some effects and UHI effects can increase. 

 

2.1.3.4 Anthropogenic heat 

According to Landsberg (1981), the UHI is also closely related to the number of 

inhabitants in a city. In Columbia, Maryland, the air temperature difference grew from 3 

degrees to 7 degrees, when the inhabitants grew from 1000 to 20,000 (Landsberg, 

1981). The increasing number of inhabitants produce more heat to the city through the 

increasing use of air conditioning, motorized vehicular traffic, and the rising amount of 

industrial activity (Mohajerani et al., 2017; Giguère, 2009). The raised anthropological 

heat contributes to forming UHI in urban canopy layer. In winter, thermal energy 

escaping from buildings can raise outdoor temperature; same during summertime, 

waste heat from air-conditioning systems may raise air temperature as well.  This 

thermal contribution raises city air temperature directly.  
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Indirectly, due to human activity and overuse of fossil fuel, carbon dioxide is 

emitted into the urban atmosphere, which exacerbates the greenhouse effect, which 

also raises air temperature (Giguère, 2009).  

Additionally, weather conditions and geographic location may affect the intensity 

of UHI. Under calm winds and clear weather conditions, UHI intensity is the strongest. 

Cloud cover can reduce radiative cooling at night, extending UHI effects. When wet and 

vegetated rural areas surround urban areas, the difference between city core and the 

edge is magnified (Erell et al., 2011; Forman, 2014).  

 

2.1.4 Opportunity of UHI 

Most research has focused on the negative influence of UHI for the city and 

citizens, but not much attention has been paid on how to take advantage of the UHI. As 

it is already a problem that cannot be easily reversed, the opportunity of UHI should be 

investigated since the extra heat it brings may become a positive effect in cool times.     

Due to the warming effects in the winter, UHI may benefit colder cities at higher 

latitudes (Gartland, 2008). Report from Imhoff et al. (2010) found that the difference in 

air temperature between the urban core and surrounding rural areas is the largest (7 to 

9oC) during summer daytime. Except for this time, at summer nighttime, winter daytime, 

and winter nighttime, the temperature difference drops to 0 to 4oC, which may add a 

positive heat to outdoor spaces since the air temperature is cooler during these periods.  

To consider UHI as an opportunity in agriculture was found as well. A recent 

paper (Waffle, Corry, Gillespie, Brown, 2017) shows that the UHI effect in the urban 

area can promote the growing of crops which are not able to grow in surrounding rural 
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areas because urban areas are warmer than rural areas. According to Waffle et al. 

(2017), in Toronto, when warmer-climate crops can receive enough sunlight and higher 

air temperature during the growing period, the UHI effect will help it grow successfully 

due to the protection from frost. Urban building materials help to increase the leaf 

temperature of crops by helping plants to receive more terrestrial radiation from 

surroundings. Manmade material building surfaces, such as glass walls or other bright 

or reflective materials, may reflect enough sunlight for crops planting in areas without 

enough direct sunlight. Growing areas with minimal wind can also help crops to receive 

more terrestrial radiation to raise leaf temperature and thus increasing its expected 

growing degree days from warm-season crops. As a result, the hot and uncomfortable 

urban climate caused by UHI may become an opportunity to increase urban food 

production or diversity since more than one crop can be grown in cities within hot 

microclimate. 

 

2.2 Microclimate and Human Thermal Comfort  

Because people enjoy being outside, studying microclimate and designing with 

microclimate may help designers to create a thermally comfortable outdoor space for 

people to spend their time. Microclimate is the condition of the solar radiation, terrestrial 

radiation, wind, air temperature, humidity, and precipitation in a small scale outdoor 

space (Brown & Gillespie, 1995). Different from macroclimate, the climate of a region, 

the scale of microclimate study can be in metres. Within the six components forming 

microclimate, two of them can be easily modified and controlled by landscape design: 

solar radiation and wind (Brown & Gillespie, 1995). The rest can be hardly controlled or 
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changed since wind can easily mix heat and moisture in the air (Brown & Gillespie, 

1995). 

To create a thermally comfortable designed landscape for people, the energy 

budget models of people should be studied to get a better understanding of energy 

exchange.  

 

2.2.1 Energy budget of human beings 

To study thermal comfort of a person, the foundation is the energy budget 

(Brown, 2010). The beginning point of energy flow within a human body is a person's 

average normal internal temperature, which can range from 36.4oC (97.6oF) to 37.1oC 

(98.8oF) (Brown, 2010). Based on this, when the energy received and the energy losses 

are equivalent, the person can be regarded as thermally comfortable in the landscape 

(Brown & Gillespie, 1995). As Figure 5 shows, a person may receive energy mainly 

from three ways including metabolic energy, solar radiation and terrestrial radiation 

while they will lose energy through three ways such as evaporation, convection and 

emit radiation (Brown & Gillespie, 1995).  

The metabolic energy has a close relationship with human activity level: the more 

intensively-active a person is, the more energy is created by their metabolism (Brown & 

Gillespie, 1995). Also, the activity level is closely linked to a person's comfort level 

(Brown & Gillespie, 1995). For example, a person will feel too hot after finishing 

vigorous activity compared to a person being sedentary. The other two energy sources 

(radiation) people receive can be absorbed or reflected efficiently. Brown and Gillespie 

(1995) regard that terrestrial radiation can be absorbed by people efficiently. Solar 
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radiation can be absorbed or reflected, depending on the colour of clothing a person 

wears: the darker colours a person wears, the more solar radiation they will absorb 

(Brown & Gillespie, 1995). 

 

 

 

 

The way people lose thermal energy is usually through breathing, evaporation of 

perspiration, wind and by emitting radiation that they received. The moisture within 

human body evaporates through breathing and perspiration on the skin which results in 

heat loss (Brown & Gillespie, 1995). Also, wind can take heat away from a person 

through convection when the air temperature is lower than the temperature of a 

person’s skin. Convection accelerates when the wind speed increases (Brown & 

Gillespie, 1995). 

 

 

 

Figure 2.5: Energy budget of human beings 
Source: adapted from Brown & Gillespie (1995) 
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2.2.2 Other Components 

2.2.2.1 Air temperature  

People usually check air temperature in weather reports for the next coming day 

trying to understand the weather. However, air temperature is just one component that 

needs to be provided to describe a microclimate, since the result is a combination of 

many factors (Brown, 2010). According to Brown (2010), the result of air temperature 

measured through a thermometer is affected by three factors, such as heat from 

people’s hand, radiation from the sun and surrounding environment and wind. As a 

result, the air temperature is not accurate enough to describe a microclimate. The 

experience of thermally comfortable space is not due to the difference in air temperature 

completely. 

 

2.2.2.2 Humidity  

Humidity in the air is a significant factor for the thermal comfort of human beings 

since it has a close relationship with evaporation comes from the human body (Brown, 

2010; Brown & Gillespie, 1995). In the hot and dry air, energy can be carried away 

through perspiration to make a person feel cool; however, in the hot and humid air, this 

type of energy transition is limited since the air can only hold a limit amount of water 

(Brown, 2010; Brown & Gillespie, 1995). Humidity can be modified in an isolated 

environment, like a closed room (Brown, 2010). There are two opportunities to modify 

air humidity: first, water can be added to the environment to allow evaporation when the 

air is hot and dry; second, water can be condensed out from the environment when the 

air is hot and humid (Brown, 2010).   
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2.2.2.3 Radiation  

Radiation is an important element in a microclimate that influences people’s 

thermal comfort level, including solar radiation and terrestrial radiation, and they can be 

modified through design (Brown, 2010; Brown & Gillespie, 1995). Absorbing these two 

radiations is a key method for people to receive energy in the landscape.  

The more solar radiation a person 

receives, the warmer they will feel; and 

vice versa. The intensity of solar radiation 

can be highly variable (Brown & Gillespie, 

1995). As shown in Figure 2.6, when a 

surface is perpendicular to the sun, it will 

receive the highest intensity of solar 

radiation; conversely, when a surface is 

parallel to the sun, the intensity of solar radiation is extremely low (Brown, 2010).  

Brown (2010) said, "every place in the landscape and every part of a 

microclimate are full of terrestrial radiation." Different from solar radiation, the way 

terrestrial radiation affects people’s thermal comfort depends on how people receive 

and emit the energy in balance (Brown, 2010). When a person is receiving more 

terrestrial radiation than they are emitting which means they are gaining terrestrial 

radiation, they will feel warm. If the balance is converse, the loss of terrestrial radiation 

will make people feel cooler (Brown, 2010).           

 

 

Figure 2.6: Solar angle and intensity of solar 
radiation 
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2.2.2.4 Wind and Convection 

As a factor strongly related to human thermal comfort, wind needs to be 

considered through the process of microclimate design. Heat can be taken by wind 

through convection as long as air is cooler than a person. In winter, when the air 

temperature is lower than people’s skin temperature, the amount of heat taken by 

convection is high, meaning that the wind will make people feel cold; while in summer, 

air temperature can be nearly same as people's skin temperature or even higher, the 

estimated heat carried by convection is low: heat will be added to people (Brown, 2010). 

As a result, the goal to modify wind to create a thermally comfortable place for people is 

to decrease wind speed in cold times and increase wind speed in warm weather 

(providing a place that air temperature is below skin temperature) (Brown, 2010).  

Before modifying wind in a landscape, the knowledge of wind should be studied. Wind is 

created and promoted by the difference of pressure in the atmosphere (Brown & 

Gillespie, 1995). As figure 2.7 shows, as a movement of air, the wind is the movement 

of air from an area of high pressure to an area of low pressure, and wind speed 

increases by height (Brown & Gillespie, 1995). 

 
Figure 2.7: Wind movement 
Source: adapted from Brown & Gillespie (1995) 
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In a landscape, the wind may come from every direction which makes wind 

challenging to study and modify. However, the wind may blow predominantly from one 

direction in each different region and season 

(Brown, 2010). Wind direction in different 

seasons can be recorded and represented by 

a wind rose graphically (Brown, 2010). Figure 

2.8 shows an example of a wind rose. The 

length of each line represents the percentage 

of time that the wind blows from different 

directions read from the compass directions 

(Brown, 2010).  

Wind can be modified by landscape 

elements, for example, by adding windbreak in a specific area is the most common way 

to modify wind and direction (Brown & Gillespie, 1995). Any elements formed in a linear 

shape can act like a windbreak, such as a stone wall, a tree strip, a shrub line, etc. 

(Landsberg, 1981). The effect of a windbreak depends on its height and density, and 

orientation relative to the direction of the wind. Typically, “The denser a windbreak, the 

greater effect on wind speed, but the smaller area of the affected air. Conversely, the 

looser a windbreak, the lower the effect on wind speed, but the larger the area affected” 

(Brown & Gillespie, 1995, p.130). As Figure 2.9 shows, just beyond the windbreak is the 

area of "quiet zone" with little airflow. This area is usually eight times of the height of 

windbreak. Beyond that is a “wake zone” of turbulence which extending to 15 to 25 

times of the height of windbreak (Erell et al., 2011). Depending on different zones 

Figure 2.8: Wind Roses  
Source: adapted from 
http://signaturesustainability.com/servic
es/building-energy-modeling/) 
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beyond windbreak, the location of windbreak should be carefully considered to achieve 

the best effect.     

 

 

2.2.3 General design principles  

Air temperature and air humidity can hardly be modified at microclimate scale; 

however, cool air in adjacent vegetated areas may help to relieve the hot temperature 

through wind, known as “park cooling islands,” the converse to urban heat island 

(Brown, 2010). Radiation and wind can be controlled and significantly modified by 

landscape elements. The main concept of designing microclimate and general 

principles for a thermally comfortable microclimate design are listed below (Brown, 

2010; Brown & Gillespie, 1995). 

There are three main concepts in microclimate design (Brown, 2010). First, the 

sun has the primary heating effect for objects in a landscape since it provides solar 

radiation. The degree of warming effect it achieves can be modified by selecting and 

orientating landscape elements; however, it is easier to decrease the warming effect 

than to increase it. Second, the wind is the main cooling factor for warm objects in a 

landscape because it can remove heat. It moves in a predictable way through a 

landscape, taking away the heat. When the air temperature drops below surface 

Figure 2.9: Calm space behind a windbreak 
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temperature, a general UHI effect forms. Selecting and orientating landscape elements 

can change the cooling amount in different parts of a landscape; however, it is easier to 

reduce the cooling than to increase it. Third, air temperature and air humidity can hardly 

be modified in a landscape, except in a specific condition. However, they can be 

influenced by cool air in adjacent areas. Cool air in adjacent vegetated areas may help 

to relieve the hot temperature through wind, known as “park cooling islands.” 

 

2.2.3.1 General principles 

Based on the main concepts, the general idea of modifying microclimate in 

different seasons can be concluded by two major principles and several details (Brown, 

2010): 

1) In summer, it is more effective to reduce the solar radiation received by a person 

to achieve the cooling effect. In winter, it is simpler to achieve the warming effect 

by decreasing the wind speed that flows around an object. In spring and winter, 

when solar radiation and wind have a similar effect on an object, reducing the 

wind has the most obvious impact while the absorbed solar radiation is not 

changed. 

2) When human thermal comfort is the main consideration in a landscape, it is an 

effective way to consider energy budget of the human body. To balance the 

absorbed heat by the human body and taken away heat from the human body 

can help to achieve the purpose of making people feel comfortable.  
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a) Modifying radiation 

In a landscape, every object that absorbs heat will emit terrestrial radiation. 

Generally, the more heat the object absorbs, the higher temperature it achieves, the 

more radiation it emits. Terrestrial radiation emitted by objects can be influenced by 

transparency. An opaque surface in the landscape emits more terrestrial radiation than 

transparent objects, especially transparent sky. Clear sky emits an extremely small 

amount of terrestrial radiation. Also, the amount of heat absorbed is proportional to the 

depth of the colour. Darker surfaces or objects absorb more heat and reflect less solar 

radiation onto other objects. Conversely, surfaces or objects that are light in colour 

absorb less heat and reflect more solar radiation onto other surfaces.  

The received solar radiation may be affected by season. The speed that the sun 

moves through the sky varies according to the season. In general, the sun moves fast in 

summer than in winter. In other words, the time an object absorbs solar radiation from a 

certain angle is shorter than it does in winter. 

 

b) Modifying wind 

Wind brings a cooling effect to an object in a landscape by taking away the heat 

from the object until they have the same temperature as the wind. To prevent the 

cooling effect by wind, landscape architects can add windbreaks in required places to 

slow the wind. The most effective windbreak is a fence or vegetation with about 50 

percent porosity. A vegetated windbreak that does not meet the requirement will form 

turbulent air, which increases the cooling effect of the wind. The convection process 

caused by wind may bring a cool or warm effect to a landscape. Evaporative processes 
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on a wet surface will help to decrease its temperature below air temperature, while 

convection may increase the evaporative process. 

 

c) Modifying air temperature and humidity 

Air near vegetated areas, like urban parks or plaza with a large amount of 

vegetation, will be cooler than air near concrete and asphalt surfaces in urban areas. 

Moreover, the wind will carry this cool air into nearby hot areas of the city. Similarly, air 

near the warm surface may be warmed up, and the wind will bring the warm air to 

adjacent open areas. 

On cold nights with a clear sky, air exposed to the open sky will become cooler 

and heavier than surrounding air obscured by a crown or other canopies. Due to the 

difference in temperature and weight of air, the cooler air tends to move down slopes 

and gather in low spaces. 

 

d) Effect of landscape elements 

Plants, both evergreen and deciduous woody plants, can provide shade in a 

landscape. The evergreen plants provide shade in all seasons, and can help to block 

winter wind when planted in a proper location. The deciduous plants provide shade in 

summer and allow solar radiation to pass through in winter. However, deciduous 

vegetation has less effect on blocking the wind.  

Landscape elements, like trellis and fence, can provide shade when placed in a 

proper direction. When a trellis is placed toward the south, it can block solar radiation in 

summer but it will not block solar radiation in winter. Additionally, the grid system can 



28 
 

support the growth of deciduous vines, which functions as deciduous trees that 

providing shade in summer and allow solar radiation to pass through in winter (see 

Figure 2.10). When a fence is oriented to the east or west, it can provide shade near 

sunrise and sunset throughout the entire year. It can provide the largest area of shade 

in winter and the smallest area of shade in summer (see Figure 2.11). If placed facing 

wind direction, a fence can also slow downwind speed, which influence will be 

maximized when the porosity of the fence is about 50 percent.

 

 

 

Figure 2.11: Fence toward east-west provides shadow in winter (a) and in summer (b) 
Source: adapted from Brown (2010). 

Figure 2.10: South facing trellis with deciduous vines in summer (a) and in winter (b) 
Source: adapted from Brown (2010). 
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Water, as a landscape element, will affect the landscape in variable ways. When 

oriented as a flat surface to the south, the surface can reflect solar radiation to space. 

When a water feature is placed in an enclosed space where has little air exchange, it 

can affect the air temperature and humidity. When water is sprayed on a surface, the 

evaporation process will cool the surface and decrease the amount of terrestrial 

radiation diffused by the surface. 

The placement orientation of a vertical wall in a landscape may influence the 

microclimate. When located east-west, the intensity of received radiation is great during 

the middle of the day. And the intensity will reach the maximum value in winter when the 

sun angle becomes lower. As a result, the surface temperature of the wall will raise up 

and will emit more terrestrial radiation. When facing north-south, the wall will get intense 

radiation in the morning and afternoon in all seasons. Also, the temperature of the wall 

will increase and more terrestrial radiation will be emitted. In addition, using deciduous 

vines to cover the wall will cool the wall and decrease the emitted terrestrial radiation.  
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2.2.4 Principles Summary  

Based on the above principles of microclimate, five key factors can be utilized to 

modify microclimate in a landscape, including solar radiation, terrestrial radiation, wind, 

air temperature and air humidity. A diagram (see Figure 2.12) has been created to help 

to decide how to modify the microclimate in a landscape. The principles in the right two 

columns offer the most potential for warming using UHI effects. 

 

  

Figure 2.12: Microclimate principles 
The highlighted two columns (dashed line) offer the most potential to warm a 
landscape using UHI effects. 
Source: adapted from Brown (2010). 
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2.3. Comparison of Urban Heat Island and Microclimate 

The UHI and microclimate design have a standard base: the alteration of 

energy. The causes of the UHI are increased net radiation, increased heat storage, 

the addition of anthropogenic heat, decreased evaporation, and decreased 

convection. In microclimate design for southern Canada, the primary principles are 

adding shade and allowing breezes during summertime, and catching solar radiation 

and blocking wind during winter time (Brown, 2010). 

The common characteristic between UHI and microclimate is mainly 

manifested in three aspects. First, the raised net radiation that causes UHI effect 

and the first principle in microclimate design of catching solar radiation are 

fundamentally similar. Because of the low-reflectance of urban material, most solar 

radiation will be absorbed by materials. Also, suspended air pollution affects the net 

radiation. For instance, pollutants block some radiation from the sun and increase 

the amount of long-wave radiation emitted from the atmosphere of the earth. By 

altering solar radiation and long-wave radiation, the net radiation is increased. 

Second, surfaces or elements with darker colours absorb more heat and emit 

more terrestrial radiation (Brown, 2010). Similarly, the increasing use of impervious 

materials is one of the causes of the UHI effect since they absorb more heat and 

release the heat slowly to the surrounding environment. If dark or impervious 

materials are used in public open space, they absorb heat during daytime and 

release heat at night. According to Leal (2005), Italian piazzas are mainly made up 

of stone which absorbs heat during the day and emits radiation in the evening. Stone 

warms up the cool air at night and creates a thermally comfortable place for citizens. 



32 
 

As a result, Italian piazzas are more popular at night than in the daytime (Leal, 

2005). 

Third, the change of building forms causes the decrease of convection in 

urban areas. Dense buildings reduce wind speed near the ground and restrain air-

flow rate between the canyon spaces. In microclimate design method, windbreaks 

are built to block wind in winter time, which is a process of decreasing convection in 

a landscape.  

UHI and microclimate design principles are based on the same physical laws. 

This means that microclimatic design principles are opportune for how to leverage 

UHI for urban open space design benefits. 

 

2.4. Design of public places in city centres 

Public space is an area that is accessible to all citizens (Miller, 2007). In modern 

society, most people are living or working in high-rise buildings, which have less 

connection and interaction with neighbourhoods or strangers. People need to have a 

place which is designed for the public providing opportunities to meet or to observe 

others. A well-designed urban public space is one of the best options to visit. It can be a 

public square, a park, or just the spaces between buildings. Since people enjoy being 

outside interacting with people or environment, urban public spaces with great 

functionality are significant. Lacking good urban public spaces may lead to a privatized 

and polarized society, with accompanying problems (Shaftoe, 2008). A good public 

urban space should have multiple functions that offer various benefits for citizens.  
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2.4.1 Multiple Functions 

2.4.1.1 Health 

A well-designed and a well-managed public space may provide health benefits 

for residents and workers (Shaftoe, 2008). Citizens can breathe fresh air in public 

spaces with vegetation. Also, the positive interaction with people and landscape 

promote mental health wellbeing (Shaftoe, 2008).  

 

2.4.1.2 Learning 

Effective public spaces offer significant social learning occasions. Since public 

spaces are accessible to all generations and all backgrounds, they provide people with 

the chance to meet people from various norms, behaviours and cultures (Shaftoe, 

2008). For example, seniors may sit on the bench in a public square and observe office 

workers socializing with colleagues during their lunchtime, or they may watch visitors 

taking photos for each other.  

 

2.4.1.3 Urban security 

A well-used urban public space may decrease the crime rate in surrounding area 

(Shaftoe, 2008). The High Line park, located in New York, was an abandoned railway 

line with a history of accidents and injuries (Dunlap, 2015) After parts of the renovation, 

the crime rate dropped to zero since the new park attracted many visitors and created a 

safe atmosphere (Wilson, 2011).  
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2.4.2 General requirements 

“Successful public spaces invite people to spend time outdoors, and they create 

‘life’ in a city” (Szucs, 2012, p.50). To create a successful public space, designers need 

to find a good location and involve several essential elements that help to create a 

convivial space. The requirement of a suitable place to locate a public space can be 

summarized under four points (Shaftoe, 2008):  

• It should be in the city core, or within a neighbourhood, or in a suburban area that 

is surrounded by mixed-use lands which are easy to access. These requirements 

allow the space to attract various types of users. 

• Surrounding areas should be safe to avoid potential crime. 

• The surrounding areas should have more than one public space to create a 

cluster of spaces to allow for various kinds of use and offer an opportunity for 

visitors to move through the cityscape.  

• The public space should be accessible by a variety of transportation, including 

bus, metro and private vehicles. 

 

Public spaces can become successful and popular when they have common 

elements as listed below (Shaftoe, 2008) (note: bold text refers to microclimate design): 

• Seating: need to provide a range of seating opportunity (fixes bench and 

moveable seating) for different people for different purposes. Being an observer, 

people tend to seek for seating around edges. People want to enjoy sunshine 

tend to sit in a sunny area.  
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• Vantage point: one or several good vantage points in a public space will become 

the most popular spot to observe others. 

• Shelter and protection: seating with shelter or protection to block wind or 

sunshine should be offered within a public space to allow people to enjoy 

the place in different seasons.  

• Eating and drinking: eating and drinking areas can attract people to stay in the 

public space since it provides various social interactions.  

• Hard and soft landscaping: hard surfacing materials need to look good to attract 

people and have high quality to ensure long-term use. Soft landscaping, 

including trees and shrubs, can provide shading and offer a thermally 

comfortable microclimate.  

• Colour: people enjoying being in a colourful environment since colour brings 

happiness to people. Create a public space with colour elements may attract 

people, especially in northern climates where have long winter.  

• Public art: public art can offer various possibilities to a public space. It can be a 

memorial part of the city, like a sculpture of a famous person remaining citizens 

his story in the history. It can be a graffiti or stencilling that attracts visitors. Public 

arts can increase the pleasure sense and appreciation of public spaces.  

• Size: the size of public spaces is a key factor that helps to make space feel 

convivial. An extremely large public space may give visitors a sense of majesty, 

but not be comfortable. A very small space may bring an oppressive sense to 

people, and it may lack enough space for people to utilize (Shaftoe, 2008). Kevin 

Lynch (1971), cited in Shaftoe (2008), suggests the ideal size of a small public 
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open space should be between 12 to 24 metres along each side. Abley & Hill 

(2004), cited in Shaftoe (2008), recommends that the maximum length of each 

side of large public space should be around 135 metres; since the largest 

distance for observing common human movements is 135m. 
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3 Method 

3.1 Site Selection Criteria  

The study took place in Toronto, Ontario. Toronto is a global scale city which has 

been affected by UHI. The latitude of Toronto is 43.7°N, with mild summers and cold 

winters, providing a potential to extend the use of outdoor spaces. Toronto is Canada’s 

most-populous city, with many tourists and visitors to open public spaces. 

A design site was selected using a rationale, including the requirements of a 

suitable place of public open space, the approximate size of convivial urban space and 

some requirements of SVF and sunlight hours. About fifteen sites in the entire 

downtown area were reviewed with the rationale, including some famous public spaces 

like the Courthouse Square, Simcoe Park, and the Police Park. Every selected site is in 

the downtown area with convenient transportation to ensure the site is easy to access. 

Also, a specific building form, which is a tall building to the north, a midsize building to 

the south; and lower building to the east and west sides (Waffle et al., 2017), is one of 

the requirements to reduce the SVF and to increase the solar exposure. Based on the 

topic of this study, most sites were eliminated because of having a large amount of 

vegetated area which might decrease the UHI effect in the site. Some sites were 

excluded since the size is too small or the location was isolated. 

The selected study site is located beside the Toronto City Hall, a corridor 

between the building of Superior Court of Justice and Osgoode Hall, shown in Figure 

3.1. This area is in the centre of downtown, Toronto, which is accessible by several 

means of transport. There is a seven-storey building to the north side, a lower building 

with three to four floors on the south side, and no adjacent building by west and east 
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sides. In the site, hard pavement and soft vegetation are well mixed to provide an 

existing UHI effect for this study. 

 

 

 

3.2 Site Inventory and Analysis 

3.2.1 Site Inventory 

3.2.1.1 Focus time 

In Toronto, winter weather usually begins at the end of November and end near 

the end of March. As a result, October and April will be selected for this study since the 

weather is under conversion and generally cool without being winter-like. According to 

the weather data of Toronto from 1981 to 2010 (see Table 3.1), the daily average 

temperature at April, May, and October is 7.9 degree Celsius, 14.1 degree Celsius, and 

10.7 degree Celsius, respectively. In April, the daily temperature goes from 4.1 degree 

Celsius to 11.5 degree Celsius, while in May, the daily temperature goes from 9.9 

degree Celsius to 18.4 degree Celsius. Similar to April, the daily minimum temperature 

is 7.4 degree Celsius in October, and the maximum temperature reaches 14.0 degree 

Figure 3.1: Study site in Downtown Toronto, Ontario. 
Source: Google Maps (2018) 
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Celsius. There is a common characteristic among these three months, which is high 

daytime temperature and low nighttime temperature. As a result, during the three 

months, the thermal comfort at public open spaces will have the opportunity to be 

modified to add extra warm effect for people to use.  

 

 

3.2.1.2 Surrounding context 

The study site is a public space which is approximately 150 metres long and 40 

metres wide between two buildings. As shown in Figure 3.2, there are six different land 

uses in surrounding areas, including institutional areas, parks, other open space areas, 

mixed-use areas, regeneration areas and neighbourhoods. 

 

Table 3.1: Temperature data for Toronto 
Source: adapted from Canadian Climate Normal 1981-2010 

Figure 3.2: Land Use Plan in Downtown Toronto, Ontario. 
Source: adapted from Toronto Official Plan (2015). 
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The north side of the study site is the building of Superior of Court of Justice, a 

government office building. The building is seven-storeys composed of uncoloured 

concrete (see Figure 3.3).  

There are two buildings located on the south side of the study site (see Figure 

3.4). One of them is the Osgoode Hall, which is a historical building with law offices and 

courts. The other one is The Ontario Courts. Osgoode Hall is faced with clay bricks and 

has four floors. The Ontario Courts is a five-storey building with limestone cladding.  

 

 

As shown in Figure 3.5, the new Toronto City Hall and the Nathan Phillips 

Square is located on the northeast side, and an insurance agency office building and a 

museum are located at the southwest corner of the study site. Within ten minutes 

Figure 3.3: Plan and perspective views of 
Superior of Court of Justice 
Source: Google Maps (2018) 
 

Figure 3.4: Plan and perspective views of 
Osgoode Hall 
Source: Google Maps (2018) 
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walking distance, people can reach a large shopping mall (CF Toronto Eaton Centre), a 

large transportation hub in the City of Toronto (the Greyhound bus station), an art 

museum (the Art Gallery of Ontario), and several hotels. Based on the surrounding 

contexts, the primary users expected to visit the study site are office workers, tourists, 

and citizens.

 

 

 

3.2.1.3 Landcover 

The surrounding material of landcover and land surface temperature will affect 

the microclimate within site. If the prevailing wind passes through a well-vegetated area 

or a cooling surface before reaching the site, it may bring cool air to the space. 

Conversely, if the wind blows from an adjacent warm surface, warm air may be brought 

to the site.  

Figure 3.5: Surrounding Context Diagram in Downtown Toronto, Ontario. 
Within ten minutes walking distance, people can reach the Eaton Centre, the Art Gallery of Ontario, the 
Greyhound bus station, the City Hall, the Nathan Phillips Square, and several hotels.  
Source: Google Maps (2018) 
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Based on the data calculated by Carto for August 24th, 2016 (see Figure 3.6), the 

land surface temperature of the study site is around 28.5oC, followed by a highest land 

surface temperature in the western side.  

 

 

When the wind comes from the western side, the potential to bring warm air is 

larger than other directions since the surface temperatures west of the site are the 

highest. Also, the wind may bring warm effect from the southeast side because of the 

large amount areas of hard paving in Nathan Phillips Square, located at the southeast 

side of the study place, shown in Figure 3.7. Conversely, when the wind blows from the 

southwest corner, it may convey cooling air to the place since there is a vegetation area 

which might create a small park cooling island. 

Figure 3.6: Land Surface Temperature in Downtown Toronto, Ontario. 
Source: Carto https://dtx07.carto.com/viz/5bec6ba8-90a3-11e6-95f8-0e3ebc282e83/embed_map 
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3.2.2 Site Inventory on Microclimate aspect 

3.2.2.1 Solar radiation 

To apply the microclimate design method to extend the use of public open 

spaces effectively requires studying access to solar radiation and prevailing wind 

direction in different seasons. The primary method to conduct the inventories for solar 

radiation was a three-dimensional (3D) computer model created in SketchUp. The 3D 

model, containing information of existing road system, existing planting areas, and 

existing building height, was used to produce images of sun patterns on critical days of 

the year that indicates the general sun pattern of the specific time. The critical days 

used were May 2nd (six weeks after spring equinox day), July 31st (the middle of the 

summer), and October 14th (three weeks after fall equinox day). On each day, the 

shadow pattern images were conducted for five to six hourly times, depending on the 

Figure 3.7: Surrounding land cover in Downtown Toronto, Ontario. 
Green represents vegetated areas, while dark blue represents hard paving areas.  
Source: Google Maps (2018) 
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sunrise and sunset time. Shadow patterns were the third hour after sunrise, the second 

hour before sunset, and every two hours 

in between. As shown in Table 3.2, May 

and July have similar sunrise and sunset 

schedule, while October has a different 

daytime.  

As a result, the time points for collecting shadow pattern images at May 2nd are 

9:00, 11:00, 13:00, 15:00, 17:00, and 18:20 (see Figure 3.8). The images of shadow 

patterns at July 31st and October 14th are 9:30, 11:30, 13:30, 15:30, 16:30 and 9:00, 

11:00, 13:00, 15:00, 17:00, 18:40, respectively (Appendix A). 

 

In each month, six images were overlaid to create a general diagram to divide 

the areas that absorb more solar radiation and the places under shadows to guide the 

further design. Areas that have solar radiation were coloured by orange (left column) in 

each image; while shadow zones were coloured by blue (right column) in each image 

(see Figure 3.9). 

Figure 3.8: Shadow patterns at different time at May 2nd  

Table 3.2: Sunrise, Sunset times and Solar Noon 
in Toronto 
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The first two images (Figure 3.9(a) and 3.9 (b)), warm-May and cool-May, show 

the sun pattern and shadow area at May 2nd, which indicated the average sun pattern in 

April and May. The middle images (Figure 3.9(c) and 3.9 (d)) indicate the sun pattern 

and shading at Oct 14th, representing the average condition of the entire month. The 

last two diagrams (Figure 3.9(e) and 3.9 (f)) represent solar access condition and non-

solar access condition at July 31st, which is used to recognize areas that need shadow 

during mid-summer. 

Figure 3.9: Sun patterns and shadow patterns in May, October, and July  
Sun patterns were coloured by orange to indicate warm areas: (a) (c) (e). 
Shadow patterns were coloured by blue to indicate cool areas: (b) (d) (f). 
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To analyze solar radiation access precisely, a five by five metres grid system was 

created to subdivide the study area (see Figure 3.10). The colour of each diagram was 

classified by six shades and each grid was assigned an appropriate colour shade 

representing the level of thermal exposure. For example, the colour shade number in 

grid A1 is 5, while the number in grid C2 is 4. For comparison, all data are converted to 

an Excel table to compare data from three months.

 

After the analysis, the grid system with shade number was overlaid to the 

satellite map. One map was created for each month with some highlighted red areas 

where the colour shade number is larger than 3 (not include 3), representing the solar 

radiation can be utilized by people in each month. As shown in the first diagram in 

Figure 3.11, the majority of the area has enough solar access during late spring. In the 

grid G4, I6, J6 and D17, solar radiation is more intensive at springtime than during the 

other two seasons. Grids with dark blue represent areas that need warm effect during 

cool times. In October, the comfortable sunshine area reduces to the upper two corners, 

and the cool area enlarges. The third diagram indicates areas that need to cool down 

during summer time. 

Figure 3.10: Example of five by five grid system overlaying the site 
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3.2.2.2 Wind  

Wind affects the thermal comfort on site as well. On a sunny day, the wind may 

bring a warming effect to the site by carrying the surrounding warm air. On a rainy or a 

snowy day, the wind will be transporting cooling from surrounding landscape to the site. 

The wind inventory was completed using wind roses for each month and under different 

weather conditions, including sunny days, rainy days, and snowing days. Figure 3.12 to 

Figure 3.11: Natural thermal comfort areas and cool areas in different 
season 
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3.15 show the wind roses for Toronto, Ontario from April to October, not including June 

and September, under different weather conditions.  

 

 

 

  

Figure 3.12: Wind roses for Toronto, Ontario, for regular periods.  
Source: courtesy of Jennifer Vanos and Robert Brown. 

Figure 3.13: Wind roses for Toronto, Ontario, for periods with sunny conditions  
Source: courtesy of Jennifer Vanos and Robert Brown. 
 

Figure 3.14: Wind roses for Toronto, Ontario, for periods with precipitation > 100mm 
Source: courtesy of Jennifer Vanos and Robert Brown. 
 

Figure 3.15: Wind roses for Toronto, Ontario, for periods with snow accumulation > 0mm  
Source: courtesy of Jennifer Vanos and Robert Brown. 
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According to the wind roses, wind directions in different weather conditions can 

be completely different. During spring, the wind blows from northwest generally, as well 

as on snowy days, but it comes from the southeast on sunny days and rainy days. 

Sometimes, the wind will blow from west-southwest on rainy days. During summer, the 

prevailing wind direction is northwest and west-southwest; while the wind will come from 

southwest or west-southwest on sunny days. The rainy-day wind direction is west-

southwest and southeast in July and August. In October, the wind will come from each 

corner of the study site. It blows from west-southwest generally, and it comes from the 

southeast on sunny days, and from west-southwest and southeast during rainy days. 

When it is snowing, the wind comes from two upper corners, which is northwest and 

northeast. 

Summary 

Combining all the inventory and analyses, Figure 3.16 to 3.18 was produced to 

integrate the analysis of the microclimatic conditions. 

As Figure 3.16 shows, the wind blows from east and southeast on sunny days in 

May might bring an extra warming effect to the northern corner of the study area (dark 

red). Wind from other direction may bring a cooling effect to the site, which might need 

to block. The warm wind may bring a little warmth to the northern corner (four grids in 

dark red) in October (see Figure 3.17). However, the snowy-day wind will cool down the 

site from northeast and northwest corner. Different from spring and fall, warm wind 

should be avoided in summer. In July and August, majority wind blows from northwest 

to southwest, and sometimes it comes from southeast (see Figure 3.18). 
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Figure 3.16: Solar radiation and wind direction in May 
 

Figure 3.17: Solar radiation and wind direction in October 
 

Figure 3.18: Solar radiation and wind direction in July 



51 
 

3.3 Design and Microclimate principles 

Overlaying the analysis diagrams of solar radiation and wind direction, a new 

illustration which contains the sun pattern, wind direction and areas will be affected by 

wind was produced (see Figure 3.19). The meaning of the colours of grids and arrows in 

this figure is the same as above figures.  

 

 

The northwest corner (grid cells A1-A6, B1-B5, C1-C4, D2-D4, E1-E4) and the 

northeast corner (grid cells B19-26, C20-29, D20-29, E19-22, F29, G29) have the 

highest potential to create thermally comfortable areas for people at both spring and fall 

since they have the most intense solar radiation and warm effect by wind at both 

seasons. When designing these spaces, the majority area should be designed to be 

open to receive the maximum amount of sunlight. Moreover, there will be a large 

opportunity to absorb daytime solar radiation for nighttime use by using high thermal 

diffusivity material or dark colour material in these areas. When trying to maximize the 

warm effect on site, summer condition should also be considered. Movable planters or 

Figure 3.19: Summary of solar radiation and wind direction in all seasons 
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movable shading structures can be applied on site to shadow the area during summer 

time. Also, deciduous trees that only provide shadow during summer.  

In light red areas (grid cells B13-18, C14-19, D15-19, E16-18, E23-25, F1-5, F15-

26, G1-5, G25-27, H1-8, I1-8, J1-8), there are opportunities to create comfortable 

seating areas for visitors in the spring since these areas have enough solar access 

during spring, but there is no sunshine in autumn. The blue areas, both light and dark 

blue, need shading in summer and need extra warming during cool times. There are two 

ways to increase the thermal comfortable experience in these areas using microclimate 

design principles. First, decrease the SVF by adding the canopy to increase the 

terrestrial radiation, and to enhance the thermal sense. Second, changing the amount of 

heat people absorb by changing their activity level may achieve the same result. For 

example, if a person feels cold sitting on a bench, he might want to stand up and walk 

around to warm up himself. As Figure 3.19 shows, wind with cooling effect usually 

comes from southwest, northwest, and northeast.  

To keep the site warm, windbreaks should be set at facing these directions to 

reduce the convection. Windbreaks with about 50 percent porosity are the most 

effective. Also, the wind comes from southwest may bring an extra warm effect to the 

site in summer since the land surface temperature of the western side is the highest. As 

a result, wind from southwest should be blocked or be cooled down by vegetation in 

summer. Also, windbreaks should be placed in the top two corners to block wind in 

snowy days to reduce the cooling influence. Areas beside the round building (grid cells 

B8-12, C8-13, D8-13) have potential use value in summer because of their natural cool 

effects.  
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3.4 COMFA and LSS Chronolux 

Thermal comfort models are analytical tools that evaluate human reactions to 

thermal environments. These models are used to simulate thermal comfort experience 

of people in the surrounding environment. Therefore, these models help landscape 

architects to assess the applicability of outdoor spaces for outdoor activities and predict 

the impact of design results on human thermal comfort. COMFA (COMfort FormulA) is 

one of the models that estimate how people feel in a micro-scale environment. Another 

significant tool is called LSS Chronolux which is a SketchUp extension to calculate the 

percentage sky that is visible (an approximation of SVF) in a specific spot on site, which 

is an important input in COMFA.  

The COMFA model, which is based on Fanger’s model, using a complete human 

energy budget to test the evaluation of comfort under various microclimate conditions 

(Brown & Gillespie, 1986; Kenny, Warland, Brown & Gillespie, 2009a). To use the 

COMFA model, there are seven different categories of data that need to be provided 

which relate to microclimate, including air temperature, relative humidity, wind speed, 

clothing insulation, clothing permeability, metabolic activity, and the absorbed amount of 

long-wave and short-wave radiation (Kenny et al., 2009a). Through a series of field 

tests, COMFA was proven to be performing well in predicting human thermal sensation 

on different physical activity through moderate to vigorous, including walking briskly, 

cycling, and running (Kenny et al., 2009a). The predicted accuracy of the model can 

achieve 70% after revision (Kenny, Warland, Brown & Gillespie, 2009b). Other 

advantages of the revised COMFA model include: 

• It was designed and revised for outdoor use 
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• It can be used in a wide range of activities from sleeping to different kind of 

sports 

• It is accurate to individual people, not only the outdoor environment 

• It has the option to set various clothing types and colours 

• The results are easily analyzed. Data are input through drop-down menus and 

the results are presented in a digital form which indicates the thermal comfort 

categories. 

The COMFA model is fit for this research since it provides an easy way to 

compare the thermal feeling of individuals between original site and designed site. 

Comparing the COMFA result from original and designed site can reveal thermal 

comfort difference of the designs. 

COMFA was used to evaluate the design to test the interaction between human 

and thermal environment. To find the test spots, a three by three metres grid was 

developed for the design (see Figure 3.20) to help to classify different function zones 

and people’s activity in zones, including sitting, walking, and active. Different zones 

were highlighted by different colours and numbered separately. An online random 

number generator was used to select three numbered locations for sitting and walking, 

and one number for active. Finally, data for these selected grid cells were input to 

COMFA and the results were based on the design in each grid cell. 
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There are several data needed to input for COMFA, including natural condition 

and microclimate suggestions (Appendix B). The name of the city, the study month, 

study area (urban or rural area), and focus time of the day (hour) are main inputs of a 

natural condition. Microclimate suggestions are landscape elements that can be 

modified, consisting of temperature, wind speed, type of clothes, the colour of the 

clothing, species of trees, tree in leaves (yes/no), windbreak (% reduction), SVF, the 

closest building material, the material of ground cover, people’s activity, and the 

relationship between people and prevailing wind direction. 

The study took place in downtown Toronto and focused on sunny days in April, 

May and October. As a result, natural condition inputs including country, city, month, 

urban or rural will be constant. The COMFA parameter setting will be done for three 

times per spot to examine different thermal experience at different seasons. Data at 

May 2nd, October 14th and July 31st represent late spring, early fall and summertime, 

respectively. The study hour will be varied to ensure the result covers the situation of 

the entire day. The study hour at October will be one hour later compared to the time at 

May and July since the sunrise hour is about one hour later. The clothing types are 

different at each time but consistent with seasons. In late spring, people would like to 

wear a T-shirt, long pants, socks, shoes, or boots. At October, people tend to wear a 

Figure 3.20: Three by three metres grid system 
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shirt, long pants, socks, shoes, sweater, and windbreaker since the weather is cooler 

than the springtime At July, T-shirt, short pants, socks, running shoes will be the most 

common clothing type. Microclimate suggestions will be varied depending on the 

different situation in different grid locations. 
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4 Result 

4.1 Design Solution 

A design solution was developed to enhance the thermal comfortable experience 

on site trying to create a comfortable outdoor space for people to use during cool times. 

All design elements are set up to meet the microclimatic requirements.  

As shown in the conceptual diagram (Figure 4.1), the study site was classified by 

five categories, including entrance area (e), seating area (s1, s2, s3), active area (a), 

vegetation area (v) and wind buffer area (b). Area e indicates entrance area connecting 

other areas and the study site, which is not suitable to create gathering space for 

people. The windbreak will be installed in area b by different forms, including artificial 

windbreak and vegetation windbreak. Area v represents vegetation areas that increase 

the canopy of the site, as well as decreases the SVF to warm up the site. An outdoor 

trampoline will be placed in the area a to change the people’s activity to make them feel 

warm. Three types of seating areas will be provided in the site for different season use, 

including an area for all seasonal use (s1), four areas for seating which is comfortable 

on specific dates (s2), and two cool areas for summer use.  

The design aims to develop a public open space that is comfortable to enjoy 

during cool times, including the entire day in April, May, and October, as well as cool 

nighttime during the summer. Microclimate design principles will be applied in this 

design to create a thermally comfortable space by maximizing the received solar 

radiation and by attempting by taking advantage of UHI heat stored during the day and 

released in the evening. The masterplan is in Figure 4.2. 
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Figure 4.1: Conceptual diagram consists of seating areas (s1, s2, s3), active area 
(a), entrance (e), windbreak zone (b), and vegetation (v). 
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Figure 4.2: Masterplan 
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There are four entrance areas, three connecting outdoor spaces and one 

connecting the site and one adjacent building, which have less opportunity to design 

gathering spaces. However, in the northwest entrance (grid cells F29, G29), there is an 

opportunity to develop solid structures that can absorb solar radiation since it receives 

much sunshine during the whole year. As a result, a gabion entrance wall will be built in 

that area (see Figure 4.3(a)). Gabion is composed of rock and wire that are good 

materials or thermal use since stone can increase the adjacent air temperature at night 

(see Figure 4.3(b)). When setting the gabion entrance wall to an orientation of southeast 

and northwest, it will not block the warm wind coming from the southeast.  

 

 

There are six areas that need a windbreak. The most significant location is the 

southwest side of the study site where most seasonal prevailing winds come from. Two 

planting beds with dense shrubs and trees are built on both sides of the west entrance 

to bring the warm air upwards to the sky. A 2.5-metre feature wall is built 5 metres 

behind the entrance planter and 18 metres away from the round building (see Figure 

4.4), which is eight times height of the wall that ensures the whole area behind the wall 

is a comfort zone (see Figure 2.9). Also, the feature wall is designed to have 50 percent 

porosity to maximize the windbreak performance. The combination of planter and 

Figure 4.3: Gabion entrance wall in the northwest entrance (a) & the reference image (b) 
Source: https://www.prospectcontractors.com.au/single-post/2016/12/14/10-Gabion-Fencing-Ideas-
for-Street-Appeal-and-Other-Advantages 

(a) (b) 
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windbreak may block or slow down the wind speed to a high extent. Beside the 

northwest entrance, there is another planter acting as a vegetation wind block. In the 

southeast of the round building, there is a pathway that is not accessible to pedestrians. 

However, it may have a potential to lead cold wind to pass to the other side of the 

building. Trees are planted at both sides to slow down the wind speed (see Figure 4.5). 

 

Behind the feature wall windbreak, two areas have a seasonal thermal 

opportunity (s2 in Figure 4.1: grid cells D5, E5, G4). Two historical fountains existed in 

this area since 1964. The design keeps the idea of the fountain to create an attraction. 

However, the size of the fountain is reduced to half of the original size to maximize the 

seating area. Several movable tables and chairs are placed surrounding the new 

fountain to create a flexible seating area. A trellis is built toward the south to provide 

shadow only in the summertime (see Figure 4.4).  

The corner areas (s3 in Figure 4.1) beside the round building are covered by 

shadows mostly. As a result, these two areas are designed to be small courtyard zones 

surrounding by planters to provide a semi-private area for visitors. Two platforms (s2 in 

Figure 4.1) near the building entrance (grid cell B17) are developed as places for short 

breaks for office workers. Multi-level planters are constructed in this area to create 

semi-private areas.  

Figure 4.4: Feature wall windbreak & seating area Figure 4.5: Vegetation windbreak beside the building 
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To maximize the received and stored solar energy, a customized outdoor bench 

will be installed in the top right corner (s1 in Figure 4.1) where has the most intense 

solar radiation on site. Simultaneously, several movable hedge planters are prepared on 

the north side of benches, beside the building, for summer use. Square shaped planters 

are designed to fit in the interval of the bench set to provide shadow for seating areas 

(see Figure 4.6). To prevent cold wind from the northeast during snowy days in October, 

the hedge is extended to the corner as a windbreak. Since some users are tourists, a 

series of feature walls with Canadian history is placed in the southside of the bench set. 

To meet the microclimate requirements, the majority of walls are placed to face the 

seating area to ensure people can receive the maximum terrestrial radiation emitted by 

walls.  

In the entire study period, the southeastern side of the study site is in the shade. 

It is difficult to reflect sunshine or heat from the opposite side to this area. To enhance 

the thermal comfort in this area, two methods are adopted. First, an outdoor trampoline 

with a dark surface is designed to change people’s activity level. Second, trees are 

planted in this area to increase the canopy, reduce the SVF, and increase the terrestrial 

radiation and to enhance the thermal comfort. All existing sculptures are preserved in 

this area to educate citizens and visitors the history of this site.  
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In the study site, two paving materials are chosen as the surface material, 

including natural limestone and permeable brick. These materials may contribute to 

producing a comfortable outdoor space since they can store heat. Also, materials have 

high thermal diffusivity, including concrete and stone, will be used to build the seating, 

planter and feature walls.  

 

  

Figure 4.6: One part of the customized bench area 
(a) people can receive solar radiation from the sun and terrestrial radiation from surrounding 

elements 
(b) movable planters can provide shade in summer 
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4.2 Comparison of Existing & Designed Landscapes 

With the extra warming produced by the UHI and microclimate principles, the 

thermal experience in the study area is expected to be enhanced to a certain degree.  

The COMFA model showed a series of energy budgets that indicated different 

levels of thermal comfort (see Table 4.1). When the output budget is between -20 and 

150, human energy budget seeks no change, which means the person stays 

comfortable. When the value is between -150 to -20, the person would prefer to be 

warmer. When the value is lower than -150, the requirement of being warmer will 

increase. Conversely, the person would like to be cooler with a budget ranged from 150 

to 250 or much cooler if the energy budget is larger than 250.  

 

 

In this study, the microclimate was designed by modifying shade, modifying wind 

speed, modifying the SVF, modifying the ground surface material, modifying nearby 

building materials, and modifying people’s activity. All experimental tables will be 

provided in Appendix D.  

In the analysis, different landscape elements were changed in each grid, while 

other parameters were constant. The study hour was shown in each table. Grid cells 

B38, E27, and G5 are seating areas. In grid cell B38, the design removed the existing 

Table 4.1: Outdoor thermal comfort sensation related to the energy budget 
Source: Kenny et al. (2009b) 
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tree and increased the efficiency of the windbreak. The energy budget raised from -

35.75 to 35.37 in May and the resultant increased from -34.61 to -34.36 in October. In 

summer, the energy budget also raised from 5.55 to 5.87, which can still be considered 

as a good result because the study time for grid cell B38 was 20:00 at night. At 

nighttime, people would like to be warmer since the air temperature decreased. In grid 

cell E27, the existing birch tree was changed to the elm, followed by an enlargement of 

the SVF factor from 20 percent to 40 percent. The output budget in grid cell E27 in May 

and October increased from 104.61 to 115.52 and from 27.76 to 29.28, respectively. In 

July, the result decreased from 68.2 to 56.06. The result in grid cell G5 shows a 

decrease in three study days by changing the shading structure, adding a windbreak, 

reducing the SVF, changing surrounding building material, and the ground paving 

material. The energy budget drop from 110.5 to 81.18 in May, and it decreased from -

15.13 to -15.68. However, the summer result drops from 162.49 to 130.58, which 

reduced a level in people thermal comfort sensation.  

Grid cells B45, G3, and J29 are areas act as pathways. The main activity in 

these grids is walking at a moderate pace. Similar to grid cell B38, B45 had a lower 

wind speed after design, and shade was added in this area during summertime. 

Additionally, the existing concrete pavement was replaced by natural limestone. The 

energy budget slightly increased during cool times, while the result decreased during 

summertime. With only one variable changed, the results are not as expected. The 

output budget decreases in three test days with one change, using the stone pavement 

as a substitute for concrete pavement. By decreasing wind speed, declining SVF, and 

changing existing concrete paving material to limestone, the output budget in grid cell 
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J29 dropped in May, while the number increased in July and October, which means 

there are two unexpected results. 

Changing people’s status is a positive way to modify the thermal comfort 

sensation. As a result, people’s activity was changed from calm to active in grid cell 

K22. Without the alteration of activity, the effectiveness of windbreak, the SVF factor, 

and ground cover material was updated as well. People’s thermal comfort level raised 

two levels in May and October, as well as in July.  

As Table 4.2 shows, in grid cell B38, after design, the energy budget slightly 

increased in May and October, as well as in summer. In grid cells E27 and B45, the 

results meet the purpose of this study. People will feel warm during cool days and avoid 

the possibility to become too hot during summer. In grid cells B38 and K22, people will 

feel more comfortable in May and October in the designed site, but the site will be 

uncomfortable during July. The thermal difference is larger in grid cell K22 since people 

are becoming more active in this area. Thermal comfortable sense decreases in the 

new design in grid cells G5 and G3, while the place is becoming cooler in July. In grid 

cell J29, the thermal condition is getting worse in May and July but is getting better at 

October.  
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Table 4.2: COMFA results for selected grid cell locations 
Green indicates expected results 
Red indicates unexpected results 
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5 Discussion and Conclusions 

5.1 Discussion  

This thesis aims to estimate the opportunity to use the extra heat produced by 

UHI and design principles of microclimate to provide a thermal comfort design for 

extending the use of public outdoor spaces during cool times. The result shows that the 

design provides a warming effect for many locations; however, the majority are just 

minor changes. For example, based on the COMFA model, there are five categorical 

levels that describe people’s thermal comfort. The energy output in several spots is 

slightly higher in the new design, compared with the existing condition, but the thermal 

comfort interpretation level is constant. That is, numerically thermal comfort changed, 

but in terms of people’s interpretations, they would feel approximately the same.  

There are three ways to increase the outdoor experience of thermal comfort 

efficiently. First, results from grid cells B38, B45, K22 showed that decreasing wind 

speed by adding a windbreak was effective. Second, changing the percentage of the 

visible sky can achieve the goal. For instance, in grid cells E27 and K22, which have 

positive results, the SVF factor was increased from 20 percent to 40 percent, and from 

20 percent to 30 percent, respectively. However, in grid cells G5 and J29, which have 

negative results, the SVF factor decreases from 60 percent to 40 percent and from 30 

percent to 20 percent, respectively. Finally, changing people’s status from calm to active 

is the best method to make people feel warm, though landscape design is limited in 

encouraging such a change. As an example, in grid cell K22, the thermal comfort level 

raised two levels by changing people’s status.  
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The influence of changing SVF is unintelligible since a decrease in SVF would 

both increase and decrease comfort values in this study. From the value provided by 

COMFA, two positive effects and two negative effects were provided. According to 

Brown (2010), the terrestrial radiation is increased by decreasing the SVF factor. As a 

result, the thermal comfort will be raised as well. Landscape design can change SVF 

but should do so with full knowledge of other microclimate effects at specific locations. 

Results in three grids, including grid cells G5, G3, and J29, need to be discussed 

as well. The largest adjustments were made in grid cell G5. In this area, the existing 

walking path was modified to be a seating area with 50 percent porosity wood 

windbreak, a trellis was built towards south to provide shadow in summer, and a new 

pavement made of natural limestone was substituted for existing concrete. However, 

the results did not respond the same as I hypothesized. In fact, the designed area 

becomes cooler at three test times, which benefits only summer use. Since the amount 

of received solar radiation and the SVF factor are the main contributors to human 

thermal comfort, the reduction of these two factors may affect the energy budget. In grid 

cell G3, the only variable is ground cover material. Replacing the concrete pavement by 

limestone leads a negative result in developing a thermal comfortable outdoor space 

during the cool time. Based on the literature review, high thermal diffusivity material like 

limestone can help to store more heat. Also, the example from Leal (2005) displayed 

that stone in Italian piazzas warms up the cool air at night and creates a thermally 

comfortable place for citizens. However, the COMFA provide a converse result. A 

reasonable explanation is that high thermal diffusivity materials absorb more heat but 

emits the energy slowly, which slightly warm up the air over a long period. In grid cell 



70 
 

J29, the results obtained in May and October are the opposite. The result might have 

caused by the different test hour. To ensure the test location received the same amount 

solar radiation relative to sunlight hours, the test hour was pushed one hour back in 

October since the sunrise in October is approximately one hour later than in May. This 

choice may help the spot to gain more heat.  

In order to find out the practical parameters that affect COMFA results, a 

sensitivity analysis was conducted in grid cells G5 and J29. Every time, only one 

element was changed and others kept constant with the existing condition. For 

example, instead of changing windbreak, SVF, and ground cover simultaneously, just 

change windbreak in grid cell J29 to receive a new value from COMFA. Finally, I 

compared each step with the energy budget of the existing condition.  

According to Table 5.1, with adding partial shade or changing the ground cover in 

grid cell G5, the COMFA value dropped in all three months. When added a windbreak, 

the energy budget increased in May and July and decreased in October. The thermal 

budget raised in three months with a lower SVF factor or a replacement of building 

material. In grid cell J29, the decreased SVF led to an increased COMFA value in May 

and July, while it caused a decreasing effect in October. Adding a windbreak can help to 

add thermal energy budget in all three months, and replacing ground pavement from 

concrete to limestone decreased the output budget. Groundcover and windbreak design 

choices seem to offer consistent UHI design possibilities.  
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As a result, a lower SVF factor can help to enhance thermal comfort on site as 

the literature review suggested. Conversely, use limestone as a substitute pavement for 

concrete cannot increase the thermal sensation.  

 

5.2 Study Limitations and Future Studies  

Overall, the study explored the opportunity of taking advantage of UHI effect and 

microclimate design principles to create a thermally comfortable space for citizens 

during cool times. However, it has limitations which are discussed here.  

First, the number of test locations is not enough to summarize the impact of the 

entire design since the difference of landscape elements between the existing condition 

Table 5.1: Sensitivity analysis in grid cells G5 and J29 
↑means the thermal budget is larger than the existing condition 
↓means the thermal budget is smaller than the existing condition 
The expected result is to receive a higher value in May and October, while receive a 
lower value in July. 
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and after the design is not large in most test locations. For instance, in grid cells G3, 

B38 and E27, the variables are less than three. If more of the design area were 

evaluated, the results would provide a census of overall effects of the microclimate 

design.  

Second, some input data, including the porosity of a windbreak, the closest 

building material, and the tree species selection, are interpreted by a user, which may 

lead to incorrect inputs. The effect of a windbreak cannot be evaluated accurately in the 

test location except when a windbreak with 50 percent porosity is used. Moreover, the 

closest building material that helps reflecting solar radiation onto a person is hard to 

determine. For example, when people standing in the area of grid cell J29, the person is 

about 10 metres away from the adjacent building with varied construction materials of 

concrete, glass, and brick. The impact brought by the building cannot easily be 

determined, so the model input was set to “no building surroundings.” If the distance 

between the closest building and people can be generally defined, the data input would 

be more precise. Field methods for this evaluation would be helpful. 

Third, the lack of various tree species, building materials and input of adjacent 

microclimate condition in COMFA model may affect the results. In COMFA model, there 

is one representative tree for each species, except the maples (e.g., one species of oak, 

ash, etc.). This might affect the model outcomes in unknown ways. Also, the building 

material that reflects solar radiation onto people has only six options, including earthen 

wall, wood, wood painted, new concrete, white paint, and black paint. The diversity of 

urban materials, including glass, is broader than the input options. If the model can 

more completely include different materials, the study outcome might be more accurate. 
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The land surface temperature in adjacent space may affect the microclimate within site, 

and was considered in designing to take advantage of warmed urban surfaces and wind 

directions. However, while the COMFA model includes wind speed and air temperature, 

it does not consider adjacent surface temperatures that might support convective 

warming. As a result, my findings do not include the potential convective warming from 

the UHI which would likely increase human thermal comfort at cool times but could also 

increase heating during July’s hotter days. However, the COMFA model has been 

validated in the literature (Kenny et al., 2009a & Kenny et al., 2009b), so these changes 

might be inconsequential to human thermal comfort categorical outcomes. 

Further studies could explore combinations of COMFA with other models for 

testing results across a wider set of urban open space designs. While this study was 

limited in the ways described, it was able to identify a number of ways in which UHI 

effects could be a benefit without being more problematic during the peak of summer. 

Windbreaks, material choices, and channelling of warmed breezes could be evaluated 

across additional designs and more of the overall designed space.  

 

5.3 Conclusions 

The goal of this study was to estimate how microclimate design principles can be 

used in developing the advantage of UHI in creating a thermal comfort outdoor public 

space in Toronto. Based on microclimate design principles, a design solution was 

developed after studying the selected site and surrounding environment. The focus time 

of this study was cool periods in April, May and July. Studying in May and October is to 
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enhance the thermal experience at outdoor spaces, and study for July is to prevent the 

site from becoming too hot during summer. The COMFA model was used in this study 

to evaluate the design. The outcome shows that the additional heat of UHI and 

microclimate design principle can help to enhance the thermal comfort in some parts of 

urban outdoor space, but the effects might not be significant to the effect felt by people. 

The major findings of this study suggest: 

1) Microclimate design can increase a measure of outdoor human thermal 

comfort. 

2) The sensation of thermal changes might not be significant to humans. 

3) The microclimate principles used in this study are not site-specific. Thus, 

the findings can be applied to any location with minor modifications. 

Overall, the commonalities between UHI and microclimate design and the 

positive results from COMFA tell us that UHI can be a benefit for downtown Toronto 

during cool times when landscape architecture uses a careful design approach. More 

opportunity of UHI is waiting to be explored in the future.  
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APPENDIX A SHADOW PATTERN AT JULY 31ST & OCTOBER 14TH  

 

 

 

 

 

  

Shadow pattern at July 31st  

Shadow pattern at October 14th  
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APPENDIX B COMFA MODEL INTERFACE 

(http://comfa.arch.tamu.edu/questionnaire/)
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APPENDIX C COMFA RESULTS IN SELECTED GRID CELL 

LOCATIONS (GRID REFERENCE FIGURE 3.20, PAGE 55) 
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