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Abstract 

Although urban designers and planners have been trying to provide liveable, walkable and 

healthy neighbourhoods, outdoor thermal condition has been a challenging issue for them as 

cities and communities are heating up nowadays due to UHI and global warming, making 

outdoor daily activities challenging especially in hot climate countries. Researchers have been 

investigating different strategies to enhance microclimate using street canyon geometry and 

many researches have been conducted about applying these strategies in different parts of the 

world. 

This dissertation aims to investigate the impact of street canyon ratio and street canyon 

orientation on microclimate and outdoor thermal comfort to find the ideal aspect ratio and 

orientation in terms of enhancing wind velocity, solar radiation and thermal comfort for local 

streets in residential communities that are located in Dubai.  

In order to achieve this goal, computer simulation models using Ladybug and Eddy3D plugins 

were created and applied for the case study and another 8 scenarios were proposed which 

include different street orientations and canyon ratios. Furthermore, field measurements were 

conducted to validate the created simulation modelsô results. 

The research has achieved several results including the best aspect ratio and orientation among 

the proposed scenarios in terms of MRT and wind velocity. Additionally, the street with high 

canyon ratio oriented close to the north found to experience the lowest average MRT while the 

street which oriented in parallel to the wind direction with high aspect ratio experience the 

highest maximum wind velocity. The results of this research will help urban planners and 

designers to design thermally comfort communities, as well as to develop street design 

guidelines. 
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Chapter 1. Introduction 

1.1 Background Information 

As a fact, currently 4 billion people are living in cities around the world and itôs predicted that 

this number will be 7 billion by 2050 which will be 2/3 of the total population at that time. This 

huge number is due to the fact that urban areas have better economy and more working 

opportunities than rural areas. These facts drove researchers to look after humanôs comfort in 

cities (Ritchie & Roser 2018). 

One of the critical factors that affects humanôs comfort is thermal comfort which has a 

significant impact on humanôs health, productivity and daily activities (Zare et al. 2018).  

The outdoor thermal condition in urban areas isnôt only defined by the local micro-climate but 

also by several factors such as urban heat island phenomenon (UHI). According to Huang et al. 

(2019) The UHI effect is heating cities and will cause 50% extra heat to the heat caused by 

climate change by 2050. Yet, one-third of worldôs population is living in tropical areas which 

is already have a hot weather. Thatôs why it is important to find strategies to face the overheating 

process in hot cities (Jamei et al. 2020). 

Therefore, researchers have been trying to find techniques that could mitigate the heating. It 

was found that urban morphology has a significant effect on micro-climate which affect the 

human thermal comfort. The impact of urban parameters on different weather meteorological 

parameters have been investigated in different areas around the world.  

Hamdan & de Oliveira (2019) found that changes in urban morphology in Al-Ain city led to 

enhance outdoor thermal comfort and went from a moderate heat stress to thermal comfort 
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status on the universal thermal climate index (UTCI). This research and many others raised the 

question about specific techniques or strategies in urban planning that could eliminate the heat 

and enhance the outdoor thermal condition. 

This research will present an overview about UHI, urban morphology, itsô parameters and how 

these parameters affect the local micro-climate. It will highlight the impact of urban canyon 

geometry on outdoor thermal comfort. Moreover, street canyon ratio and street orientation 

effect will be discussed in details in order to find a common approach that could help in starting 

a sustainable development guidelines later on. 

 In addition, this research will evaluate the outdoor thermal comfort for an existing community 

in Dubai and will look for the best street geometry for it in order to enhance thermal conditions 

and to come with recommendations for future communities in the city. 

1.2 The Global Situation 

The increased temperature of the weather could cause heat stress. The world is witnessing 

several phenomena that lead to expose people to more heat such as UHI, climate change and 

global warming. 

Heat stress may cause several conditions that could lead to death, some of these conditions are 

heat stroke, heat exhaustion, rhabdomyolysis, heat cramps and heat rash (CDC & NIOSH 

2018). 
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FIGURE 1: THE IMPACT OF EXPOSURE TO EXTREME HEAT ON HEALTH (WHO 2018). 

Heat around the world caused death for 166,000 people between 1998 and 2017. While in the 

US alone it caused death to more than 11,000 American between 1979 to 2018. However, 

studies showed that in Chicago there are hundreds of deaths caused by heat waves in 1995 were 

not reported as heat related deaths. Figure 2 shows the rate of death caused by heat and also the 

rate of death that heat was one of the contributors, Both rates were per one million people (WHO 

2018; EPA 2021).  
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FIGURE 2: HEAT-RELATED DEATH RATE IN THE UNITED STATES (EPA 2021).  

In addition, more than 56,000 people were died during heat waves in Russia in 2010. While in 

Europe 70,000 people were dead in 2003 due to heat event (WHO 2018). 

Heat is considered as number one killer among weather-caused deaths in the US. While in 

Australia 80% of heat stroke cases end up to death, making heat -in general- the leader of natural 

disaster killers there (Better Health Channel 2015; EPA 2021). 

However, some people are more exposed to the threat of heat-related illness than others. 

Figure 3 shows categories that have a higher potential of being affected by the heat. 

 

FIGURE 3: CATEGORIES OF PEOPLE WITH HIGH VULNERABILITY OF BEING AFFECTED BY HEAT (WHO 2018). 
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WHO (2018) has warned about the impacts of heatwaves as it's not only affecting peopleôs 

health and lives but also it could cause an overload pressure on transportation, energy and 

medical facilities. 

Heat waves happens due to several reasons including climate changes. In order to face the 

climate change, most of the countries around the world signed on Paris agreement which 

requires commitment by these countries to adapt the effect of climate change and work toward 

sustainable development (UN 2016). 

1.3 Local Review 

The hot-humid climate of the United Arab Emirates (UAE) is a big challenge for making 

walkable cities. Itôs very obvious with the high car ownership increasing rate which is double 

the global average.  

UAEôs government has set 17 goals in order to achieve sustainable development, and one of 

these goals was sustainable cities and communities. Such a goal wouldnôt be reached without 

enhancing public transportation and improve citiesô walkability and livability. Several federal 

strategies have been set in order to achieve these objectives (UAESDGS 2017). 

Dubai 2040 urban master plan, the seventh development plan for Dubai emirate which was 

declared in March 2021 aims to develop healthy communities and provide a healthy 

environment for the residents as well as provides sustainable transportation alternatives and 

improve environmental sustainability beside other goals that were set. The master plan expects 

an improvement in walkability, cycling and other sustainable transportation through the city. In 

order to do so, the plan includes an establishment of a green network that connects several 

functions in the city. Moreover, the plan aims to enhance healthy life for itsô residents and it 

was reflected in the expected results through doubling the green areas in the city and approving 
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400% increment in beaches areas as well as 25% increment in educational and health care areas. 

The planôs vision is to make Dubai the best city for living, thatôs why it is focusing on enhancing 

walkability and livability through encouraging walk, cycling and using public transportation. 

Itôs was planned to achieve such a goal through providing all itsô facilities in the city (U.ae 

2021). 

UAEôs goals, Dubai 2040 Urban master plan and many other local and federal strategies and 

plans are serving and in alignment with UAEôs commitment to Paris agreement and other 

regional and international agreements and plans that aims to provide sustainable development 

and adapt to climate change. 

1.4 Research Motivation 

The main motivation and inspiration of the study came from the increasing interest by UAEôs 

government in sustainable communities and how could these communities participate in 

achieving UAEôs sustainable development goals. 

Transit-oriented development as an important key factor in implementing sustainable 

development and sustainable communities is relying on walkability. Moreover, walkability can 

be enhanced not only by providing the physical facilities but also, itôs important to enhance 

outdoor thermal comfort for pedestrian.  

Enhancing walkability wouldnôt only make peopleôs life better and healthier but also, it would 

decrease the dependably on cars. Such an impact would help the government face global 

warming and climate change by reducing GHG emissions. 
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In addition, searching and modelling local case to test the impact of street geometry under local 

conditions using Grasshopper software is one of the main motivations as it could be a starting 

point to consider outdoor thermal comfort in future street design guidelines in local codes. 

1.5 Research Rational 

The increasing effect of global warming and urban heat island phenomenon that heat up cities 

made it challenging for residents in the UAE to do their outdoor activities normally due to the 

high heat stress levels during summer. This became a challenging point for urban designers and 

planners who aim to enhance walkability, livability and human well-being. 

In order to face these issues, urban planners and researchers have been attempting to apply 

different strategies and urban design elements to enhance local micro-climate and outdoor 

thermal comfort in residential areas. Street geometry is one of urban elements that could 

participate in this procedure. 

Moreover, it has been noticed that the topic has got interest in the research and development 

communities. However, there is a lack of studies that cover this topic in hot-desert climate and 

specially in UAE, so it would be an honor to contribute in investigating this topic for the Emirati 

case and participate in heat mitigation process through benchmarking studies for future urban 

planning guidelines. 

1.6 Research Hypothesis  

There is a direct relationship between the street geometry and local micro-climate as well as a 

direct relationship between local micro-climate and thermal comfort. Moreover, a perfect street 

design from a thermal condition point of view would take into consideration the impact of H/W 
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ratio on air temperature, air velocity and mean radiant temperature. However, in this research 

itôs hypothesized that: 

1. The ideal H/W ratio for wind would increase wind speed. 

2. The best-case scenario regarding H/W ratio would decrease the meant radiant 

temperature during hot days. 

3. Th best-case scenario regarding street orientation would increase air velocity and 

decrease meant radian temperature during hot days. 

4. The best-case scenario for both H/W ratio and canyon orientation would enhance the 

outdoor thermal conditions. 

1.7 Research Objectives 

The main objective of this study is to identify the relation between street geometry and 

microclimate parameters as well as outdoor thermal comfort in hot arid climate. 

To achieve the main objective, several sub-objectives were summarized as follow: 

1. To understand the urban morphology parameters and itsô role in mitigating heat in cities. 

2. Investigate several alternatives of street canyon geometry that could enhance thermal 

comfort in the case study. 

3. To investigate the impact of street canyon ratio and street canyon orientation on 

microclimate. 

4. To fill the gap of information regarding the impact of street canyon geometry in hot 

desert climate. 

5. To validate on-site measurements of meteorological parameters using Ladybug and 

Eddy3D plugins as simulation tools. 
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6. To study the improvement of outdoor thermal conditions during hottest days in the case-

study if the urban designers considered microclimate and street geometry simulation in 

early design stages. 

7. Setting a benchmark to help decision makers in creating the future street design 

guidelines for the local case. 

1.8 Dissertation Contents and structure 

The dissertation is consisted of six chapters as the following; 

Chapter 1, Introduction: This chapter gives an overview about the problem by providing 

background information about urban morphology, urban heat island and outdoor thermal 

comfort. Moreover, it explains the global situation that makes this topic important as well as it 

gives an overview about the local work. It also clarifies the research motivation, hypothesis and 

objectives. 

Chapter 2, Literature review: This chapter discusses different definitions of urban morphology 

and presents urban form elements. Moreover, it illustrates the urban heat island effect and its 

causes as well as highlights its impact and shows strategies that have been implemented in order 

to mitigate its effect. 

In addition, this chapter defines thermal comfort and presents different factors that affects 

thermal comfort as well as shows different thermal comfort indices. Moreover, the impact of 

different urban elements on thermal comfort and weather meteorological parameters was 

discussed. It also illustrated the effect of street canyon ratio and orientation on outdoor thermal 

comfort in different climates around the world. 
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Chapter 3, Methodology: This chapter presents comparison between different used 

methodology to investigate the topic. It illustrates examples of implementing these 

methodologies in previous researches. Moreover, this chapter shows the selected methodology 

for this research and explains reasons that led to the selected methodology. Finally, this chapter 

highlights the methodological framework and main researchôs stages. 

Chapter 4, The case of Damac Hills 2: This chapter interduces the case study, itsô location and 

climate analysis. It provides a deep presentation for the coding and pre-process phase of the 

simulation tool as well as the simulation of the base case which is used for validation through 

a comparison with field measurements which is also illustrated in this chapter. Moreover, it 

illustrates several scenarios for simulation which have been set up based on the targeted street 

geometry parameters. 

Chapter 5, Results and Discussion: This chapter presents the results of the simulation for 8 

different proposed scenarios. It finds relations between different parameters and identify the 

impact of each street geometry parameter in microclimate and outdoor thermal comfort. 

Chapter 6, Conclusion and Future Work: In this chapter, the research results have been 

summarized and assisted in the light of the main objectives of the research. In addition, the 

chapter presents limitations of the research as well as proposed future work.  
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Chapter 2. Literature Review 

2.1 Introduction 

This chapter represents an overview of researches that have been conducted in area of urban 

morphology and itsô impact on microclimate and thermal comfort in order to have a better 

understanding and highlight the most recent findings in this field. 

The chapter is divided into five main sections. The first section defines the urban morphology 

and gives an overview about the urban form and itsô elements. While the second section 

discusses the causes of the urban heat island effect and review studies about strategies and 

techniques that eliminate itsô impact. 

The third section gives an idea about thermal comfort, itsô main factors and itsô indicators. 

Whereas the fourth one presents the impact of urban design elements on the microclimate and 

outdoor thermal comfort and how this impact differs from a place to another. 

In addition, the fourth section discusses the impact of street canyon on outdoor thermal comfort. 

The section is divided into two sub-sections in order to have a better understanding and explain 

in details the impact of the street orientation and canyon aspect ratio on thermal comfort. 

The fifth section is an overview for all the reviewed studies and its findings. The last section 

identifies the knowledge gaps that the research would attempt to fill. 

2.2 Urban Morphology 

In order to have a better understanding of the impact of any element in the urban morphology, 

itôs important first to have a clear definition of the urban morphology. The challenge in defining 
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urban morphology is that there are different approaches of its study that causes different 

definitions (Oliveira 2016).  

Oliveira (2016, p. 2) discussed different definitions based on the target, starting with the general 

one, urban morphology was described as ñthe study of urban forms, and of the agents and 

process responsible for their transformationò. She also highlighted the definition according to 

the object of the study which was the urban form in her case, the definition stated as ñan 

approach to conceptualising the complexity of physical form. Understanding the physical 

complexities of various scales, from individual buildings, plots, street blocks, and the street 

patterns that make up the structure of towns helps us to understand the ways in which towns 

have grown and developedò (Oliveira 2016, p. 3). On the other hand, urban morphology was 

described based on the purpose of the study as ñA method of analysis which is basic to find 

(ing) out principles or rules of urban designò (Oliveira 2016, p. 3). 

It is clear that there is no unanimous description of the urban morphology. But Kropf (2017) 

defined urban morphology through the built environment and itsô elements. The built 

environment was developed through time and based on humanôs act, regardless if  it was aimed 

or unintended act and whether this act was independent or semi-dependent act, these acts were 

represented as patterns of built environmentôs elements, and a pattern of relationship between 

these elements in a way to form the built environment. The improvements of humanôs culture 

through history affected their acts, their goals of these acts, and how organised these acts are, 

which led to improvement in the form of the city. To sum up, the urban formation can be 

explained as the pattern of relationships, as the built environment is a frequent and regular 

arrangement of itsô elements such as streets, plots and rooms in the building itself, this frequent 

arrangement could be similarly a frequent relationship between these elements, for instance, a 

street interact with the surrounding plots in the same way, while the positioning of the rooms 
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in the plot was affected by the surrounding street and so on. This relationship between different 

elements makes frequent patterns defined as types of forms (Kropf 2017). 

2.2.1 Urban Form Elements 

Urban form elements could be identified based on the aimed scale. For example, a very big 

scale determines few details of a cityôs plan, the main elements in the urban tissue at such a 

scale are streets and blocks. The smaller the scale become; the more details would appear and 

more urban form elements could be determined like plots and buildings. The scale could get 

smaller until building materials could be identified within the urban tissue (Oliveira 2016). 

The main urban form elements that will be discussed in this research are buildings, streets and 

the relation between them that affect outdoor thermal comfort. 

2.3 Urban Heat Island 

Urban heat island (UHI) effect is a phenomenon occurs when urban areasô ground surface 

experiences a higher temperature than its own surrounding areas. A researcher called Lake 

Howard was the first to study the phenomenon while he was discussing the climate in UK. The 

phenomenon usually caused by human activities and the existence of the construction in the 

city. This construction includes dark surfaces that covers the city such as roofs and asphalt 

(Yang et al. 2016).  

Mohajerani, Bakaric & Jeffrey-Bailey (2017) indicated that UHI effect could increase the air 

temperature 5° to 15° C in urban areas around the world. It has a huge impact on the ecological 

system, environment, health and well-being in the city. This impact could be limited by several 

practices. 
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Mohajerani, Bakaric & Jeffrey-Bailey (2017) also explained the reason behind the UHI effect 

as the existence of larger paved areas, more buildings and industrial areas in the city compared 

to rural areas. This difference causes the increment of air temperature in the city. The dark 

surfaces and less natural landscape cause less evaporation and more heat absorption for the 

ground, which will cause an increase in the surfaceôs temperature and that would increase 

radiant heat and heat transfer to the air, in other words, it will increase the air temperature in 

these areas. 

Buildings causes decrement in reflection coefficient which makes buildings absorb more heat 

and causes over usage of air conditioners that leads to additional release of heat to air 

(Mohajerani, Bakaric & Jeffrey-Bailey 2017). 

Mohajerani, Bakaric & Jeffrey-Bailey (2017) and Yin et al. (2018) suggested that multiple 

techniques should be done at the same time in order to eliminate the UHI effect. But more 

studies should be done -in order to have an effective practice- on each city before implementing 

any strategy as each case has a different UHI effect and different climate conditions.  

Yang et al. (2016) conducted computer simulation research on UHI effect in Bozbou city in 

China and found that natural water features could improve the urban thermal situation by 

improving wind circulation in built urban areas which led to decrement in air temperature 

during summer days. These results could help urban planners and designers for more 

sustainable development that take into consideration the UHI effect. 

Wang et al. (2019) studied the impact of different land coverage on urban heat island 

phenomenon and took Shenzhen city in China as a case study. The study was conducted by 

using aerial images from remote sensing technology. It was found that there is a relation 

between the type of the land coverage and the temperature of the surface. The relation could be 
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summarized as the impenetrable coverage led to 3 ï 4 K higher land temperature than those 

areas with vegetation cover which has more effect on the surface latent heat. It was also 

concluded that urban areas have to relieve the dense of urban construction and increase green 

covered areas (fraction less than 8%) in order to eliminate this impact of the UHI phenomenon.  

Mohajerani, Bakaric & Jeffrey-Bailey (2017) agreed that surface coverage and especially 

asphalt concrete as a pavement is one of the most causes of the increment of the land 

temperature in urban cities as it could reach up to 60° C in hot summer days. Several alternatives 

were suggested such as cool pavements which is a pavement material that keeps itsô temperature 

cooler than regular pavement materials. Reflective pavements were also suggested as a solution 

to limit the surface temperature and it could be implemented on the current pavements by 

changing itsô colour, itsô roughness or both. Different types of evaporative pavements were 

additionally suggested such as porous pavers, permeable pavement, pervious pavement and 

water retaining pavements.  

Mohajerani, Bakaric & Jeffrey-Bailey (2017) concluded that implementing green roofs, roof 

gardens, grass in the street side and trees on the sidewalk would be one of the easiest ways to 

limit the impact of UHI even if  it was small areas in urban cities as it will not only enhance the 

walkability in the area but also increase the evaporation and decrease the land surface 

temperature. 

On the other hand, Jamei et al. (2020) indicated that studying cities in tropic areas are more 

complicated because of the existence of several factors that heat up cities in these areas, he also 

added that an investigation should be done in order to decide the suitable strategy to eliminate 

the increment of heat in urban areas. Albedo, shading, water bodies, urban ventilation and 

vegetation were investigated and it was concluded that shading and urban ventilation that could 
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be implemented by modifying the street and urban geometry are the most effective ways to 

reduce air temperature in tropic cities. This topic will be discussed in detail in section 2.6. 

2.4 Thermal Comfort 

ASHRAE (2022) identified thermal comfort as ñthe condition of mind which expresses 

satisfaction with the surrounding thermal environment and is assessed by subjective 

evaluationò. Studies about thermal comfort have been conducted due to itsô impact on human 

health and productivity and it was found that thermal comfort is affected by several factors and 

its divided into main three categories; Firstly, the environmental factors like air temperature 

(T), relative humidity (RH), air speed and mean radiant temperature (MRT). Secondly, the 

personal factors such as clothing (clo) and metabolic rate which depends on the activity, and 

finally, the contributing factors such as body shape, age, genderéetc. (Auliciems & Szokolay 

2007). 

There are several indices that indicates human bodyôs thermal condition. Universal thermal 

climate index (UTCI) is one these indices which is used as an outdoor thermal comfort index.  

Other thermal comfort indices are; physiological equivalent temperature (PET), predicted mean 

vote (PMV), standard effective temperature (SET)é etc. (Binarti et al. 2020). 

2.5 Impact of Urban Design Elements  

Many studies have been conducted to understand the impact of urban design elements and urban 

morphology on microclimate and outdoor thermal comfort. A lot of these studies used computer 

simulation software and validated the data using field measurements. This impact differs 

depending on several factors such as the climate zone.  



17 
 

For micrometeorological condition, Hamdan & de Oliveira (2019) claimed that each urban 

design element have relations with specific microclimate parameter. For example, urban 

geometry impacts wind speed and solar radiation while landscape materials affect solar 

radiation and air temperature. Moreover, dissipation surfaces affect relative humidity and other 

mentioned parameters. The mentioned relations mean that investigating the impact of a specific 

urban design element will limit the studied meteorological parameters. 

Yahia et al. (2018) for example studied urban morphology in four different locations in the 

capital of Tanzania which is located in the tropical climate zone and have a warm-humid 

weather, and found that compacted urban morphology is better for such a climate as less time 

the area would be exposed to the sun and direct solar radiation. In addition, areas around high-

rise buildings are better in term of outdoor thermal comfort due to the shadow around it. The 

same thing happens with high dense trees areas, the shade improves the physiologically 

equivalent temperature (PET) by 14° C and negatively affect the wind speed in the surrounding 

area. However, shade has been proven to be more effective in reducing the PET than wind 

ventilation in these areas.  

Urban design parameters effect in tropics were investigated and as most of tropical cities have 

high humidity, it was found that grass and some types of vegetation could cause discomfort in 

urban areas by increasing the humidity. While in Japan, the increment of green plot ration 

(GnPR) causes reduction in air temperature and increment in average wind speed. At the same 

time, parks in urban areas in tropics could have up to 3Á C less temperature than itsô surrounding 

areas (He, Gao & Wang 2021) (Jamei et al. 2020). 

On the subject of the sky view factor (SVF) as one of urban morphology parameters, He, Gao 

& Wang (2021) found that SVF have a huge impact on microclimate in Japan as increment in 
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SVF causes increment in Air temperature and vice versa. Yahia et al. (2018) added that this 

parameter is more effective in clarifying the PET in tropical areas.   

Ouali et al. (2020) conducted a study in Sub-tropical and Mediterranean climate zone, intended 

the impact of urban morphology on thermal comfort in open spaces in different climate regions 

in morocco, and found that only changing the layout of buildings in these spaces is enough to 

have an impact on the PMV. Urban design was found useful in enhancing thermal comfort but 

this is only limited to areas that is not located in extreme climate regions during extreme 

seasons. 

However, Jamei et al. (2020) suggested that urban designers and planners should sensitively 

study, analyse and simulate their urban design at the very early stages of their designs in the 

desired climate zone in order to decide the best for human thermal comfort. 

To sum up, Urban design elements and urban morphology parameters have a strong effect on 

meteorological parameters. Itsô strength differs between each other from a place to another 

depending on several factors including the climate zone. This impact caused by several urban 

parameters such as SVF, floor area ratio (FAR), GnPR, urban canyon geometry, etc (Jamei et 

al. 2016).  

2.6 Street Canyon and Thermal Comfort 

The street canyon or urban canyon means the urban geometric form that consist of a street 

between two series of buildings. Street canyon height is the height of the buildings that made 

the canyon. While street canyon width is actually the distance between the two series of 

buildings including the width of the street, side walk, etc. Figure 4 shows he street canyon, itsô 

width and height. 
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FIGURE 4: STREET CANYONôS WIDTH AND HEIGHT (RESEARCHER). 

As mentioned in section 2.5, Air temperature and air velocity are some of the factors that affect 

the human thermal comfort. Street canyon orientation and H/W ratio were found to be strongly 

affecting these two factors through affecting the amount of wind and solar radiation entering 

the street (Shishegar 2013). 

Researches has been conducted to present the relation between street orientation and aspect 

ratio, and thermal comfort were depending on the climate zone and season. For example, doing 

a research in a very hot place during summer would relate the thermal comfortability with the 

urban street geometry that would decrease the air temperature and increase the wind speed. 

While a study that investigate the same relation to find the best urban geometry for an outdoor 

thermal comfort in a cold place would look for the factors that increase the air temperature and 

prevent or decrease ventilation. Several researches will be discussed in order to find these 

effects in different climate zones. 
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2.6.1 Street Canyon Ratio 

The high/ width ratio, canyon aspect ratio or H/W ratio is a variable measured through dividing 

the high of the canyon over itsô width. In this sub-section, the impact of this ratio on outdoor 

thermal comfort will be highlighted (Levermore & Cheung 2012 in Nasir et al. 2017). 

Achour-Younsi & Kharrat (2016) conducted a research in a Mediterranean subtropical climate 

in Tunisia in a summer day using Envi-met simulation software in order to compare 18 different 

urban morphology and find the relations between their micrometeorological parameters and 

thermal comfort, it was found that deep canyons are more comfortable than the shallow ones in 

terms of lowering thermal stress. In fact, the difference between the highest canyon ratio and 

lowest one was tested, and reached almost 9° C on UTCI scale for hot days.   

Jamei et al. (2020) presented that canyons with aspect ratio more than 2 would eliminate solar 

exposure and lead to better thermal comfort during the day in tropical areas, but it was also 

recommended to carefully analyze the effect of the ratio on each city as it might have a negative 

impact on releasing heat during the night.  

In addition, Hamdan & de Oliveira (2019) confirmed that high canyon ratio would increase the 

thermal comfort for hot weather and it was suggested that aspect ratio that falls between 1 and 

2 are the ideal for hot-arid climate of Al Ain city. 

Shishegar (2013) also agreed and presented that high canyon ratio decreased the amount of 

solar radiation in the canyon which decreased the heating of surfaces and led to a better thermal 

comfort in hot days. However, Chen et al. (2020) in an experimental research that has been 

conducted in Guangzhou stated that lower canyon ratio cooled down faster than high canyon 

ratio during night time in summer.  
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While in Thessaloniki city which is located in a cold semi-arid climate zone according to 

Köppen classification, a study was conducted by Chatzidimitriou & Yannas (2017) using field 

measurements and Envi-met simulation tested 18 street canyons which have canyon ratios with 

values from 0.6 to 3.3, it was found that canyon ratio of 1 was the most comfort in winter during 

the absence of solar exposure, while higher canyon ratios that falls between 1.7 and 3.3 are the 

best for summer season. The highest difference between the lowest and highest tested canyon 

ratios during midday time were 4 K and 7 K on PET scale in summer and winter respectively. 

It was also concluded in the same case study by Chatzidimitriou & Axarli (2017) that there is 

no difference observed during summer nights between high and low canyon ratios. 

Jamei et al. (2016) reviewed several studies in different climate zones and summarized that in 

hot-humid climate such as Sri Lanka, the difference in temperature could reach up to 7 K in 

different canyon ratios. Bangladesh was found to have a 4.5 K decrement in air temperature 

when canyon ratio was increased from 0.3 to 2.8. 

While in Hot-dry climate, it was found that in Fez ï Morocco, there is a 6 K difference in air 

temperature between low and high canyon ratios and for the same city it was concluded that 

high canyon ratio is better for thermal comfort in summer and low canyon ratio enhanced solar 

accessibility during winter days. In addition, in the same climate in El-Oued ï Algeria it was 

found that a street with H/W ratio of 2 has a 4° C lower air temperature than a street with 0.5 

H/W ratio. And in the same country in Ghardaia, it was noticed that increment in canyon ratio 

from 1 to 2 enhanced the PET by 24 K (Jamei et al. 2016).  

Furthermore, it was found that in Constantine ï Algeria which have a semi-arid climate that 

canyons with lower H/W ratio have a higher air temperature by 3° C to 6° C in comparison with 

canyons with higher H/W ratio (Jamei et al. 2016). 
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On the other hand, in Mediterranean climate zones it was noted that street canyons with very 

high H/W ratio in Athens stored high air temperature and decreased wind speed which lower 

the time of thermal comfort during summer days. While in Italy it was insisted that shadow 

caused by deep canyon enhanced thermal comfort during the day time (Jamei et al. 2016). 

To sum up, higher canyon ratios will lead to less solar access and less exposure to the sun by 

the surfaces and pedestrian in the canyon due to shadow and height of the buildings. Less solar 

access and exposure means less heat stored and less air temperature. Moreover, less air 

temperature is desirable to reach thermal comfort in places that have hot weather.  

2.6.2 Street Canyon Orientation 

In this sub-section, street orientation as another urban geometry element is discussed in terms 

of affecting the outdoor thermal comfort in street canyon. Many studies have been conducted 

to have a better understanding of this effect in different cities around the world. 

The final results of thermal comfort related to canyonôs orientation depends on how much effect 

would the wind do on air temperature and relative humidity, and how long would the buildings 

prevent or allow direct solar radiation. In fact, the most favorable orientation depends on the 

local climate and whether the current weather is causing heat stress or cold stress. In order to 

decrease heat stress, the street design should aim to speed up the wind velocity and prevent long 

time solar exposure while in order to decrease cold stress, the canyon orientation should aim to 

have longer time solar exposure and less wind velocity. Different priorities and variety of 

strength of these factors from a place to another will lead to different results.  

For example, Achour-Younsi & Kharrat (2016) found in their research which has been 

conducted in a summer day that the most common wind directions are North and North-East. 

As the study site located in Tunisia North Africa, it has a hot summer and long-time sun 
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exposure to the surface and pedestrian in the canyon which could be prevented by buildingsô 

shadows. Therefore, it was proved by Envi-met simulation that N-S canyon orientated would 

be the most thermally comfortable as it allows wind to move in and provide shadow for a longer 

time during the day. This research confirms what Deng & Wong (2020) found, as they stated 

that canyons which have an orientation in parallel with the wind direction would have the 

highest wind speed, and canyons which are perpendicular to the wind direction would have the 

lowest wind speed which could explain Achour-Younsi & Kharrat (2016) findings that West ï 

East oriented canyons are the least thermally comfortable. 

Jamei et al. (2020) also agreed that canyon orientation should be in parallel with most common 

wind direction which would be the best orientation in terms of thermal comfort in tropics. This 

is not because of solar exposure but due to the increment in wind velocity. 

Chatzidimitriou & Yannas (2017) conducted a simulation research for different canyon 

orientations and ratios for a case study in Thessaloniki, Greece and the wind was set to be from 

SW direction in summer and NW direction in winter and it was found that NW side of NE-SW 

oriented canyon (H/W = 2) is the most thermally comfort canyon in both winter and summer 

afternoon according to PET indicators. Itôs clear that this comfort canyon is parallel to wind 

direction in summer and perpendicular to wind direction in winter which agrees with the 

mentioned studies above. On the other hand, when the comparison includes all canyon ratios 

(very high and very low canyon ratios), it was found that the south side of an E-W oriented 

canyon and the west side of an N-S oriented canyon are the most comfort during summer due 

to shade and ventilation. While blocked wind and exposed to sun areas are the best for winter 

which was found to be the north-west side of NE-SW canyons. 
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To sum up, the canyon orientation affects both sun exposure and wind velocity, and the 

combination of controlling both in a way to enhance outdoor thermal comfort was found to be 

effective, but itôs also not enough to study the canyon orientation alone as the canyon ratio 

could help finding more comfort solutions. 

2.7 State of the Art 

Table 1 shows the situation and current knowledge about the research topic. 

Reference Location Climate / Season Findings 

(Achour-Younsi 

& Kharrat 2016) 

Tunisia Mediterranean 

subtropical / 

Summer 

¶ N-S was the most comfort 

orientation while W-E was the 

least comfort.  

¶ Deep canyons are more 

thermally comfort than 

shallow ones. 

(Jamei et al. 

2020) 

 Tropical ¶ Main streets should be parallel 

to the common wind direction 

or 30° against it for a higher 

wind speed.  

¶ Street canyons that have H/W 

ratio higher than 2, eliminates 

sun exposure and enhance 

thermal comfort. 
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(Hamdan & de 

Oliveira 2019) 

Al -Ain, UAE Hot Arid ¶ N-S was the most comfort 

orientation with up to 3° C 

cooler. 

¶ High canyon ratios enhance 

outdoor thermal comfort. 

Moreover, canyon ratios 

between 1 and 2 are the ideal 

for hot-arid climate of Al Ain.  

(Chatzidimitrio

u & Yannas 

2017) 

Thessaloniki, 

Greece 

Mediterranean / 

Summer & Winter 

¶ The maximum difference in 

PET thermal indices between 

different orientations reach up 

to 22 K in summer and 4 K in 

winter. 

¶ The maximum difference in 

PET thermal indices between 

different aspect ratios reach up 

to 4 K in summer and 7 K in 

winter. 

¶ Street canyon with high aspect 

ratio (H/W=2) orientated in 

parallel with most prevailed 

wind direction in summer and 

perpendicular to the most 
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prevailed wind in winter is the 

most comfort canyon. 

¶ Canyons with ratio equal to 1 

are the most comfort during 

the absence of solar radiation 

in winter.  

(Chatzidimitrio

u & Axarli 

2017) 

Thessaloniki, 

Greece 

Mediterranean / 

Summer & Winter 

¶ No difference in thermal 

comfort conditions between 

streets with high and low 

canyon ratios during summer 

nights while streets with high 

canyon ratios provide more 

comfort thermal conditions 

during summer days. 

(Deng & Wong 

2020) 

Nanjing, 

China 

Humid-

Subtropical / 

Summer 

¶ Highest wind speed was in 

canyons oriented in parallel 

with the wind direction and the 

lowest was in those 

perpendicular to the wind 

direction. 

(Shishegar 

2013) 

  ¶ High canyon ratio decreases 

surface temperature and solar 

radiation in the street. 
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(Chen et al. 

2020) 

Guangzhou, 

China 

Summer ¶ Canyons with lower aspect 

ratio cool down faster at night 

time. 

(Jamei et al. 

2016) 

 Hot-humid  ¶ Increased canyon ratio from 

0.3 to 2.8 led to decrement in 

temperature by 4.5 K in 

Bangladesh. 

¶ Difference in temperature 

could reach up to 7 K between 

different canyon ratios in Sri 

Lanka. 

(Jamei et al. 

2016) 

 Hot-dry ¶ Deep canyons are better in 

terms of thermal comfort 

conditions during summer 

while shallow ones provide 

solar radiation accessibility 

during winter in Morocco. 

¶ difference in air temperature 

reaches 7 K between low and 

high canyon ratios in Fez, 

Morocco. 

¶ Canyon ratio 0.5 has higher air 

temperature than canyon ratio 

2 by 4 °C in El-Oued, Algeria. 
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¶ Increased aspect ratio of a 

canyon from 1 to 2 enhanced 

PET by 24 K in Ghardaia, 

Algeria. 

(Jamei et al. 

2016) 

Athens, 

Greece 

Mediterranean ¶ Street canyons with very high 

ratio decreases wind velocity 

and store high air temperature 

which extend the time of 

discomfort during summer.  

TABLE 1: STUDIES FINDINGS (RESEARCHER). 

2.8 Knowledge Gaps 

The following list identifies the knowledge gaps that have been found through the review: 

1. Lake of studies about the impact of street canyon ratio and orientation on wind speed. 

2. Studies found to cover the impact of urban geometry on microclimate without 

specifying how each meteorological parameter was affected. 

3. There is shortage of studying the impact of urban geometry in UAE and specially in 

Dubai. 

4. Most of researches were conducted within the city where other phenomenon affect 

microclimate such as urban heat island phenomenon.  

5. Most of the studies used Envi-met as a simulation tool whereas few used Ladybug tool 

and there were zero study used Eddy3D to investigate wind velocity in a hot climate 

area. 
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Chapter 3. Methodology 

3.1 Introduction 

This chapter discusses various methodologies that have been used to investigate the impact of 

urban morphology on micro-climate and outdoor thermal comfort. Advantages and 

disadvantages including limitations of each methodology will be highlighted according to the 

studyôs objectives. Moreover, the selected methodology for this research will be presented in 

addition to the reasons and justifications behind this selection. Finally, the methodological 

framework and research phases will be also presented. 

3.2 Methods used for this research topic 

Due to verity of street geometryôs parameters that affect micro-climate and outdoor thermal 

comfort, there were several methodologies used to investigate this impact. From literature 

reviews and field measurements to surveys and computer simulations, methodologies were used 

independently or mixed together. The following sub-sections will investigate these 

methodologies. 

3.2.1 Field Surveys and Measurements 

Field studies were widely used in investigating the outdoor thermal comfort and its relation to 

urban geometry. It usually consists of questionnaire surveys to get participantsô perceptions and 

reactions, and/or field measurements to read meteorological parameters or/ and street geometry 

parameters. It provides realistic and accurate data for meteorological parameters and some 

street geometry parameter such as canyon width, canyon height and canyon length as well as 

subjective information for peopleôs thermal sensation. However, field measurements need 
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special instruments and survey questionnaires to be prepared in specific procedures as there are 

standards for thermal comfort surveys according to Kumar & Sharma (2020).  

For instance, In order to understand the impact of street geometry on microclimate and thermal 

comfort, Sharmin, Steemers & Humphreys (2019) conducted field measurements and surveys 

in 8 different sites in Dhaka city. These field measurements have been implemented in 5 

summer days and 6 days during autumn from 9 am to 6 pm aimed to understand peopleôs 

preferences during hot weather. For meteorological parameters, they were measured every 5 

minutes using Tiny-tag data loggers covered by radiation shields to obtain the measures of air 

temperature and relative humidity while the mentioned loggers were used with a thermocouple 

thermistor probe to obtain globe temperatures. However, A three cup anemometer was set up 

on 1.1-meter height to get wind speed measurements. All measurements were taken in the 

middle of canyons in each site and within 3 meters of the instruments which were compatible 

with ISO7726 standard, subjective interviews have been done with almost 1286 pedestrians. 

Participants in the survey questionnaire were interviewed randomly. Personal and contributing 

thermal comfort factors information were obtained from each participant. Also, they were asked 

about their thermal acceptance, preference and feeling assessed on several well-trusted scales. 

Moreover, a coloration analysis has been done between meteorological parameters and thermal 

comfort data as well as a coloration analysis between street geometry parameters such as SVF 

and H-W factor, and collected meteorological parameters data. 

Another example for studying outdoor thermal comfort using field survey methodology has 

been conducted by Zhou et al. (2013). The investigation has been done in two places in the 

same site during hot days, one of them was in a square while the other was under a piloti. In 

both places, participants who were young (between 9 and 27 years old) answered a survey 

questionnaire about their thermal sensation which was prepared based on BSR/ASHRAE 
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standard 55P. In order to control participantsô activity, they were asked to sit for 30 minutes in 

a nearby indoor place before sitting in the testing place for 20 minutes. After that the interview 

would begin and metabolic rate would be measured. At the same time and within 3 meters from 

the participants, instruments -which were compliant with the ISO7726 standard- were set up at 

1.2-meter height to measure air and globe temperature, relative humidity and wind speed while 

solar radiation data were collected from the nearest weather station. In addition, both MRT and 

clothing insulation were calculated according to BSR/ASHRAE standard 55P in order to 

calculate SET. Several analyses have been done in order to understand the relationships 

between subjective and objective collected data. The same standard (ISO7726) were followed 

by Huang et al. (2020) to measure meteorological data to study the impact of different 

percentage of tree shade cover on microclimate and outdoor thermal comfort. Low, medium 

and high percentage of tree shade covered locations in the same street with almost the same 

aspect ratio were tested. Three testing points were selected in unshaded places within the same 

street while other six testing points were distributed equally in the three mentioned covered 

locations. Measures were done simultaneously as the questionnaire were conducted at the 

mentioned nine testing points. Four males and five females participated during two hot summer 

days, each one of them had to answer the questionnaire and move to the next testing point at 

the same time in order for the participants to do it nine times in each session. Three sessions 

were done each day (morning, afternoon and evening) which lead to obtain 486 questionnaires. 

The questionnaire included scaled questions about thermal sensation, weather acceptability and 

expectation for better thermal situation and other questions that included clothing information.  

3.2.2 Computer Simulation 

Computer simulation is widely adopted in studying the impact of urban geometry on 

microclimate and thermal comfort due to the capabilities in predicting meteorological 
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parameters with relatively accurate results in different geometries, locations and with different 

building materials based on initial meteorological data. Several simulation tools were used to 

instigate the meteorological parameters and outdoor thermal comfort, and its relation with the 

surrounding urban geometry such as Envi-met, Grasshopper plugins (Honeybee, Ladybug, 

Eddy3D, Butterflyé etc.), ANSYS, RayMan, Meteodyn and FlowDesigner. Due to the 

increasing interest in this methodology, more tools are under development to overcome 

previous toolsô disadvantages and to provide more alternatives and solutions in this field such 

as City Comfort package in BIM HVAC Tool which will provide human perception like 

comfort, stress and thermal strain to different meteorological parameters as well as noise and 

air pollution according to Mr. Tian, one of BIM HVAC tool developers.  

Computer simulation results need to be validated, thus most researches that adopted this 

methodology have done field measurements for meteorological parameters in order to compare 

it with obtained simulation results. For example, He, Gao & Wang (2021) used Envi-met 

software which is a computational fluid dynamic (CFD) based tool and a widely used tool in 

this field. Envi-met was used to simulate and investigate the impact of surrounding urban 

morphology of elementary schools on microclimate. The simulation has been done 

simultaneously with field measurements to validate the results of simulated meteorological 

parameters by comparing it with the measured micrometeorological parameters. Simulation 

settings were set up as the following, the simulated modelôs cell size was 2 m ṋ 2 m ṋ 3 m and 

the modelôs height was at least double the highest buildingôs high. Although the tested period 

is 24 hours of a specific day, the simulation was 48 hours including 24 hours of the previous 

day to eliminate the impact of the initial inputted meteorological data which was obtained from 

the nearest weather station.  
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However, another analysis tool called grasshopper. It is a tool in Rhinoceros 3D software that 

helps in implementing pre-coded components to analyze and simulate 3D designs. Hamdan & 

de Oliveira (2019) used grasshopper plugins to study the impact of different urban elements on 

microclimate and thermal comfort. Ladybug and Honeybee are EnergyPlus and OpenStudio 

based plugins which were used in combination to simulate outdoor surfaces temperature based 

on several inputs such as 3D buildings model, urban elementsô materials and nearest weather 

stationôs meteorological data. The outputs were used to produce a visualized UTCI map by 

UTCI calculator component in ladybug plugin. In addition, flow design software was used to 

simulate the initial wind speed and its impact on UTCI. Flow design is an Autodesk product 

which is not a CFD based tool and couldnôt take into consideration the impact of urban 

geometry on wind velocity and direction. The study was validated by field measurements and 

supported by field survey.  

Another important grasshopper plugin was called Eddy3D which is a CFD based tool (based 

on OpenFOAM algorithm) was developed by ES lab and Cornell university. Eddy3D was 

basically developed to simulate and study airflow and microclimate. Although the tool is 

relatively new, it is validated by several researchers (Kastner & Dogan 2022). 

Natanian et al. (2020) used eddy3D as a part of several grasshopper pluginsô model to study the 

impact of urban morphology on microclimate, consequently on outdoor thermal comfort and 

energy consumption. Eddy3D plugin was used to analyze wind factors, ladybug plugin to 

analyze solar radiation, dragonfly plugin to analyze microclimate and honeybee plugin to 

simulate surface temperature and, energy demand and supply. A combination of results from 

eddy3D, dragonfly and honeybee were inputted into a UTCI calculator to obtain the outdoor 

thermal comfort rate. This shows the flexibility and capability of grasshopper as multi plugins 
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could be combined together to analyze a specific parameter. Table 2 shows advantages and 

disadvantages of each microclimate simulation tools. 

Software Advantages Disadvantages 

Envi-met 1. Simulate almost all 

meteorological parameters. 

2. Validated by many 

researches. 

1. Maximum domain 

area is 60 m ṋ 60 m for 

the free version. 

2. Drawing 3D 

models is inflexible and 

inaccurate. 

Grasshopper 

(Ladybug, 

Eddy3D, 

Honeybee) 

1. High flexibility and powerful 

when it comes to interact between 

different plugins. 

2. Flexible and accurate 3D 

modelling by Rhinoceros. 

3. Accurate and validated. 

4. Cost-free 

1. Very hard to use. 

BIM HVAC  1. Friendly user interface. 

2. Simulate all meteorological 

parameters. 

1. Not permitted to 

use, still under 

development. 

FlowDesigner 1. Easy to use. 1. Very high cost. 

2. Simulates only air 

flow for outdoors. 

3. Not validated for 

outdoor models 
TABLE 2: SIMULATION TOOL COMPARISON (RESEARCHER). 

3.2.3 Experimental Methods 

Itôs not possible to control the environment and its parameters in order to study a specific 

phenomenon in urban areas. To overcome this disadvantage in experimental method for such a 

research area, researchers can construct 3D scaled models that meet specific requirement to be 

able to study the targeted parameters. Scaled models have the advantage of controlling the 

geometry, vegetation, material and other urban elements while it can also keep the complexity 

of real life environment variables (Zhao et al. 2018). 

For example, Chen et al. (2021) conducted research using a 1:15 scaled model of 44 street 

canyons in a platform called SOMUCH in Guangzhou in China. The aim of the study was to 
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investigate the impact of tree canopy cover, street trees density and street aspect ratio on outdoor 

thermal and visual comfort for pedestrians. In order to accomplish this goal, scaled street 

canyons were set up in three different aspect ratios (H/W = 1, 2 and 3) with a constant height 

(H = 1.2 m) that represents a real-life buildingsô height of 6 floors (18 m). For each aspect ratio, 

tree-free street canyon as well as street canyons with two different plants density were set up. 

Each plants density for each aspect ratio were set up twice, one for each tree canopy size (crown 

width = 0.2 m and 0.5 m) except aspect ratio of 1 which was only able to handle trees with 

crown width of 0.2 m due to the narrowness of the street width. To sum up, the total number of 

canyons that have been set up is 13 scaled canyons as the following: 

Canyon ratio 1 = 1 tree-free canyon + 2 different planting density canyons ṋ (1 tree canopy 

size) = 3 street canyons 

Canyon ratio 2 = 1 tree-free canyon + 2 different planting density canyons ṋ (2 tree canopy 

sizes) = 5 street canyons 

Canyon ratio 3 = 1 tree-free canyon + 2 different planting density canyons ṋ (2 tree canopy 

sizes) = 5 street canyons 

Measuring instruments were installed in different places in each tested canyon according to the 

purpose of the conducted measurement and the position was based on scaled dimensions (scale 

1:15). For example, some measurements were done at 0.1 m height in reference to average 

pedestrian height which was 1.5 m. Various parameters were included in the measurements 

such as; air temperature, wind speed, relative humidity, surface temperature, glob temperature, 

illuminance and radiation. Moreover, several analyses have been done on the results of field 

measurements to calculate the outdoor thermal and visual comfort. The main limitation of this 
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study was the plantsô heights which were 0.5 m and 0.7 m that are 7.5 m and 13.5 m 

(respectively) in real life which was unrealistic. 

3.3 Selected Methodology and Justification 

This research aims to understand the relation between street geometry parameters and different 

micrometeorological parameters. Consciously, the impact of each micrometeorological 

parameter on outdoor thermal comfort. And as the previous section illustrated some of used 

research methodologies that studied this research area, a comparison between these research 

methodologies has been done in light of the main research objectives as shown in Table 3. 

 Methodology Advantages Disadvantages 

1 Field Survey ¶ Real Life 

Information. 

¶ There are standards 

to follow. 

¶ Time consuming. 

¶ Volunteers needed 

2 Computer 

Simulation 
¶ Controlled Initial 

variables. 

¶ The ability to test 

specific 

parameters. 

¶ Controlled 

environment. 

¶ Less time needed. 

¶ Relatively cost 

effective. 

¶ The ability to test 

imaginary models. 

¶ Needs validation. 

3 Experimental 

Methods (Scaled 

models) 

¶ Real life 

measurements. 

¶ High cost. 

¶ Time consuming. 

¶ Some parameters 

are uncontrollable. 
TABLE 3: RESEARCH METHODOLOGIES COMPARISON (RESEARCHER). 

The research should be able to address the impact of both orientation and aspect ratio of streets 

on different micrometeorological parameters as well as outdoor thermal comfort. Moreover, it 

should highlight the change that different micrometeorological parameters could make on 
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thermal comfort indices to help urban planners and decision makers in developing street 

regulations that support outdoor thermal comfort and consciously enhance walkability towards 

sustainable development. In order to do so, the researcher will implement computer simulation 

methodology supported by field measurements and literature review. Computer simulation 

provides a controllable environment that saves time and cost. In addition, itôs capable to 

investigate different scenarios and test different parameters under controlled variables which 

make the methodology fits perfectly for the research objectives. To overcome the only 

disadvantage of this methodology which is the need of validation for the used software, field 

measurements for micrometeorological parameters will take a place in the case studyôs site and 

the results will be compared with the results of the simulation. 

Ladybug plugin and Eddy3D plugin in grasshopper will be used as computer simulation tools 

to examine different street geometry parameters in different scenarios. Tools were selected due 

to their accuracy and flexibility in integration between each other as well as the accuracy of 3D 

modelling of the hostage platform of these tools which is Rhino 6. The mentioned tools have 

the ability to simulate different meteorological parameters in different models with initial 

weather data from weather file. It has the ability to calculate and visualize different thermal 

comfort indices. In this research, UTCI have been chosen due to its relatability with outdoor 

conditions. 

3.4 Methodological Framework 

As mentioned in the previous section, the research will apply computer simulation methodology 

to accomplish its objectives supported by field measurements for validation and literature 

review for a better understanding of street geometry parameters. Figure 5 presents the 

methodological frame work that will be followed.  



38 
 

 

FIGURE 5: RESEARCH METHODOLOGICAL FRAMEWORK (RESEARCHER). 
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3.5 Research phases 

The research will go through three main phases before start analyzing obtained results and 

coming out with findings.  

1. Literature review and theoretical phase: 

This phase will start with selection process for articles, conference papers, journals, 

books and other scientific materials that discuss general related topics such as Urban 

heat island phenomenon, climate change and urban morphology as well as specialized 

and most related ones like thermal comfort, microclimate, urban elements, street 

geometry and its effect. The aim of this phase is to study the global and local factors 

that affect climate and micro-climate. Additionally, to have a better understanding about 

the urban morphology and itsô role in changing different micrometeorological 

parameters. Furthermore, this phase has to come up with the following: 

¶ Identify street geometryôs parameter that affect microclimate and thermal 

comfort. 

¶ Determine the micrometeorological parameters, street geometry parameters and 

the thermal comfort indices that will be simulated and analyzed. 

¶ Specify a methodology to follow in order to examine the studied parameters. 

¶ Select the case study: a community located in Dubai emirate with a clear urban 

morphology should be chosen. 

¶ Determine different scenarios for the selected community based on specified 

street geometryôs parameter. 

2. Field measurements phase: 
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This phase will be done in the selected case study using EXTECH 45170 instrument to 

measure air temperature, relative humidity and wind speed in three different times in a 

hot summer day. The selected case study will be simulated in the third phase and 

compared with field measurements in order to validate the used tools. 

3. Computer simulation and validation phase: 

The following points describe the main steps in this phase: 

¶ Create a 3D model for the selected case study using Rhino 6. 

¶ Develop an MRT simulation model using Ladybug plugin in grasshopper. 

¶ Develop a wind vectors simulation model using Eddy3D plugin in grasshopper. 

¶ Develop a UTCI calculator model based on the mentioned simulated parameters 

and weather station file (EPW file). 

¶ Simulate the base case model in the previous simulation models. 

¶ Analyze the results of the base case simulations and compare it with field 

measurements from the previous phase in order to validate the selected tools. 

¶ Create 3D models for determined scenarios from the previous phases and 

simulate them using the developed simulation models. 

 

 

 

 

 

 



41 
 

Chapter 4. The Case of Damac Hills 2 (Vardon Cluster) 

4.1 Introduction 

Chapter four interduces the selected case study which is Vardon cluster in Damac hills 2 

community. Firstly, it gives an overview about the community and the reasons behind choosing 

it. The urban morphology and site analysis of the selected cluster will be presented. 

Secondly, this chapter illustrates a climate analysis for Dubai city and highlights the most 

thermally uncomforting months. Climate analysis helps the researcher in determining some 

simulation parameters like prevailing wind direction, average wind speed, etc. 

Thirdly, it discusses the simulation pre-process phase and illustrates the code, settings and 

variables of the simulation process as well as the simulation of the base case. 

Fourthly, it presents the field measurement process including measuring days and used 

instruments. Moreover, the chapter identifies the validation process that validates ladybug 

plugin and eddy3D plugin by comparing the results of base case simulation with the results of 

field measurements.  

Finally, it shows several alternatives for the street geometry of the base case and suggests 

another 8 scenarios based on different street orientations and aspect ratios. All these scenarios 

have been simulated and the results will be discussed in chapter 5.  

4.2 Case Study: Overview 

Damac hills 2 (Previously Akoya oxygen) is a residential community that locates on south-

east of downtown Dubai with 35 minutes driving away. Being away from the city makes less 

affected by the heating of urban heat island phenomenon. It consists of residential clusters, 
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open spaces, recreational areas, an educational area and a commercial area. Residential 

clusters are categorized based on residential unitsô type as the following: Town houses, villas 

and apartments. Figure 6 shows the masters plan of Damac hills 2 (DAMAC 2022). 

 

FIGURE 6: DAMAC HILLS 2 MASTER PLAN (DAMAC  2022). 

In the heart of Damac hills 2, Vardon cluster was selected as a case study for the research due 

to itsô simple streets network and urban morphology. It consists of 9 arrays of townhouses 

surrounded by luxury villas creating simple and identical street canyons as shown in figure 7.  
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FIGURE 7: VARDON MASTER PLAN (GOLDPILLARS 2022). 

The width of street canyons is 18.3 m according to the master plan and the height of townhouses 

in each side according to the elevations view is 7.1 m which makes the canyon ratio equal to 

0.4. Figure 8 shows picture for one of the clusterôs street canyons and figure 9 shows Vardon 

clusterôs townhouse elevations view. 

 

FIGURE 8: A STREET CANYON IN VARDON CLUSTER (RESEARCHER). 
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Figure 9: Front elevation for Vardon clusterôs townhouse (DAMAC 2022). 

4.3 Climate Analysis 

The UAE climate is classified as hot desert climate according to Koppen climate classification 

system. It has a very hot and arid summer and mild winter. This section discusses the weather 

in Dubai throughout the year including air temperature, relative humidity, rainfall precipitations 

win velocity and wind directions. 

4.3.1 Air Temperature in Dubai 

According to National Center of Meteorology (2022a) and based on meteorological data for the 

last 9 years from Al Maktoum international airport in Dubai, months from June to September 

are the hottest months of the year and July is the hottest one with temperature that could reach 

up to 49.5 °C and mean temperature 36.3 °C. On the other hand, December, January and 

February are the coldest months of the year with mean temperature for each month 20.7 °C, 
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18.6 °C and 20 °C respectively. Figure 10 shows air temperature data throughout the year for 

the period from 2013 to 2021.  

 

FIGURE 10: AIR TEMPERATURE (°C) IN AL MAKTOUM INTERNATIONAL  AIRPORT 2013-2021 (National Center of 

Meteorology 2022a).  

4.3.2 Relative Humidity in Dubai 

The monthly average relative humidity in Dubai throughout the year falls between 42% and 

65%. Moreover, December and January are the most humid months with 87% average 

maximum relative humidity. On the other hand, May recorded the lowest average relative 

humidity in the last 9 years with 42% and average minimum relative humidity of 17% as shown 

in figure 11 (National Center of Meteorology 2022a). 

 

FIGURE 11: RELATIVE HUMIDITY (%) IN AL MAKTOUM INTERNATIONAL  AIRPORT 2013-2021(NATIONAL CENTER 

OF METEOROLOGY 2022A). 
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4.3.3 Rainfall in Dubai 

The UAE has a dry climate with a very low rainfall. Moreover, according to meteorological 

data from 2003 to 2021 which was published by the National Center of Meteorology (2022b), 

the driest year for UAE was 2021 with mean of yearly total rainfall equals to 39.4 mm.  

In Dubai, there is a verity in monthly mean rainfall. Months from June until October are 

considered as the driest through the year with rain mean reaches down to 0 mm per month for 

July and September. On the other hand, March is considered as the wettest month in Dubai as 

shown in figure 12 (National Center of Meteorology 2022a).    

 

FIGURE 12: MEAN OF MONTHLY TOTAL RAINFALL (MM) IN AL MAKTOUM INTERNATIONAL  AIRPORT 2013-2021 

(NATIONAL CENTER OF METEOROLOGY 2022A). 

4.3.4 Wind in Dubai 

The most prevailed wind direction in Dubai blows from the Northern-west direction while the 

average wind speed varies throughout the year as it falls between 12 km/h and 16 km/h. In 

addition, the highest wind speed was recorded for march as wind speed reached 67 km/h. Figure 

13 shows the monthly average wind speed, monthly average maximum wind speed and monthly 
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maximum wind speed data recorded between 2013 and 2021 in Al Maktoum international 

airport. 

 

FIGURE 13: WIND SPEED IN AL MAKTOUM INTERNATIONAL  AIRPORT 2013-2021(NATIONAL CENTER OF 

METEOROLOGY 2022A).  

4.4 Simulation Set up and Base Case 

This section presents the pre-process phase including 3D modelling and simulation settings, 

variables and parameters. It also illustrates the base case simulation in order to be used for 

validation which will be shown in the next section. 

4.4.1 3D Modelling 

The Modelling step is the first step towards simulation. Rhino 6 was used to create a 3D model 

for case study in 1:1 scale as shown in figure 14 and 15. 
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FIGURE 14: 3D MODEL FOR TARGETED STREET CANYONS (RESEARCHER). 

 

FIGURE 15: TOP VIEW OF THE TARGETED STREET CANYONS. 

4.4.2 Ladybug Plugin 

Ladybug tool was used to simulate and visualize the MRT in the targeted area as well as 

calculate and visualize the UTCI spatially. In order to do so, several components in ladybug 

have been connected together to build the simulation model as shown in figure 16.  
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FIGURE 16: MRT AND UTCI SIMULATION MODEL (RESEARCHER) 

4.4.2.1 Ladybug Model Development 

The following steps show how the model was built: 

1. Importing weather data: 

In this step three components are used to browse, download and import weather data 

from the nearest available weather source which is Abu Dhabi airport -in our case- due 

to the unavailability of Dubai airports weather files in ladybug website as shown in 

figure 17. Weather data is used as initial meteorological variables for simulation. 

 

FIGURE 17: STEP 1 ï IMPORT WEATHER DATA (RESEARCHER). 
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I. Browsing and finding the nearest available data source and get its link. 

II.  Downloading the weather file. 

III.  Importing the weather file and extract information. 

2. Defining tested points and its relation with the sky: 

This step consists of two phases as shown in figure 18: 

I. Generating testing points and a mesh from the ground surface geometry. 

II.  Determining the relation between the generated points at 1.8 m height (an adult 

height) and the sky in the presence of the surrounding buildings. 

 

FIGURE 18: STEP 2 ï GENERATE TESTING POINTS AND CALCULATE ITS RELATION WITH THE SKY (RESEARCHER). 

3. Determining the simulated time of the year: 

By defining the analysis period and applying it on information obtained from weather 

file and on the results from the second step as shown in figure 19. 
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FIGURE 19: STEP 3 ï DEFINING THE SIMULATION PERIOD (RESEARCHER). 

I. Defining the starting and ending month, day and hour. 

In this research, three different hours (7 AM, 12 PM and 5 PM) in a regular 

summer day (31st August) will be simulated. 

II.  Applying the simulation period on data from the weather file and the data 

collection of fraction of a body exposed to the direct sun light through the year 

which was obtained from ñHuman to skyò calculation component in step 2. 

4. Start MRT Simulation: 

By inserting the data that was obtained from step 2 and step 3 (Fraction of the body 

exposed to direct sunlight, fraction of the sky vault in human subjectôs view and 

meteorological data) as well as setting up the reflectance value of the floor as shown in 

figure 20. 
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FIGURE 20: STEP 4 - START MRT SIMULATION (RESEARCHER). 

5. MRT Visualization: 

In this step, the MRT results of the simulation will be visualized spatially by connecting 

both MRT simulation results and the created mesh in step 2 into a component called 

Heat map as shown in figure 21. 

 

FIGURE 21: STEP 5 - RESULTS V ISUALIZATION (RESEARCHER). 
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6. UTCI Calculation and Visualization 

To calculate UTCI, meteorological data and results from MRT simulation have been 

inserted in UTCI calculator component. Moreover, UTCI has been visualized by 

inserting the results in heat map component as shown in figure 22. 

 

FIGURE 22: STEP 6 ï UTCI CALCULATION AND VISUALIZATION (RESEARCHER). 

Itôs important to note that UTCI code automatically consider the minimum clothing level which 

is 0.46 when temperature higher than 26 °C according to the schiavon model. In addition, 

metabolic rate is already set to 4 kw/h as a typical walking metabolic rate.  

4.4.2.2 Base Case Simulation 

The developed ladybug model which simulates and visualizes MRT and UTCI has been applied 

on the studied case to use the results for validation in section 4.5. Table 4 shows heat maps of 

the simulated MRT and UTCI at 7 AM, 12 PM and 5 PM on 31st August. 

 

 

 



54 
 

 MRT UTCI 

7
 A

M
 

  

1
2

 P
M

 

  

5
 P

M
 

  
TABLE 4: CASE STUDYôS MRT AND UTCI SIMULATION RESULTS (RESEARCHER). 

4.4.3 Eddy3D Plugin 

A model was built using Eddy3D tool to simulate and test the wind velocity and its direction 

within streets canyon. Figure 23 shows the Eddy3d simulation model. 
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FIGURE 23: WIND SIMULATION MODEL (RESEARCHER). 

4.4.3.1 Eddy3D Wind Model Development 

The following steps were followed to develop the wind simulation model using Eddy3D tool: 

1. Importing wind initial data: 

Like MRT simulation, wind simulation needs initial data. Wind speed and direction 

were imported from Abu Dhabi airport weather file, and analysis period was applied to 

simulate the base case for validation purposes. However, average wind speed and the 

most prevailed wind direction is used for study and analysis purposes. Figure 24 shows 

the process of importing wind data and applying simulation period. 

 

FIGURE 24: STEP 1 - IMPORTING WIND DATA (RESEARCHER). 
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2. Atmospheric boundary conditions set up: 

In this step, initial wind speed and direction were set up according to the imported 

weather file as shown in figure 25. Reference height was set as 10 m due to the fact that 

wind speed is usually measured at airports weather stations at this height.  

 

FIGURE 25: STEP 2 ï ATMOSPHERIC BOUNDARY CONDITIONS (RESEARCHER). 

3. Wind tunnel set up: 

In this step, wind tunnel dimensions have been set up as well as buildings geometry and 

ground surface as shown in figure 26. Moreover, atmospheric conditions from step 2 

was connected into the wind tunnel component. 

 

FIGURE 26: STEP 3 ï WIND TUNNEL SET UP (RESEARCHER). 
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4. Simulation settings and post-processing: 

Mesh settings, run settings and wind tunnel component were connected to the simulation 

component. Mesh settings provide details about mesh accuracy including buildings and 

ground mesh accuracy while run settings component provides more capabilities for the 

researcher to specify technical settings that improve simulation accuracy as shown in 

figure 27. 

 

FIGURE 27: STEP 4 ï SIMULATION SETTINGS AND POST-PROCESSING (RESEARCHER). 

Paraview component leads to paraview software which provides visualizing and editing 

tools for final results. 

4.4.3.2 Base case simulation 

The developed wind simulation model was applied on the case study in order to use the final 

results of the base case wind simulation in validation process in section 4.5. The base case 

simulations were done based on 31st August weather information as a reference meteorological 

data for each simulated hour. Figures 28 to 30 show wind simulation results at 7 AM, 12 PM 

and 5 PM.  
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FIGURE 28: RESULTS FOR CASE STUDY WIND SIMULATION AT 7 AM  (RESEARCHER). 

 

FIGURE 29: RESULTS FOR CASE STUDY WIND SIMULATION AT  12 PM (RESEARCHER). 

 

FIGURE 30: RESULTS FOR CASE STUDY WIND SIMULATION AT  5 PM (RESEARCHER). 
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4.5 Field Measurements and Validation 

Meteorological parameters measurements have been conducted in the case studyôs site to 

validate grasshopper pluginsô simulations for the base case. The field measurements have been 

done in the middle of one of the simulated street canyons in Vardon cluster as shown in figure 

31. 

 

FIGURE 31: FIELD MEASUREMENTS LOCATION (2GIS.AE 2022). 

An instrument named EXTECH 45170 was used to do measurements. EXTECH is an 

environmental meter that has the ability to measure wind velocity, air temperature, relative 

humidity and light. Its range for measuring wind velocity falls between 0.4 m/s and 30.0 m/s 

while it falls between 0 °C and 50 °C for air temperature measurements and ranges from 10% 

to 95% for relative humidity measurements. 
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4.5.1 Ladybug Plugin Validation 

The aim of field measurements -in this sub-section- is to validate Ladybug model. A 

comparison between UTCI degrees that have been calculated based on measured 

meteorological parameters and UTCI values which have been simulated by using Ladybug 

plugin based on weather file. Air temperature, wind speed and relative humidity have been 

measured in a regular summer day which is the same day that has been simulated (31st August-

2021). Measures were conducted three times during the day at 7:00 AM, 12:00 PM and 5:00 

PM at the point showed in figure 29. Table 5 shows the field measurements. 

Time Wind Speed (m/s) Measurements 

Photos 

7 AM 1.6 m/s 

 
12 PM 1.0 m/s 

 
5 PM 2.3 m/s 

 
Time Dry Bulb Temperature (°C) Measurements 

Photos 
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7 AM 30.5 °C 

 
12 PM 41.6 °C 

 
5 PM 38.6 °C 

 
Time Relative Humidity (%) Measurements 

Photos 

7 AM 50.6% 

 
12 PM 27.7% 

 
5 PM 31.1% 

 
TABLE 5: FIELD MEASUREMENTS (RESEARCHER). 
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Figure 32 shows UTCI calculation results based on the conducted field measurements in table 

5. 

 

FIGURE 32: UTCI BASED ON FIELD MEASUREMENTS (RESEARCHER). 

Table 6 shows a comparison between UTCI degrees which were calculated based on the 

measured meteorological parameters at their original location showed in figure 31 and UTCI 

degrees at the same location based on simulation results. The discrepancy between simulation 

results and real measurements is very low. It ranges between 2% and 6.2% with average 

discrepancy 3.9% which validates ladybug model for UTCI and MRT simulation. 

Time UTCI based on simulation 

results (Table 4) 

UTCI based on actual field 

measurements (Figure 30) 

Discrepancy 

(%) 

7 AM 31.24 °C 30.61 °C 2% 

12 PM 44.02 °C 42.48 °C 3.5% 

5 PM 36.60 °C 38.88 °C -6.2% 
TABLE 6: THE DISCREPANCY OF UTCI DEGREES BETWEEN LADYBUG RESULTS AND FIELD MEASUREMENTS 

(RESEARCHER). 
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4.5.2 Eddy3D Plugin Validation 

Eddy3D is specialized in wind simulation and to validate itsô accuracy, a comparison between 

wind speed measurements and simulation results have been conducted. They are presented in 

table 7. The simulation results were represented by calculating the average of three simulated 

points within 5 of the targeted location. 

Time Wind speed simulation results (Figures 

26-28) 

Field 

measurements 

Discrepancy 

(%) 

Point 1 Point 2 Point 3 Average 

7 AM 1.85 1.4 1.26 1.5 m/s 1.6 m/s -6.67% 

12 PM 0.88 0.97 1.22 1.02 m/s 1.0 m/s 1.96% 

5 PM 2.1 2.12 2.66 2.29 m/s 2.3 m/s -0.44% 
TABLE 7: THE DISCREPANCY OF WIND SPEED BETWEEN EDDY3D RESULTS AND FIELD MEASUREMENTS 

(RESEARCHER). 

Eddy3D has offered results subject reliability tolerance with very low discrepancy percentage 

ranges between 0.44% and 6.67% with average discrepancy 3.02%. 

4.6 Scenarios setup 

As the main object for this study is to investigate the impact of street geometry, different 

scenarios according to the targeted parameters have been set up and modelled by using Rhino 

6.  

Based on the literature review, wind speed increases in street canyons which are in parallel to 

the wind direction. Moreover, MRT increases on the E-W directed streets due to longer 

exposure to the sun radiation. To examine street direction effect, two scenarios have been set 

up according to the street canyon direction. In the first scenario, the base case has been oriented 

so the street canyon direction became E-W with the same aspect ratio as the base case. While 

in the other scenario, base case was oriented to the tested and the most prevailed wind direction 

which is NW-SE as shown in Table 8. 
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Scenario 

direction 

East-West direction Northern west-Southern east 

H
/W

=
 0

.4
 (b

a
s
e
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a
s
e
 ra

tio
)

 

  
 Scenario 1 Scenario 2 

TABLE 8: PROPOSED SCENARIO FOR DIFFERENT DIRECTIONS (RESEARCHER). 

It was claimed in the literature review that higher canyon ratio leads to decrement in MRT and 

wind speed. To test aspect ratio impact, a higher canyon ratio than the base case (Base case 

aspect ratio = 0.4) was set up with H/W equal to 1 for a third scenario (with the same direction) 

and another scenario was set up with lower aspect ratio (H/W = 0.2) as shown in table 9. 

Scenario 

H-W 

ratio 

H/W = 1 H/W = 0.2 

B
a
s
e
 c

a
s
e
 d

ire
c
tio

n 

  
 Scenario 3 Scenario 4 

TABLE 9: PROPOSED SCENARIOS FOR DIFFERENT H/W RATIOS (RESEARCHER). 
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In order to study, analyze and compare how much effect does each parameter have done and to 

find the optimum case, both tested aspect ratios (H/W = 0.2 and 1) were implemented and 

simulated on other tested directions. So, another 4 scenarios were added to be studied, simulated 

and analyzed as shown in table 10. 

Scenario H-

W ratio 

H/W = 1 H/W = 0.2 

Orientation 

E
a
s
t-W

e
s
t d

ire
c
tio

n 
  

 Scenario 5 Scenario 7 
N

o
rth

e
rn

 w
e
s
t-S

o
u

th
e

rn
 e

a
s
t

 

  
 Scenario 6 Scenario 8 

TABLE 10: PROPOSED SCENARIOS FOR DIFFERENT DIRECTIONS AND DIFFERENT H/W RATIOS (RESEARCHER). 

All 8 proposed scenarios as well as the base case will go through MRT and UTCI simulation 

process for 3 times (at 7 AM, 12 PM and 5 PM) on 31st of August while these scenarios will go 
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through wind simulation for one time to test the yearly most prevailed wind direction with 

yearly average wind speed as initial wind data for simulation. 

In the next chapters, results are presented, compared and analyzed. In addition, findings and 

recommendations are highlighted.   
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Chapter 5. Results and Discussion 

5.1 Introduction 

In this chapter, the microclimate of the case study and the other 8 proposed scenarios will be 

simulated and the UTCI temperature will be calculated based on simulation results. The results 

of these simulations and calculations will be visualized and presented. 

In addition, a comparison between the results will be investigated in order to conclude the 

impact of H/W ratio and street canyon orientation on microclimate and outdoor thermal comfort 

through visualized thermal maps of MRT, UTCI and wind. 

Finally, this chapter presents the findings of this research.   

5.2 Mean Radian Temperature Simulation Results 

MRT was simulated at 1.8 m height based on meteorological data of the 31st of August at three 

different times, in the morning (7 AM), midday (12 PM) and late afternoon (5PM).  

5.2.1 Street Canyon Ratio effect 

1. For the base case (H/W= 0.4): It was found that MRT is lower within the canyon than 

open spaces away from any shade even in the midday. Moreover, the maximum effect 

of street canyon on MRT was found at 7 AM with a difference that could reach almost 

13 °C less within canyons than out of canyons. It was also noticed that the difference 

existed in almost the whole area of the canyons although itôs a slight difference in the 

midday. Table 11 shows the results of base case MRT simulation. 
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7 AM 12 PM 5 PM 

   

TABLE 11: MRT SIMULATION RESULTS ï BASE CASE (RESEARCHER). 

In addition, the base case canyon experienced the lowest MRT during the morning with 

almost 30.52 °C while it experienced the highest MRT during the midday with around 

59 °C. 

2. For different aspect ratios (H/W= 0.2, 1): It was found that MRT in scenario 3 (H/W=1) 

have lower values during the three times and the effect of higher canyon ratio covers 

the whole canyon while in scenario 4 (H/W=0.2), the canyon effect covers as a 

maximum 75-80% of the street and the effect decreases the further it gets from the 

buildings as shown in Table 12. 
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TABLE 12: MRT SIMULATION RESULTS ï SCENARIO 3 AND 4 (RESEARCHER). 

3. Based on comparison between table 11 and table 12, the following was found: 

I. MRT values within street canyons are lower than MRT values in open spaces. 

II.  The impact of street canyons on MRT vary during the day but the biggest effect 

was noticed at 7 AM with differences in MRT between open space and different 

street canyon ratios range between 9.53 °C and 13.61 °C with an average of 

11.34 °C. 

III.  The biggest difference between MRT values in different canyons was found in 

the midday between scenario 3 and scenario 4 with 5 °C difference as shown in 

figure 33. 

IV.  The Average MRT decreases as the canyon ratio increases as presented in figure 

34. 
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FIGURE 33: MRT VALUES IN THE OPEN SPACE AND DIFFERENT STREET CANYON SCENARIOS (RESEARCHER). 
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FIGURE 34: AVERAGE MRT FOR SCENARIO 4, BASE CASE AND SCENARIO 3 (RESEARCHER). 

5.2.2 Street Canyon Orientation Effect 

The street canyon orientation for the base case is NE-SW with 15 ° deviated from the north 

while the other tested scenarios are on the east-west orientation and northern west ï southern 

east orientation. Table 13 shows MRT simulation results for different orientations of the 

original canyon ratio (H/W=0.4). 
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TABLE 13: MRT SIMULATION  RESULTS ï SCENARIO 1 AND 2 (RESEARCHER). 
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Based on the comparisons in Table 11 and table 13, the following was found: 

1. The East-west directed street canyon (Scenario 1) have the highest MRT values during 

the morning and late afternoon. 

2. MRT values for the three tested orientations are the same during the midday (12 PM). 

3. The base case and scenario 2 (NW-SE) have the same MRT values for morning time (7 

AM). 

4. The base case have a slightly lower MRT values than scenario 2 at 5 PM as shown in 

figure 35. Moreover, scenario 2 canyon effect covers only 75% of the street area while 

the base case canyon effect covers the whole street area. 

5. The average MRT decreases as the street canyon orientation get closer to the N-S 

direction as shown in figure 36. 
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FIGURE 35: MRT VALUES IN THE BASE CASE, SCENARIO 1 AND SCENARIO 2 (RESEARCHER). 
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FIGURE 36: AVERAGE MRT FOR BASE CASE, SCENARIO 2 AND SCENARIO 1 (RESEARCHER). 

5.2.3 Canyon Integrated Effect 

Other scenarios have integrated both different orientations and canyon ratios together and the 

simulation results are shown in table 14. 
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TABLE 14: MRT SIMULATION RESULTS FOR SCENARIOS FROM 5 TO 8 (RESEARCHER). 

A compression between tables from 11 to 14 resulted in the following points: 

1. Although higher H/W ratio decrease MRT values but east-west direction eliminates this 

effect. 

2. High H/W ratio (1) oriented on the base case direction (scenario 3) have shown the 

lowest MRT values throughout the day with 2.12 °C lower average MRT than the base 

case. 

3. Highest MRT values were found in low aspect ratio canyon (0.2) oriented on the east-

west direction (scenario 7). 
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4. The biggest difference in MRT values was found between scenario 3 and scenario 7 

with difference ranges between 5 °C and 12.25 °C during the day with average 

difference through the day of 8.47 °C. 

It was noticed -during the midday only- that MRT values are the same for canyons with the 

same aspect ratio regardless the orientation, that could be due to the sun position during the 

midday in Dubai which eliminate the impact of street orientation as shown in table 15. 

However, the canyon ratio increment still decreases MRT values throughout the day. 

The increment in average MRT through scenarios highlights that both canyon ratio and 

orientations affect the MRT, as the lowest two MRT averages were noted in scenario 3 and 

scenario 6 where canyon ratio equals to 1 and oriented like the base case and to the NW-SE 

direction, respectively. On the other hand, Scenario 5 which its aspect ratio equals to 1 and 

oriented to the E-W axis found to be one of top three canyons where highest MRT averages. 

Moreover, all of those top three canyons are oriented to the E-W orientation with different 

aspect ratios and its average MRT decreases as canyon ratio increases. Figure 37 illustrate all 

scenarios arranged from the lowest average MRT to the highest.      

MRT at 7 AM 

(Morning) 

12 PM 

(Midday) 

5 PM (Late 

afternoon) 

Average MRT 

(°C) 

Base case (0.4, BC) 30.52 59.99 37.14 42.55 

Scenario 1 (0.4, E) 38.69 59.99 43.25 47.31 

Scenario 2 (0.4, NW) 30.52 59.99 37.81 42.77 

Scenario 3 (1, BC) 27.8 57.49 36 40.43 

Scenario 4 (0.2, BC) 31.88 62.49 37.81 44.06 

Scenario 5 (1, E) 37.33 57.49 42.34 45.72 

Scenario 6 (1, NW) 29.16 57.49 36.91 41.19 

Scenario 7 (0.2, E) 40.05 62.49 44.16 48.9 

Scenario 8 (0.2, NW) 31.88 62.49 38.72 44.36 
TABLE 15: MRT VALUES AND AVERAGE FOR 9 SCENARIOS (RESEARCHER). 
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FIGURE 37: ARRANGED SCENARIOS ACCORDING TO MRT AVERAGES (RESEARCHER). 

5.3 UTCI Simulation Results 

UTCI were simulated based on meteorological data obtained from weather file and based on 

MRT values from the previous section. This section will explain the role that MRT have in 

outdoor thermal comfort. 

The meteorological data change throughout the day in Table 16 shows the meteorological data 

that have been used beside MRT simulation results to calculate UTCI. 

Time 7 AM 12 PM 5 PM 

Dry Bulb Temperature 

(°C) 

27.8 °C 40 °C 36 °C 

Relative Humidity (%)  88 % 23 % 50 % 

Wind Speed (m/s) 2.1 m/s 4.1 m/s 7.7 m/s 
TABLE 16: INITIAL METEOROLOGICAL DATA FOR UTCI CALCULATIONS (RESEARCHER). 

The information in table 16 were not simulated spatially but same meteorological data were 

applied on spatially simulated MRT values to calculate UTCI values as shown in table 17. 
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TABLE 17: UTCI RESULTS FOR BASE CASE AND SCENARIOS 1-8 (RESEARCHER). 

Based on deep comparisons between MRT results and table 17, the following were concluded: 
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1. Outdoor thermal comfort wasnôt achieved in any of the scenarios due to low wind speed, 

high relative humidity, high air temperature and high MRT.  

2. UTCI noticed to be the least during the morning time although the wind speed was the 

lowest and relative humidity at its highest rate. This could be due to relatively low air 

temperature and MRT. 

3. The decrement in MRT doesnôt have much effect on UTCI when other meteorological 

parameters arenôt in comfort range. 

4. MRT decrement was found most effective during the morning with 0.23 °C decrement 

of UTCI for every 1 °C decrease in MRT. 

5. UTCI values were found least affected by MRT change in late afternoon. Moreover, it 

needs 5.6 °C decrement in MRT to decrease 1 °C in UTCI.  

6. Scenario 3 was found to have the closest UTCI values to the comfort range with 0.5 °C 

lower average UTCI than the base case.  

As shown in table 18, it was predicted that the increment arrangement of the average UTCI for 

different scenarios would be the same as the increment arrangement for average MRT. 

However, it was found that a 1 °C change in average MRT leads to 0.21 °C change in average 

UTCI during hot weather which makes it very important to enhance other meteorological 

parameters through street geometry in order to achieve acceptable thermal conditions. 

Additionally, it was found that the highest difference in average UTCI reached 1.77 °C and it 

was between scenario 7 which has the lowest tested aspect ratio oriented to the east and 

scenario-3 which has the highest aspect ratio with original orientation. 
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 7 AM (Morning) 12 PM (Midday) 5 PM (Late 

afternoon) 

Average 

MRT UTCI MRT UTCI MRT UTCI MRT UTCI 

Base case 

(0.4, BC) 

30.52 30.93 59.99 44.02 37.14 36.60 42.55 37.18 

Scenario 1 

(0.4, E) 

38.69 32.80 59.99 44.02 43.25 37.55 47.31 38.12 

Scenario 2 

(0.4, NW) 

30.52 30.93 59.99 44.02 37.81 36.70 42.77 37.22 

Scenario 3 

(1, BC) 

27.8 30.31 57.49 43.48 36 36.26 40.43 36.68 

Scenario 4 

(0.2, BC) 

31.88 31.24 62.49 44.55 37.81 36.70 44.06 37.50 

Scenario 5 

(1, E) 

37.33 32.49 57.49 43.48 42.34 37.39 45.72 37.79 

Scenario 6 

(1, NW) 

29.16 30.62 57.49 43.48 36.91 36.42 41.19 36.84 

Scenario 7 

(0.2, E) 

40.05 33.1 62.49 44.55 44.16 37.71 48.9 38.45 

Scenario 8 

(0.2, NW) 

31.88 31.24 62.49 44.55 38.72 36.74 44.36 37.51 

TABLE 18: MRT AND UTCI FOR ALL SCENARIOS (RESEARCHER). 

5.4 Wind Simulation 

Wind velocity and direction were simulated in all scenarios based on initial wind speed and 

direction which were the average wind speed (4.2 m/s) and the most prevailed wind direction 

(NW-SE). Moreover, these initial information were set up as a source of wind at 10 m height 

(weather station height measurement) in the wind tunnel for simulation. The base case and 

proposed scenarios simulation results are presented at 1.8 m height. 

5.4.1 Street Canyon Orientation Effect 

The wind speed results show a huge variety through the canyon. Some canyons have the 

maximum wind velocity at the edges while other canyons showed the highest wind velocity in 

the middle of the canyon. In order to simplify the analyses, the maximum wind velocity within 

each canyon will be used for analysis and comparisons. In addition, a linear chart that represents 



80 
 

wind velocity through a line drawn in the middle of a canyon in each wind velocity heat map 

will be presented. 

The wind speed simulation results found the following: 

¶ For the base case shown in figure 38:  

1. Wind velocity seems to be stable in open spaces but it speeds up before the 

northern entrances of the canyons. 

2. Wind velocity is at its lowest near canyon ends and it showed high rate in the 

middle.  

 

 

¶ For different orientations shown in table 19: 

1. Although the orientation of scenario 2 is in parallel with wind direction, it have 

a lower wind velocity than the base case and scenario 1 with maximum wind 

velocity equals to 1.3 m/s at the entrance of the canyon. 

FIGURE 38: WIND SIMULATION RESULTS ï BASE CASE (RESEARCHER). 
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2. Unlike the base case and scenario 1, wind speed in scenario 2 decreases inside 

the street canyon. 

3. For the canyon ratio 0.4, the base case orientation (15 ° from the north) have the 

highest maximum wind speed equals to 1.65 m/s.  

Scenario 1 (E-W) Scenario 2 (NW-SE) 

  

  
TABLE 19: WIND SIMULATION RESULTS ï SCENARIO 1 AND 2 (RESEARCHER). 

5.4.2 Street Canyon Ratio Effect 

A comparison was conducted between wind simulation results for different canyon ratios of the 

original orientation and base case results (between base case, scenario 3 and 4) and the 

outcomes were as follows:  
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1. The difference in maximum wind velocities for different canyon ratios of the base case 

is very limited. It ranges from 0.05 m/s to 0.11 m/s. 

2. The highest maximum wind velocity was found in scenario 4 (H/W=0.2).  

Table 20 shows a wind simulation results comparison between scenario 3 and scenario 4. 

Scenario 3 (H/W = 1) Scenario 4 (H/W = 0.2) 

  

  
TABLE 20: WIND SIMULATION RESULTS ï SCENARIO 3 AND 4 (RESEARCHER). 
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5.4.3 Canyon Integrated Effect 

Scenarios from 5 to 8 were simulated to investigate the impact of different orientations for 

different canyon ratios on wind velocity. The simulation results for the mentioned scenarios are 

shown in table 21 and table 22. 

Scenario 5 (H/W=1 | E-W) Scenario 6 (H/W=1 | NW-SE) 

  

  

TABLE 21: WIND SIMULATION RESULTS ï SCENARIO 5 AND 6 (RESEARCHER). 

 

 

 






















