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Abstract 

 

 

Air Pollution has become a global concern that is harming human life, and it is increasing as 

societies are developing. Air pollution has become the reason respiratory and cardiovascular 

diseases lead to death. In this research, the air quality in the urban open spaces of Jeddah city will 

be studied know about the quality of air in hot climate open spaces. In a hot climate, the air 

propagates more, and there are chances it can cause more health problems. In this scenario, the air 

quality should be at a satisfactory level. So, in this study, first, the air quality and the factors 

affecting the air quality will be determined, which will further lead to the statistical analysis to find 

out the significant factor that is affecting the air quality. Ultimately, this will help us to prepare a 

set of guidelines to enhance the air quality of the open spaces of Jeddah.  

Keywords: Air pollution; Air quality; Respiratory; Cardiovascular; Hot climate; Open spaces. 
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1. Chapter 1: Research Structure  
1.1.      Introduction and background  

Air pollution is become a global environmental problem and is causing several health problems 

in humans, mainly in developing countries, because there is more air pollution due to abrupt 

construction and development. The “World Health Organization” (WHO) stated that due to the 

“ambient air pollution” (AAP) in 2012, there were 3,000,000 deaths reported, and more than 85% 

were from the developing countries (WHO, 2016) . In addition, there are several correlations found 

between the poor a similar case happened to London where an SO2 carrying smog in December 

1952 caused the death of 3000 people just in the duration of 3 weeks, and these numbers increased 

to 12000 by February 1953 (Bell & Davis, 2001). This shows the degree of air pollution lethality 

and the importance to control it to protect people from stroke, lung cancer, heart disease, acute and 

chronic respiratory diseases (Eckel et al., 2016; K. K. Lee et al., 2018; Romieu et al., 2002; 

Zanobetti et al., 2003). This shows that air pollution is proportional to respiratory and 

cardiovascular health; the lower the air pollution, the lower may the health problems be (Lee, Kim, 

& Lee, 2014). 

The WHO provided an index of global air quality, which shows the health effects of air 

pollution. In 2019, it was noted that about 99% of the human population, either they were living in 

the urban region or rural regions, their air quality was below the WHO air quality guidelines. 

Furthermore, it was found that the ambient air (outdoor air pollution) caused the death of 4.2 million 

premature children in 2016, and most of them were from developing countries (WHO, 2021).  

After observing the impact of air pollution on human health, it has been decided to research the 

air quality in the urban open space of the hot climate of Jeddah. In the hot climate, the propagation 

of air molecules happens so fast due to higher temperatures. In this scenario, the quality of air must 

be at a satisfactory level; if the air quality is not good, then it can harm living bodies with a higher 

frequency/ratio because of the hot climate. Consequently, there must be several factors that affect 
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the air quality within an urban region; if these factors can be funded out and their impact too, and 

then it can be quite useful for the researchers and environmentalists in controlling and improving 

the air quality.  

 

1.2.    The aim of the Study 

The research aim is to propose a set of guidelines that helps in enhancing the air quality in open 

spaces.  

1.3. Research Objectives 

This proposal will try to achieve its main aim by fulfilling the following objectives: 

1. define the factors that affect air quality in open spaces 

2. analyze The effect of outdoor air quality on human activity and well-being 

3. Generate health-based design guidelines for open spaces of Jeddah 

1.4. Methodology 

This research follows the scientific approach with multi-research methods. The study follows 

three steps. These are: analytical literature review, record facts from the field, and numerical  

framework analysis. A selected district from Jeddah is investigated and analyzed through recording 

facts from the field. Observation and survey are the main tools of the field study.  reach its final 

results and validate the relationship between the square  as an open space design element and air 

quality in order to reach the main aim.  

1.5. Structure of the Study 

This research consists of five chapters:  

Chapter one: introduction.  



 

6 

 

Chapter one includes an introduction to the research, it presents the introduction to the research. 

Discuses the main problem, aim objectives, research methodology, and structure. It explains the 

significance of the research and how it is structured. 

Chapter two: literature review – air quality  

This chapter includes a background about the air quality, it explains the principles of the 

phenomena, and the types of air quality. The factors that increase the magnitude of air pollution 

and its negative impact on the natural environment and human health. 

Chapter three: literature review – square  as an open space  

 this chapter will discuss the main design factors of open spaces that affect the air quality 

This chapter discusses the urban planning of square  in the city and its role in mitigating air 

pollution. It includes the principles of the urban square  and explores the different design elements 

that can help in improving the square 's air quality. The result of the chapter is a matrix that shows 

the effect of each design element in enhancing the air quality in the city. 

Chapter four: a field study of the level of air quality in a different location in Jeddah  

This chapter is the first step in testing the matrix concluded from the previous chapter. The case 

studies used are within similar climate zones as Jeddah to validate the impact of the nine elements. 

 

 

Chapter Five: Data collection “Survey”  

This chapter is the second step in validating the matrix. The survey is directed to experts in the field 

to take their opinion on the different parameters and are they all necessary in reducing air pollution.  

chapter five: conclusion and recommendations 
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guidelines for an urbanist to help to design good open spaces in world arid regions to attract people. 

This chapter concludes the findings of the thesis and explains the relation between the role of square  

design elements in reducing air pollution.  

expected Results 

 • The research will identify the square  elements that help mitigate the Air quality.  

• Provide design guidelines for minimizing Air pollution.  
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  Chapter
s   

Objectives   

Chapter One    

Introduction 

Chapter Two    

literature review – air quality 

Chapter Three    

literature review – square  as an open space 

Chapter Four    

Data collection  

 

Chapter Five    

Case study 

Chapter Six    

conclusion 

Tasks    

Introducing the research problem, aim, 
objectives, 

Methodologies and structure   

Includes a background about of the air quality, it 
explains the principles about the phenomena and 
the types of air quality, 

Factors affecting the UHI and 
it affects discuss the main design factors of open spaces 

that affect the air quality 

. Testing the accuracy of the concluded matrix 
through 

Analyzing the case studies and data collection 
from 

The survey. 

Building a frame work about the relationship 
between the square  design elements and the 

mitigation air pollution. 

Validating the impact of the square  
elements. 

Summary 

 Key finding & Recommendation 

Identifying the research problem and 
framework. 
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2. Chapter 2: Health and ambient air quality 
2.1. Introduction  

This chapter reviews the theoretical background of the public open space’s design principles 

and concepts, with particular concern the air quality and health-based issues. It illustrates the 

definitions of air quality, its importance, public open space, urban space dimensions, and its impact 

on health. 

2.2. Health 

2.2.1. What is Health?  

According to World Health Organization, Health is a state of complete physical, mental and 

social well-being and not merely the absence of disease or infirmity. The enjoyment of the highest 

attainable standard of health is one of the fundamental rights of every human being without 

distinction of race, religion, political belief, economic or social condition. The health of all peoples 

is fundamental to the attainment of peace and security and is dependent on the total cooperation of 

individuals and States. 

2.2.2. Understanding the Health Components   

Physical, mental, and social well-being are all critical aspects of achieving health, as stated 

before in the definition of health. To do so, health includes six components (Figure.1) that, when 

focused, will help you live a happy, healthy life. 

 

Figure 2.1 The Health Component (Nishat, 2015). 
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2.2.3. Why Health is Important 

Because the number of illnesses has been steadily rising, several parties worldwide are 

promoting and highlighting the need to adopt healthy lifestyles. The 2030 Vision in Saudi Arabia, 

supports a healthy lifestyle to enhance citizens' health by creating an atmosphere that encourages 

individuals to engage in physical exercise, among other things. (vision 2030, 2017). 

2.2.4. Physical Activity and Health  

Physical activity is defined by the World Health Organization as any physiological movement 

that needs energy expenditure and is performed by skeletal muscles. Physical exercise encompasses 

all forms of action, whether done for fun, to go to and from locations, or as part of one's job. 

Physical activity, both moderate and strenuous, is beneficial to one's health (WHO, Physical 

activity, 2020). Walking, cycling, wheeling, sports, active recreation, and play are all popular 

activities to be involved in, and they may be done by anybody of any ability level (WHO, Physical 

activity, 2020). 

2.2.5. Urban Design and Health 

The importance of the link between urban design and its influence on people's health and well-

being is being increasingly recognized, especially as the world's population and illnesses expand. 

During the nineteenth century, the power of city planning on health, which encompasses the design 

form, facilities, and utilities of cities, was well proven. For example, increasing sanitation, housing, 

and isolating polluting industrial land use from residential areas effectively prevented the spread of 

infectious illnesses in European towns. These initiatives gave birth to urban planning and public 

health disciplines, which were considered crucial tools to enact change. (Rao, 2019). 

2.3. What is Ambient Air Quality? 

Outdoor air quality is a measure of the impact on the atmosphere of outdoor air pollution. It may 

be affected by car exhaust, emissions from factory smokestacks, and road dust. Pollen in the 

atmosphere contributes, as well, to a reduction in outdoor air quality. 
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2.3.1. Types of air pollution 

2.3.1.1. Particular Matters  

The articulate matter is a mix of solids and liquids, including carbon, complex organic 

chemicals, sulfates, nitrates, mineral dust, and water suspended in the air. 

Where does PM come from? 

Man-made particulate matter mainly comes from industry, building work, diesel and petrol 

engines, friction from brakes and tires, and dust from road surfaces. Diesel engines tend to produce 

much more than equivalent petrol engines. 

Natural sources of particulate matter include volcanoes, sea spray, pollen, and soil. It is also 

formed in the atmosphere when gases such as nitrogen dioxide and Sulphur dioxide are changed in 

the air by chemical reactions. 

 
Figure 2.2: Diameters of PM compared to human hair (British Lung Foundation). 

 

2.3.2. Ozone  

One of the main ingredients of atmospheric pollution is ozone at ground level, which is not to 

be mistaken with the ozone layer in the higher atmosphere. It is generated when pollutants such as 

nitrogen oxides (NOx) from the car and industry emissions, as well as volatile organic compounds 

(VOCs) released by automobiles, solvents, and industry, combined with sunlight (photochemical 

reaction). As a result, the highest amounts of ozone pollution occur when the weather is sunny. 

*100 μg/m3, 8-hour daily maximum. 

** 60 μg/m3 8-hour mean, peak season. 
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* 99th percentile, (i.e. 3-4 exceedance days per year). 

** Peak season is defined as an average of daily maximum 8-hour mean O3 concentration in the 

six consecutive months with the highest six-month running average O3 concentration. 

2.3.2.1. Sulfur Dioxide  

Sulfur dioxide is a colorless gas, with a pungent, suffocating smell. It is produced by burning 

Sulphur-containing fuels such as coal and oil. This includes vehicles, power generation, and 

heating. 

Most Sulphur dioxide comes from electric industries that burn fossil fuels, and from petrol 

refineries and cement manufacturing. It can travel over long distances and contributes to the 

formation of ozone. 

2.3.2.2. Nitrogen dioxide  

Nitrogen dioxide is a gas and is a major component of urban air pollution episodes. 

Where does NO2 come from? 

Man-made sources of nitrogen oxides, including nitrogen dioxide, are vehicles, power stations, 

and heating. Diesel vehicles are major contributors in urban areas. Roadside levels are highest 

where traffic is busiest. 

2.3.3. Air pollution 

Air pollution is defined by the Environmental Protection Agency as "the presence of pollutants 

or pollutant compounds in the air that interferes with human health or welfare or generate other 

unwanted environmental consequences." (EPA, 2007). Human action and natural processes are 

both responsible for atmospheric emissions. The great majority of people who live in a certain 

location are at risk of exposure to these toxins. Air pollutants come from both primary and 

secondary sources. Primary pollutants are those that are released into the atmosphere as soon as 

they are formed and are thus the first pollutants in the atmosphere. However, they are not the only 

ones. Particulate matter is one example, along with Sulphur dioxide, nitric oxides, hydrocarbons, 

and volatile organic compounds (VOCs) (NH3). Toxic air pollution may be created when pollutants 
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react with one another or with naturally occurring atmospheric elements. For instance, 

formaldehyde, ground-level ozone, smog, and acid mist are examples of secondary air pollutants 

(Tan, 2014).  

 

Figure 2.3 Types of Air Pollution (INA, 2017). 

 

Solid and liquid droplets combine to form particulate debris in the atmosphere. Particulate matter 

may be referred to as an aerosol, which is a gaseous suspension of solid or liquid particles. Unlike 

a solution, a particle suspension is a two-phase system that comprises both the dissolved particles 

and the gas in which they are suspended. Particulate matter may be divided into two categories: 

primary pollutants (such as dirt and dust) and secondary pollutants (like sea salt spray and pollen). 

PM may also appear as smoke, vapor, or a hazy mist, depending on the amount present. A particle 

diameter of fewer than X micrometers is designated as PMx. The acronyms PM10 and PM2.5 are 

often used in environmental contexts. Particulate matter and aerosol may be swapped out for one 

another on occasion. In the laboratory, test aerosols may be made from monodisperse, with the 

same particle size throughout. Because polydisperse aerosols (suspended particles of various sizes) 

are common in practice, statistical techniques should be employed to quantify particle sizes rather 

than empirical measurements  (Gurjar Bhola, Gurjar, Molina, & Ojha, 2010; Tan, 2014). 
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Figure2.4 Illustration of Particulate Matter of 10 and 2.5-micron size 

 

Other than particulate matter (PM), most air contaminants are gases. Chemicals that include 

carbon and hydrogen that quickly evaporate are called volatile organic compounds (VOCs). Indoor 

consumer items, such as new textiles and wood and building materials like paint and drywall, 

expose the environment to huge volumes of VOCs in the atmosphere. As a widespread air pollutant 

and known public health issue, volatile organic compounds (VOCs) contribute significantly to 

ground-level ozone formation. SO2 and NOx, two primary pollutants produced by combustion, are 

sulfur dioxide and nitric oxide. Irregular burning produces CO and HC, which are then transformed 

into CO2 in the latter stages of the combustion process. Chemical and physical interactions, such 

as coagulation and condensation, and Secondary air pollutants, such as volatile organic compounds, 

may be created as a result of photochemical reactions or another process (VOCs). The physics and 

chemistry of the atmosphere are so complex that little is known about them. NOx, SO2, and HC are 

transformed into particulate matter, as are most volatile organic compounds (VOCs) and ammonia 

(NH3) (Seigneur, 2019). 

2.3.4. The problem of air pollution 

It will only become worse as long as people continue to use more energy. With the Industrial 

Revolution, air pollution really took off, and it is only going to become worse as people's need for 

convenience and speed grows. The first emphasis of air pollution research was repeating high 

pollution levels around industrial facilities like coal-fired power plants and chemical refineries, 

such as coal-fired power stations. In addition to acute human disease, these pollution events 



 

16 

 

exacerbated existing chronic illnesses. After World War II, the recovery of industrialized countries' 

economies resulted in a rise in photochemical smog and nitrogen oxides in many metropolitan areas 

without large industrial complexes (Vallero, 2012). People realized that human activity was 

harming the natural environment and their health and well-being in the twentieth century. As a 

result of industrial action, air pollution, water, and land increased, and native species of plants and 

animals were permanently lost due to changes in laboratory settings, water consumption, and 

predation by humans. Asthma and allergy sufferers are becoming more conscious of indoor air 

pollutants like mold, which may cause symptoms like wheezing and sneezing. The US 

Environmental Protection Agency's engagement raised public awareness of indoor air quality. The 

energy crisis of the 1970s resulted in tighter building envelopes, better sealing, and inadequate 

ventilation in construction. As a result, present HVAC systems are primarily focused on 

temperature regulation, with little regard for the buildup of air pollutants. Thus, the IAQ 

deteriorated, resulting in issues. A growing body of research shows that in many industrialized 

nations, interior air pollution is more common than outdoor air pollution, and this presents a more 

considerable health risk since people spend more time inside as a result of contemporary living 

habits (Except for Beijing, China, where outdoor air pollution is extremely high)  (Vallero, 2008). 

(Ebenstein, 2012). 

Carbon dioxide, nitrous oxide, methane, and hydrofluorocarbons are all examples of greenhouse 

gases. Natural processes formed most of these particles, which have been orbiting in the air for a 

long time, and they have been there for a long time as well. Growing scientific evidence suggests 

that increased human-caused greenhouse gas emissions are contributing to global climate change 

and severe weather. The burning of fossil fuels in electric power production, motors, buildings, and 

industrial operations causes the great majority of CO2 emissions. The term "carbon emissions" 

refers to both CO2 emissions and the substance they come from. Additional sources of CH4 
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emissions outside oil and gas include the biological decomposition of biomass in agricultural 

activities and landfills. Industrial methods are used to make HFCs and PFCs (Tuckett, 2019).  

When conditions are favorable, solar radiation may reach the Earth's surface thanks to the planet's 

atmosphere. Some of the heat emitted by the sun is absorbed, reflected, or reradiated by Earth's 

atmosphere. Heat radiation from the sun is absorbed and reradiated by the Earth's atmosphere when 

greenhouse gas levels grow. As a result, the planet's surface heats up. Protecting life on Earth from 

the sun's destructive shortwave ultraviolet radiation is achieved by a layer of ozone gas (O3) located 

in the stratosphere (UVB). Over time, the effectiveness of this barrier is fading. In the northern 

hemisphere's mid-latitudes since 1979, total ozone has decreased by 3.4% each year, according to 

data. UVB radiation, which warms the Earth's surface as it enters the atmosphere, causes climate 

change and global warming. Depletion of the ozone layer is also expected to result in increased 

instances of skin cancer and a weaker immune system. The growth of certain food plants is 

inhibited, which has a ripple effect across the ecosystem. Some chemicals, such as 

chlorofluorocarbons, Halon, Carbon Tetrafluoro Carbons (CTCs), and methyl chloroform, have 

been connected to ozone depletion. This pollution comes from a wide range of industrial operations 

such as commercial air conditioners, freezers, and insulating foam. 

The Ozone that exists in the troposphere is termed “Ground Level Ozone” or bad Ozone. The 

bad Ozone is not emitted into the atmosphere in the absolute form but it is created by the reactions 

of other air pollutants, it is like a secondary air pollutant. The urban areas have vehicles, industries, 

refineries, power plants, chemical plants, and other sources from where the emission of Nitrogen 

Oxides (NOx) and “Volatile Organic Compounds” (VOC) take place which will react in the 

presence of sunlight and produce Ozone, as shown in figure 5. The higher the hot climate, the 

higher will be the reaction of ground-level ozone generation in the urban areas (EPA, 2015). 
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Figure 2.5 Ground-Level Ozone Generation Reaction (EPA, 2015). 

  

2.3.5. Air pollution and climate changes  

Climate change has moved to the top of the global agenda as a consequence of rising GHG 

emissions. Even though the reasons are up for debate, there is no denying that the global climate is 

shifting. As atmospheric CO2 concentration rises, so does the global temperature. CO2 in the 

atmosphere has rapidly increased in several decades, from *280 to 370 ppmv during the last 

century. During this period, global temperatures have increased by 0.5°C (Houghton, 1996). Since 

1850, the pace of rising global temperature has been unsurpassed. It was a hotter decade for a total 

of eleven out of twelve years between 1995 and 2006. The rise in global temperatures has been 

broad, with cold and distant locations seeing the most significant increases. Human activity, 

especially fossil fuels, is a contributing factor to climate change (Vuille et al., 2008).   

In the urban regions, the emission of carbon takes place in exponential numbers due to the 

burning of fossil fuels in the vehicles, power plants, and industries the CO2 releases. Carbon dioxide 

is the gas that absorbs heat and traps heat. Due to excess burning of fossil fuel, the dioxide makes 

a blanket in the atmosphere with trapping heat. This raises the temperature of the planet blue, 

especially in the urban regions due to the intensive industrialization (Lin et al., 2017; McDonough 

et al., 2018; Tor-ngern and Leksungnoen, 2020) (McDonough, Law, ZivKovic, & Reay, 2018; Lin, 

et al., 2017). 
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2.3.6. Air pollution and its effect on human health  

The high emission of pollutants in the urban regions such as NOx, SOx, and CO2 along with the 

hot climate is causing the higher volume of heat trape, which ultimately raises the temperature of 

the urban region. Furthermore, it also produces the ground-level ozone which put an adverse impact 

on the plants and remains unable to absorb the CO2 (McCarthy, Best, & Bett, 2010). In this way, 

the ground-level ozone is another element to increases the temperature of the region. In addition to 

this, the ozone has a lot of health problems for human beings.  

One out of every eight fatalities worldwide is caused by poor air quality (IARC, 2013). Air 

pollution has risen to the status of society's primary environmental and health threat. Human health 

suffers as a result of air pollution. Shockingly high levels of air pollution may lead to heart and 

lung illness, bronchitis or pneumonia, and even death in extreme cases. The Muse River Valley in 

Belgium, Donora in Pennsylvania, the United States, London in England, New York City, and 

Bhopal in India have all seen similar situations in the past. Things like the recent smog outbreaks 

in numerous Chinese cities, which killed an estimated 1.2 million people a year, are still occurring. 

The respiratory system is the primary route by which air pollutants enter the body. However, they 

may also be consumed or absorbed via the skin's pores. While some of the contaminant radiation 

that reaches breathed may be expelled, the majority finds its way to the lungs, where they remain 

there for some time before entering the circulatory system. Afterward, these pollutants may be 

carried throughout the body, and specific chemical processes can generate new compounds as a 

result of these impurities (De et al., 2019; Greenburg et al., 1962; Madsen et al., 2006; Matus et al., 

2012; Sierra-Vargas and Teran, 2012; Walton et al., 2015). 

Several health concerns may be caused by toxic substances interfering with regular bodily 

activities. Adverse effects such as eyestrain, nausea, and headaches may only last a few days. Other 

complications include long-term and potentially fatal complications such as organ failure and 
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deformities in children as well as heart and cancer illness and death (Sarwar, 2015; Sarwar and 

Salman, 2015). As an example, particle size has an impact on where aerosol particles end up in the 

lungs. Nasal hairs and mucus membranes in the lungs and respiratory system catch particles larger 

than 15 m. smaller particles are caught in the bronchioles by the body's last line of defense: cilia, 

which may be found on every cell. Most pollutant exchange occurs in the lower respiratory system, 

which comprises the bronchi, bronchioles, and alveoli. Several hundred million tiny air sacs are 

found in alveoli. Particles of a size between one micron and one hundred nanometers tend to settle 

in the alveoli. For weeks or years, alveolar tissue retains the particles in situ. Subsequently, the 

poisons and chemicals are dissolved and delivered to the body's circulatory system (Ching and 

Kajino, 2018). This means many long-term health problems are associated with exposure to particle 

matter (Davis et al., 2021). Gaseous air pollution may also delay the tiny cilia's function, causing 

more particles to be deeply embedded in lung tissue. Even though humans are equipped with 

systems for removing and clearing respiratory-system particles, air pollution may swiftly 

overwhelm these built-in defenses. There is a range of negative consequences caused by air 

pollution chemical cargo being absorbed into the circulation. In addition to skin and eye irritation, 

bronchitis, emphysema, and lung cancer, these respiratory side effects may include swelling and 

weakening of the heart and blood vessels, as well as expansion and enlargement of the heart 

(Manigrasso et al., 2017). 

Lung dysfunction, caused by exposure to air pollution, is one of the ten most common 

occupational disorders and injuries in the United States. As a result of these consequences, medical 

expenses may arise, and people may die younger than expected (Brook et al., 2004). Several factors 

influence how people respond to pollutants in the air. These include the kind of pollutant, the 

amount of exposure, the person's health, and even heredity. People who work inside are more likely 

than those who work outside to be exposed to contaminants in the indoor air they breathe. Increased 

pollution exposure is associated with an increased number of visits to the emergency room, hospital 
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admissions, and early deaths. Because of their compromised immune systems, Children and the 

elderly are particularly at risk from the negative health effects of pollution in the air that they 

breathe. Air pollution affects children differently than adults because they breathe faster and ingest 

more toxins per unit of body weight. As a result, dangerous air contaminants have a more 

significant possibility of entering their lungs. Early childhood asthma may be brought on by 

exposure to fine particles in the air. During children's lung growth, polluted air may cause lasting 

lung damage. People who are already unwell are more vulnerable to the health effects of air 

pollution, according to a new study (Brook et al., 2010; Cosselman et al., 2015; Leikauf, 2002). 

It is a short-term health metric for assessing how pollutant exposure affects people's health (Air 

Now, 2021). In the Ambient air quality calculation, several air pollutant concentrations are 

necessary, People who are already unwell are more vulnerable to the health effects of air pollution, 

according to a new study (EPA, 2016). Each AQI range is assigned a color and a description based 

on the calculated values. A lower ambient air quality score indicates better air quality. 

The World Health Organization (WHO) stated that due to the “ambient air pollution” (AAP) in 

the year 2012, there were 3,000,000 deaths reported, and more than 85% were from developing 

countries (WHO, 2016). There are several correlations found between the poor quality of air and 

human diseases, and it makes the world quite conscious regarding the impact of air pollution on 

human health. It is noted that in the year 1930, a local factory of “Meuse Valley, Belgium” had 

some technical issues which caused the emission of SO2 into the atmosphere; where it mixed with 

the fog and turned thousands of people into sickness with acute pulmonary symptoms within just 

three days, his cause 60 people to the death (Anderson et al., 2012). In addition to this, a similar 

case happened to London where an SO2 carrying smog in December 1952 caused the deaths of 

3000 people just in 3 weeks, and these numbers increased to 12000 deaths by February 1953 (Bell 

& Davis, 2001). This shows the degree of air pollution lethality and the importance to control it to 

protect people from stroke, lung cancer, heart disease, acute and chronic respiratory diseases (Eckel 
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et al., 2016; Lee et al., 2018; Romieu et al., 2002; Zanobetti et al., 2003). This shows that air 

pollution is proportional to respiratory and cardiovascular health; the lower the air pollution, the 

lower will be the health problems  (Lee, Kim, & Lee, 2014) 

The WHO provided an index of global air quality, which shows the health effects of air 

pollution. In the year 2019, it is noted that about 99% of the human population, either they are 

living in the urban region or rural regions, their air quality is below the WHO air quality guidelines. 

Furthermore, it was found that the ambient air (outdoor air pollution) caused the death of 4.2 million 

premature children in the year 2016, and most of them were from developing countries (WHO, 

2021).  

The word "open space" refers to any terrain that is both undeveloped (i.e. free of built buildings) 

and available to the public. Here are a few examples of places where people may gather in the 

public: Vacant Lots, Parks, Playgrounds, and Public Seating Areas. In addition to providing 

recreational options, open space also enhances the aesthetics and environmental quality of a 

community. This large variety of recreational options, on the other hand, comes with a 

corresponding spectrum of environmental issues. In the same way that land use may have beneficial 

or negative environmental repercussions, park management can have both (Woolley , 2003). 

Open areas have the added benefit of improving the air quality around them. As a result of this 

mechanism, the plant absorbs carbon dioxide and releases oxygen into the atmosphere. Because of 

this, open areas are critical for enhancing urban air quality (Francis et al., 1984). However, green 

spaces enhance the urban condition by exchanging gases, but they also do not have highways and 

polluting combustion engines, such as vehicles, in these places. When there are large areas of open 

space, air may circulate more freely, which increases the activity of hot and filthy air. Some facts 

on the carbon-fixing potential of trees and soil are well known; yet, they need further investigation. 

Many studies have shown that higher CO2 levels lead to more incredible plant growth in a wide 

variety of species such as soya beans and orange trees (Cotton and Pielke, 2007). Therefore, if these 
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increases are also seen in other crops, biomass may absorb significant amounts of carbon dioxide 

produced by humans. In other words, any vegetation in an urban environment will assist reducing 

carbon dioxide levels in the atmosphere. This holds not just for crops but also any 

photosynthesizing plant matter. 

Carbon dioxide emissions from one average new home may be offset by planting roughly 1–2 

hectares of trees (Davis and Guise, 1995). In major industrial towns, specific tree and shrub species 

may operate as bio-accumulators, notably absorbing heavy metals such as cadmium without 

harming the plant (Borhidi, 1988). Thus, the harmful components collected in deciduous foliage 

are eliminated during leaf fall, decreasing atmospheric concentrations of these elements. Budapest's 

industrial, central residential, and office sectors have the highest stress levels, according to 

contamination and accumulation maps generated in the city. To improve the city's air quality over 

the long term, Borhidi says it will be necessary to increase the city's green space through methods 

such as protecting existing forest areas, creating new forest areas, building new parks, recreation 

areas, and green sports fields, as well as planting street trees and better maintaining existing parks 

and gardens (Borhidi, 1988). 

In the summer, trees may increase humidity as they transpire because they give cover from 

precipitation while also holding and evaporating part of it (Trenberth et al., 2014). A single tree 

may chill the air around it by transpiring up to 380 liters of water per day (Girardet, 1996). 

According to other studies, individual trees in small metropolitan areas have little effect on air 

temperature and humidity. Still, significant groupings of trees may reduce air temperature at the 

mesoscale level (Heisler, 1975). The amount of temperature drop depends heavily on the size of 

the urban green area. This means that land with a cooling effect of less than a hectare has none at 

all. The 'park cool island,' in contrast to Lowry's urban heat island, has been used to describe the 

cooling impact of urban green space. However, the degree of influence on cooling away from urban 

green areas needs more investigation (Spronken-Smith and Oke, 1998). Temperatures are 
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influenced by various elements, including the vegetation's structure (such as its form, design, and 

relation to paved areas) (Sukopp, 2004). 

The most evident advantage of trees is that they provide shade by absorbing and reflecting solar 

energy. Studies on the shade provided by coniferous and deciduous trees have been conducted in 

both summer and winter, with and without leaves. The majority of the study has come from the 

United States. Trees have been shown to absorb and deflect solar radiation, which helps to reduce 

glare in cities where many buildings are made of glass or light-colored materials (Davies et al., 

2008). In some areas of the globe, providing shade is seen as a desirable thing. Still, there is also 

some worry that tree shadowing might interfere with solar collectors, both in summer and by bare 

branches during the winter months. Thayer and Maeda have indicated that street trees might 

influence present or future solar collectors. A strategy for street tree design should be developed 

and executed to consider the sustainable element of solar gain (Thayer Jr and Maeda, 1985). Trees, 

in particular, have been shown to positively influence climate and microclimate at the regional, 

citywide, and individual building levels. As an example of such advantages, consider pollution 

reduction, carbon sequestration, reducing urban temperatures, shade creation and distribution, 

reduced wind and noise pollution, and lower energy usage in buildings, as just a few. Any urban 

conurbation's ability to reap these advantages depends on how well the landscape and structures, 

and locations of those buildings are planned, designed, and managed (Thayer Jr and Maeda, 1985). 

2.4. Factors that affect open spaces  

2.4.1. Street width  

Moving horizontally or vertically away from a street or road improves air quality significantly. 

The openness and ventilation of the region, the topography, the heights and positioning of the 

buildings around the street or roadway, and the width of the street or road all influence the dilution 

of traffic emissions.  
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Along an open route, the concentrations of air pollutants are diluted fairly rapidly when moving 

further away from the route.  In contrast, ventilation is weak in street canyons lined with tall 

buildings, causing emissions to spread and be diluted poorly. In narrow street canyons, pollutant 

concentrations can become high even at low traffic volumes. In valleys and low-lying areas, for 

example, the surrounding high terrain reduces ventilation and increases pollution levels. 

 

Figure 2.6 Air pollutants dilution in open environments 

 

The wider the street, the lower the buildings and the more varied the placement of the buildings, 

the better the ventilation of the street. A distinct whirlwind is created in narrow street canyons, and 

the mixing of this whirlwind and the wind above it remains poor. This allows pollutants to 

accumulate in the street space and concentrations to rise, especially on the prevailing wind side. 

The prevailing wind direction is usually southwest 

2.4.2. Material and pavement  

The construction and urban materials used greatly influence the city's temperature. For example, 

using high heat-absorbent materials will raise the object's temperature, which will then raise the 

temperature of the surrounding environment. As a result, material selection is critical. It directly 

impacts room temperature, which, depending on the availability or lack of thermal comfort, will 

either attract or repel people (Erell et al., 2011). Surface albedo is defined as "the ratio of reflected 

irradiance to irradiance received by a surface, where the percentage reflected is influenced not only 
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by surface qualities but also by the spectral and angular distribution of solar radiation reaching the 

Earth's surface" (Bhargava & Bhargava, 2018). In metropolitan locations, increasing surface 

reflectivity can lower ambient temperatures, reduce photochemical reaction rates, lower cooling 

energy needs, and so enhancing air quality and human health. The weather research and forecasting 

model with chemistry (WRF-Chem) is combined with the multi-layer urban canopy model (ML-

UCM) to investigate the effects of surface modification on urban climate in a two-way nested 

approach over North America during the 2011 heat wave period, with a focus on Sacramento, 

Houston, and Chicago. This method reduces the uncertainties associated with scale separation and 

grid resolution while also providing us with an integrated simulation setup that allows us to capture 

the complete effects of meteorological and photochemical events. WRF-ChemV3.6.1 replicated 

the diurnal fluctuation of air temperature pretty well but under-predicted relative humidity over 

predicted ozone and nitrogen dioxide concentrations, and under-predicted fine specific issues 

(PM2.5). PM2.5’s performance results from particle sulfate over prediction, particulate nitrate, and 

organic carbon under prediction. A decrease in air temperature of 2.3°C in urban areas and 0.7°C 

in suburban areas was achieved by increasing the surface albedo of roofs, walls, and pavements 

from 0.2 to 0.65, 0.60, and 0.45, respectively; a slight increase in wind speed; an increase in relative 

humidity (3 percent) and dew point temperature (0.3°C); a decrease in PM2.5 and O3 concentrations 

of 2.7 g/m3 and 6.3 ppb in urban areas and 1.4 g/m.  

2.4.3. Street traffic  

According to (Wang, 2021) Even though pollution sources are frequently geographically 

homogeneous, traffic in real cities can vary dramatically. As a result, the local air quality inside a 

street may not be primarily dictated by the street's traffic volume. The link between traffic volume 

and air quality is investigated using building-resolving large-eddy simulation. Explored in the 

context of two idealized problems: I the impact of pollutants released from the main road on the 

environment; and (ii) the impact of pollutants emitted from a main road on the environment. 
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 The pedestrianization of a primary road 

 The adjacent secondary streets. It is demonstrated that the spatial. 

Within a near-field region defined by a radius of homogenization, variation in traffic volume is 

critical (RAD). Furthermore, the actual effect is highly dependent on the direction of the wind. As 

a result, the advantages. For example, reducing 100% of the traffic along a roadway in a significant 

business area reduces the annual-averaged local concentration by 30% when pedestrianization is 

implemented.  

Urban street canyons formed by high-rise buildings limit the spread of vehicle emissions, which 

pose serious health risks to the public as roadside air quality deteriorates. However, this issue is 

often overlooked in urban planning. This paper examines the mechanisms used to control the 

propagation of vehicle emissions in urban canyons and strategies for managing roadside air 

pollution. Studies have shown that not all air pollution hotspots are due to heavy traffic, and proper 

urban design can reduce air pollution. Key factors include traffic conditions, canyon geometry, 

weather conditions, and chemical reactions. Two mitigation strategies are identified, namely 

transport interventions and urban planning. Popular traffic interventions for street canyons are 

environmental zones and congestion charges, which can moderately improve the air quality at the 

roadside. 

In comparison, urban planning in the building geometry can significantly promote the spread of 

pollutants in street canyons. General design guidelines such as a lower canyon aspect ratio, 

alignment between roads and prevailing winds, uneven building heights, and ground-level building 

porosity can be incorporated into new developments. At the same time, roadblocks are widely used 

to address poor roadside air quality in existing street canyons. They are roughly divided into porous 

(e.g., trees and hedges) and solid (e.g., cars parked on the roadside, noise protection fences, and 

viaducts) that use their aerodynamic advantages to ease roadside air pollution. Post-evaluations are 
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needed to review these strategies through real-world field experiments and more detailed modeling 

from a practical perspective (Huang, 2021). 

2.4.4. Vegetation  

The predicted area of leaves over the ground is specified as the leaf area index. Therefore, one 

unit of LAI equals 10,000 m2 of leaf area per hectare. The quantity of ground that the tree leaves 

to cover. According to the tree, the closer the LAI was to zero, the less coverage. Over zero indicates 

a larger sheltered region from the sky (Figure.7). (Gobron, 2010). The Leaf Area Index (LAI) is an 

essential monitoring tool for ensuring and assessing the growth and vitality of plants on the globe. 

The amount of light entering the canopy layer from the leaf, as well as the degree of solar reflection. 

This variable indicates the quantity of leaf material in ecosystems and regulates the biosphere-

atmosphere connection through activities including photosynthesis, respiration, transpiration, and 

rain interception (Roosjen et al., 2018). The LAI has an influence on primary production, water 

and fertilizer utilization, and carbon balance in plants. The amount of LAI variation is shown 

concerning terrestrial vegetation biomes throughout the world. The leaf area index, or LAI, is a tool 

for determining how much ground a tree covers. It depicts the influence of several seasons on tree 

shading abilities (Houborg et al., 2014). 

 

Figure 2.7 Leaf Area Index LAI (Source: Mebioda, 2017) 
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Inland surface processes and climate model parameterizations, knowing the LAI is crucial. The 

LAI has a significant impact on measuring the land surface temperature LST in urban parks. 

2.4.5. Urban Morphology  

"The study of urban form that focuses on the formation and transformation of urban forms of 

cities, towns, and villages over time; their spatial patterns at different scales; and physical 

characteristics to inform appropriate urban interventions to promote sustainable urban 

development, according to Urban Morphology (Chen, 2014). The urban region has seen various 

transformations due to economic expansion and urbanization. Cities used to be built naturally to 

meet people's desires for more significant space, resulting in a dense street grid. The streets were 

narrower because of the mobility modes and reliance on walking and animals for people and goods 

transportation. The sky covered the majority of the city's surface. Following World War II, the 

Garden City movement formed the second approach to street design in the nineteenth century. 

The main goal of this design was to make the road more circular to increase pedestrian and vehicle 

safety while also allowing light to enter from all angles. However, the reliance on automobiles for 

mobility jeopardizes the health and sustainability of the urban environment, although this design 

was followed in all suburban regions in North America (Rifaat, et al., 2012). The primary 

characteristics that characterize the influence of urban morphology are geometric shape, layout, 

coverage, and material attributes. The amount of urbanization influences these parameters. The 

height may quantify the density, geometry, size to width ratio, and sky view factor (SVF) of a 

structure. 
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Figure 2.8 : Urban Street Patterns (NPR, 2013). 

 

2.5. Conclusion  

It is concluded that the broader the streets, the more reflective surface materials utilized, the 

fewer street traffic, the more vagatation, and the more circular the route, the less the air pollution 

in the region. 
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3. Chapter 3: Open spaces design and Air Quality 
 

3.1. Introduction  

As this chapter tries to examine the spatial aspects of neighborhood open spaces, literature 

associated with the subject matter of this study is reviewed. Hence then the literature will focus on 

reviewing open space air quality. The principal human need for urban open space is the social and 

esthetic use of space. Features that influence the use and experience of space, and the outdoor 

activities that determine types of open space have been explored under the quality of open space 

section. Finally, the chapter discusses the types of open space and the factors influencing its air 

quality.  

3.2. Types of Open spaces  

Open space may be defined as land or water areas generally free from development or developed 

with low intensity uses that respect natural environmental characteristics (Woolley , 2003). From 

a user’s point of view, an open space can be described as being a space that allows for diverse types 

of activities incorporating necessary, optional, and social activities. 

Open space is generally non-urban and may have utility for park and recreation purposes. 

3.2.1. Open spaces for outdoor recreation  

Areas of outstanding scenic, historic, and cultural value; areas particularly suited for park and 

recreation purposes, including access to lakeshores, beaches, and rivers and streams; and areas that 

serve as links between major recreation and open-space reservations, including utility easements, 

banks of rivers and streams, trails, and scenic highway corridors. 
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Figure 3.9 A lakeshore shows an example of open space for outdoor recreation  (MrfIMPACTS, 2017). 

 

3.2.2 Open spaces for the preservation of natural resources 

Areas required for the preservation of plant and animal life, including habitat for fish and 

wildlife species; areas required for ecologic and other scientific study purposes; rivers, streams, 

bays, and estuaries; and coastal beaches, lakeshores, banks of rivers and streams, and watershed 

lands. 

 

Figure 3.10 Trial Garden of Algiers (HAMMOUNI, 2005) 

3.2.3 Open Space for the Managed Production of Resources 

Forest lands, rangeland, agricultural lands, and areas of economic importance for the production 

of food or fiber; areas required for recharge of groundwater basins; bays, estuaries, marshes, rivers, 
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and streams that are important for the management of commercial fisheries; and areas containing 

major mineral deposits, including those in short supply. 

3.2.4 Open Space for Public Health and Safety  

Areas that require special management or regulation because of hazardous or special conditions 

such as earthquake fault zones, unstable soil areas, flood plains, watersheds, areas presenting high 

fire risks, areas required for the protection of water quality and water reservoirs, and areas required 

for the protection and enhancement of air quality. 

 

Figure 3.11 Open Space for Public Health and Safety: Lowry Park, Colorado (DANVER, 2012) 

3.3 Open spaces categories 

There are various typologies given by researchers, organizations, and authorities to differentiate 

various types of open spaces. From a broader perspective, open space may be classified into Public 

open spaces, restricted public land, and private open spaces. 

3.3.1 Definition of Public Spaces 

 Understanding the concept of public spaces and their multi-dimensional aspects is an essential 

part of this study. According to Oxford English Dictionary (1993), public space is defined as 

"Developments that are freely accessible to the public and are intended for social interaction, 

relaxation or outdoors". Public space is typically defined as a physical urban setting that is 

accessible for all citizens, regardless of age, race, gender, ethnicity, or socio-economic status 
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(Carmona et al., 2010). Public spaces are an integral part of the public realm, a series of urban 

settings that facilitate formal and informal public life. They accommodate interactive social 

opportunities through daily interactions, communication paths, vibrant trade, or event venues (Cho 

et al., 2015). Events and activities occurring within public spaces can be termed the socio-cultural 

public realm (Carmona et al., 2010). In summary, public spaces are mainly distinguished by 

accessibility and use. It is defined as the publicly accessible places that people use regardless of 

their characteristics or social class. It is also known as public places within the city that facilitate 

public life and social interaction. Public spaces are also considered sites for public life that facilitate 

social and physical activities such as walking, setting, and relaxation. Example of some public 

spaces includes plazas, courtyards, green parks, community parks, and urban waterfronts, which is 

the focus of this study.  

3.3.2 Types of Public Spaces 

A public space may be a gathering point or part of a neighborhood, special districts, 

downtown, waterfronts, or other areas within the public realm that helps promote social interaction 

and a sense of community. Examples include square/plazas, courtyards, community/ neighborhood 

parks, public greens, streets, promenades, and public waterfronts. Types of public spaces can be 

summarized as the following:  

3.3.2.1 Public Squares/Plaza 

Public squares are the open area at the meeting of two or more streets. As they have a vibrant 

atmosphere that serves cities’ identity and cultural background. Commonly found in the heart of 

traditional towns and used for community gatherings (Memluk, 2013). Squares are known as open 

spaces where citizens are not connected to manifestations of nature but are the heart of urban culture 

(Cho et al, 2016). The minimum area of a square is around 500 sq.m. Some examples of famous 

squares are Times Square, New York; Red Square, Russia; Djemaa el Fna, Morocco; and Saint 

Peter’s Square, Vatican City.  
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Figure 3.12Popular public square in Copenhagen, Denmark (project for public spaces,2005) 

 

3.3.2.1 Community parks/ Neighborhood parks 

A community park serves as a social and recreational aspect for the surrounding neighborhoods. 

(Abdulzawaid, 2017). It Permits social and recreation activities which the residential yards cannot 

accommodate such as recreational centers, green spaces, sports fields, or playgrounds. It usually 

ranges in size up to 30 acres (120,000 m2) (Hong Kong Development Bureau, 2011). 

 

Figure 3.13  Kids playing in a community park (Domain Holmes,2019) 
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3.3.2.2 Public Green 

Public green is a public open space with extensive green coverage and soft landscape, which 

serves the district for relaxation, leisure, and breathing space in the neighborhood. The minimum 

area should be 500 sq. with a minimum green coverage of 50% (Hong Kong Development Bureau, 

2011) 

 

Figure 3.14 Public Green open space (Rebecca,2013) 

 

 

3.3.2.3 Streets 

Streets are open space that is usually paved in a built environment. They are the public parcel of 

pavement adjoining buildings in an urban context where people freely interact, assemble, and 

move. Public streets usually offer activities through the display of merchandise, outdoor cafés, or 

special events (Carmona, 2010). Some examples of famous public streets are La Rambla Street in 

Spain; Abbey Road in London; and 8th Street in Holand. 
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Figure 3.15 La Rambla Public street (Marti and Fleischer,2019) 

 

3.3.2.4 Promenade 

Promenades are public space that provides a passageway for open access and passive 

recreational facilities. It has a linear form with a minimum width of 15-20m to allow activities to 

take place. Every 50m requires a recess with a seating area (HKDB, 2011). 

 

Figure 3.16 Promenade designed by zaha Hadeed (Piet Niemann,2019). 

 

 

3.3.2.5  Public waterfront 
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Waterfronts are the central focus of this study, and they are discussed in detail in the following 

section of this chapter. Waterfronts are defined as open spaces located near a body of water such 

as a sea, revisers, or oceans. Examples of the well-known waterfronts are the following: Stockholm, 

Sweden; Venice, Italy; San Sebastian, Spain; Sydney; and Vancouver, Canada. 

 

Figure 3.17 Public waterfront in Portland (Sasaki,2022) 

 

3.4 Open spaces qualities 

To understand the quality of open spaces one must be able to understand the supply, use, access, 

operation, need, and demand of open spaces more so, quality will be determined by planning and 

design, management and maintenance, and use of these spaces. The quality of open space is just 

as important as quantity . Open spaces qualities should be: welcoming and inviting, healthy, safe 

and secure, clean and well-maintained, environmentally sound ,considerately conserved, caters 

for the needs of the whole community, well-marketed and promoted, planned in an 

understandable way and well accessible (Wakaba, 2016). 

 

3.5 Open spaces values 

Open spaces have been associated with various benefits such as ecological and environmental, 

political, economic, the addition of aesthetic value, and social benefits. 

3.5.1 The environmental and ecological value of open spaces 
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Open spaces can help in addressing this imbalance. It would bring important environmental 

benefits to urban areas such as; the abatement of the urban heat island effect (Lowry, 1967), an 

improvement of the air quality and the absorption of atmospheric pollutants (Pucher & Buehler, 

2008) and natural habitat protection (Sandstrom, Angelstam, & Mikusinksi, 2006). 

3.5.2 The social value of open spaces 

When properly designed and maintained, open spaces bring important social benefits to urban 

areas such as: promoting physical health (Woolley , 2003; Mitchell, 2014), fostering social 

cohesion, and identity, fostering democratic participation and social inclusion and controlling 

social ills. 

3.5.3 The economic value of open Spaces  

The presence of high-quality open spaces has a significant impact on the economic life of urban 

centers. Their influence ranges from raising property values, increasing the business turnover for 

retailers (Woolley , 2003), creating employment opportunities (Kiruma, 2014), contributing to the 

regeneration of the inner-city neighborhood, and promoting tourism. 

3.5.4 The aesthetic value of Open Spaces 

Well-designed public spaces increase the visual landscape value and contribute to the overall 

environmental aesthetics, hence contributing to the overall image of the city.  Apart from being 

an element of beauty in a crowded scene, public spaces give the users a pleasant break, and a 

chance to escape the usual urban setting (Kiruma, 2014). 

 

3.5.5 Plaza as one of the open space’s types  

A plaza is an open space designed for public use and defined by surrounding buildings and/or 

streets. Its primary functions are to encourage a diversity of opportunities for social interaction and 

activities, to provide relief and relaxation, to expand and reinforce the public realm, and to 
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contribute to the livability and general amenity of the downtown and other developing parts of the 

city. Historically, plazas have been central to the development of urban centers. 

Examples such as European squares and piazzas have afforded citizens places to meet trade and 

celebrate. In a modern changing city, it is also essential that plazas have a purpose and are not 

merely leftover areas between buildings. As the city grows, opportunities are presented through 

new development to provide open spaces that offer delight, surprise, rest, enlightenment, and 

amusement for a wide variety of users over the day, week, and year. Activities accommodated by 

public plazas such as socializing, resting, eating, bus waiting, exhibitions and open-air markets add 

to the quality of city living and working, enhancing diversity and increasing the educational and 

cultural opportunities that define the positive experience of urban living. 

3.5.6 Open spaces Element  

3.5.6.1 Vertical element  

According to (Ching, 2007), the visual borders of open space will be defined by vertical 

components. There are six main types of them. It can be present as a plane or as vertical linear 

components that define a space, such as columns or trees. This can be accomplished by having a 

single vertical plane that defines the space in front of it, by having an L-shaped plane, which directs 

the emphasis of the area diagonally from its corner outwards, or by having a U-shaped plane, that 

faces the open end of the defined space. Vertical components can also be arranged as two parallel 

planes that define the space between them, creating a feeling of transitional space, or four joint 

planes that close an opening. Each of these aspects uniquely defines a space and influences its 

function. 

3.5.6.2 Horizontal element  

The horizontal component defining open space (base plane) can be classified according to 

(Ching, 2007); into three mean types; A figure on a contrasting background defines a simple field 

of space; the elevated ground plane that establishes vertical surfaces along its edges that reinforce 
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the visual separation between its field and the surrounding ground (it can be a pre-existing site 

condition, or it can be artificially constructed); and the depressed base plane that utilizes the vertical 

surfaces of the lowered area to define a volume of space (such as urban stairs and slopes, pergolas). 

 

Figure 3.16 Urban stairs and slopes, Royal festival hall, London (Davis, 2014) 

 

 

3.5.6.3 Skyline  

Nowadays, preserving a good visual landscape, in terms of aesthetics, health, safety, and build 

ability is an important criterion to enhance the quality of life in urban environments. There are 

many ways to promote open space. Modern trends of branding various articles, among which is 

branding the image of the public space, presented by the urban skyline (Lucik, 2011) .  Urban 

Skyline is the line that separates earth from the sky. Or “the line where earth and sky meet each 

other” (Kostof, 1991, p. 279). It is created by the combination of natural elements (trees, mountains, 

sea, etc.) and those made by humans (architecture). According to (Lucik, 2011), urban policies 

should be based on innovation and creativity, enabling maintaining character and coherence of 

urban form (and consequently, the urban skyline) as a response to social, cultural, economic, 

technological, and /or political development and changes. The urban skyline is a panoramic 

snapshot of the open space’s esthetic values, diversity, and integrity (Guney, 2012). 



 

43 

 

 

Figure 3.19 Urban skyline (Mizoulo, 2014). 

3.5.6.4 Furniture  

According to (Zakaria, Salleh, & Abd Rachid, 2013), decorative elements, commonly known as 

open space furniture emphasize the character and identity of the public space itself.  It includes 

seats, waste bins, drinking fountains, bicycle parking hoops, post boxes, parking meters, payphone 

cabinets, vending, and ticket machines. This element also includes public art, play, and active 

recreation equipment.  

 

Figure3.17: Open space furniture (Husson, 2019) 

. 

Existing research showed that stationary activities like standing, sitting, leaning, and relaxing 

pave the way for social activities; the existence of stationary activities supports the high use and 

vitality of public open space. The spaces without physical qualities that accommodate stationary 
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activities are bound to be vacant and inanimate (Mumcu & Yilmaz, 2016). Equally important is 

their contribution to the enjoyment of being in public spaces, especially sitting and attendant 

activities are important for the success of public open spaces. 

The placements of public space furniture are based on its function in the different compounds. 

The latter should be located where as many people as possible will want and be able to use them. 

Additionally, the furniture arises, as well, from the influence of the environment and geographical 

aspects (Zakaria, Salleh, & Abd Rachid, 2013). 

3.5.6.5 Plants, green area, and water element  

Plant and water elements add to the space's identity and character, making it more appealing to 

consumers. Furthermore, its inclusion aids in the reduction of the area's total temperature.  

Landscape places should be available for users to enjoy. Water features are also advised as 

landscape elements to include in the design (HKDB, 2011). Furthermore, soft scape increases the 

aesthetic of the area while also improving human comfort and health by providing a feeling of 

human size and, if properly placed, a sense of enclosure and continuity (Carmona et al., 2003). The 

most critical features of open space are planting and flora. In addition to providing shade and 

reducing the environmental effect, carefully designed and selected planting may create a sense of 

affiliation with users (HKDB, 2011). 
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Figure 3.18 Water element of open space (Talkingspaces, 2020). 

3.5.7 Characteristics of Plazas  

Plazas are a significant element of open space in cities and their shape is formed based on nodes 

of pedestrian passages or roads. In this space, social interaction for personal purposes has occurred 

based on people gathering and this formation has a similarity to the living room in a house. This is 

a place in which people talk or share what they are thinking just as they do in their living room, 

and its significance is emphasized by the high density of the city in contemporary society. The 

urban plaza is a public yard and milestone with the symbolic meaning of the center. 

3.5.7.1 Urban yard 

 An urban plaza is similar to the backyard of a house, therefore, social networking and 

interactions such as meetings and events are performed. In addition, it is formed by the shape of 

surrounding buildings and roads so that the urban yard has an important role of open space, which 

people can feel the openness. 

3.5.7.2 Urban milestone  

Plazas are milestones for people passing through the centers of cities. When people pass along 

the path formed by building footprints, open space is realized without difficulty, and it becomes a 

lingering impression. Thus, plazas become obvious milestones within the city, and this plays a 
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crucial role for public life to function within the urban infrastructure. 

3.5.7.3  The center of cities  

It is also the center of activities for citizens owing to gathering them and permitting a variety of 

events. Furthermore, most plazas are in the spatial center of the cities because they are in the 

vicinity of government offices or cultural facilities in the area of it. Thus, urban plazas have carried 

the symbolic meaning of the center in the city socially and spatially. 

3.5.8 Types of Urban Plazas  

Urban plaza has a thing in common that a large crowd is gathered, however, there are varied 

activities in it and it can be defined as traffic, event, passing, or playing of the plaza or so on as 

type of activities.  

i) Transition  Plaza 

 This is a sort of an inner court being surrounded by buildings. The passing plaza is 

restrained to go through for cars and allowed to the pedestrian for a meeting, relaxation, 

or some other kind of activities to protect people. Basically, in Europe, a plaza or piazza 

is a place for passing through, however, in contemporary society, the diverse shape of 

plazas such as sunken, meetings, traffic, event, and so on have been come by creating 

various functioned infrastructures in urban space. Although there are several types of 

plazas, the meaning of plaza in common is passing plaza (Kim, 2015). 
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Figure 3.19 Piazza San Marco, Venezia (Kim, 2015) 

ii) Plan Types of Plazas  

Plan types of plazas are defined into four parts, which are urban plazas with four 

direction roads, one or two direction roads, and buildings, beside of roads and isolated from 

the road. 
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Table 1Patterns of Plaza in city (source. Kim, 2015) 

 

 

   

Shapes Feature  

 

 

 

 

 

 

With 4 direction road 

This place has high accessibility 

with four direction road 

physically and visually. 

This type is shown grid patterned 

cities. noisy compare with others  
 

 
Using for big events  

 
 

 

 

With 1 or 2 direction road and 

buildings 

This plaza is entry place or 

attached place with building. 

For pedestrian or resting space for 

users.  

 

 

 

 

 

 

Beside of road 

Main plaza and sub plaza  

Quit and safe to pass 

 

 
 

Isolated from road 

This has high accessibility with 

streets connected road with 

silence. 

Subtle expectation is occurred.  
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3.6 Factors influencing air quality in the square  as an open space 

3.6.1 Standards per capita 

The World Health Organization (2012) recommended the availability of a minimum of 9 m2 of 

green space per individual with an ideal UGS value of 50 m2 per capita (Russo & Cirella, 2018). 

Numerous studies have investigated the UGS value: It was found that the total area of the public 

open spaces equates to 0.95 m2 per capita in Jeddah needs to increase the total area of public open 

spaces (gardens, plazas, and waterfront spots) by 89.40% international norms of public open space 

(Addas & Alserayhi, 2020).  

Standards per capita can affect the type of activities these cities have. In India, The study of three 

cities has revealed that the size of the city has little to do with pollution level since it is largely 

determined by the activities in the wider region. It should, however, be taken note of that merely 

monitoring the larger cities with a view that the influence of the wider region is dominant would 

be a faulty impression since activity level considerably defines PM concentration levels. 3.47 to 

3.9 m2 Saudi Arabia's recommendations that follow the 2030 vision are to enhance the quality of 

life and increase the public open spaces per capita.  

3.6.2 Vegetation and Leaf Area Index (LAI) 

     Using trees in outdoor urban areas assists in reaching the optimal outdoor air quality (Fahmy, 

Mahdy, & El-Hady, 2016). Tree canopy helps in reducing the urban heat island effect that provides 

positive environmental effects and community comfort (Nasir, Ahmed, Zain Ahmed, & Ibrahim, 

2015). The climatic effect of tree canopy is characterized by several variables, including Leaf Area 

Index “LAI”, which presents how many layers of foliage can cover one square meter; it ranges 

from 1.3 ǂ 0.9 for deserts to 8.7 ǂ 4.3 for tree plantations, and up to 20 depending on the biome. 

Temperate evergreen forest (needle leaf and broadleaf) displays the highest average LAI (5.1 ǂ 6.7) 

out of the natural terrestrial vegetation classes (Breda, 2008). 
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 Few studies have investigated the role of LAI values on the tree canopy and its impact on the 

surrounding microclimate:  It was found that the presence of trees can decrease Air temperature by 

0.6 k, and Mean Radiant Temperature by 6.6K (Lalic & Mihailovic, 2004). As well, the Air 

temperature was reduced up to 3.5°C with an LAI value of 0.85 (Asef, Tolba, & Fahmy, 2020).  

The lack of green areas in a city in Belgium resulted in the detection of high levels of air 

pollution. A number of air quality models were thus carved out which later revealed that there were 

specific pockets of the city that had high levels of air pollution. These were termed problem areas 

since pollution concentration in these specific areas was found to be higher than European 

Standards. 

Additionally, Antwerp city reports having dispersed tall vegetation clusters which ultimately result 

in aerodynamic inadequacy and lesser absorption of pollutants and particulate matter. For this 

reason, it would be suitable to incorporate green walls and green roofs in the built-up centers of the 

city where planting of tall vegetation cannot be made possible and feasible. (K. Hewage). In this 

way, urban greenery can be utilized to assist in the reduction of air pollution. 

Integration of urban ventilation corridors and incorporation of urban greenery shall result in 

reaching the standard per capita of urban space and shall also address the other factors of leaf area 

index and vegetation. in India selecting species of trees that have a sufficient leaf area index respond 

to the challenges posed by air pollution. 

3.6.3 Urban morphology 

Numerous previous studies addressed the mechanisms by which urban form might influence air 

pollution (Zhoo, Li, & Wang, 2018; Schweitzer & Zhoo, 2010). The configuration of urban 

development has long been known to be a major cause of poor air quality; Fragmentary and 

dispersed patterns of urban development, without high-quality transit, are associated with high 

automobile use, longer trip lengths, and subsequent air quality problems (Borrego, Martins, 
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Tchepel, Salmim, & Miranda, 2006). To reduce air pollution, firstly, the disordered urban sprawl 

should be controlled, and sustainable urban growth and moderate urban sizes should be advocated 

alternatively. For example, transit-oriented development, which encourages more biking, walking, 

and public transit use can reduce auto-dependency and consequent air pollution (Ratner & Goetz, 

2013). Only in this way can the benefits of urban expansion be preserved while its potential 

negative impacts are reduced. Moreover, the geometry of urban land should be optimized to lower 

irregularity, as urban form with low shape irregularity not only reduces vehicle travel demand, but 

also increases road density and street accessibility, both of which are associated with less traffic 

congestion, more efficient transportation systems, and consequent reduction of mobile-source 

emissions. Last but not the least, since the decentralization of urban functions and polycentric urban 

form are of great significance for facilitating the dispersal of air pollutants and terminating the 

persistence of air pollution, “leapfrog” development strategy and decentralized spatial 

configurations should be advocated to shape polycentric urban form rather than monocentric urban 

form, and to conserve greenbelt (Ratner & Goetz, 2013). 

For a case study in India where cheap monitors were installed in an attempt to try and decrease 

air pollution. The location where these monitors were installed was also chosen to keep in mind the 

varied urban morphologies of each city. These monitors would record a reading every minute after 

which a 10-minute interval would occur for the uploading of data on the servers. The city of 

Bulandshahr was reported to have the highest level of air pollution which was followed by Patiala 

whereas the smallest of the three cities, Nainital, was reported to have the lowest level of air 

pollution. 

In the city of Antwerp in Belgium, the blame for such bad air quality has been put largely on 

traffic congestion. This can be attributed to the lack of an efficient transportation system resulting 

in more usage of private cars contributing to pollution. The study of urban form and its resulting 

impact on air pollution is necessary to be analyzed to shape the urban planning activities and initiate 
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remedial measures wherever possible. These efforts are better reflected in the policy-making and 

implementation by the municipal authorities or local government. in Belgium where urban 

morphological interventions aimed at bringing height variability to the center of the city thereby 

facilitating an outlet for pollutants. 

 

 

 

Figure 3.20 : urban morphology parameters used in this study to define urban density(Vahid Nik,2018) 

3.6.4 Sky view factor 

A Sky View Factor (SVFs) represents the ratio at a point in space between the visible sky and a 

hemisphere centered over the analyzed location (Oke, 1982). Various studies have been conducted 

regarding the relationship between air temperature and SVF, the study by Oke (1982) showed that 

the difference in SVF between the suburbs and the city can produce a difference in temperature 

between 5-7 °C (for a sky view factors ranging from 0.25 to 0.84). Svensson (2004) showed that 

there is a strong relationship between air temperature overnight and SVF, and both parameters of 

land use and SVF affect air temperature variations in the urban environment. Meanwhile, Unger 

(2004) showed strong, poor, and insignificant interactions between SVF and the urban heat island.  
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The case study highlights that in the city of Antwerp, there is a widespread low height variability 

due to which it becomes increasingly difficult for particulate matter and pollutants to disperse out 

of the urban spaces. It is thus required of the municipalities to plan and develop urban ventilation 

corridors which would initiate air exchange in those historic city centers which have more problem 

areas than the rest of the city. in China Beijing was keeping in view the requirement to ensure sky-

view to assist in the dispersion of particulate matter from the plaza In Belgium a good act was made 

to increase the ventilation potential of the area by introducing ventilation corridors 

 

Figure 3.21 Sky view factor calculations in Arc GIS software(Sungee lee,2017) 

 

3.6.5 Pavement and Hardscape material 

High reflectance hardscape materials or “cool” pavements are paving materials with high solar 

reflectance (Albedo), such as concrete, which absorb minimal heat, reducing the heat island effect 

(Irmak, Yilmaz, & Dursun, 2017). Pavements with a lower albedo absorb more sunlight and 

increase in temperature, while pavements with higher albedo absorb less sunlight, remaining cooler 

(Yilmaz, Toy, Irmak, & Bulut, 2008).  Irmak et al (2017) found that the most appropriate materials 

for mitigation of the UHI and human comfort during the summer are grass, travertine, and granite. 

Impregnated wood, asphalt, and basalt should be used only in a limited manner within the design 
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process, due to their characteristic high absorption of heat. The limited use of these materials is 

crucial for mitigating the UHI effects. 

 

 

 

Table 2 pavement material and features 

Material Picture  Description Benefit 

Poured 

Concrete 

with Fly 

ash 

 

Concrete is a mix of Portland 

cement, sand, and aggregate 

(gravel). Portland cement is created 

in an energy-intensive process, in 

which clay and limestone are mixed 

and heated to nearly 1480° C, 

releasing large amounts of carbon 

dioxide (a greenhouse gas) along 

with toxic substances such as 

mercury, lead, a 

extremely durable 

even surface good for 

wheelchair and 

Broken 

Concrete 

 

Broken concrete from demolition 

projects is commonly available year-

round, usually free if you can haul it 

yourself, or delivered it for a fee. 

Broken 

extremely durable • 

reusable; can be 

reconfigured 
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Permeable 

or salvaged 

 

Concrete paving creates impervious 

surfaces that increase stormwater 

runoff. Look for interlocking 

concrete pavers in permeable 

designs that allow rain to seep 

reusable; can be 

reconfigured • 

extremely durable • 

can allow water to 

Salvaged 

Clay Brick 

 

Made by forming and drying clay, 

bricks are then fired in kilns at 

temperatures up to 1090° C. Brick 

production is a major source of air 

pollution in some developing 

countries, 

reusable; can be 

reconfigured 

3.6.6 Façade material 

Urban Heat Island (UHI) is influenced by the properties of surfaces, particularly, the facade 

material. Morini (2019) investigates the influence of retro-reflective materials on the albedo, the 

results show that the RR façades lead to an increase in the equivalent albedo for all of the 

investigated urban patterns. Salvati (2020) found that the use of reflective materials in the canyon 

facade always increases the number of reflections at the street level, increasing the mean radiant 

temperature in most cases. Taha et al (2018) show that cool materials have a beneficial effect on 

the daytime surface temperature and, consequently, a mitigating effect on urban air temperature, 

especially when adopted at the neighborhood and urban scales. in China where a plan was made to 

shift to renewable and natural sources of energy and green façade. in Belgium was to provide for 

green walls and green roofs to increase greenery in urban centers and replace other façade materials. 
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Figure 3.22 Facade reflective buildings which increase the mean radiant temperature (Danpal,2017) 

 

 

Figure 3.23 Albedo of different reflective surfaces (Bogdan, 2016) 

 

 

3.6.7 Land size ratio 

The emission of air pollutants and air quality are influenced by urban land use patterns (Tian, 

Yao, & Chen, 2019), and the distribution and form of land use affect air quality by influencing land 

use and the spatial distribution of human activities (Wei & Ye, 2014). Although previous studies 

have explained the effects of land use and urban structure on air pollution, most of them analyzed 

the effects of land use on air pollution by using the size of each land use and the ratio of these sizes 

(In Baek & Un Ban, 2020). Superczynski and Christopher (2011) confirmed that urban expansion 
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is a contributing factor to enhanced PM2.5 levels, Zou et al (2016) found variations of air pollution 

are positively correlated with the increasing built-up area and negatively correlated with the 

increase in forests.  

In the case study about three cities in India data collected from the cities of Patiala and Bulandshahr, 

of both PM 2.5 and PM 10, revealed increased levels and reached way beyond the safe limits from 

the onset of the winter season in late September and remained almost the same till December. There 

was a steady decline in PM Concentrations from December to July after which the levels again 

started rising until the last observations were recorded in late October. Similar patterns were 

recorded against the diurnal PM variations recorded for the two cities falling in the Indo-Gangetic 

plains region. PM concentrations in these two cities remained at the highest level during the early 

morning period starting from 6 AM and extending to 9 AM whereas the same remained at the 

lowest level during the afternoon period starting from 1 PM and stretching to 4 PM. 

 

Figure 3.24 explanation of the allowed land size ratio in new York city(Yu,2005) 
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3.3 Conclusion 

Ambient Air quality, particularly that of public open spaces, is considered as one of the 

key factors influencing user behavior (health and comfort), it can be improved by the 

control of land size ratio, Leaf Area Index, Sky view factor, and urban green space ratio, 

and the good choice of pavement, hardscape and façade material, and vegetation. 

Table 3 Guideline to improve air quality in open spaces(proposal) 

Factor Recommendation Target  

 

Standard 

 

 

 9m² /individual (according to the World Health 

Organization). 

 3.47 to 3.9 m2 Saudi Arabia's recommendations 

that follow the 2030 vision are to enhance the 

quality of life and increase the public open 

spaces per capita, 

 

 

3.47 

 

 

3.9 

 

 

 

 

Urban 

morphology 

 

 Optimize the geometry of urban land to lower 

irregularity. 

 Reduce use of constructed impervious surfaces 

(e.g., roads, sidewalks, and parking lots) 

 Control the disordered urban sprawl Advocate 

sustainable urban growth and moderate urban 

 

 

 

 

At least 30 percent 
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sizes.  

 Encourages more biking, walking, and public 

transit use, to reduce auto-dependency and 

consequent air pollution. 

 

 

 

 

 

 

Vegetation 

and Leaf Area 

index 

 

 At least 30 percent of the total area is green space, 

with 20 percent being public and 10 percent being 

private, and 0.8 Leaf Area index. 

 Increase use of vegetated surfaces and planted 

areas.  

 Use green roof, green walls, edible green walls. 

 Select plants that will thrive in the climate and 

conditions of the site. 

 Avoid invasive species that may jeopardize local 

ecosystems. 

 Use native species. 

 Use tree canopies to lessen the scale of the urban 

surroundings. 

 Use vertical greenery/water curtain to soften the 

hard boundaries of courtyard gardens. 

 Select trees with tall trunks and relatively narrow 

spreading canopies. 

 Provide a green prospect from the upper windows 

of nearby high-rise structures. 

 

 

 

0.4% 

 

 

 

0.8% 
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 If turf grasses are to be used, select them to be 

regionally appropriate and minimize post-

establishment requirements for irrigation 

pesticides. 

 

 

 

 

Sky view 

factor 

 

 For the case where buildings cover 50% of the 

area of the sky, the sky view factor would be 

greater than 5%. 

 It is of major importance for urban climate 

applications since the long-wave radiation term is 

directly impacted by its value: the higher the SVF, 

the lower the long-wave radiation flux emitted by 

built surfaces to the sky during nighttime 

(Bernard, Bocher, Petit, & Palominos, 2018). 

 

 

 

5% 

 

Pavement and 

hardscape 

material 

 

 Consider the use of new coatings and integral 

colorants for asphalt pavement to achieve light-

colored surfaces instead of traditional dark 

surface materials 

 Concrete, Grass pavers, Concrete grid pavers, 

and Chip seals made with high-albedo aggregate.  

 Use reflective aggregate, a reflective or clear 

binder, or a reflective surface coating to enhance 

the reflective properties of pavement. 

 It improves air quality, as decreased energy 

demand results in decreased air pollution and 

A

s

p

h

a

l

t  

 

 

Aggregate 

and 

coatings 

and 

integral 

colorants 

for asphalt 

pavement  

Concrete, 

Grass 

pavers, 

Concrete 

grid 

pavers, 

and Chip 

seals 

made 

with 

high-
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greenhouse gas emissions, improve health and 

comfort by reducing the heat island effect,  

albedo 

aggregate 

 

Land size 

ratio 

 

 40:60: This means the land must have at least 

40% open space, to reduce air pollution.  

 

<=40% 

 

Façade 

material 

 Use of high solar reflectance and infrared 

emissive material; Retro-reflective material (to 

decrease solar absorption). These materials have 

a mitigating effect on urban air temperature.  

 low 

albedo 

that 

absorbs 

heat 

such as 

dark 

paint 

and 

asphalt. 

High albedo 

material: such as 

White paint 

concrete, going 

green, corrugated 

roof, red-brown 

tile roof. 
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Chapter 4 

Data collection 
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4 Chapter four: Data collection “Survey”  
4.3  Introduction  

This chapter is presenting the results of the survey that aim to validate the parameters that 

have been extracted from the literature review in the previous chapters. 

Aim: The main aim of this survey is to collect information to prove the impact of the 

square  elements and surroundings in enhancing the outdoor air quality. 

Relationship to the theoretical part:  This survey is targeting the experts in the field to take 

their opinion on the parameters that are collected from the previous chapters and if all of 

the seven elements are important in mitigating air pollution.  

Methodology of application : There are 18 questions in the survey are multiple-choice 

questions will be used for the statistical analysis. The sampling was used by chosen experts 

in the field such as architects, urban designers, and landscape architects the questionary 

had 32  responses. The survey was divided into nine sections the first is Personal details, 

which include 5 questions, the second is general questions about the relation between air 

pollution to human health and it includes 3 questions. the third section about was the 

percentage of individual space per person, the fourth section about Vegetation and Leaf 

Area Index. The fifth section was about Urban morphology. The sixth section is about the 

Sky view factor. The seventh section is about Pavement and Hardscape material. The 

eighth section is about Façade material. The last section of the survey was to rearrange the 

matrix conducted from the previous chapters based on the opinion of the experts. 

Tools: The survey was created by google form and was distributed through social media 

from the 5th – to the 20th of April 2022 and the results will be taken from the same program.  

Appendix A includes the format of the expert’s survey. 
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4.4 Findings and discussions  

The questionnaire has been filled out by 32 responders. The responders were all experts 

in the field. 

4.4.1  Demographic profile:  

This part of the questionnaire shows the specific demographic profile of the 32 responders 

who filled the survey it contains four questions. The gender of the responder where 93.8% 

males and 6.2% females, age were 18.8 % are between 20-29, 12.5% are 30-39, 34.4 % 

were 40-49 and 15.6% are 50-59, 18.8 were 60-69 (figure,) (figure,). The education level 

of the participants was bachelor's with 50%, 21.9% were master's and 28.1% were Ph.D. 

(figure,). 34.4 of the responders were architects, 15.6% were urban designers and 50% 

were engineers(figure,).  

 

Figure 4.25The gender of participants 

 

Figure 4.29The age of participants 
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Figure 4.26Education level of participants 

 

 
Figure 4.27 Design related profession of participants 

 

4.4.2 Relation between air quality and human health 

 Opinions were divided between 12.5 agree and strongly agree 87.5, which shows air 

pollution has a strong effect on human health of air quality on human health.40.6%were 

strongly agreed that air pollution has become the reason respiratory and cardiovascular 

diseases lead to death, 50% were agreed and 9.4 % were neutral with this statement. 

68.8% strongly agreed with of outdoor air quality may be affected by car exhaust, 

emissions from factory smokestacks, and road dust, 31.3 % agreed.  
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Figure 4.28 outdoor air pollution resources 
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4.4.3 The individual space per capita  

Opinions were divided between 31.3 strongly agree that individual space per capita 

affects air quality in open space, 43.8 agreed, 18.8 neutral and 6.3 were disagree which 

shows that individual space per person has an effect on air quality in open space. 37.5% 

strongly agreed with applying 9m2 per person in Saudi.28.1 % were agree, 31.3% neutral 

and 3.1 disagreed with this statement.  

43.8% strongly agreed with the statement of increasing the percentage of public open 

space per capita from 3.47 to 3.9 m2 can improve air quality, 37.55 agreed, and 18.8% 

were neutral.  
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4.4.4 Vegetation and Leaf Area Index (LAI) 

28.1 % of the participants were strongly agreed that 30 % of the total area is green 

space, with 20 percent being public and 10 %being private and 0.8 Leaf Area index 

 
Figure 4.29 individual space per capita and air quality 

 

Figure 4.30 individual space per person 

 

Figure 4.31 9 m2 per capita can be implemented in Saudi Arabia 

 
Figure 32Increasing the percentage of public open space 
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can help in improving air quality, 53.1%  agreed, 12.5% were neutral and 6.3% 

disagreed . The vegetation diversity is important; the square  should have more the one 

or two types of plants like shrubs and small trees; they can also help reduce the air 

temperature and increase the biodiversity in the square .  

 
Figure 4.36 Leaf Area index can help in improving air quality 

 

4.4.5 Urban morphology 

62.5% of the participants strongly agreed with the statement of Control the disordered 

urban sprawl Advocate sustainable urban growth and moderate urban sizes, 25% agree, 

9.4 %were neutral and 3.1% disagreed.  
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Figure 4.37 Control the disordered urban sprawl and moderate urban sizes. 

 

4.4.6 Sky view factor 

The sky view factor SVF measures how much vegetation and other structure covers the 

land from the sky, vegetation ratio, and diversity both help achieve lower SVF. When 

the trees are tall and mature with high LAI, the size of the leaf, and LAD the number of 

leaves in the tree it increases the shading in the square , and it can make it a pleasant 

space during the day and night in all seasons. Where 18.8% strongly agreed, 50% agreed 

and 31.3% were neutral with this statement.  

 

 
Figure 4.38  importance for urban climate applications 

 

4.4.7 Pavement and Hardscape material 
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40.6% of participants strongly agreed with the statement of using green materials such 

as Grass pavers, Chip seals made with high-albedo aggregate can help in improving air 

quality, 43.8 % agreed, 12.5% were neutral and 3.1% disagreed. 

 
Figure 4.39  use green material to improve air quality 
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4.4.8 Façade material 

 

12.5 % of participants strongly agreed on the use of high solar reflectance and infrared 

emissive material; Retro-reflective material, mitigating effect on urban air 

temperature,46.9%  agreed, 37.5% were neutral and 3.1% disagree.  

 
Figure 4.40:solar reflectance opinions 

 

 

4.4.9 Land size ratio 

31.3% of participants strongly agree the ratio of 40:60: can control air pollution, 53.1% 

agree, 12.5% were neutral and 3.1% disagreed.  

 
Figure 4.33land size ratio and air pollution 
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3.1. Rating of the square  elements 

In this part, the seven parameters collected from the previous chapter will be rearranged 

according to the experts' opinion on which is the most important in improving the air 

quality. Each one of the elements is presented in the schedule with the rate they get from 

the responders (Table,). According to the responders, the rating of the parameters 

showed that the most important. The elements that can help mitigate the air pollution 

inside the square . 

Table 1 Rating of the square  elements according to expert survey 

 

 

Getting the average weight by this steps  

Arrange the number descending  

Multiply the number of expert that give the factor number 1 plus the number of the 

experts that give this rate to the factor 

 number 2 , then divided by the number of factors  

For example 7*9+6*7+5*8+4*4+3*2+2*1+1*1/7 

 

 

 

 

 

Factors  1 2 3 4 5 6 7 Average 
Weight 

 7 6 5 4 3 2 1  
Individual space per 

capita  

9 7 8 4 2 1 1 24.29 

Urban morphology 8 5 8 4 3 3 1 22.57 

Vegetation and Leaf 

Area index 

11 5 4 7 2  3 23.43 

Sky view factor 3 13 4 9 1 1 1 23.00 

Pavement and 

hardscape material 

5 8 4 7 2 4 2 21.00 

Land size ratio 4 8 7 6 4 2 1 21.71 

Façade material  3 8 7 5 2 4 3 20.14 
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4.5 Summary  

The previously created criteria are a necessary in enhancing air quality through square  

design standards, according to the findings of the conducted questionnaires and 

interviews. As a result, all of the suggested elements for the guidelines are seen as 

equally important. Furthermore, some components and features were identified as being 

important and should be included in the square  design to ensure its success in reducing 

air pollution. According to the expert's opinion, reorder the elements from most 

important to least significant: 

1. Individual space per capita 
2. Vegetation and Leaf Area index  
3. Sky view factor  
4. Urban morphology  
5. Land size ratio  
6. Pavement and hardscape material  
7. Façade material  
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Chapter 5 

Case Study Analysis 
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5 Chapter Five: Case Study Analysis  
5.3  Introduction & Detailed Methodology 

This research looks at the spatial characteristics of the square  based on the square  air 

quality it creates and its impact on improving air quality. The analytical literature review 

was established to set a group of guidelines to improve the air quality in the square  as one 

of the open spaces.  

Several square  elements help increase the air quality interior of the square  and the 

surroundings. The square 's physical elements such as the Location, Size, Hardscape 

materials, Vegetation ratio, and Leaf area index LAI measure its impact on reducing the 

canopy layer temperature. The surrounding elements, such as the building height, density, 

and the neighborhood's fabric and their impact on the intensity of the square  cooling 

island. The case studies have been chosen based on their climate.Those climate zones have 

been selected based on their similarity with the Jeddah climate, which is hot and humid 

for most of the year. Using these case studies to investigate how both the square 's physical 

and surrounding mitigation elements significantly impact air quality. The analysis will be 

based on the performance of the square  elements and the impact of the surrounding on 

the square  air quality.  

5.4 Case Study Analysis 

5.4.1 Contexts 

 The square  is located in Jeddah, Saudi Arabia, in the southern part of the city. the city's 

climate is sub-tropical (Mediterranean) with hot, dry summers, with the highest 

temperature at 42.2°C during July (Weatherbase, 2021). The shape of the square  is 

considered as beside the road and it is a medium-size square  with a total area of 18,992 

m2 located within dense mix-use neighborhoods with heavy traffic activity. The square  
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is consisting of three mixed-use midrise buildings linked by gravel pathways.  poor 

coverage of grass and vegetation. It includes restaurants, cafés, a seating area, fountain.  

 

Figure 34 general location within Jeddah city 
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Figure 5.43 plan of Emaar Square 

 

There is a deferent between the plans and the actual site they increased the vegetations 

and add water bodies. 
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Figure 5.44actual site of Emaar Square 

 

5.4.2 Individual space per capita 

Emaar Jeddah gate was designed to serve 283 families with an average of 5 family 

members. 1415 persons were aimed to serve in 18992 m2 which means 13.4 m2 per 

person which is more than the Saudi code and world health organization  

5.4.3 Vegetation and Leaf Area index  

The square  shows poor planting in the area with 2.6 % of the total area being green in 

511m2. There is a poor vegetation diversity the trees in the square  are mostly mature 

with long trunks and slight canopies, small to medium leaf area density, also some small 

trees surrounding the walking trails, and the ground is paved except for the walking 

trails. The plans shows there is a deferent between proposed plans and implemented 

plant we the plantings was 6222.2 m2 wish is 32.74 % this percentage shows the 

deferent between the implemented plan virsus the proposed one. Whish show the value 

of following the proposed plan which study the context from deferent aspect is better 

than implemented plan.  
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5.4.4 Sky view factor  

 

According to the SVF equation  

 

 

= 0.95 

The result of sky view factor in the selected case study shows it Is bellowing the target. 

 

18 

.5*94 



 

 

 

82 

 

 

 

5.4.5 Urban morphology  

The square  is located in a mixed-use area that has a radial grid layout and low-density 

buildings. Emaar is located in a wide street with low traffic density and consequent air 

pollution. Clear paths on the site increase the airflow.  

 
Figure 5.35 urban morphology - clear paths 

 
Figure 5.36urban morphology - radial grid 

 

 

5.4.6 Land size ratio  

Emaar Jeddah gate is 18992 m2 with 3246m2 the building size area. The open space is 

17.09 % of the total area. The distribution and form of land use affect air quality by 

affecting land use and the spatial distribution of human activities 
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5.4.7 Pavement and hardscape material  

Permeable concrete Concrete's high albedo lighter is reflected and less heat is absorbed, 

resulting in cooler communities. This concrete characteristic is particularly noteworthy 

in comparison to alternatives for paving. 

 

 

Figure 5.37 emaar Jeddah gate 

Pavement and hardscape material 

Table 2 proposed guildline to improve air quality in open spaces 

Factor Target 

  

Standard 

3.47m2 3.9m2 9m2 

  ●  
 

Urban 

morphology 

At least 30 percent 

  ●  45%  

Vegetation and 

Leaf Area index 

0.4% 0.8% 

●   
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Sky view factor ≤5% 

.9   

  

Pavement and 

hardscape 

material 

Asphalt 

  

  

Aggregate and 

coatings and integral 

colorants for asphalt 

pavement 

Concrete, Grass 

pavers, 

Concrete grid 

pavers and Chip 

seals  

    ● 

  

Land size ratio 

≤40% 

  ● 

  

Façade material 

low albedo that absorbs heat such 

as : dark paint and asphalt. 

High albedo 

material : such as 

White paint 

concrete,going 

green,corrugated 

roof,red brown 

tile roof. 

  ● 
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5.5 Conclusion  

The chapter depicted the selection of a local square  case study based on predetermined 

criteria. The emaar Jeddah gate was then objectively examined using the criteria 

proposed in Chapter 3. 

The findings indicate that the developed criteria, as well as other aspects indicated in the 

preceding chapter, should be implemented to the questionnaire.  
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Chapter Six: 

Conclusion and recommendations 
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6 CONCLUSION AND RECOMMENDATION  
 

This chapter demonstrates and explains the developed guidelines for the guideline to 

improve air quality in Jeddah square s.  

The main aim of this thesis was to build a framework to show the relationships between 

the design elements of the urban square  and their impact on air quality.  

This thesis has investigated seven elements; some of them investigate the square  interior 

elements, and others investigate the directed surrounding of the square .  Increasing the 

air quality all year long can cause much healthy related illnesses; it can also be on the 

physical scale and mentally.  

The first part of the thesis was discussing the air quality and its types, phenomena, and its 

effect on human health. and chapter two explained the definitions of health and public 

space, the dimensions of urban space, and the various considerations that need to be taken 

into account when designing an air quality-based public space. It also presented the health 

benefits of physically comfortable public spaces and showed some examples. Finally, 

related research was presented, and reviewed to highlight the importance of the 

relationship between urban design and occupant health. From the information gathered 

and the literature reviewed, chapter three was about This chapter was about open space; 

its types, values (economic, ecological, aesthetic, and social), and its categories. In 

addition, it explains the public open space, its elements, and the factors that influence its 

air quality, and also contains case studies of public open spaces from around the world. 

The latter showed that the quality of any open space is determined by the space's ability 

to create a safe, comfortable, enjoyable, and sociable life for its occupants. Open spaces 
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are areas in which the socio-economic, ecological, and aesthetic dimensions of a city are 

usually expressed. The ambient air quality, especially that of public open spaces, is 

regarded as one of the key factors affecting occupant behavior (health and comfort), it can 

be improved by controlling the plot size ratio, leaf area index, sky visibility factor, and 

urban green space percentage, as well as the good selection of pavement material, 

hardscape and cladding materials, and vegetation. 

Recommendations  

Government decision-makers, urban planners, architects, and the general public can use 

the dissertation's findings and recommendations to lessen the effects of air pollution. The 

government sector could do more to enhance circumstances throughout Jeddah. This 

statistic can be reached with the location and distance by following the plaza placement 

and size criteria to improve the square  design. To reduce solar absorption and promote 

outdoor thermal comfort for users, the square  material should have a low albedo level. 

To reduce SVF, you'll need adult trees from or imported from a similar climate with a 

wide canopy, which can assist lower air temperatures, lessen the detrimental effects of 

heat on human health, and protect the environment. To help the square  minimize the heat 

environment both inside and outside the square , make sure the plant ratio is well over 

30%. More open, well-planted green space can also be included into new construction 

projects by urban planners and architects. To reduce glare and energy consumption, better 

choices for building facades with greater albedo levels can be used. 

People can choose more environmentally friendly interior and exterior materials for their

 homes, as well as increase the amount of vegetation around their dwellings. 
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