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Abstract 

The thermal environment in outdoor spaces can significantly influence users’ thermal 

perception and thus their use of these spaces. Improving microclimatic conditions in urban 

spaces will most likely encourage people to spend more time outdoors, with the potential 

to improve their health and wellbeing, as well as boosting social cohesion. As well as 

enhancing the environmental quality of cities it should also eventually improve the quality 

of life of its citizens.  

This thesis is one of the first attempts to investigate the outdoor thermal comfort and the 

effect of cultural differences in hot arid climates. Case studies were carefully selected in 

two different parts of the world (Marrakech in North Africa and Phoenix-Arizona in North 

America) to represent a variety of users in similar climatic context. Field surveys, carried 

out during winter and summer, included: structured interviews with a standard 

questionnaire; observations of the human activities; and microclimatic monitoring. 

The results revealed that the solely physiological approach is insufficient to assess the 

outdoor thermal comfort conditions in hot arid climates. Environmental variables such as 

air temperature and solar radiation, could have a great impact on the use of the outdoor 

spaces in the hot arid climate, and may determine the number of people and activities in 

them.  

The study also shows that participants who usually spend more time outdoors due to their 

life style, “outdoors individuals”, tend to stay longer in the studied sites compared with the 

“indoors individuals” who spend more time indoors. This is probably because the “outdoor 

individuals” have better experience of the outdoor conditions and respective thermal 

conditions. Experience has a strong link with expectations so that according to their past 

experience, people prepare themselves for the expected weather by taking adaptive 

measures. People from different cultures in the hot arid climate are likely to evaluate their 

thermal conditions differently, have diverse thermal comfort requirements, and use urban 

public spaces differently as well. 

Further work needs to be done to cover more geographical areas within the hot arid 

climate. Such an expansion may generalise the findings of this study or explain any 

particularity associated with the sites of the current study. More research is also needed to 

investigate he thermal requirements and use of outdoor spaces by different social groups 

by using robust classification methods. Emphasis should be on investigating the influence 

of thermal comfort on the use of outdoor public spaces by young and older people, and 

how that may affect their health and will being in such climates. 
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1 Introduction 

“Although we spend most of our time indoors, we are really outdoor 

animals.” (Baker 2004) 

1.1 Introduction 

This chapter introduces the subject of outdoor thermal comfort in hot arid climates. In 

addition to giving a brief background on the topic, it states the research problem, gaps, 

and articulates the research questions. In addition, this chapter defines the research aims 

and objectives, outlines the limitations of the study, and gives the thesis structure.  

1.2 Background  

Throughout history, urban open spaces have been linked with people and activities, 

serving as a meeting space, marketplace, and connection space (Gehl and Gemzøe 

2001). People of all ages participated in city life where streets and the squares were 

festive, sociable and jovial. These patterns were extended to the early years of the 

twentieth century. 

As the twentieth century evolved, the number of urban inhabitants rose and the use of 

motor cars increased. The modern movement, from mid 1920s and after, led to a radical 

segregation between transport, work, residents and recreation and, therefore, 

downgraded the importance of public spaces and changed them to be become unpleasant 

and undesirable. However, in the second half of the twentieth century, the concept of 

public space and public life emerged again and became the topic of many books, such as 

The life and death of great American cities by Jane Jacobs (1961). Although shopping 

was the main reason for people to be in public spaces, changes were taking place. Street 

vending and performing were back with outdoor cafés becoming popular. Pedestrian 

streets were introduced and old parks and squares were renewed.  

Recently, open urban spaces have started accommodating recreational, cultural, and 

sport activities. Urban spaces are used for longer hours including evenings and 

weekends. Attracting visitors and hosting activities are essential for the success of such 

outdoor spaces. Many factors in the open urban space contribute towards this success. 

Open urban spaces, therefore, should provide visitors with essential qualities, such as: 

enjoyment; opportunities for passive and active engagements, and comfort.  
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Outdoor public spaces play a significant role in improving public health and wellbeing of 

people and reduce government expenditure. A recent study by Roberst-Hughes (2013) 

examined the relationship between the quality of public spaces and human health and 

wellbeing in England. The study claimed that if 75% of people across the country did meet 

the recommended exercise level such as walking for 20 minutes five days a week, one in 

eleven early deaths could be avoided and £900 million could be saved every year.  

Moreover, outdoor public spaces are considered to be a key aspect in improving the 

health and wellbeing of young people by facilitating physical activities. In a 

multidisciplinary study, Mahdjoubi (2007) and his team explored the effect of the design of 

outdoor public spaces on the decline of young people’s physical activities. The study 

revealed that social and physical environments are two critical areas to offer better 

opportunities for young people to engage in outdoor physical activities.  

Furthermore, outdoor public spaces play a substantial part in enhancing the health and 

wellbeing of older people. As part of the research project I’DGO (Inclusive Design for 

Getting Outdoors) Sugiyama and Ward Thompson (2007) aimed to comprehend the link 

between health, outdoor activity and the quality of environments. They concluded that the 

local environment may influence the health of older people in two ways. The first one is by 

providing opportunities to be active i.e. physical activity. The second way is through 

providing suitable places where people can meet outdoors i.e. social activity. The study 

suggested that both the quality and quantity of outdoor activities contribute to the 

wellbeing of older people.  

According to UN State of the World Population 2007 report (UNFPA 2007), the majority of 

the global population are living in urban areas for the first time in history. Since the 

number of inhabitants in urban areas increases, the physical environment of cities and 

human activities are expanding and affecting the environmental quality and causing 

increase in ambient temperatures and pollution. Therefore, the demand is greater than 

before for adequate outdoor public spaces that meet the social, cultural and comfort 

needs of people. Fulfilling this demand will encourage people to stay longer outdoors 

socialising, exercising and enjoying nature, hence improving their health and wellbeing.  

In order to achieve better outdoor spaces, people needs must be fulfilled. Carr (1992) 

considers comfort as one of the user needs that should exist in order for open space to be 

well used. Other needs can hardly be met without the existence of comfort. Whyte (1980) 

found that "the most popular plazas tend to have more seating than the less well-used 

ones". Other attractive elements of open space cannot make people come and sit if there 
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is no place to sit. "Sitting should be physically comfortable. It is more important, however, 

that it be socially comfortable." This means that users should be able to choose their 

seating area whether in the sun or in the shade when they are in groups or alone. 

Bosselmann et al. (1983) considered access to the sun or having shelter from it is an 

important factor in the use of open space, whileGehl (1996) linked the level of activities in 

an urban open space with the microclimate of this space. 

The thermal environment in public spaces can significantly influence users’ thermal 

perception and thus their use of the space. Thus, aiming at improving microclimatic 

conditions in urban spaces and enhancing the thermal comfort will most likely encourage 

people to spend more time outdoors, with the potential to boost the social cohesion of a 

space and increase economic activity. This should improve the environmental quality of 

cities in which people live and work and should eventually improve their quality of life.  

Research related to thermal comfort in urban spaces can be characterised into two 

aspects:  

1- Studying the impact of urban geometry on the environmental parameters and 

hence outdoor thermal comfort. 

2- Studying the effect of microclimatic conditions on thermal comfort and the 

behaviour of people in urban open spaces through field surveys.  

The first aspect, the impact of the physical environment on thermal comfort in hot 

climates, has been the focus of many urban climatology studies (Ali-Toudert et al. 2005; 

Dalman et al. 2011; Krüger et al. 2010; Shashua-Bar et al. 2004; Pearlmutter et al. 2007). 

The main themes investigated in literature include the influence of street canyon geometry 

on pedestrian thermal comfort (Pearlmutter et al. 1999; Ali-Toudert and Mayer 2006), the 

influence of shading and trees on the microclimate (Shashua-Bar et al. 2011; Hwang et al. 

2010). Simulations, measurements, and physical open air scale models have been used 

as methods of investigation. Simulations or numerical modelling has been described as a 

perfectly suited methodology to deal with the complexities and nonlinearities of urban 

climate studies (Arnfield 2003).  

In the second aspect, local microclimates influence the thermal sensation of people in 

urban open spaces and accordingly they affect behavioural aspects, such as attendance 

and activities (Zacharias et al. 2004; Dessi 2002; Zacharias et al. 2001; Nikolopoulou et 

al. 2001). Field surveys have been used to study the behavioural aspects of people, in 

relation to their thermal environment outdoors (Makaremi et al. 2012; Ng and Cheng 2012; 

Xi et al. 2012). Other studies have examined thermal adaptation of users, including the 
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physical and psychological adaptation (Nikolopoulou et al. 2001; Thorsson et al. 2004b; 

Lin et al. 2011). In recent years, there has been an increasing interest in the association 

between culture and climatic characteristics that influence the thermal comfort and the use 

of outdoor spaces (Knez and Thorsson 2006; Thorsson et al. 2007). Field surveys in 

outdoor thermal comfort studies are often carried out by measuring relevant microclimatic 

variables or objective data. These data include air temperature, wind speed, relative 

humidity and solar radiation, from which thermal indices can be calculated. In addition, 

subjective data, such as thermal evaluation and preference, are collected from 

participants on site by structured interviews and questionnaires. Attendance and the 

activities are usually monitored by observations. However, very few studies in this category 

have been carried out in hot climate areas and in particularly hot arid climates. 

1.3 Statement of the problem 

Despite the increasing interest in outdoor thermal comfort studies, little attention has been 

paid to the hot arid climate. Most studies in the hot arid climate have followed the urban 

climatology approach that was referred to in the previous section. In such research, the 

focal point of the research is on the interaction between the environmental elements and 

the physical settings of the space, with little consideration given to the human factor. The 

thermal effect on users was studied using standard thermal indexes. Thus, in the majority 

of cases, the adaptive actions as well as the influence of cultural and social variations on 

the perceptions of the thermal environment were given little attention. A clear 

understanding of such factors should provide designers with valuable information about 

the people who will be using the open public space. On the other hand, failed open public 

spaces can be a result of the lack of understanding of the adaptive opportunities a public 

space can offer to visitors (Figure 1.1). In addition, unsuccessful spaces might be a result 

of neglecting cultural and social aspects when designing outdoor public spaces. 
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Figure 1.1 Abandoned public space in Marrakech 

1.4 Research questions 

After stating the research problems and the gaps in the area of outdoor thermal comfort, 

the following questions were carefully articulated to draw the research outlines:  

1. Can the outdoor thermal comfort in hot arid climates be assessed by physiological 

approach (i.e. the heat-balance indices alone)? 

2. How do people from different cultures in the hot arid climate evaluate their actual 

thermal conditions?  

3. What is the relative contribution of the environmental parameters to thermal 

perceptions of the users of urban public spaces in hot arid climates?   

4. Are there any differences in the thermal comfort requirements and use of outdoor 

space between different cultures groups in the hot arid climate?  

1.5 Research Aims 

The aim of this research is to extend the understanding of outdoor thermal comfort to the 

hot arid climates. More comprehension of the complex relationship between outdoor 

thermal environments and the thermal sensation of users from different backgrounds can 

help in making better public spaces. Public spaces with improved microclimatic conditions 
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are hoped to encourage people to spend more time outdoors, with the potential to boost 

the social cohesion of a space and increase economic activity. This should refine the 

environmental quality of cities in which people live and work and should eventually 

improve their quality of life.  

1.6 Research objectives 

To achieve the aim of this study, the following set of objectives has been developed:   

1. To evaluate the physiological approach in a hot arid climate by comparing actual 

thermal sensation votes with predicted sensation votes which are obtained from a 

heat-balance model.  

2. To investigate the relationship between the environmental parameters and the 

actual sensation vote (ASV) in different cultures, by using Chi-square (χ²) test of 

independence, and study the impact of this relationship on the use of the outdoor 

spaces. 

3. To examine factors that affect thermal adaptation between cultures by studying the 

behaviour of people in public spaces of Phoenix and Marrakech.  

4. To measure and compare neutral temperatures and preferred temperatures of the 

cultural groups, using the mean thermal sensation vote responses. 

1.7 Research scope and limitations 

This study focuses on the human thermal comfort and the use of open public spaces in 

hot arid climates. The studied sites are located in Marrakech (Morocco) and the greater 

area of Phoenix, Arizona (USA). Only those who were sitting or standing in the studied 

spaces were considered in interviews since, according toGehl (1996), these are the 

optional activities, as opposed to the necessary activities, that have a close relation with 

the quality of urban open spaces. Moreover, only local individuals were considered in 

interviews; tourists and temporary visitors were excluded from analysis to ensure that the 

sample represents the local culture of the studied area. In addition, the study does not 

focus on a specific age group or gender. The current investigation was limited by the 

number of interviews (431). A larger number would give better statistical significance to 

some of the results such as the relationship between expectations and the time spent by 

participants in the outdoor space. Another limitation of this study is that the number of 

female participants in the interviews was less than the number of males. However, as 

mentioned above, the influence of gender was not in the scope of this research. One of 
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the selected sites in Phoenix, Tempe Market Place, is different in its features from the rest 

of the sites in terms of the physical nature of the space and its use.     

1.8 Thesis structure 

This thesis has two parts: Part I: Background and theoretical study; and Part II: 

Experimental work. Part I includes the introduction of this study and the research 

conducted on the literature. Part II comprises the methodology, the findings and their 

discussion, and the conclusions and recommendations. The chapters are organised as 

follows: 

Part I: Background study 

Chapter 1 introduces the subject of outdoor thermal comfort in hot arid climates. It states 

the research problem, gaps, research questions, aim and objectives. The chapter also 

outlines the limitations of the study, and gives the thesis structure.  

Chapter 2 is a literature review chapter that defines urban open spaces and the influence 

of comfort on their users. It also summarises types of activity that occur in open spaces 

and how these develop when the space has the right qualities. The final section is 

shedding light on the thermal aspects of human comfort and its influence on users’ 

experience of urban outdoor spaces. 

Chapter 3 is a literature review chapter that gives a review of key studies dealing with the 

influence of the physical environment on thermal comfort in hot climates. It also covers 

main studies dedicated to the behavioural aspects of outdoor thermal comfort in other 

climates. 

Part II: Experimental work 

Chapter 4 explains the methodology used in this research which is based on field surveys. 

Field surveys enable the study of subjects in their "real world” settings with the purpose of 

including the full complexity of conditions that subjects may experience, whereas other 

approaches, such as the analytical or the heat-balance, depend on laboratory or climate 

chamber conditions for their experiments. This chapter gives a justification for the 

methodology selection, the framework upon which the research was designed. In addition 

to that, this chapter explains how the physical data were measured and how human 

behaviour and activities were monitored. Locations where field surveys took place and 

procedures of investigations are also described. 
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Chapter 5 is part of the results obtained from the field surveys. It contains a description of 

the population interviewed and the microclimatic profile of the study areas. Two cultural 

groups were selected from two different countries in the hot arid climate zone. The results 

presented in this chapter also help in understanding how the two cultural groups evaluate 

their actual thermal conditions. The chapter also presents the relative contribution of heat-

balance parameters to thermal perception by subjects in an outdoor space in a hot arid 

climate. 

Chapter 6 presents and discusses the findings of this research, how people from different 

cultures, who live in similar climatic conditions, evaluate their thermal environment. For 

this reason, two groups, representing two different cultures living in regions with a 

prevailing hot arid climate were selected in Marrakech and in Phoenix, as described in 

Chapter 5. The results presented in this chapter help in understanding the following: 

1. Whether the thermal preferences of subjects in hot arid climates can be explained 

by heat-balance indices alone;  

2. comparing the thermal comfort requirements in the hot-arid climate of Marrakech 

and Phoenix including clothing, neutral temperatures, and preferred temperatures 

Finally, chapter 7 is devoted to bringing together the major themes covered by the thesis 

to make conclusions and recommend further improvements for future work. 
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2  Urban open space and comfort 

“First life, then spaces, then buildings – the other way around never 

works.” (Gehl 1996) 

2.1 Introduction 

This is a literature review chapter that defines urban open spaces and the influence of 

comfort on their users. It also summarises types of activity that occur in open spaces and 

how these develop when the space has the right qualities. The final section is shedding 

light on the thermal aspects of human comfort and its influence on their experience of 

urban outdoor spaces. 

2.2 Urban open space 

Urban open spaces, city spaces, or outdoor public spaces are defined as publicly 

accessible outdoor areas within cities such as parks, plazas, streets, community gardens, 

and greenways (Lynch 1972), (Carr 1992). The existence of good urban public spaces is 

important to cities because they play a critical role in communities, define the identity of 

cities, benefit them economically and environmentally, and provide a room for cultural 

activities (Madden and Schwartz 2000).  Urban open spaces, therefore, should inspire 

people to visit, and activities to take place.  

Throughout history, urban open spaces have been linked with people and activities. Three 

crucial functions have been offered by such spaces: meeting place, marketplace, and 

connection space (Gehl and Gemzøe 2001). Therefore, social interaction occurred in city 

spaces, goods and services exchanged in it, and streets offered connections between all 

the functions of the city. This arrangement can be seen all the way through Greek and 

Roman cities when they first built streets for better and safer movement and agoras and 

forums for public life. Medieval, renaissance, baroque cities, and through the age of 

enlightenment to the industrial age all carried the same pattern of meeting place, market 

place and connection space (Figures 2.1 and 2.2) . According to Gehl (2007) the patterns 

that consists of the three functions i.e. meeting place, market place and connection space 

extended to the very beginning of the twentieth century. People of all ages took part in the 

city life in streets and squares involving in activities that was essential to their living. 

In the progression of the twentieth century the function of urban open spaces was 

influenced by the improvement of the economic conditions of cities. This improvement led 

to changes in lifestyles hence rise in the number of urban inhabitants and the wide 
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extension of motor cars use. The CIAM Athens charter of city planning (1933) that 

considered the analysis of 34 cities at that time, promoted rules that led to a radical  

segregation between transport, work, residents and recreation. The application of Athens 

charter had downgraded the importance of traditional public space and changed the 

traditional public spaces so it looked unpleasant and undesirable.  

The next milestone in the history of public space took place in 1960’s. The concept of 

public space public life started at that time and was marked by the work of Jacobs (1961) 

The Death and Life of Great American Cities. Public spaces and public life were the topic 

of studies and books i.e. The city in history (Mumford 1961) and The making of urban 

America (Reps 1965). Pedestrian streets were introduced at that time by closing streets to 

traffic and old parks and public squares renewed. Towards the end of 1960’s through the 

1970’s street vending and performing are back too with outdoor cafés become popular. At 

that time until 1980’s shopping was the main reason for people to be in the city.  

In recent decades, the city becomes a goal in itself (Gehl 2007). Urban spaces host 

recreational and cultural activities such as parades, exhibitions and sport activities. When 

weather permits, activities extended to include evening hours so people start using city 

spaces for longer hours, seven days a week. The most important function of the urban 

open space is enabling meeting between people (Gehl 2007).  



Chapter 2 Urban open space and comfort 

 

11 
 

 

Figure 2.1 Piazza del Campo in Siena, medieval public space (by Mike Alexander is 
licensed under CC BY-NC-ND 2.0) 

 

 

Figure 2.2 St. Peter’s Square in the Vatican, Renaissance public space (by Tobias 
Abel is licensed under CC BY-ND 2.0) 

http://www.flickr.com/photos/mikealex/6994100218/sizes/o/in/faves-108575433@N04/
http://creativecommons.org/licenses/by-nd/2.0/deed.en_GB
http://www.flickr.com/photos/lennox_mcdough/7849658816/in/faves-108575433@N04/
http://creativecommons.org/licenses/by-nd/2.0/deed.en_GB
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2.3 Activities in urban open space 

2.3.1 Types of activity  

Gehl (1996), in his famous book Life Between Buildings, divides outdoor activities into 

three categories: necessary, optional, and social activities. The necessary or functional 

activities, usually associated with walking, take place around the year under all 

circumstances where the participant has fewer choices such as waiting a bus (Figure 2.3). 

The optional or recreational activities, more related to sitting, usually happen when place 

and time are suitable for it to happen. A good example of an optional activity is walking for 

fresh air or sitting under the sun in winter (Figure 2.4). The social or resultant activities, 

which cover all communal activities, depend on the presence of others in the open space. 

Social activities occur when people meet each other in a certain place, such activities are 

the bottom line of the quality and length of other types of activity as Gehl (1996) has 

stated. Greeting, chatting between people, children playing together are examples for 

social activities (Figure 2.5). 

 

Figure 2.3 Waiting for a bus, an example of a necessary activity. (by Matt Stringberd 
is licensed under CC BY-NC 2.0 

http://www.flickr.com/photos/stringberd/251596422/sizes/z/in/faves-108575433@N04/
http://www.flickr.com/photos/stringberd/251596422/sizes/z/in/faves-108575433@N04/
http://creativecommons.org/licenses/by-nc/2.0/
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Figure 2.4 Relaxing in a public park, an example of optional activity  

 

 

Figure 2.5 Playing in a public park, an example of a social activity 
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2.3.2 Activity and quality of outdoor space 

There is a close relationship between the quality of the outdoor space and the outdoor 

activities that occur in it, in particular, optional and social activities. These will have more 

chance to develop when the quality of the open space is improved. The better the physical 

framework is the more activities grow. This development can occur by number of 

participants, duration, and scope. Gehl (1996) emphasised that it is not the number of 

people or events that indicate the success of urban open space rather than the number of 

minutes spent outdoors. For this reason, more people and longer stay results in high level 

of activities. Gehl (1996) linked the level of activities in an urban open space with the 

microclimate of this space. He pointed out that optional and social activities, defined 

above, take place only when the external conditions are good enough for stopping and 

strolling. Other qualities that inspire activities and motivate the use of urban open spaces 

is reviewed in the next section.  

2.4 Qualities of a successful urban space  

2.4.1 Social places 

Several research projects have aimed to discover qualities that make a successful urban 

space. Whyte (1980) and The Street Life project used time-lapse cameras to record daily 

patterns in plazas. They found that the high numbers of people in groups and/or couples 

are an indicator of best-uses plazas and it is an index for selectivity, as they decide to go 

there by their own choice. The author gave an example that in best–used plazas in New 

York, the proportion of people in groups was about 45%; hence “best-used plazas are 

sociable places”. Madden and Schwartz (2000) supported Whyte (1980) observation that 

the high number of groups is a sign of good use of urban space. 

2.4.2 Lively and used by everyone 

Madden and Schwartz (2000) and Whyte (1980) also indicated that a higher than average 

proportion of women, people from different age groups, and variation in activities are signs 

of a healthy place. Therefore, it is becoming increasingly understood that good urban 

open space is “the lively one and well-used by people” (Francis 2003). 

2.4.3 Duration and time of use 

Time spent at a location and who is using it are other signs of success. Tibbalds (2012) 

suggested that such places should consist of “a rich, vibrant, mixed-use environment that 

does not die at night or at weekends and is visually stimulating and attractive to residents 

and visitors alike”. Gehl (1996) emphasised that it is not the number of people or events 
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that indicate the success of urban open space rather it is the number of minutes spent 

outdoors. Therefore, more people and longer stays results in high levels of activity. 

2.4.4 User needs 

Carr (1992) assumed that a good urban open space should comply with user needs which 

identified as “those amenities and experiences that people seek in enjoying public open 

spaces”. Comfort, relaxation, passive engagement (enjoying the scene in open space 

without participating actively), active engagement (with physical participation) and 

discovery, are considered as major user need in urban open spaces as a result of 

reviewing literature by Carr (1992) who adds enjoyment as a sixth need. 

2.4.5 Comfort and microclimate 

Carr (1992) considers comfort as one of the user needs that should exist in open space to 

be well used. Other needs can hardly be met without the existence of comfort. Whyte 

(1980) found that "the most popular plazas tend to have more seating than the less well-

used ones". Other attractive elements of open space cannot make people come and sit if 

there is no place to sit. "Sitting should be physically comfortable. It is more important, 

however, that it be socially comfortable". This means users should be able to choose their 

seating area whether in the sun or in the shade when they are in groups or alone. 

Bosselmann et al. (1983) considered access to the sun or having shelter from it is an 

important factor in the use of open space, while Gehl (1996) linked the level of activities in 

an urban open space with the microclimate of this space. He pointed out that optional and 

social activities, defined above, take place only when the external conditions are good 

enough for stopping and strolling. Therefore, and within the scope of this thesis, the next 

section is shedding light on the thermal aspect of human comfort and its influence on their 

experience of urban outdoor space.  

2.5 Comfort 

Comfort defined as the state of mind that expresses satisfaction with the surrounding 

environment (ASHRAE 2004). Therefore, the term ‘comfort’ might be used to describe a 

feeling of satisfaction, a sense of relaxation, or a state of physical and mental well-being 

(Giridharan et al. 2008). Some theories has dealt with the physical aspect and of thermal 

comfort such as the heat balance model, others dealt with psychological aspect such as 

the adaptive approach.  
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2.5.1 Heat balance model 

The conventional thermal comfort theory is based on the balance between the human 

body and its environment so that the internal body temperature is kept closely around 

37°C. The balance is maintained by a continuous exchange of heat the human body and 

its surroundings. The exchange may occur by conduction, convection, radiation and 

evaporation and these physical processes are influenced by environmental components 

such as air temperature, wind speed, humidity and solar radiation and personal factors, 

that can be controlled by individuals, such as activity and clothing (Park et al. 2012).  

ASHRAE Standard 55 (2004) and ISO7730 (2005) are based on a heat balanced model 

of the human body and are derived from extensive climate-chamber experiments in mid-

latitude climate regions. They are often considered to be universally applicable as a model 

for comfort, however they do not work as well for buildings that are naturally ventilated, or 

in environments that provide the opportunity for individual localised control. Neither are 

they fully applicable to outdoor spaces.  

Fanger (1970) developed the Predictive Mean Vote (PMV) which is a steady-state model 

that represents the heat balance between heat production and heat dissipation by the 

human body. The PMV is expressed by a thermal comfort equation uses air temperature, 

humidity; mean radiant temperature, relative air velocity, activity level and clothing 

insulation value. The PMV model has been used frequently to underline the effect of 

adaptation in outdoor settings. However, it is important to highlight that the PMV model 

was intended for indoor, fully conditioned buildings. According to the steady-state heat-

balance theory, the human body is a passive recipient of thermal stimuli (Brager and de 

Dear 1998) and the PMV does not take adaptation opportunities into account. More 

recently, studies have been conducted to widen the applicability of the original PMV (Van 

Hoof 2008). For example, Fanger and Toftum (2002) introduced an extension to the PMV 

by proposing an expectancy factor “e” to explain the overestimation of thermal sensation 

in non-air-conditioned boiling in warm climates. Yao et al. (2009) have considered factors 

such as culture, climate, and social psychological and behavioural adaptations in 

developing the PMV model. 

In the outdoor settings, the PMV was compared with the actual thermal sensation vote of 

the visitors of urban public spaces in temperate climates, the results indicated that a 

purely physiological approach, which is based on heat balanced models such as PMV, 

cannot adequately characterise thermal comfort conditions (Nikolopoulou et al. 2001) and 

other socio-cultural and psychological parameters become increasingly important (Knez 
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and Thorsson 2006; Thorsson et al. 2004a). The PMV, however, is not yet appropriate for 

use outdoors.  

The Physiological Equivalent Temperature (PET)(Mayer and Höppe 1987) is another 

thermal index that gives the thermal assessment of a given environment. PET is based on 

the Munich Energy-balance Model for Individuals (MEMI)1 (Höppe 1984) is defined as the 

air temperature at which, in a typical indoor setting (without wind and solar radiation), the 

heat budget of the human body is balanced with the same core and skin temperature as 

under the complex outdoor conditions to be assessed. On hot summer days, for example, 

with direct solar irradiation the PET value may be more than 20 K higher than the air 

temperature, on a windy day in winter up to 15 K lower. 

2.5.2 Adaptive approach 

The adaptive approach to thermal comfort suggests that people can take actions to ease 

their comfort conditions by increasing or decreasing their activity levels and clothing or by 

interacting with the built environment (Sugawara et al. 2008). This led to the idea of 

“adaptive opportunity”, which indicates the level to which people can thermally adapt to 

their surrounding space. When the adaptive opportunity is inadequate, leaving thermal 

neutrality leads to discomfort sensation (Baker and Standeven 1996). 

Field surveys in the adaptive context enable the study of subjects in their "real world” 

settings, with the purpose of including the full complexity of conditions that subjects may 

experience, whereas other approaches, such as the heat-balance, depend on laboratory 

or climate chamber conditions for their experiments.  

There is much interest in the adaptive approach in studies of thermal comfort for two 

reasons according to Nicol (2008). Firstly, there are doubts as to whether it is possible to 

transform results obtained under laboratory research settings to represent the complex 

conditions of the “real world” settings. Secondly, filed studies such as Brager and de Dear 

(1998) and Nikolopoulou et al. (2001) show that people adapt to their own climates and 

tend to tolerate much more variation of thermal conditions than those predicted by 

laboratory-based thermal models. 

Field survey is even more central in thermal comfort research in outdoor settings. Outdoor 

environmental conditions are even more complex than in side buildings. Moreover, people 

in outdoor spaces have less control over the surrounding environments compared with 

                                                
1 MEMI: Munich Energy-balance Model for Individuals is an energy-balance model that takes into 
account the body heat regulation processes such as constrictions, dilation of peripheral blood 
vessels and sea rate.  
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some indoor spaces. Hence, adaptation is likely to be the only option for people to cope 

with the outdoor thermal conditions. An individual may adjust his temperature range by 

6˚C (McIntyre 1980) This involves wearing or taking off clothes or reducing the metabolic 

heat by 10% with the consumption of cold drinks (Baker and Standeven 1996) or 

changing positions 

Adaptive models are generally linear regression models that relate indoor design 

temperatures or acceptable temperature ranges to outdoor meteorological or 

climatological parameters (Brager and de Dear 1998). Therefore, thermal neutrality is an 

important term when talking about the adaptation approach. Thermal neutrality is defined 

as the temperature which gives a neutral thermal sensation, neither warm nor cool, in the 

environment (Humphreys 1975) or the thermal index value (temperature) corresponding 

with a maximum number of building occupants voting neutral on a thermal sensation scale 

(Brager 1998). Nikolopoulou et al. (1999) defined three types of adaptation: physiological, 

physical, and psychological. The physiological adaptation is not of fundamental 

importance in this context because it is caused by exposure to a stimulus, leading to a 

gradually declining strain from such exposure (Clark and Edholm 1985).  

2.5.3 Physical adaptation 

Physical adaptation is one of the three types of thermal adaptation defined by 

Nikolopoulou et al. (1999) and refers to the physical adjustments that a person makes to 

alter him/herself or to change the environment to meet his/her needs. Therefore, physical 

adaptation has two types: reactive and interactive. The reactive adaptation, or personal 

adaptation, includes subjective changes such as altering one’s clothing level, or changing 

position or activity. The reactive adapation types will be further explained in the following 

sections. The interactive adaptation includes actions made by individuals to the 

environment to improve their thermal conditions, such as closing a blind or opening a 

window. This type of physical adaptation is limited in open spaces due to the nature of 

outdoors spaces (Nikolopoulou 2011b). 

i. Activity: 

Activity level influences energy production in human body and can considerably affect the 

comfort level. Activity level is expressed by mets:  each met is the metabolic rate of a 

seated relaxed adult and equals 58 W/m2 (Clark and Edholm 1985). Different types of 

activities with the relevant metabolic rates are shown in Table 2.1. Some activities such as 

hard physical work or sport may produce conditions that cause thermal discomfort. For 

example, an outdoor thermal condition that is comfortable for activity such as walking can 
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be uncomfortable for running. This is due to the surplus of energy added to the energy 

budget of the body. Therefore, one may take action such as removing some clothing. 

Another option is providing appropriate design for running paths which allows suitable 

thermal conditions for running. 
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Table 2.1 Metabolic rates of different activities (ISO7730 2005) 

Activity  W/m2 Met 

Reclining 46 0.8 
 
Seated, relaxed 
 

58 1.0 

Sedentary activity 
(Office, dwelling school, laboratory) 
 

70 1.2 

Standing, light activity 
(shopping, laboratory, light industry) 
  

93 1.6 

Standing, medium activity 
(shop assistant, domestic work, 
machine work) 
 

116 2.0 

Walk on level: 
2 km/h 110 1.9 
3 km/h 140 2.4 
4 km/h 165 2.8 
5 km/h 200 3.4 

 

ii. Clothing: 

Clothing influences human thermal sensation by offering thermal insulation that is suitable 

to one’s environment. It is expressed by m2K/W or in CLO units which equals 0.155 

m2K/W. In hot climates, clothes protect the body from solar radiation. However, it might 

stop the body from releasing surplus body heat. In hot climates, it is important for clothing 

to allow the cooling effect of air movement. For example, a western outfit has a thermal 

insulation value of 0.3 CLO while a North African traditional loose dress in bright colours 

CLO value of up to 0.5 (Clark and Edholm 1985). Figure 2.6 shows CLO value of various 

items. The traditional clothing in hot arid zones helps the cooling effect of air movement 

(Figure 2.7). Long open dresses boost ventilation between the body and the dress 

because of air movement from the bottom upward (Zrudlo 1988). 
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Figure 2.6 CLO unites of various items of clothing (Clark and Edholm 1985) 
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Figure 2.7 Cooling effect in traditional clothing in hot environments(Clark and 
Edholm 1985) 

2.5.4 Psychological adaptation 

The response of people to a physical stimulus, in a certain situation, depends on the 

information that people have for this situation rather than on the magnitude of the 

stimulus. Therefore, thermal perception of a space is influenced by psychological factors 

(Nikolopoulou and Steemers 2003). The following factors affect psychological adaptation.  

i. Naturalness 

People tend to have more tolerance to non-artificial changes occur in their physical 

environments (Griffiths et al. 1987). In outdoor spaces as opposed to buildings interiors, 

most of changes to the physical environment take place naturally. Therefore, Nikolopoulou 

and Lykoudis (2006) found that people in outdoor spaces tolerate a wide range of air 

temperatures  the changes  For example, in the comfort levels are very high for a wide 

range of air temperatures across Europe, where all environmental changes occurs 

naturally.  

ii. Expectations and Experience 

People’s perceptions are prominently influenced by what the environment should be like, 

rather than what it truly is like Nikolopoulou and Lykoudis (2006). Expectations and 

experience explain the difference in comfort temperature between the transitional season 

i.e. autumn and spring. The first one is preceded by warmer temperatures therefore 
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people tend to be less tolerant to cold, hence the temperature in which people feel 

comfortable is higher than that in spring (Zrudlo 1988).  

iii. Time of exposure 

Thermal perception of people in external spaces influences the period of their stay out i.e. 

how long they intend to spend in the area (Nikolopoulou and Steemers 2003). This issue 

is of particular importance when talking about the level of activity in outdoor public spaces 

because level of activity can be stimulated by both high numbers of people and by longer 

individual stays (Gehl 1996).  People are able to tolerate thermal discomfort if they 

anticipate that their exposure to it will be brief.   

iv. Perceived control 

Perceived control as opposed to actual control advises available choice. It is a state of 

being in control over a source of discomfort and according to Evans (1984) this increases 

tolerance and reduces people’s annoyance. Therefore, when an outdoor  space offers 

seats in the shade and others in the sun, people are expected to stay longer than if only 

one option was available, regardless of whether they use the other option or not. Since 

actual control over thermal discomfort source is limited in outdoor spaces, perceived 

control is important in such places (Nikolopoulou and Steemers 2003).  

v. Environmental stimulation 

Environmental stimulation is one of the main reasons why people spend time outdoors, 

breaking the boredom and seeking satisfaction. When outdoor spaces offer various types 

of environmental stimulations, people tend to have higher tolerance to weather conditions 

in them. This leads to more people visiting the outdoor space and more time being spent 

in it. The reason is that neutrality does not necessarily lead to satisfactory; however, 

environmental stimulations such as sun or fresh air after being in the office for a long time 

on a warm day do (Nikolopoulou 2011b).  

2.6 Environmental parameters affecting thermal comfort 

The prevailing climatic environment of a hot arid region is the product of the interaction of 

several meteorological components of climate, such as air temperature, solar radiation, 

wind, and humidity.  

2.6.1 Air temperature 

The body exchanges heat with the surrounding air which occurs by convection. Thus, 

when the air temperature of a room increases, occupants become warmer and when it 
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decreases, they become cooler. However, in the outdoors, a particular air temperature 

such as 21°C could be perceived as uncomfortably cool (in a windy and shaded place) or 

uncomfortably warm (with no wind in sunshine and a humid place). It might be also 

perceived as comfortable. Thus, air temperature alone is not a sufficient indicator of 

human thermal comfort outdoors. Although air temperature strongly influences outdoor 

thermal comfort, the design of outdoor spaces has very little impact on mitigating air 

temperature (Yang et al. 2011). Yet a few strategies have been learnt and used in practice 

to increase or decrease air temperature. To increase air temperature, designers may 

maximise solar exposure by creating sun traps facing south and using dark materials. 

Minimising the flow of cold wind by providing windbreaks is another method. To decrease 

air temperature, vegetation can provide both shade and evaporative cooling which can 

also be obtained from water features. 

2.6.2 Solar Radiation  

When solar radiation arrives from the sun at the surface of any object, it will be reflected, 

absorbed and/or transmitted through the object. Hence, an object in outdoor space is 

subject to direct solar radiation from the sun, diffused radiation from the sky, and reflected 

radiation from the environment. Designers of outdoor space aim at allowing maximum 

access to solar radiation when heating is required and provide protection from undesirable 

solar radiation when cooling is required. Solar radiation is an environmental component 

that can be modified. Some techniques are available to modify solar radiation towards 

acceptable thermal conditions. For example, providing deciduous trees gives shade in 

summer and allows solar radiation access in winter. Moreover, suitable location and 

orientation to outdoor spaces provides suitable shading and solar access throughout the 

year. 

2.6.3 Wind  

Wind, as an environmental factor, is one of the key differences between outdoors and 

indoors. Wind influences the use of outdoor spaces directly by its mechanic force or 

indirectly by manipulating thermal conditions. Buildings can modify wind and increase or 

decrease its mechanical effect. For example, high buildings can change strong wind flow 

at the top and divert it to the ground level. This accelerating wind flow in front of the 

building and around its corners may take different shapes as shown in Figure 2.8. The 

strong wind produced at the bottom of high buildings may cause undesirable conditions 

for pedestrians. Vegetation has the ability to modify wind so that it decreases the wind 

flow and alters its direction when required Figure 2.8. 
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Figure 2.8 Wind behaviour around tall buildings (Nikolopoulou et al. 1999) 

 

 

Figure 2.9 Vegetation influence on wind movement (Clark and Edholm 1985) 
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2.6.4 Globe temperature  

The globe temperature Tg is the temperature measured inside a globe thermometer, 

typically a 40mm ball, and it is affected by the balance between the radiant gain at the 

surface of the globe and energy loss by convection (Erell et al. 2011). The globe 

temperature will lie somewhere between air and radiant temperature and has been so 

widely used in comfort surveys that it has almost become a basic variable. It worth 

considering using a globe thermometer as a temperature measuring instrument as Nicol 

(2008) suggested, because of its property of reacting to the environment in much the 

same way as a human occupant.  

2.6.5 Humidity  

Humidity refers to the water vapour content of the atmosphere which might be gained as a 

result of evaporation from water surfaces, moist objects and plant transpiration (Konya 

1980). The vapour pressure increases with temperature. Nevertheless, there is a limit to 

the amount of water that air can hold as vapour. 

Relative humidity is the ratio of the amount of vapour in a given volume of air to the 

maximum vapour capacity at that particular temperature. High levels of relative humidity 

may cause discomfort indirectly by affecting the environmental probability evaporation. 

The body responds to this by spreading sweat over the skin to increase its surface to 

boost evaporative cooling. The increased dampness of skin causes discomfort in some 

situation, when wearing formal clothes, for example. Low levels of humidity may cause 

discomfort directly. The excessive dryness of the air causes cracks in the lips and 

soreness in the throat (Clark and Edholm 1985). 

Under steady-state conditions and moderate air temperature (15-25 °C) in temperate 

climates, the average relative humidity has little impact on thermal sensation. However, by 

moving from indoors to outdoors, the change in relative humidity can have a greater 

influence on thermal comfort (Nikolopoulou 2011b). Moreover, relative humidity changes 

have even more significant effect on thermal comfort  in warm  environments (>30 °C) 

(Park et al. 2012). 

2.7 Factors affecting site climate 

2.7.1 Topography 

Solar radiation, air temperature, and wind will be affected by the altitude, slope and 

exposure of the site i.e. higher altitudes have greater temperature variations (Clark and 
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Edholm 1985). During the night, the ground cools quickly due to heat loss by radiation to a 

clear sky and cool air drains down to the bottom. During the day, on the other hand, solar 

radiation intensity is remarkable due to the relatively short distance it has to pass through 

the earth’s atmosphere at such altitude. The heating effect of solar radiation will differ 

when it falls on slopes facing different directions. This is because the variation in solar 

radiation will be greater on a sloping surface compared with horizontal. Wind also is 

affected by topography. Raised sites are exposed to more and stronger wind whereas 

basins are more protected from wind. 

2.7.2 Ground cover 

The closer to the ground the more extreme the environmental conditions are. This is 

because the solar radiation increases the temperature of the ground during day time. At 

night, the temperature decreases next to ground level. This is due to evaporation and 

outgoing radiation. Thus, the ground cover has a major role in moderating extreme 

temperatures.  

Artificial surfaces and urban areas tend to increase temperature and reduce humidity. 

Such surfaces store, radiate and reflect heat to air layers close to them.  On the other 

hand, natural cover of ground, grass for example, helps in moderating extreme 

temperature (Konya 1980). Therefore, using paved surfaces should be kept at minimum 

when designing outdoor spaces in hot climate zones.   

Vegetation in the urban environment affects not only the thermal environment, but also air 

quality and noise levels. Vegetation reduces air temperature by direct shading and 

moderation of solar heat gain through evapotranspiration (Dimoudi and Nikolopoulou 

2003). 

Materials are thermally defined by their albedo (Cunningham 1998). The albedo of an 

object is the ratio of the diffusively reflected radiation to the incident electromagnetic 

radiation and it is closely related to the colour of the material. Rough and dark-coloured 

surfaces tend to absorb more solar radiation than smooth, light-coloured and flat surfaces. 

Dark-coloured surfaces are therefore warmer than light coloured surfaces. The use of cold 

materials can be advantageous in designing outdoor spaces and urban environments in 

hot climates, reducing air temperature due to heat transfer, and mitigating the urban heat 

island effect.  
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2.7.3 Water 

Water has larger specific heat capacity2 compared to the dry land and therefore it has less 

daily and annual temperature variations. This moderates the thermal conditions in areas 

located near the sea where the on-shore breezes replace the hot air over land and cool 

down the land which has already heated up by solar radiation during the day.  This 

process will be reversed at night because the land cools faster than the sea.  

2.7.4 Densities and Building fabric 

When the urban fabric is dense, buildings provides shade to surrounding outdoor spaces, 

reducing the heat gain from solar radiation. The aspect ratio H/W of a street canyon is 

important geometric variable that indicate the density of an urban fabric. The aspect ratio 

of a street canyon can is the ratio of the canyon height (H) to canyon width (W). A regular 

canyon usually have an aspect ratio H/W=1, while a deep canyon has an aspect ratio 

H/W=2 or more (Vardoulakis et al. 2003). In addition to urban density, buildings and paved 

surfaces store heat, radiate, and reflect solar radiation thus increasing air temperature in 

the urban environment of hot climate zones. Therefore, in such climates, it is very 

important to recognise the balance between the shading that can be provided by building 

fabric and the influence urban fabric density on air temperature. This can be achieved by 

minimising the paved areas, increasing vegetation and using suitable.  

2.8 Conclusions  

Open spaces and the influence of comfort on their users were defined and presented in 

this chapter, which also reviews types of activity that occur in open spaces and how these 

develop when the space has the right qualities. Thermal aspects of human comfort and 

their influence on the experience of urban outdoor spaces were observed, too.  The main 

conclusions are: It is not the number of people alone that reflects how successful the 

urban space is. However, high number of groups and longer stay in an outdoor space 

result in high level of activities, which is a sign of a healthy place. Considering its 

importance, studies linked the level of activities in an urban open space with the 

microclimate of this space, and show that most of these take place only when the external 

conditions are good enough for stopping and strolling. 

 

  

                                                
2 The specific heat capacity of a substance is the amount of energy needed to change the 
temperature of 1 kg of the substance by 1°C. 
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3 Outdoor thermal comfort  

"The most direct way to cope with an adverse climate is simply to not 

be there when it gets too hot or too cold." (Heschong 1979) 

3.1 Introduction 

This is a literature review chapter that gives a review of key studies dealing with the 

influence of the physical environment on thermal comfort in hot climates. It also covers 

main studies dedicated to the behavioural aspects of outdoor thermal comfort in other 

climates.  

3.2 Urban geometry and its influence on outdoor thermal comfort  

The influence of the physical environment on thermal comfort in hot climates has been the 

focus of many urban microclimate studies (Krüger et al. 2010; Pearlmutter et al. 2006) 

The main themes investigated in literature include the influence of street canyon geometry 

on pedestrian thermal comfort (Ali-Toudert and Mayer 2006), and the influence of shading 

and trees on the microclimate (Shashua-Bar et al. 2011; Hwang et al. 2010). Simulations, 

measurements, and physical open air scale models have been used as methods of 

investigation. Simulations or numerical modelling has been described as a methodology to 

dealing with the complexities and nonlinearities of urban climate studies (Arnfield 2003). 

More details on selected urban microclimatic studies in the context of a hot climate will be 

given in the following paragraphs.  

3.2.1 Outdoor thermal comfort and street design 

In a study to investigate the impact of street design on outdoor thermal comfort, Ali-

Toudert and Mayer (2006) used the three-dimensional numerical model Envi-met (Bruse 

and Fleer 1998), developed to simulate microclimatic changes in urban environments. It 

has the ability to simulate hard modifications such as walls and soft modifications, such as 

vegetation. Calculations were run for a typical summer day in the hot climate city of 

Ghardaia in Algeria. Physiologically Equivalent Temperature PET (Höppe 1999) was used 

to assess outdoor thermal comfort. The key outcome of this study was that both solar 

orientation and aspect ratio of street geometry were found to have a substantial influence 

on thermal conditions in a street space and hence on thermal sensation. In other words, 
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wide streets in subtropical latitudes provide uncomfortable thermal conditions. It is also 

challenging to moderate the heat stress in an east-west oriented streets, even with a high 

aspect ratio3 such as H/W=4. The authors claimed that their findings are crucial because 

of their influence on the design choices with regard to street usage (pedestrians or motor 

traffic), as well as the time of visiting/using such an urban space.  

In a complementary study, Ali-Toudert and Mayer (2007) demonstrated quantitatively that 

shading is the main approach for mitigating heat stress outdoors under hot summer 

conditions. They assessed the effect of street design aspects, such as asymmetrical 

canyon shapes, galleries and further shading devices on the façade. The outcome 

showed that all design aspects investigated have a moderate influence on air temperature 

but a strong impact on heat gained by the human body and thus on thermal comfort. The 

authors admit that it is difficult to interpret the meaning of PET value for thermal comfort of 

people precisely since discomfort is probably overestimated by this model. Thermal 

comfort is much more complex than described by energy models such as PET because 

thermal perception is influenced by past thermal history and, non-thermal factors and 

thermal expectations (Spagnolo and de Dear 2003). This is further explained by 

Nikolopoulou and Steemers (2003) who identified three levels of thermal adaptation: 

physical, physiological, and psychological. They suggested that the difference between 

the actual thermal sensation vote and the predicted one is due to thermal adaptation; this 

study is reviewed further below. 

Pearlmutter et al. (2007) launched a measurement campaign in the arid Nagev region of 

Israel. The study shows that significant thermal paybacks can be achieved by using dense 

urban fabric. Pearlmutter and his team attributed this to the solar radiation shield provided 

by this fabric. An open-air urban array was used to generalise the previous findings. This 

approach allowed them to find what they called the “cool island” effect in which 

pedestrians thermal stress can be reduced during the peak day time hours by increasing 

the urban density. The cool island effect occurs by increasing radiation trapping and 

storage of heat in such urban fabric. The cool island effect is accelerated by high diurnal 

fluctuations and high thermal inertia of the urban area.  Nevertheless, the impact of this 

effect is dependent on the orientation of the street; it works best with north-south and it is 

almost insignificant with south-east oriented streets. 

The work by Johansson (2006) in Fez, Morocco is another example of studying the 

relationship between urban microclimate and outdoor thermal comfort in hot dry climates. 

The author investigated the influence of urban geometry on outdoor thermal comfort by 

                                                
3 Defined in 2.7.4 
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comparing street designs within two different urban fabrics. The study used continuous 

field measurements during hot summer and cold winter in an area in the old town and 

another area in the new city to demonstrate two extremes of urban geometry. PET was 

also used in this study for thermal comfort assessment. Similar to the findings of Ali-

Toudert and Mayer (2006), this study confirms the relationship between urban geometry 

and the microclimate at street level. Using the same index for thermal comfort 

assessment, PET, Johansson (2006) suggests that in the hot season, the shallow canyon 

was thermally uncomfortable whereas the thermal condition in the deep one was 

acceptable. The study also concluded that in hot dry climates, it is preferable to design 

compact urban fabrics with very deep canyons. Nevertheless, wider streets or open 

spaces that allow solar access should be considered in the urban design of areas with 

cold winters.  

3.2.2 Effect of shading on thermal comfort 

Lin et al. (2010) discussed the effects of shading on long-term outdoor thermal comfort. 

Twelve field experiments were conducted on a university campus in the hot humid climate 

of central Taiwan. The experiments were used to validate RayMan Model (Matzarakis 

2000) which was developed to calculate radiation fluxes within urban structures. Next, 

RayMan was used in this study to assess thermal comfort in order to predict thermal 

comfort based on meteorological data that covers a 10-year period. PET was also used in 

this study as the thermal index. The study showed that the modelled and measured mean 

radiant temperatures (Tmrt) were very close. The authors reported that the uncomfortable 

locations in summer were the less shaded locations (high sky view factor), whereas the 

highly shaded locations were uncomfortable in winter (low sky view factor). People take 

spontaneous behavioural actions to make themselves feel thermally comfortable, 

therefore, based on this adaptation theory, Lin et al. (2010) suggested that multiple 

shading types and different levels of shading are recommended so users can set or stand 

in areas that provide them with their preferred thermal conditions. Lin et al. (2010) finding 

was endorsed by further investigation by Hwang et al. (2011), using the same method in 

the same area and recommended applications to mitigate thermal discomfort in the street 

level. Hwang et al. (2011) recommended using shading devices and planting deciduous 

trees that provide shade in summer and allow solar access in winter. 

3.2.3 The effect of vegetation 

Vegetation has a mitigating effect on outdoor thermal conditions and this has been 

investigated for decades. Field measurements have revealed that vegetation lowers the 

temperature of adjacent air and surfaces. This is due to the vegetation’s 
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evapotranspiration effect, small heat capacity, and mitigating of solar radiation. This 

cooling effect of vegetation spreads to the surrounding areas mostly at night when calm 

wind and clear skies are available (Sugawara et al. 2008). Several field studies have 

investigated the thermal conditions within urban street canyons with trees on their sides 

(Giridharan et al. 2008; Park et al. 2012; Yang et al. 2011) 

Park et al. (2012), for example, have conducted quantitative measurements using an 

open-air scale model array of 1.5 m high cubes. The array reproduced eight urban street 

with distinct vegetation conditions. They found that 51% of the wind speed was reduced 

by the presence of four sidewalk trees inside the street canopy. Trees also help in 

reducing the globe temperature by decreasing the radiation flux by the shading. The 

authors found that the most significant thermal mitigation occurs when the sidewalk is 

facing a southwestern wall due to the maximum shading provided the built fabric. On the 

other hand, vegetation has little mitigating effect compared with sidewalk trees, since the 

latter provide shade in addition to its . 

3.3 Microclimatic conditions and the behaviour of people 

Local microclimate influences the thermal sensation of people in urban open spaces and 

accordingly it affects attendance and activities (behavioural aspects), (Zacharias et al. 

2004; Dessi 2002; Zacharias et al. 2001; Nikolopoulou et al. 2001). Field surveys have 

been used to study the behavioural aspects of people, in relation with their thermal 

environment outdoors (Makaremi et al. 2012; Ng and Cheng 2012; Xi et al. 2012). Field 

surveys in outdoor thermal comfort studies are often carried out by measuring relevant 

microclimatic variables or objective data. These data include air temperature, wind speed; 

relative humidity and solar radiation, from which thermal indices can be calculated. In 

addition to this, subjective data, such as thermal evaluation and preference, are collected 

from participants on site by structured interviews and questionnaires. Attendance and the 

activities are usually monitored by observations.  

3.3.1 The human parameter 

In one of the pioneering studies in this area, Nikolopoulou et al. (2001) sought to further 

understand the microclimatic features of open spaces within cities and their influence on 

people’s perception in using them. They emphasised the inadequate understanding of the 

human parameter in such spaces. Therefore, they conducted field surveys in Cambridge, 

UK and interviewed people in four study sites that varied in terms of use, geometry and 

typology. A mini-meteorological station was used to measure the objective environmental 

parameters (air temperature, wind speed, relative humidity and solar radiation). These 
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were later analysed in relation to the subjective responses and behaviour of the outdoor 

space users by using structured interviews and observations to evaluate their experienced 

thermal condition.  Personal data, for example age, gender, and information on clothing 

were collected. The main finding of this study was the major discrepancy between the 

Actual Sensation Vote (ASV) of participants and the predicted thermal comfort condition 

which was calculated using the measured environmental parameters mentioned above 

and represented by the Predicted Mean Vote (PMV) index. Hence, solely depending on 

the physiological approach to evaluate thermal comfort outdoors is not sufficient. The 

authors also proposed the importance of understanding psychological factors such as 

environmental stimulation, thermal history and expectations in producing more thermally 

acceptable public open spaces in cities.  

In a subsequent paper, Nikolopoulou and Steemers (2003) identified three levels of 

thermal adaptation: physical, physiological, and psychological. They suggested that the 

difference between the actual thermal sensation vote and the predicted one, as calculated 

by the relevant microclimatic variables, was due to psychological adaptation. In other 

words, microclimatic parameters intensely influence thermal sensation, yet they 

accounted for half the variation of the ASV. The authors speculated that the rest of the 

variation might be explained by psychological factors such as: naturalness, expectations, 

experience, time of exposure, perceived control and environmental stimulation. However, 

at that stage, they were unable to provide a quantified relationship between these factors. 

They concluded that the relation between physical environment and psychological 

adaptation is “complementary rather than contradictory”.  

In a study in the northern latitude,Thorsson et al. (2004a) examined the influence of 

thermal conditions on the behaviour of people in an urban park in the city of Gothenburg 

in Sweden. This field survey study incorporated conducting pre-structured interviews 

based on a questionnaire and measuring microclimatic data. These data were eventually 

used to calculate PMV to assess thermal comfort of participants. In agreement with 

Nikolopoulou et al. (2001), this study, likewise, revealed an evident discrepancy between 

PMV and ASV. They showed that people’s expectations might influence their thermal 

evaluation of their environment. Therefore, the authors concluded that steady-state 

models such as PMV may not be ideal for assessing outdoor thermal comfort. The 

authors also concluded that the outdoor thermal conditions influence the behaviour of 

people using urban open spaces but this is also influenced by individuals’ subjective 

expectations; this was later supported by a similar conclusion by Katzschner (2006). 

Thorsson et al. (2004b) also proposed that providing diversity in microclimates in the 
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same site could improve the physical and psychological adaptation opportunities of people 

and therefore increase their use of the outdoor space. 

Nikolopoulou and Lykoudis (2006) evaluated the data collected across five different 

European countries in the project RUROS (Rediscovering the Urban Realm and Open 

Spaces) and covered nearly 10,000 interviews in 14 locations. The outcome confirms the 

relationship between microclimatic and comfort conditions. Moreover, it shows evidence of 

behavioural adaptation that was reflected in seasonal variation in clothing levels and 

taking actions to change the metabolic rate; as well as psychological adaptation where 

recent experience and expectations cause variation in neutral temperature calculated 

across the sites studied. 

Thorsson et al. (2007) conducted a similar field study but in the humid subtropical climate 

of Tokyo, Japan, and with using the PET as a thermal assessment index.  In agreement 

with previous studies by Nikolopoulou et al. (2001) and Thorsson et al. (2004), the 

findings of this study confirmed that, in the hot humid climate, when the thermal 

perceptions of people falls within their acceptable thermal comfort zone, they tend to stay 

longer (19-21 min) in the outdoor space compare to 11 min on average when their thermal 

perception was outside the comfort zone. With regard to human activities, in contrast to 

previous studies (Zacharias et al. 2001), the relationship between total attendance and the 

thermal environment was insignificant since the regression analysis showed weak 

correlation between attendance and PET.  

3.3.2 Spatial behaviour  

In a study conducted in seven urban plazas in Montreal, Canada, Zacharias et al. (2001) 

investigated the relationship between microclimatic conditions and spatial behaviour of the 

users of open spaces. They measured air temperature and wind speed and recorded time 

of the day, presence or absence of sunlight and proportion of surface area in sunlight. 

They also observed the use of urban space by keeping records of the total attendance 

count, the number in sun and in shade and type of activity i.e. standing, sitting and 

smoking. The study shows that a substantial portion of the attendance of people in public 

spaces is attributable to microclimate, with air temperature found to be the most important 

parameter. They used multiple regression to predict lower and upper bounds on 

attendance as a function of temperature. However, the variation in public attendance at 

the investigated spaces was not solely accounted for by microclimate, other unmeasured 

variables such as access, view, and the design of space may be important factors in 

public attendance, yet they its influence on human comfort was not approached. The 

authors did not study the significance of the relationship between environmental factors 
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and other factors such as presence of other users, crowding and urban design. Moreover, 

in terms of the human parameter, future studies should consider measuring the perception 

of comfort in addition to attendance and activities. In terms of the environmental 

parameter, measuring solar radiation to investigate the warming effect of sunlight should 

be considered.  

To confirm if the behaviour is constant throughout various microclimates, Zacharias et al. 

(2004) expanded their Montreal study and examined the spatial behaviour of users of 

seven plazas in San Francisco, USA. They found that microclimate has the same 

importance in spatial behaviour in the two cities where the environmental parameters 

were considerably different. The new study gave further evidence that air temperature and 

sunlight accounted for much of the variance in behaviour. Moreover, finally, the authors 

examined the behaviour before and after redesigning one plaza by testing the use level in 

relation to the amount of seating. They concluded that environmental design had minor 

effects in relation to microclimate. The amount of seating provided was an unimportant 

factor in relation to the use level. However, the position of seats was a key element as to 

whether they are used or not. 

In the Mediterranean climate, Nikolopoulou and Lykoudis (2007) also investigated the use 

of outdoor space in the city of Athens as part of the project RUROS. Environmental 

monitoring and questionnaires, together with observations, were used for field surveys. 

The findings further support previous studies that a significant relationship exists between 

microclimate and use of open spaces. Moreover, observations showed that the most 

central parameters influencing the use of space were air temperature and solar radiation 

(sun light). Hence the number of people was dropped when the air temperature notably 

rose. The results also showed that visitors sought different spatial settings in different 

seasons. For example, they preferred to sit in sunlit areas in autumn and winter while in 

summer, shaded areas were more in demand.  In terms of the diurnal patterns of 

attendance, the study showed maximum attendance was recorded in the evening during 

summer, while the peak time shifted gradually to noon in winter. It was noted that the 

attendance in autumn and winter was far higher than in summer.  

3.3.3 Cultural and social factors 

Social aspects of urban open spaces encourage and boost social interactions and provide 

socially safer environments and therefore enhance the quality of life (Carr 1992; Shaftoe 

2008). The social outdoor space is where spontaneous activities take place and climate 

has a strong influence on them. Such spaces should inspire people to spend some time in 

communal activities, bringing their children to play, conversations, greetings and passive 
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contacts such as seeing and hearing others (Gehl 2006). Returning to the project 

RUROS, Nikolopoulou and Lykoudis (2007) demonstrated that open spaces played an 

important role in strengthening the social interaction in residential neighbourhoods and 

therefore improving the quality of life. They found that around 70% of people interviewed 

were coming from home before arriving in the open space so that their intended 

destination was the open space. Moreover, regular users of some of the studied areas 

accounted for 60% of the frequency of use. This demonstrates the importance of such 

spaces in the daily life of people. In the above mentioned study, Zacharias et al. (2004) 

attempted to reach better understanding of the relationship between physical and social 

factor, i.e. by inspecting the interaction between smoking and non-smoking users and by 

examining the behaviour of users when faced by limited choice of preferred environmental 

conditions. The study revealed that the presence of smokers had no significance effect on 

the distribution of users and activities. Moreover, users tend to accept crowding in an area 

that allows preferred environmental conditions. 

Culture can be defined as “The system of information that codes the manner in which 

people in an organized group, society or nation interact with their social and physical 

environment.” (Reber 1985). Therefore, Knez and Thorsson (2006) assumed in their study 

that different geographical/climatic zones can also be defined as different cultures. They 

also proposed that squares with similar environmental conditions would be differently 

evaluated by people living in different cultures with different environmental attitudes. 

Hence, the Japanese felt warmer than did Swedish participants. Therefore, the Japanese 

felt less thermally comfortable on the site despite the fact that PET index assessed the 

thermal conditions that participants in both countries were exposed to as comfortable. The 

authors concluded that psychological attitudes, with relation to expectations and memory, 

and socio-cultural processes may influence the “thermal, emotional and perceptual 

assessments of a physical place”. This is consistent with the findings of Nikolopoulou et 

al. (2001) and Thorsson et al. (2004b) that steady-state models such as PMV may not be 

ideal for assessing outdoor thermal comfort. The study suggested that more investigation 

is required on the social function of urban space in relation to its thermal condition.  

3.4 Conclusions  

This chapter reviewed studies dealing with the influence of the physical environment on 

human thermal comfort in hot arid climates and the behavioural aspects of outdoor 

thermal comfort. Urban microclimate research tends to use numerical models or 

simulations as a method of investigation. Despite being limited to the physical 
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components of thermal comfort, this method could provide urban designers with vital data 

that enable them to produce urban spaces with better thermal conditions.  

On the other hand, field surveys, on the whole, are the preferable method for studying the 

relationship between the spatial behaviour of people and their thermal comfort in 

outdoors. However, far too little attention has been paid to conduction thermal comfort 

studies using field surveys as a method of investigation in hot arid climates. Therefore, 

Makaremi et al. (2012) and Johansson (2006) have heightened the need for more studies 

on thermal comfort and human behaviour to be conducted in the hot arid climate. This will 

assist in expanding the understanding of the thermal comfort of visitors and the aspects of 

their behaviour in such spaces. 

Studies in temperate climates, (Nikolopoulou and Lykoudis 2007; Zacharias et al. 2001, 

2004), and in hot humid climates, (Lin 2009), revealed the significant relationship between 

microclimate and use of urban public spaces, with air temperature and solar radiation 

being the key meteorological parameters that influence the use of outdoor space 

However, in terms of the human parameter, more studies are required on the perception 

of comfort alongside attendance and activities, and in terms of the environmental 

parameter, measuring solar radiation and its effect in thermal comfort should be 

considered, particularly in extreme climates.  Shading is the main approach to mitigating 

heat stress outdoors under hot summer conditions, and this could be achieved by 

providing suitable design aspects (Ali-Toudert and Mayer 2006). 

The mere dependence on the physiological approach to evaluate thermal comfort 

outdoors is not sufficient. Other factors, such as adaptation, explain the difference 

between the actual thermal sensation and the calculated thermal sensation based on 

steady-state models such as PMV. Therefore, people’s evaluation of their environment 

could be influenced by their recent experience, thermal expectations, natural stimulation 

and other subjective factors Nikolopoulou et al. (2001). Moreover, Outdoor spaces with 

similar environmental conditions would be differently evaluated by people living in different 

cultures (Knez and Thorsson 2006). However, investigation is required into the social and 

cultural function of urban spaces in relation to their thermal conditions. 
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4  Research Methodology 

“Field survey is the key to understand the true nature of people’s 

interaction with their environment” (Nicol 2008). 

4.1 Introduction 

This chapter explains the methodology used in this research which is based on field 

surveys. The quotation above is part of Nicol’s discussion of the application of field survey 

in the adaptive approach to indoors thermal comfort research. Field surveys enable 

studying subjects in their "real world” settings with the purpose of including the full 

complexity of conditions that subjects may experience. Whereas other approaches, such 

as the analytical or the heat-balance, depend on laboratory or climate chamber conditions 

for their experiments. This chapter gives justification of methodology selection, the frame 

work upon which the research was designed. In addition to that, physical measurements 

and human behaviour monitoring are explained. The measured microclimatic parameters 

and the equipment used for this purpose are described. Also, the development of the 

questionnaire used for the structured-interviews together with the structure of observation 

forms and the pilot work are discussed. Details about study areas and participants are 

given. Finally, research procedures including the preparation of the field work, site 

analysis, data collection and data sorting are demonstrated. 

4.2 Justification of methodology selection  

Studies of thermal comfort are showing increasing interest in the adaptive approach. 

According to Nicol (2008), there are two main reasons for such interest. First, there are 

doubts whether it is possible to transform results obtained under laboratory research 

settings to represent the complex conditions of the “real world” settings. Second, field 

studies such as Brager and de Dear (1998) and Nikolopoulou et al. (2001) show that 

people adapt to their own climates and tend to tolerate much more variation of thermal 

conditions than those predicted by laboratory-based thermal models. Field survey is even 

more central in thermal comfort research in outdoor settings. Outdoor environmental 

conditions are even more complex than inside buildings. Moreover, people in outdoor 

spaces have less control on the surrounding environments compared with some indoor 

spaces. Hence, adaptation is likely to be the only option for people to cope with the 

outdoor thermal conditions.  
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4.3 Research design  

The design of this research has a predictive nature and focuses on causality. Thus, a 

causal comparative design (Groat and Wang 2002) based on field surveys appears to be 

the best choice for this study. In this type of design, comparable groups of people or 

physical environments are chosen, and then data will be collected on a range of relevant 

variables. The comparable groups allow isolating factors that may unveil a cause of 

potential significant differences between the measured variables. However, this design 

can only assign cause in a hypothetical way because, like all correlation studies, it 

depends on naturally occurring variables. The causal comparative study can indicate a 

possible causation without establishing cause with the same level of firmness which exists 

in experimental designs. Thus, to make this design persuasive, the comparable groups 

should have a strong comparability. 

The research framework of this study, as explained in chapter one and shown in Figure 

4.1, consists of three phases: the conceptual analysis; the fieldwork; and the outcomes. 

The conceptual analysis provides a detailed review of the-state-of-the-art, and it further 

develops the research proposal of the study, and concludes by the selection of most 

suitable methodology to perform the study. The field work starts after all required 

materials are prepared and tested as well as the procedures of the work are fully 

understood. After that, the data collected needs to be sorted and analysed in order to 

present and discuss the outcomes.  
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Figure 4.1 Diagram showing the structure of this research 
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Field surveys were conducted according to level III classification defined by Nicol 

(2008).Level III type of field surveys is the most comprehensive type of field surveys of 

thermal comfort studies; this type include all factors needed to calculate the heat 

exchange between a person and the environment, together with subjective responses.  

Therefore, the data collected in this study includes:  

i. environmental variables using a mini-weather station; 

ii. subjective responses of participants using on-site questionnaire;  

iii. and observing factors required to calculate the heat balance exchange between 

participants and their environments such as activity and clothing. 

A combination of physical and human measurements was used to collect the 

environmental data and human attitudes in each outdoor public space in this study (Figure 

4.2).

Physical 

measurements

Human 

behaviour 

monitoring

Structured 

interview 

(questionnaire)

Observations

Field surveys

Meteorological 

variables

Equipment

Outdoor public 

space

 

Figure 4.2 Flow of data collection 

4.4 Physical measurements 

The physical measurements consist of monitoring the microclimatic variables at each site, 

in addition to estimating activity level and clothing insulation of the investigated subjects. 

Therefore, it would be possible to include the average values of these variables in the 

PMV model (Fanger 1970) as a representative for the participant’s thermal environment. 

The microclimatic variables, activity levels and clothing insulation will be compared to the 
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subjective thermal sensations and other personal variables obtained from human 

behaviour monitoring explained below. Key microclimatic variables together with the 

equipment used to measure them in the study areas as well as the method of estimating 

activity level and clothing insulation are described in this sub-section. 

4.4.1 microclimatic variables and equipment  

The environmental monitoring focused on measuring the four classical thermal 

parameters which are known for their impact on the thermal sensation. These parameters 

are: air temperature (Ta); wind speed (V); solar radiation (S), relative humidity (RH) and 

globe temperature (Tg). 

A portable set of instruments, similar to that used by Nikolopoulou and Steemers (2003) 

and Nikolopoulou and Lykoudis (2006), used to enable monitoring of the conditions Table 

4.1. Air temperature and humidity were measured by using a fully interchangeable probe 

for measuring temperature and humidity covered with a radiation screen to obtain 

accurate measurement of air temperature outdoors; globe temperature was measured by 

a globe thermometer which has a 38mm diameter grey table-tennis ball covering a 

thermocouple wire; solar radiation was measured using a standard pyranometer fixed on 

the top of the radiation screen; wind speed was measured using a low power anemometer 

with a compact cup-star wind transmitter; and a Squirrel 1001 data logger.  More 

information about the probes used,  manufacturers and working range can be found in 

Table 4.1 Sensors were selected to conform to ISO 7726 4(1985) and fixed on the top of 

an adapted case shown in Figure 4.3, while the data logger and power supply were 

located inside it.  

  

                                                
4 Part of International Standards deals with the specifications of methods of 
measurements and testing of physical quantities which characterise thermal 
environments. 
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Table 4.1 Details of the meteorological sensors 

Instrument Commercial 
name 

Manufacturer  Range Accuracy 

Anemometer 
(Cup 

Anemometer) 

A100L2 Low 
Power 

Anemometer 

Wind speed 
Limited (trading 

as Vector 
Instruments) 

Measuring wind speed 
between 0-75 m/s 

0.02 below 10m/s and 
above 56.5 m/s 

0.01 between 10m/s 
and 56.5 m/s 

Pyranometer 
SKS 1110 

Pyranometer 
Skye 

Instruments Ltd 

Measuring the 
incoming solar 

radiation- working 
range 0-5000 Wm-2 

 

Combined 
temperature/hum

idity probe. 

HygroClip 2 
HC2-S 

ROTRONIC 

Measuring relative 
humidity (0-100%) and 

temperature (-50 to 
+100 °C) 

<±1% (RH) 
<±0.2°C (Ta) 

Grey Globe 
thermometer 

(Thermocouple 
wire inside a 

38mm grey table 
tense ball) 

  
Measuring the globe 

temperature 
<±0.3°C at 0 °C 

Data logger Squirrel 1001 
Grant 

instruments 
  

 

 

Figure 4.3 The portable weather station 

4.4.2 Activity level and clothing insulation 

Activity level and clothing insulation are among the factors influencing human thermal 

comfort. Activity level is expressed by metabolic rate (met), 1 met = 58 W/m2. Figure 4.4 

shows the metabolic rates for different activities. Clothing insulation is expressed in terms 

Humidity / Temperature Probe (Tair,RH)  

Pyranometer (S) 

Anemometer (V) 

Globe thermometer (Tg)  
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of clo units. 1 clo= 0.155 m2K/W. Figures 4.5 shows the thermal insulation values of 

different combinations of clothes. 

.  

Figure 4.4 Metabolic rates for different activities (Goulding et al. 1986) 

 

Figure 4.5 Thermal insulation values of different combinations of clothes (Goulding 
et al. 1986) 

The balance between energy production in the human body together with the heat gain 

from the surrounding environment on one hand and heat loss from the body on the other 

hand is largely influencing the sense of comfort. Metabolic rate, which is the amount of 

energy production in the body by conversion of food in time unit, is significantly dependent 

on activity level. Clothing offers insulation for the body against the external environment 

and resists heat loss from the body. Therefore, both activity level and clothing insulation 

have an important role in prediction thermal sensation based on the heat-balance model. 

Clothing descriptions and the relevant values used in this study were the same used in the 

development of the predicting model (PMV) and obtained from ISO 77305. The same 

source was used to estimate the metabolic rate correspondent with the activity level of 

                                                
5 International Standard presents methods for predicting the general thermal sensation and degree 
of discomfort using calculation of PMV (predicted mean vote)and PPD (predicted percentage of 
dissatisfied). 
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participants before and during the interview. Reducing of the metabolic heat by 10% were 

considered when participants were consuming cold drinks (Baker and Standeven 

1996).The associated insulation values of Arabic clothes, which are widely used in 

Marrakech, were obtained form Al-Ajmi et al (2008). Both activity and clothing of each 

participant were carefully described and registered in the questionnaire form. Relevant 

values were estimated accordingly from ISO 7730 and used for data analysis.  

4.5 Human behaviour monitoring 

Two approaches were used for human monitoring: a questionnaire to which participants 

responded through structured interviews and formal observations made by the researcher. 

In general, the questionnaire was mainly designed to investigate subjective responses 

and attitudes of interviewees in each study area in different seasons. At the same time, 

the observations aimed at exploring the behaviour of people in each study area including 

patterns of use and activities. Therefore, observation sheets were prepared and filled by 

the researcher every 20 minutes. In order to test the proposed questionnaire and 

observation for this study, a pilot study was performed on the University of Bath campus in 

Bath – UK in summer and autumn 2007. The next sections will give further details about 

the questionnaire, the observation and the pilot study used in this research.  

4.5.1 Research Ethics 

Prior to taking part in the research, participants’ approval of participating were taken and 

they were informed about the purpose of the research, data collection and its 

confidentiality.  

4.5.2 The questionnaire 

The questionnaire was designed based on the research questions and further developed 

after the pilot study. Some questions were adopted from previous studies, such as 

(Nikolopoulou 2011a; Knez and Thorsson 2006) as described in Chapter 3. The 

questionnaire form consists of four main sections as shown in Appendix A.  

The first section, section A, questioned thermal sensations and preferences of the 

participants using seven closed questions. The second section, section B, consists of 

questions seeking more information about the participants. These include participants’ 

expectations and experiences of the concerned open space and its microclimate; the time 

they spent and the reason of being in the space, their attitudes toward the space during 

the time of the interview.The third part of the questionnaire was designed to evaluate 

participants’ socio-economic conditions.  Three questions about educational level, job 
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type, and financial status (Platt 2006) were used to rank participants according to their 

socio-economic background. Finally, the fourth section was noted by the interviewer and 

provides information about the subjects’ location in the space, gender, age, activity, and 

clothing. More details about each section of questions are given in the following 

paragraphs.  

Heading and map 

The heading of the questionnaire form includes: form number, site name, site map, date of 

the interview as well as starting and finish time of the interview. The site map is important 

so as to pinpoint the location in which each interview occurs. Locations of interviews were 

selected randomly within defined boundaries in each site so that it takes individuals’ 

preferences into account. It is also essential to carefully record the exact time of the start 

and end of each interview with the intention to directly relate subjects’ responses to the 

recorded thermal parameters at the time of each interview.  

Section A: thermal sensations and preferences 

In section A, the seven closed questions were put together to measure participants’ 

perception of their thermal environments. Question number 1 is dealing with subjects’ 

preferences to sunlight when that is applicable, there is no reason to ask this question 

when the weather is overcast. Participants will choose from a 3-point scale whether they 

are satisfied with the sunlight or more or less sun is required.   

Questions 2 and 3 were set to evaluate the effect of wind speed on participants’ thermal 

sensations. In question 2 the participants were asked to evaluate their perception of wind 

condition on a 5-point scale during the time of the interview. Participants were also asked 

to vote for their preferences on wind speed in question 3 on a 3-point scale. In the pilot 

study, it was apparent that using a 5 -point scale for describing wind conditions caused 

less confusion for interviewees compared with the 7-point scale. The 5-point scale has 

been used in different studies such as in  Nikolopoulou and Lykoudis (2006), Thorsson et 

al (2007) and Eliasson et al (2007). Some studies such as in Zacharias et al (2001) 

adopted a 3-point scale because there was great fluctuations in wind so that it was very 

difficult to monitor the subjective wind sensations. The 5-point scale was also applicable 

for humidity sensation which was measured in question 4. 

The last three questions section A was to evaluate the overall subjective thermal 

sensation of the interviewees. Scales of 7-point, such as Bedford (1936)and ASHRAE 

Standard 55 (2006), have been traditionally used to measure the thermal sensation of 

participants. The accuracy of such scales is generally approved. In this research, 
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however, a five-point scale is used in order to reduce interviewee confusion during the 

interview (Nikolopoulou et al. 2001). So that the scale in question 5 which represent the 

"Comfort Vote" of participants would be : -2 cold, -1 cool, 0 neither cool nor warm, +1 

warm,  and + 2 hot. 

Because our sample consists of people speaking different languages and from different 

backgrounds, question 6 was set to obtain the "Preference Vote" scale, thus avoiding any 

ambiguity resulted from cultural use of words. This might happen when participants from 

hot climate area voting cool in order to show that they are comfortable. Likewise, 

participants from cold climate area may vote warm to show that they are just comfortable 

(Nicol 1993) and (Nicol 2008) . Therefore, using (McLntyre and Gonzalez 1976) three 

points scale can help in getting around this problem. 

The final question in this section is about the overall satisfaction of interviewees with the 

climatic variables combined. In previous studies, such as in this question used to be as 

“Are you feeling comfortable?” (Nikolopoulou and Lykoudis 2006) or “How do you feel 

right now in this place?” (Knez and Thorsson 2006); this questions sound too general. 

Thus, the phrase “thermally comfortable” was added. After the pilot study, however, it 

seems that some people find it difficult to understand what was meant by thermally 

comfortable, particularly when translated into Arabic. As a result, the phrase “weather 

conditions”  was used to indicate what type of comfort the question is dealing with.  

Section B: participants’ behaviour and place perceptions 

Questions in section B investigates different issues associated with subjects’ behaviour 

and habits; thermal history; expectations; experience of the place; time spent in the place; 

and their perceptions about it. Since these factors are very unique to ech subject, they will 

be called “personal variables”. These variables are examined together with the measured 

environmental variables; the subjective thermal sensations; and preferences of 

participants in chapters 5 and 6. More disussion of the questions of this section will be 

discused below.  

Question 8  ”What would you do if it gets warmer/cooler”  was asked  to investigate 

options available for participants to mitigate any discomfort. As well as question 14, this 

question indicates the level of perceived control the participants may have. For example, 

some people answered “I will go back home and turn the AC on” others said “nothing!” 

Apparently, this is due to the reason they were in the place; the first answer is likely to be 

heard from someone who came to thespace for a walk or for lunch, while the second 

answer is likely to be heard from someone who is waiting for another person or working in 
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the place. The word “cooler” in this question was used when the weather conditions 

tended to be cool and that was mainly in winter, while the word “warmer” were used when 

the weather conditions tended to be warm. 

In question 10, participants were asked if most of their time is spent outdoors or indoors, 

they can be categorised within one of three groups: indoors group, outdoors group and 

almost equally between both indoors and outdoors group. Hence, the influence of the 

environmental and subjective variables on these groups can be analysed. 

Some questions were examining the reason why participants choose the place to visit and 

why they had selected the spot they were in when they were approached for the interview. 

As mentioned above, question 14 together with question 8 were examining the level of 

perceived control participants had when the interviews took place. Question 15 clarifies 

whether the selection of the location was influenced by the microclimate of the place. For 

example, in summer, some people answered that they had chosen to be where they were 

because of the shade. Others had chosen it because it is a “nice spot” or because of the 

“fresh air”. Question 23 was examining the satisfaction of participants by their positions. 

Thus, they were asked if they preferred to shift to another position within the site and, if 

applicable, what the reason for the change was. 

Question 9 is exploring a possible association between the thermal experience of subjects 

during childhood and their current subjective thermal sensations and preferences in the 

outdoor settings.  

Question 11 asked if participants were expecting the weather conditions to be as if was 

during the time of the interview. It follows that people were grouped in three groups; one 

group for those who were correct in their expectation, another group for those who had 

incorrect expectations; and a third group for those who did not know much about the 

weather conditions in the area. For those who could not predict the weather condition, 

they were further asked if they had expected the weather condition to be cooler or 

warmer. The reason for this question was is to compare participants’ expectations with 

their subjective thermal sensations as suggested by Nicol (2008) and their use of space, 

particularly, how long they spent in the place. 

Questions 12 and 13 were investigating the participants’ experience of the place. 

Question 12 asked participants about the frequency of their use of the space. “How often 

do you use this place? At least once: very day, week, month, rarely or first time. Moreover, 

in question 13, participants were asked whether they live or work near the associated 

study area and for how long. 
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Questions 16 and 17 were measuring the total time was spent by each subject in the 

place. While question 16 was asking about the time of the arrival of the subject until the 

start of the interview, question 17 was asking about the time the subject expected to stay 

in the place after the interview. In question 18, participants were also asked where they 

were just before coming to the place to examine their short-term thermal history. Indoor 

thermal comfort studies have shown that the short-term thermal history would influence 

participants’ thermal balance and consequently their thermal vote. Being under the effect 

of an air conditioning system short time before the interview may cause the thermal 

comfort and thermal sensation votes of a subject to be transitory and not representative to 

the outdoor thermal conditions. Therefore, question 19 was asking participants about how 

long ago before the interview they were under the effect of air-conditioning whether at 

home, at work or in a vehicle. This question also helped studying thermal preferences of 

participants with very little exposure to air conditioned environments and comparing that 

with those who have been exposed to such environments.  

Questions 20, 21, and 22 dealt with subjects’ perceptions towards the place. In question 

20, which was developed from Knez and Thorsson (2006), participants were asked to 

respond to two five-point scales ranging from 1-5: (1) boring-interesting, and (2) attractive-

unattractive. The first scale has association with how participants look at what is going in 

the area, while the second scale is more about who they look at the physical appearance 

of the space. In questions 21 and 22, participants were asked about what they like and 

what they dislike in the space. The main aim of the last two questions is to examine if the 

microclimate of the place is associated with perceptions of the participants towards the 

place  

Section C: socio economic circumstances 

Questions in section C were intended to evaluate the socio-economic background of the 

participants. Three questions about educational level, job type, and financial status were 

used to rank participants according to their socio-economic background. This approach 

may sound subjective and not ideal. Yet, it was used as an attempt in order to categorize 

participant individually rather than relay on the other general criterion based on the gross 

domestic product (GDP) per capita 

In question 24 participants were asked to respond using a six-point scale ranging from 1-

6: (1) highly skilled with university degree to (6) no job. The second question, question 25 

measured the educational level of participants on a four-point scale from 1-4: (1) Basic, 

which includes those who did not finish high school and (4) university, which includes 

those who have a university degree. 
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The third question, which is about the financial circumstances of participants, required 

special attention and testing because of its personal nature and because of the economic 

differences between the two countries. For example, the Per Capita GNI (Per Capita 

Gross National Income) for the United States is $ 45,836 US dollars while the Per Capita 

GNI for Morocco is $ 2,696 (United Nations 2008), in other words, the net income of a 

USA citizen is equal to as much as 17 times more than the Moroccan citizen. Therefore, it 

was decided to use the following question developed by Platt (2006) “How well would you 

say you yourself are managing financially these days? Would you say you are: living 

comfortably; doing alright; just about getting by; finding it quite difficult; finding it very 

difficult?”  

These three questions helped in dividing the participants into different groups based on 

the three factors: job; education; and financial circumstances. After that, in chapter 6, 

each group will be examined against: subjective thermal sensations, thermal preferences, 

and patterns of use and behaviour in the outdoor space. At the end of this section, the 

interview was finished and the finish time noted. The average period of an interview in this 

study was about 5 minutes.  

Section D: other observations 

In section D the researcher observed and noted the interviewee’s sitting area whether in 

shade or sun; surface temperature where participant standing or sitting; clothing; gender; 

age group; activity; whether eating and or drinking; and whether alone or within group of 

people. Detailed description of participants’ clothing was noted in the questionnaire sheet.  

4.5.3 Observations 

The researcher observed people and activities within defined boundaries in each site. 

Thus, observation sheets were prepared for each site and filled every 20 minutes during 

the field study period. The number of people is counted by the researcher with considering 

the details such as gender, in groups or individuals, in the shade or under the sun. Photos 

were also taken for each observation phase, see Appendix C. The form consists of three 

parts: general information about the space; activity and attendance; and the site map. The 

first part includes: site number; date; time i.e. morning, noon, or late after noon; and sky 

condition i.e. sunny, partly cloudy, or overcast. Appendix B shows a copy of the 

observation sheets. 

The second part of the observation sheet provide fields to fill in the time of start and end of 

each observation; people activities in details; and the number of people in the space 

during the observation period. The number of people in each age group was counted i.e. 
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children, who are less than 12 years old, young people from 12 to 18 years old, adults 

from 18 to 64 years old and senior people more than 64 years old In addition, the number 

of people according to their gender was also counted. 

The third part of the observation sheet was the site map. A Google satellite view shots 

were taken to each site and add to the observation sheet. Hence, people locations in each 

site were mapped in detail. A mapping code were developed from the work of Whyte 

(1980). For example, in the observation sheet, it was referred to a male user by (+), for a 

female user by (o), for a young person by (y). If the users were within a group, a circle line 

was drawn around the group. A hatching was drawn over shaded areas to enable 

calculating people who were in shade.  

4.5.4 The pilot study 

A pilot study was carried out in the campus of the University of Bath in England before 

undertaking field surveys in Marrakech and Phoenix. The pilot work was performed 

because of the following reasons: first, it ensured that every question in the questionnaire 

was measuring, in the field, the relevant variable as required for the aim of the study. 

Second, the pilot work helped in correcting the wording used in the questionnaire in both 

languages English and Arabic by interviewing students who speak these languages. It 

was particularly important to pilot the Arabic version of the questionnaire to unveil any 

possible problems in the translation. Third, enhancing the design of some multiple choice 

questions by piloting them as open ended questions and then use the most popular 

answers in the final questionnaire. The pilot study also helped in testing the portable 

weather-station in the field. This includes making the interviewer familiar with best options 

for positioning the weather station close to the interviewee, handling the paperwork, and 

observing the site on a regular basis.  

The pilot work started by testing the questionnaire by asking colleges and students to 

read, answer, and comment on difficulties in understanding the questions. People who 

were given the questionnaire include both an American student at the University of Bath 

and a Moroccan resident in Trowbridge near Bath where a Moroccan community is 

settled.  

The next step was to examine the standard questionnaire in the field by executing real 

interviews with ordinary people. Therefore, interviews took place in three sites: at the 

University of Bath Parade (central open space in the university); the Abbey Plaza near 

Bath Tourist Information Centre; and Queen Square. The pilot work was performed during 

summer and autumn. Interviews took place for at least two days in each site covering 
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morning, noon and afternoon times. This enabled piloting the revised questions and 

ensuring their suitability. Finally, one more stage of the pilot work took place in each site 

just before starting the field work for the first time. 

As a result of the pilot work, it has been found that the interview time has to be shortened 

since it exceeded 5 minutes. Moreover, some questions were omitted, others were added, 

and the wording of some questions were revised either to use simpler language and or to 

give more specific meaning. Finally, answers of the closed questions were confirmed. 

4.6 Study area 

In order to meet the objectives of this study, the selected sites had to be located in a hot-

arid climatic zone. To ensure participation from different socio-cultural backgrounds, cities 

in different parts of the world were selected, representative of the North African and the 

western culture lifestyles. This enabled examination of effects of cultural differences on 

the thermal sensations and use of outdoor spaces. These cultural differences included: 

clothes; privacy; and patterns of use including time, number of people and their activities. 

In addition, different space typologies enabled exploration of how design affects the use of 

space through the creation of different microclimates. Therefore, five sites were carefully 

selected in two different parts of the world: Marrakech in North Africa and Phoenix-Arizona 

in North America (Figure 4.6). 
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Figure 4.6 Case study sites in Marrakech and Phoenix 

4.6.1 Sites in Marrakech 

Marrakech is located in the western part of North Africa 31°62'N 8°03’W, in the area 

between the dry semi-arid and the dry arid zone and its altitude is 450m. The two sites in 

Marrakech, a park and a plaza, are located close to the historical Mosque of Al Koutoubia 

near the centre of the old city of Marrakech. Site (1) Al Koutoubia Park offers more 

shaded benches whereas site (2) Al Koutoubia Plaza has very few, most of them are not 

shaded (Figure 4.7). Meeting, watching and chatting with other people are the most 

frequent activities in sites (1) and (2). 

 

PHOENIX 

1-Al Koutoubia park 2-Al Koutoubia Plaza 

MARRAKECH 

  5-Tempe Market place 4-Tempe Beach Park  3-Chaparral Park 
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Figure 4.7 Satellite view of Al Koutoubia Park and Plaza in Marrakech (Google Earth 
2010).  

Site (1) Al Koutoubia Park: 

Al Koutoubia Park has a rectangular shape with northwest - southeast long axis. The park 

is surrounded by the historical mosque of Al Koutoubia from the northwest, main street 

from the south east, high wall (7m) of the old French consulate from the north east and 

secondary street from the southwest. 

The park area is approximately 8800m2 with almost 40% paved surface. There are 36 

benches located all around the park. Moreover, about 20 palm trees are planted mainly on 

the western side of the central paved area as well as many orange trees of medium and 

large sizes (Figure 4.8). A cross-shaped fountain is centrally located in the park. However, 

it is not working.  
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Figure 4.8 part of Al Koutoubia Park (site 1) 

 

Site (2) Al Koutoubia Plaza:  

The plaza has a quadrilateral shape. It is surrounded by the historical mosque of Al 

Koutoubia from the southwest, main street from the Northeast, high wall (7m) of the old 

French consulate from the southeast and another park from the northwest. 

The total area of this plaza is approximately 5600m2, mostly paved with white stone. 

There are 12 benches located in the Northwest and north east side of the plaza with very 

little number of trees are planted in the same area (Figure 4.9). Three large squared 

basins of less than 45 cm height are located in the middle and southeast side of the plaza. 

They are filled with soil but not planted and people usually use them as seats.  
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Figure 4.9 part of Al Koutoubia Plaza (site 2) 

 

4.6.2 Sites in Phoenix 

Phoenix is located in the Salt River Valley in central Arizona, 33°26'N 112°1'W, in the dry 

arid climatic zone and its altitude is 342m. Three sites were selected in Phoenix, site (3) 

Chaparral Park in Scottsdale, site (4) Tempe Beach Park and Tempe Marketplace in 

Tempe. Sites (3) and (4) are parks and suitable for sports and physical exercises as well 

as recreational activities (e.g. cycling, jogging, skating, picnics, etc.). Site (3) offers more 

shaded areas while site (4) offers more water-related activities (e.g. fishing, water slides, 

canoeing, etc.). Site (5), Tempe Marketplace, is a modern outdoor shopping mall, opened 

in 2007. It was designed to provide visitors with improved microclimatic conditions in hot 

conditions. In addition to the compact blocks and narrow paths and spaces, various 

techniques such as providing extensive shading devices and water sprinklers were used 

as shown in.  

Site (3) Chaparral Park: 

The Chaparral Park is a large green area, approximately 12,000 m2, surrounds Chaparral 

Lake (Figure 4.10). It is located in west Scottsdale, in the northeast corner of Hayden and 

Chaparral Roads. This location is surrounded by residential area from the east, Hayden 
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and Chaparral Roads from the south and the west respectively, and another green area 

from the north.  

 

Figure 4.10 Plan of Chaparral Park showing the borders of the study area in red 

Chaparral Lake is centrally located in the park, while the green area spreads all around. 

Walk-sides, playground, picnic areas and car park also exist in the eastern side of the lake 

while the western side is very narrow to accommodate anything but the sidewalk. 

Therefore, only the eastern side of the lake was selected for this study. This 6,000 m2 

area consists of more than 50 trees of different sizes clustered or scattered around the 

lake. Many of them help in shading around 15 benches underneath (Figure 4.11). 
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Figure 4.11 part of Chaparral Park (site 3) 

Site (4) Tempe Beach Park: 

Tempe Beach Park was first constructed in 1931 covering around 40,000m2. It was 

renovated with the creation of Tempe artificial Lake in 1999. It is located near the north 

side of downtown Tempe, surrounded by Tempe Lake from North, South Mill Avenue and 

KPMG buildings from West, East Rio Salado Road and US Airways building from south 

and West East Rio Salado and Railway bridges from the west (Figure 4.12). 

The chosen part of the park, which is around 8000m2, could be divided into five areas. 

The central area is the smallest one and contains part of service facilities in the park, such 

as toilets, hand wash basins and drinking water tabs. The second area, the splash 

playground area, includes two main parts. The first part which is children wet playground 

area consists of waterfall and water slides well as water cannons. The second part is 

designated for picnics and parties. Benches and tables shaded by sunshades or by trees 

are available in this part. While they are setting in shade, parents and carers can easily 

watch the children playing under the sun (Figure 4.13). The eastern area of the site is 

about two meters lower than that of the first two areas. About ten picnic tables with seats 

are located in this part. Yet, the adjacent trees can hardly shade them.  
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Figure 4.12 Satellite view of Tempe Beach Park (Google Earth 2010) 

 

Figure 4.13 Tempe Beach Park (site 4)  
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The fourth area is the largest area and located next to the lake. It contains large lawn, a 

long pedestrian way and boats marina. There are few trees in the middle of this area. Yet, 

most available benches or seats were not well protected from the sun. The southern area 

contains a baseball court surrounded by a fence. It also contains green lawn with 5 picnic 

tables. Nevertheless, no proper sunshades are provided. 

Site (5) Tempe Marketplace: 

The outdoor space of Tempe Marketplace was selected in this study. The space is a 

combination of small plazas linked with wide paved pathways. The site is one of the first 

modern outdoor shopping malls in the USA, equipped with different systems to enhance 

the thermal environment of visitors. It was opened in 2007, located on Rio Salado 

Parkway, west of Loop 101. The total area of the place is about 121,000m2 and offers 

almost 120 retailers. It contains three main parts: a large block, large car park, and the 

shopping area which is called The District. The large block includes large stores used by 

famous retailers like Best Buy and Old Navy. The car parks area is central and exposed to 

sun with no shading areas. The District is a group of buildings clustered around outdoor 

space. The buildings accommodate many shops, restaurant and the largest theatre in 

Arizona. While the extended outdoor space offer seats, water features, stages and 

shading and evaporating systems. The selected area of study, shown in Figure 4.14, is 

only about 4000 m2 and located in the western side of The Distract, just in front of the 

theatre. The studied area can be divided into two main parts. The central part is the space 

immediately in front of the theatre. This contains two large parasols under each of them 

there are four comfortable fabric sofas. It also includes a modern water fountain provided 

with sofas as well. The second part contains two narrow spaces start from the central 

space and end near east and west car parks. Both narrow spaces are defined by two 

parallel rows of shops and partly covered by canopies (Figure 4.15). Few palm trees were 

brought and replanted in the central space in addition to eight olive trees were planted in 

eight huge vessels 
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Figure 4.14 Satellite view of Tempe Beach Park (Google Earth 2010) 

 

Figure 4.15 Tempe Marketplace (site 5) 
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4.7 Research procedures 

Pre-field work preparations were made to select suitable sites for this research. Research 

materials were also arranged and tested. After initial analysis of each one of the selected 

sites the actual field work was started. Data collection as explained above included both 

physical measurements and human behaviour monitoring. The collected data were sorted 

and were prepared for analyses. The following subsections will give more explanations to 

these procedures  

4.7.1 Preparations before the field work 

Marrakech and Phoenix were chosen for the following reasons: first, both cities are 

located in similar climatic zone; second the two cities have two distinctive cultures; third 

English and Arabic are spoken in Phoenix and Marrakech respectively and because the 

author speaks both languages, it was possible carry out the interviews in both languages; 

finally, it was possible to establish contacts with organisations and individuals in both 

cities to have better idea about possible study areas and other secondary data. Thus, 

further information obtained about the possibility of performing this study in these cities. 

Research materials such as the questionnaire and observation forms in addition to the 

portable weather station were prepared and thoroughly tested. Further details about the 

research materials can be found in 5.2. 

Potential sites had been visited and explored before the actual field work started. The final 

sites were selected according to the following criteria: first, sites’ suitability and availability 

to meet the objectives of this study. This includes the design and function of sites i.e. park 

or plaza. It also includes whether the place used by a wide range of people from different 

backgrounds and age groups or it is restricted to a certain group such as tourists for 

example. Second, the health and safety issues such as the exclusion of any potential 

hazards or problems may be caused by the nature of the site or by people or authorities. 

When required, permissions were arranged with the relevant authorities to start the field 

work.  

4.7.2 Data collection and sorting 

Two approaches of field surveys were defined by Lindberg (2004): the “use of space” 

approach and the ”thermal comfort” approach. In the first one, the focus is on how the 

outdoor public space being used by people. The instruments in this approach are usually 

fixed in one location in the site and mounted on a similar height to instruments of a local 

meteorological station, thus data form both sources can be compared. On the other hand, 

the “thermal comfort approach” focuses on how individuals perceive their thermal 
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environments. It is usually used with questionnaire or interviews. In this type of field 

surveys, a mobile or portable set of instruments is usually used to measure the 

microclimatic parameters so that the exact thermal environment of each participant is 

measured. 

In the current study, the thermal comfort approach was adopted and data collected during 

the actual interviews. The collected data are representative of participants’ thermal 

conditions. The microclimatic data were sampled and stored every 10 seconds, an 

observation form was filled every 30 minutes and interviews were carried out with people 

according to their presence and welling to participate. The meteorological parameters 

were also measured almost every 30 minutes at the end of each survey session in the 

middle of each site to obtain the overall microclimatic reading for use of space analysis. 

Photographs were frequently taken and tagged with the time when they were taken (see 

Appendix C and Appendix D). Thus, it might be used as a reference to check vague or 

missing data in the observation forms. The field surveys took place during summer and 

winter 2008-2009 in the morning, noon time, and in the afternoon. Table 4.2 shows dates 

and times in which field surveys were taking place. Microsoft Excel spreadsheets were set 

up to sort the human and environmental data collected from the field work. Interviews’ 

data were put together with the relevant environmental data in one file. Another file was 

assigned to include the observation data and its relevant environmental data. Both files 

were eventually exported to the predicted analysis software IBM SPSS Statistics 2014. 

Further notes about sites, people and environmental conditions were also gathered and 

used to support the analysis. 
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Table 4.2 Dates and times of filed surveys 

City season site 

date time 

year month 
days (including 
weekdays 
&weekends)  

morning noon 
late 
afternoon 

Marrakech winter K. Park 2008 Feb 01,03,05,07, 
8:00-

10:00 * 
12:00-
14:00 

15:00-
17:00 

Marrakech winter K. Plaza 2008 Feb 02,04,06,08, 
8:00-

10:00 * 
12:00-
14:00 

15:00-
17:00 

Marrakech summer K. Park 2008 Jul 22,24, ,25, 
8:00-
10:00 

12:00-
14:00 

17:00 -
20:00 

   2008 Aug 02    

Marrakech summer K. Plaza 2008 Jul 22,24,25, 
8:00-

10:00 * 
12:00-
14:00 

17:00 -
20:00 

    Aug 02    

Phoenix winter Ch. Park 2009 Jan 11,12,13,20 
8:00-
10:00 

12:00-
14:00 

15:00-
17:30 

Phoenix winter T. Lake 2009 Jan 08,09,10 
8:00-
10:00 

12:00-
14:00 

15:00-
17:30 

Phoenix winter 
T. 

Market 
2009 Jan 15,16,17 

8:00-
10:00 * 

12:00-
14:00 

15:00-
18:30 

Phoenix summer Ch. Park 2008 Jun 27,28,30 
8:00-
10:00 

12:00-
14:00 

17:00-
19:30 

    Jul 01    

Phoenix summer T. Lake 2008 Jul 06,07,08,09 
8:00-

10:00** 
12:00-
14:00** 

17:00 -
20:00 

Phoenix summer 
T. 

Market 
2008 Jul 06,08,09 

8:00-
10:00 * 

12:00-
14:00 

17:00 -
20:00 

-* Most interviews were conducted after 12:00 as to the site was deserted before that.  

-** Most interviews were conducted in late afternoon session as to the site was deserted 
before that. 

- Dates in bold italic represents weekends.   
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4.8 Data analysis 

This sections gives an overview of the statistical tests were used in this study. These are: 

Chi-square, Independent t-test, and the ordinal regression.  

4.8.1 Chi-square 

Chi-square (χ²) test of independence is a statistical method based on a cross tabulation 

table to test whether two (or more) categorical variables are independent or homogeneous 

by comparing the observed frequencies of cases that occur in each of the categories, with 

the values that would be expected if there was no association between the two variables 

being measured conducted to compare the thermal sensation vote (ASV) of Marrakech 

and Phoenix participants. First, the assumption of Chi-square must be checked, so that 

the minimum expected cell frequency should be 5 or greater, or at least 80% of cells have 

expected frequencies of 5 or more. If the assumption has been violated then the Fisher 

Exact6 test should be considered, and the next step is the interpretation of Chi-square 

output. The main value to be checked in this test is Pearson Chi-square. If the associated 

significance level of Pearson Chi-square values is equal or smaller than 0.5, the result of 

this test shows a significant association between the two tested variables, yet the strength 

of this association needs to be examined.  

Knowing the effect size (strength of association) will help to discover the level of 

association between the two variables. Having two categorical variables in this test i.e. 

ASV and the two cultural groups, the recommended effect size is Somers’ d7 (Pallant 

2010). Somers’ d effect size enables choosing which variable is the dependent one, in this 

case ASV is the dependent variable. Table 5.8 shows the criteria to decide the effect size 

depending on the value of Somers’ d, taking into account the number of categories in the 

variables tested where R is the number of rows and C is the number of columns, the 

smallest value between (R-1) or (C-1) to be considered for choosing the criteria in Table 

5.8., in this case C=2. Therefore, the first row should be applied in this case.  

  

                                                
6 Exact test helps in obtaining accurate results when the data fail to meet any of Chi-square test 
assumptions. The Exact significance is always reliable, regardless of the size, distribution, or 
balance of the data. 
7 Somers’ d is a measure of association between two ordinal variables that ranges from -1 to 1. 
Values close to an absolute value of 1 indicate a strong relationship between the two variables, and 
values close to 0 indicate little or no relationship between the variables. 
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Table 4.3 The criteria of deciding the effect size of the Chi-square test  

 Somers’ d value 

(R-1) or (C-1) = 1 Weak= .01 Moderate= .30 Strong=.50 

(R-1) or (C-1) = 2 Weak = .07 Moderate = .21 Strong =.35 

(R-1) or (C-1) = 3 Weak = .06 Moderate = .17 Strong =.29 

 

4.8.2 Independent-sample t-test of difference 

T-test is a statistical test of difference which compares the means between two unrelated 

groups on same continuous, dependent variables. The t-test answers the question 

whether a difference between the two groups is likely to have occurred because of 

random chance in sample selection.  

To check whether the data can be analysed by using an independent t-test, a number of 

assumptions should be fulfilled. These assumptions are: 

1- The dependent variable should be measured on a continuous scale; 

2- the independent variable should consist of two categorical, independent groups 

and should be normally distributed; 

3- there should be no significant outliers. Outliers are simply single data points within 

once data that do not follow the usual pattern. SPSS easily detect possible 

outliers. ; 

4- homogeneity of variance which is tested by using Levene’s test for variance 

provided by SPSS.   

Eta squared8 (η2), the effect size associated with t-test(Jaccard 1990), calculated from: 

η²= 
 t² 

 t² + df 
 

where (df = n1 + n2 – 2), and n1, n2  are the populations of two groups.  

The criterion suggested  by Jaccard (1990) for deciding the effect size of t-test depending 

on Eta squared is used in this study and shown in Table 4.3. 
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Table 4.4 The criterion for deciding the effect size of the t-test i.e. Eta squared η² 
according toJaccard (1990).    

Strength  Eta squared  value 

Weak  .05 

Moderate  .10 

Strong  .15 

 

4.8.3 The ordinal regression: 

The ordinal regression analysis(McCullagh 1980) allows to modelling the dependence of a 

polytomous ordinal response on a set of predictors, which can be factors or covariates. 

The ordinal regression analysis was carried out to examine how the environmental 

variables (explanatory variables or predictors) related to the actual thermal sensation 

votes of participants (criterion or dependent variable). The procedure used in ordinal 

regression is the logistic regression which is similar to a linear regression model but is 

suited to models where the dependent variable is dichotomous or branched. The 

regression coefficients can be used to estimate effect size for each of the predictors 

(Pallant 2010). The Wald statistic is calculated for variables in the model to determine 

whether a variable should be removed. 

Wald statistic 9 results show the major factors that influence the thermal sensation vote. 

Variables with significant Wald values contribute significantly to the predictive ability of the 

model. The Beta value (B)10 in the table is similar to that used in multiple regression 

analysis, and it is used in the equation to calculate the ASV. The negative or positive B 

shows the direction of the relationship between the relevant predictor and the dependent 

variable, ASV in this case.   

4.8.4 The probit analysis 

Ballantyne et al. (1977) suggested that the neutral temperature can be determined from 

probit analysis and is represented as the temperature at which the maximum number of 

participants would change their thermal assessment between two levels of response to a 

variable. As an example of this, suppose P1, P2, P3, P4 and P5 are the percentages of 

assessments for thermal sensations 1, 2, 3, 4 and 5 (five point scale 1= cold and 5= Hot) 

at a fixed condition of parameters affecting thermal sensation. Then the probit analysis 

                                                
9 The Wald statistic is calculated for the variables in the model to determine whether a variable 
should be removed.  
10 The beta value (standardised regression coefficients): is a measure of how strongly each 
predictor variable influences the criterion variable. 
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could be applied to the variation of these assessments with change in one of the 

parameters (such as air temperature Ta or globe temperature Tg). The probit analysis only 

deals with two levels of response. Therefore, the thermal sensations should be split into 

two groups in any of following ways: 

1. P1 and P2+P3+ P4+P5 

2. P1+P2 and P3+P4+P5 

3. P1+P2+P3 and P4+P5 

4. P1+P2+P3+P4 and P5 

  

The votes can also be split into “warmer than neutral” and “cooler than neutral” by splitting 

the neutral votes between the two groups as follows (P1+P2+0.5 P3) and (0.5 

P3+P4+P5). 

 In this example the votes are split into the two groups of “neutral or warmer” (P3+P4+P5), 

neutral because it contains P3 (neither warm nor cool) and warmer because it contains P4 

(warm) and P5 (hot). The second group is “cooler than neutral” (P1+P2) because it 

contains P1 (cold) and P2 (cool). After calculating the percentages of assessments for 

thermal sensations at each temperature degree or more, the probit analysis is then 

applied to give a typical cumulated curve labelled (P3+P4+P5) or (neutral or warmer). This 

cumulated curve shows the total percentage of participants who would change their 

assessment from “cooler than neutral” to “neutral or warmer” at a certain temperature and 

at all lower temperatures. The neutral temperature would be defined as the transition 

temperature at which the maximum number of people would change their assessment 

from “cooler than neutral” to “neutral or warmer”. It is the temperature at which 

(P3+P4+P5)= 50% (Figure 4.16) . In other words, when there are equal probabilities of a 

particular vote being cast for the lower or higher of the two defined categories of thermal 

sensation. 
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Figure 4.16 Obtaining neutral temperature using probit analysis. 
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4.9 Concluding remarks  

Field surveys are central in outdoor thermal comfort research because field surveys 

enable studying the complex relation between both physical and subjective variables. 

Therefore, a causal comparative design based on field surveys has been chosen for this 

study. A combination of physical and human measurements was used to collect 

environmental data and to measure human attitudes. 

The physical measurements consist of measuring the microclimatic l variables in each site 

and estimating activity level and clothing insulation of the investigated subjects. In 

addition, the human behaviour monitoring consists of two approaches: first, a 

questionnaire to which participants responded through structured interviews; second, in 

conjunction with the interviews, formal observations performed by the investigator during 

field work days.  

The pilot study was conducted to test and develop the methodology of this study. As a 

result of the pilot work, it has been found that the interview time has to be shortened. 

Moreover, some questions were omitted, others were added, and the wording of some 

questions were revised either to use simpler language and or to give more specific 

meaning. Finally, answers of the closed questions were confirmed. Moreover a coding for 

expected answers of the open questions was developed. 

Five sites were carefully selected in two different parts of the world (Marrakech in N. Africa 

and Phoenix-Arizona in N. America). The choice considered the following factors to meet 

the objectives of this study: the selected sites had to be located in a hot-arid climatic zone; 

participation from different socio-cultural backgrounds to enable examination of effects of 

cultural differences on the thermal sensations and use of outdoor spaces.; different space 

typologies enabled exploration of how design affects the use of space through the 

creation of different microclimates. 

Pre-field work preparations were made to select suitable sites for this research. Research 

materials were also arranged and tested. After initial analysis of each one of the selected 

sites the actual filed work was started. Data collection included both physical 

measurements and human behaviour monitoring. The collected data were sorted and 

were prepared for analyses. Results will be presented and discussed in the following 

chapters. 
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5 Descriptive analysis 

5.1  Introduction 

This chapter is part of the results obtained from the field surveys. It contains a description 

of the population interviewed and the microclimatic profile of the study areas. Two cultural 

groups were selected from two different countries in the hot arid climate zone, and 

another three socio-economic groups. The results presented in this chapter also help in 

understanding the following: 

1. how the two cultural groups evaluate their actual thermal conditions; 

2. the relative contribution of heat-balance parameters to thermal perception by 

subjects in an outdoor space in a hot arid climate. 

5.2 Description of sample profile  

5.2.1 Criteria of sample selection 

Only those who were sitting or standing in the studied spaces were considered in 

interviews since, according toGehl (1996), these are the optional activities, as opposed to 

the necessary activities, that have a close relationship with the quality of urban open 

spaces. Moreover, only local individuals were considered in interviews; tourists and 

temporary visitors were excluded from analysis to ensure that the sample represents the 

local culture of the studied area.  

Culture can be defined as “The system of information that codes the manner in which 

people in an organized group, society or nation interact with their social and physical 

environment.” (Reber 1985). In a previous study that investigated the influence of culture 

and environmental attitude on participants’ thermal assessment of a square in Sweden 

and Japan, Knez and Thorsson (2006) defined cultural groups as “two groups of 

participants visiting the Swedish and the Japanese square, respectively. The two groups 

were considered as living in two different cultures”. Therefore, in the current study two 

cultural groups were selected from countries with different geographical locations: North 

Africa and North America; different level of development: developing and developed 

countries; and different dominant values. Therefore, in the current study, the two groups of 

participants who were visiting open spaces in Marrakech are representing one culture and 

those who were visiting Phoenix are representing another culture. 
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5.2.2 Description of the whole sample profile 

The analysis presented below includes the data collected from both cities, in summer and 

winter. A total of 431 interviews were carried out, 247 in the winter and 182 in the 

summer, including 86 females and 343 males. In Marrakech, there were 186 interviews in 

the winter and 117 in the summer, while in Phoenix; there were 65 in the summer and 61 

in the winter. The number of interviews in Phoenix was lower than in Marrakech since 

fewer people were present during the field surveys. The sites studied were used by 

different age groups, as shown in Table 5.1. 

Table 5.1 Age distribution of participants 

Age group <18 18-24 25-34 35-44 45-54 55-64 >65 Total 

Percentage (%) 4 25 30 19 11 5 5 100 

Frequency 16 105 129 80 49 20 23 431 

 

5.2.3 Sample profile of population interviewed in Marrakech 

Participants11 in the Marrakech surveys included local people from both genders and 

different ages. Among the participants, who took part in the interviews in Marrakech, 83% 

were males and 17% were females. In general, the presence of males in Marrakech sites 

was higher than the presence of females, with the exception of the late afternoon time 

when the number of families increased. Among all people observed12 in these sites in 

winter and summer, 63.5% were males and 36.5% were females.  

                                                
11 Participants, in this study, are only those who took part in the interviews and they are part of the 
larger population observed in each site. 
12 People were in the space and were not necessarily participating in the interviews.  
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Figure 5.1 Age group profile of Marrakech survey sample 

Figure 5.1 shows the percentage of participants’ age-group in Marrakech. Almost 33% of 

participants in Marrakech belonged to the 25–34 year old group. The next most common 

age group was the 18-24 year old group, with 30%. Among all the people who were 

observed in the Marrakech sites, less than 5% were older than 65 years old and almost 

35% were younger than 24 years old. Therefore, the participants of Marrakech tend to be 

relatively young. The age ratio seems to be in agreement with the demographic and social 

statistics of the United Nations presented in the Demographic Yearbook 2011 (United 

Nations 2012). These statistics show that around 30% of the population of Morocco aged 

between (0-18), 65% between (18-65) and 5% aged over 65. The data of the current 

research does not reflect all the <18 age group because children were not included in 

interviews.  
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Figure 5.2 Reasons for being in the location in Marrakech survey 

Figure 5.2 shows reasons that make participants to visit Marrakech sites. As can be seen, 

55% of participants reported that the main reason for them to visit Al Koutoubia Park and 

Al Koutoubia Plaza was to go out and enjoy being in the open public space. Almost 30% 

were waiting for somebody or something, some of them were waiting for the bus in the 

shade provided by trees in Al Koutoubia Park . Other participants were there for a break 

or passing by.  
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Figure 5.3 Activity of participants in Marrakech for the last ten minutes before the 
interview 

Figure 5.3 shows the percentage of the frequent activities of participants during the last 

ten minutes before the interview. As can be seen, 90% of Marrakech participants were 

seated and almost 5% were standing. As will be discussed later in this chapter, this is 

probably due to the characteristics of the design of the outdoor space and some cultural 

attributes of the users.  
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Figure 5.4 Educational attainment of Marrakech survey participants 

Figure 5.4 gives a brief description of the level of education of the Marrakech sample. As 

can be seen, almost 50% of the participants in Marrakech had a basic13 education, while 

only 20% of them were university graduates. The national literacy rate of Morocco is 56% 

according to UNESCO (2009).Therefore, the participants of the Marrakech sample tend to 

have a low educational background. 

5.2.4 Sample profile of population interviewed in Phoenix 

Participants in the Phoenix surveys included local people from both genders and different 

ages. Among the participants who took part in the interviews in Phoenix, 60% were males 

and 40% were females. Among all people observed in these sites in winter and summer, 

53% were males and 47% were females 

 

 

                                                
13 The basic education in this context refers to any educational training below high school level or if 
the participant was illiterate  
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Figure 5.5 Age group profile of Phoenix survey sample 

Figure 5.5 shows the percentage of participants’ age-group in Phoenix. Almost 30% of 

participants in Phoenix belonged to the 35-44 year old group. The next common age 

group was the 25-34 year old group, with 25%. Among all the people who were observed 

in the Phoenix sites, 12% were older than 65 years old and less than 15% were younger 

than 24 years old. Therefore, the members of the Phoenix sample tend to be relatively 

older than that in Marrakech. The age ratio seems to be on agreement with the 

demographic and social statistics of the United Nations presented in the Demographic 

Yearbook 2011 (United Nations 2012).These statistics show that around 20% of the 

population of North America is aged between (0-18), 67% between (18-65) and 13% aged 

over 65. The data of the current research does not reflect the all <18 age group because 

children were not included in interviews.  
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Figure 5.6 Reasons for being in the location in Phoenix survey 

Figure 5.6 shows what motivated participants to visit the Phoenix sites. As can be seen, 

similar to Marrakech, 50% of participants reported that the main reason for them to visit 

these sites was to go out and enjoy the place. Almost 27% were waiting for somebody; 

this percentage is also similar to that in Marrakech. Other participants were there for a 

break, passing by, walking dogs and some other reason.  
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Figure 5.7 Activity of participants in Phoenix for the last ten minutes before the 
interview 

Figure 5.7 shows the activity of participants during the last ten minutes before the 

interview in percentages. As can be seen, 45% of the participants in the Phoenix survey 

were seated, 35% were standing, and almost 20% were walking. It is apparent that 

participants in Phoenix tend to engage in activities that require motion compared to those 

in Marrakech. This may be influenced by two factors: the design features of the outdoor 

space and the culture of the users, and this will be discussed later in this chapter.  



Chapter 5  Descriptive analysis 

 

80 
 

 

Figure 5.8 Education of Phoenix survey participants  

Figure 5.8 gives a brief description of the educational background of the Phoenix sample. 

As can be seen, unlike Marrakech, almost 75% of the participants were either college or 

university graduates while less than 10% of them had basic education. The national 

literacy rate of the US is 99%, according to The World Factbook (2013). Therefore, the 

participants of the Phoenix sample tend to have a higher educational background 

compared to the Marrakech sample. 

5.2.5 Discussion of sample profile 

The sample profile of participants in Marrakech and Phoenix was described. Only local 

participants were included in the analysis. In addition, only participants who were sitting or 

standing, the optional activities (Gehl 1996), in the studied spaces were interviewed.  

The level of education was higher in Phoenix compared with Marrakech while the average 

age of Marrakech participants was found to be lower than that of Phoenix participants. 

The age ratio seems to be in agreement with the demographic and social statistics of the 

United Nations presented in the Demographic Yearbook 2011(United Nations 2012). This 

statistics shows that around 30% of the population in North Africa aged between 0-14 and 
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only 5% aged over 65. On the other hand, around 20% of the population of North America 

are aged between 0-14 and 13% are aged over 65. (United Nations 2012).  

The main reason for Marrakech participants to visit the outdoor space was for “enjoyment 

and going out” and this was followed by “waiting for someone or something”; a similar 

response was found in Phoenix. 

Participants in Phoenix were engaged in activities that require motion, such as walking 

and running. On the other hand, such activities were minimal in Marrakech where the 

majority of participants were seated. This is likely due to two factors: the design features 

of the outdoor space and existing social habits and rules.  

The first factor, the design features of the outdoor space can restrict or give opportunities 

for a variety of activities in the place. For example, the design of Al Koutoubia Park allows 

few activities to take place. Although this park offers shaded areas under the trees, the 

space left for other activities such as children playing is too small. On the other hand, the 

layout of Al Koutoubia Plaza includes larger spaces but less shade. The design of Tempe 

Beach Park in Phoenix, however, with its large playing areas and long paths, allows more 

activities to take place such as jogging, children playing, and water activities.  

The cultural attributes of the visitors may also influence the type of activity taking place in 

the outdoor space. In Marrakech, for instance, women and, to a smaller extent, men are 

unlikely to be seen exercising in public, while this is very common in Phoenix. Therefore, it 

is uncommon to use urban public spaces for exercising in Marrakech while exercising is 

one of the main activities in such spaces in Phoenix. 
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5.3 Microclimatic summary for both cities  

Historical air temperature records of Marrakech and Phoenix for 30 years were obtained 

from the World Meteorological Organisation and presented in Figure 5.9 and Figure 5.10 

respectively. As can be seen, air temperature reaches maximum values in July and 

reaches the minimum in January in both cities. In winter, air temperatures are similar in 

Marrakech and Phoenix. However, in summer the mean value of air temperature in 

Phoenix is around 5˚C higher than in Marrakech. 

Throughout the winter months, from November until early March, Marrakesh gets very 

pleasant temperatures, with the average high of 18°C; the average low drops below 6°C 

during this time. During the summer months, late May until September, the temperature in 

Marrakesh remains high. July is the hottest month of the year, when the temperature 

climbs to 38°C.   
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Figure 5.9 Monthly air temperature in Marrakech (WMO 2011) 

In Phoenix, the average high is 20°C and the average low drops below 8°C during winter. 

During the summer months, late May until September, the temperature in Phoenix 

remains extremely high. July is the hottest month of the year, when the temperature 

climbs to over 39°C. 
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Figure 5.10 Monthly air temperature in Phoenix (WMO 2011) 

Figure 5.11 presents average values of air temperature measured during the field surveys 

in both cities in summer and winter. In winter, air temperature in Phoenix is 2˚C lower than 

in Marrakech while in summer, the mean value of the measured air temperature in 

Phoenix is around 4˚C higher than in Marrakech. By comparing the measured data with 

historical data, presented in Figure 5.9 and Figure 5.10, it can be noticed that the 

measured air temperatures during winter and summer match the historical data. Air 

temperatures are very similar in the two cities in winter, and air temperatures are slightly 

higher in Phoenix in summer.   
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Figure 5.11 Measured air temperature in Marrakech and Phoenix in winter and 
summer 

The means of microclimatic variables, presented in Table 5.2, were measured on sites 

while observations were taking place in both winter and summer. It is apparent that air 

temperature was very high in both cities throughout the year as expected, with a summer 

mean air temperature of 35˚C in Marrakech and 39˚C in Phoenix, as shown in Table 5.2. 

The winter mean air temperature was at a more comfortable level of 22˚C in Marrakech 

and 20˚C in Phoenix. Relative humidity was low throughout the year for both cities, as can 

be seen from Table 5.2.  

Table 5.2 Means of measured microclimatic variables in Marrakech and Phoenix 

 
  

Tg 
(˚C ) 

Tair 
(˚C ) 

RH 
% 

Ws 
m/s 

S 
W/m2 

M
a

rr
a

k
e
c
h
 site 

1 
winter 22 23 32 0.7 258 

summer 36 37 24 1.0 307 

site 
2 

winter 23 24 26 0.9 263 

summer 35 36 26 1.2 309 

P
h

o
e

n
ix

 

site 
3 

winter 18 18 34 0.6 262 

summer 39 39 24 1.2 381 

site 
4 

winter 18 17 39 0.7 245 

summer 41 41 23 1.3 229 

site 
5 

winter 18 18 34 0.6 262 

summer 41 41 27 0.9 536 
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5.3.1 Microclimatic profile Marrakech 

Table 5.3 provides a summary of the measured microclimatic conditions in Marrakech 

sites in summer and winter. The table provides the mean values of the measured globe 

temperature (˚C), air temperature (˚C), solar radiation (W/m2), wind speed (m.s -1), and the 

relative humidity (%). The mean values were measured in three monitoring periods: 

morning, midday, and evening. Data were measured between 8:00-11:00 (morning), 

11:00-14:00 (midday), and 17:00-20:00 (evening). Evening time was shorter in winter due 

to the earlier sunset. Data were not included for winter mornings in Marrakech because no 

surveys took place during that time due to lack of visitors.   

Table 5.3 Summary of mean climatic variables during survey period in Marrakech in 
winter (w) and summer (s) 

Summary of climatic variables variation during survey period 
(Marrakech) 

Period Globe 
Temperature 

(˚C) 

Air 
Temperature 

(˚C) 

Solar 
Radiation 

(W/m2) 

Wind 
Speed 
(m/s) 

RH 
(%) 

 w s w s w s w s w s 

Morning - 33 - 31 - 68 - 0.6 - 36 

Midday 23 37 22 35 292 500 0.8 0.9 29 26 

Evening 23 37 22 36 140 132 0.7 1.2 27 20 

Average 23 35.5 22 34 216 233 0.8 0.9 28 27 

 

The difference between solar radiation values, particularly during midday and other 

periods was significant. Solar radiation levels increased dramatically towards the midday 

to reach 290 W/m² and 500 W/m² in winter and summer respectively and then it dropped 

down below 140 W/m² in the evening.  

Table 5.3 also shows that wind speed is similar throughout the day 0.8 m/s in winter, while 

the speed doubles between morning and evening in summer from 0.6 to 1.2 m/s. Table 

5.3 also shows that in winter, relative humidity level was low and stable throughout the 

day at around 28%. In summer, relative humidity levels were low, starting at around 35% 

in the morning and decreased throughout the day to reach their minimum in the evening at 

around 20%. 

Figures 5.12-5.14 show the daily profiles of measured values of air temperature, solar 

radiation and relative humidity in Marrakech as a function of time of the day. The daily 

variation in temperature was around 15˚C in winter and 10 ˚C in summer.as can be seen 

from Figure 5.12. 
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Figure 5.12 A daily profile of air temperature as a function of time in Marrakech 

 

 

Figure 5.13 A daily profile of solar radiation levels as a function of time in Marrakech 
survey 
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Figure 5.14 A daily profile of relative humidity levels as a function of time in 
Marrakech survey 

5.3.2 Microclimatic profile Phoenix 

Table 5.4 Summary of mean climatic variables during survey period in Phoenix 

Summary of climatic variables variation during survey period  
(Phoenix) 

Period Globe 
Temperature 

(˚C) 

Air 
Temperature 

(˚C) 

Solar 
Radiation 

(W/m2) 

Wind 
Speed 
(m/s) 

RH  
(%) 

 w s w s w s w s w s 

Morning 13 36 11 34 243 296 0.7 0.9 50 32 

Midday 27 43 24 42 558 722 0.8 1.2 19 22 

Evening 22 39 23 40 99 79 0.5 1.1 25 21 

Mean 21 39 19 39 300 366 0.7 1.1 31 25 

 

Table 5.4 provides a summary of the measured microclimatic conditions in the Phoenix 

sites in summer and winter. In winter, there was a little difference in the mean air 

temperature between the midday and the evening, 24˚C and 23˚C respectively. However, 

lower mean air temperature, 11˚C, was measured in the mornings. In summer, the highest 

mean air temperature, 42˚C, was measured in the midday period, with a small difference 

compared to the mean temperature measured in the evening. The mean air temperature 

which was measured in the morning period was 34˚C. As one may expect, this is slightly 

lower than the other two periods but still high.  
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Solar radiation levels varied over the three periods of measurements. They reached the 

maximum during the midday period, 560-722 W/m² in winter and summer respectively. On 

the other hand, solar radiation levels declined in the evening, 100-80 W/m² in winter and 

summer respectively. This pattern could influence the use of the space so that fewer 

people are expected to be present during a mid-summer day when the air temperature is 

high i.e. 42˚C.  

Table 5.4 also shows higher wind speed in summer compared to winter, with more wind 

during midday and in the evening. The table also shows that in winter, relative humidity 

was around 50% in the morning and decreased to 20% as the temperature rose in the 

middle of the day and reached 25% in the evening. In summer, on the other hand, relative 

humidity was around 32% in the morning then decreased to around 22% the middle of the 

day and stayed constant during the rest of the day. Higher levels of relative humidity were 

expected here because of the existence of water elements in the Phoenix sites.  

Figures 5.15-5.17 show scattered plots of the measured values of air temperature, solar 

radiation and relative humidity in Phoenix as a function of time of the day  

 

Figure 5.15 A daily profile of air temperature as a function of time in Phoenix survey 
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Figure 5.16 A daily profile of solar radiation levels as a function of time in Phoenix 
survey 

 

Figure 5.17 A daily profile of relative humidity levels as a function of time in Phoenix 
survey 
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5.3.3 Discussion of microclimatic profile 

The difference in solar radiation values, particularly during the midday and other periods 

was quite noticeable; as might expected, solar radiation was much higher during the 

middle of the day. The combination of high air temperatures and high solar radiation levels 

can lead to uncomfortable thermal conditions in summer. 

The relative humidity levels were low and stable throughout the day in winter and in 

summer in Marrakech. In Phoenix, however, higher values of relative humidity were 

measured, particularly in the morning in winter. This was expected because of the 

presence of water elements in the Phoenix sites.  

Wind speed peaked during midday in winter in Marrakech, while it reached the maximum 

in the evening in summer. In Phoenix, on the other hand, higher wind speed was 

measured in summer compared to winter with more wind during midday and in the 

evening. The breeze in summer evenings in conjunction with the relatively lower air 

temperatures and solar radiation levels makes evenings the most pleasant thermal 

conditions of the day.  
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5.4 Evaluation of thermal sensation  

5.4.1 Comparing the environmental variables in the two cities 

The measured environmental variables were tested to check if they are different or similar 

in the two cities in summer and winter. This will help in understanding the reason why the 

two cultural groups have evaluated their thermal environment differently. Independent-

sample t-test of difference was used for this purpose; results are shown in Table 5.5. 

By comparing the means of air temperature, solar radiation, wind speed, and the relative 

humidity, it can be seen that, in winter, significant differences were found between the two 

cities in the solar radiation intensity S and the relative humidity RH. However, the 

differences in S and RH between the two cities were weak. Eta squared14 (η2), the effect 

size associated with t-test(Jaccard 1990), of the S and RH were calculated, η2 (S) =0.09 

and η2 (RH) = 0.02. Eta squared values for both S and RH indicate a weak association 

according to Table 4.4 (see chapter 4 section 4.8.2).  

In summer, significant differences were found between the two cities in wind speed and 

air temperature. However, the effect size associated with wind speed is weak, η2 (Ws) = 

0.07 which indicates a weak difference relationship according to Table 4.4. The effect size 

of t-test associated with air temperature was strong η2 (Tair) = 0.21. This means that the 

only significant difference in the environmental variables measured in the two cities in was 

in air temperature in summer only. Yet this difference was as little as 3°C as shown in 

Table 5.5. 

By considering the t-test results, it can be concluded that no significant differences were 

found between the measured environmental variables in Marrakech and Phoenix. The 

only exception was in air temperature in summer where the difference was small. 

  

                                                
14 Eta squared η2 is the effect size (strength of association) associated with the t-test  

η²= 
t² 

t² + df 
 where (df = n1 + n2 – 2), and n1, n2  are the populations of two groups.   
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Table 5.5 The t-tests of environmental variables in Marrakech and Phoenix (a) in 
winter and (b) in summer 

a- In winter   

variable 
Marrakech Phoenix 

t-test eta2 
mean SD mean SD 

Tair (°C) 22.4 3.60 22.5 6.90 -0.09  

S (W/m2) 206 194 384 267 -4.84** 0.09 

Ws (m/s) 0.77 0.31 0.79 0.53 -0.17  

RH (%) 29 15.5 24 12.6 2.39* 0.02 

* p-value <0.05, ** p-value <0.01  
 

b- In summer  

 

variable 
Marrakech Phoenix 

t-test 
 

mean SD mean SD  

Tair (°C) 35.93 2.7 38.9 2.8 -6.93** 0.21 

S (W/m2) 148 209 108 162 1.322  

Ws (m/s) 0.962 0.5 1.397 0.85 3.70** 0.07 

RH (%) 23.7 7.3 23.24 5.6 0.43  

** p-value <0.01  
 

 

5.4.2 Comparing the subjective thermal evaluation in the two cities 

vi. The thermal sensation  

To examine how the thermal conditions are evaluated by people in two different cities in 

the hot arid climate, the subjective thermal evaluations of the two groups, in Marrakech 

and Phoenix, were compared against each other. The Thermal Sensation Vote (ASV) 

used as a dependent variable and the two cultural groups as the independent variable as 

shown in Table 5.6. Chi-square (χ²) test of independence was conducted to compare the 

thermal sensation vote (ASV) of Marrakech and Phoenix participants. 

Table 5.6 shows dependant (DV) and independent (IV) variables were used in Chi-
square test 

     
 DV  IV  

 ASV  Marrakech Phoenix  
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Table 5.7 presents the results of Chi-square test of ASV.vote of participants of Marrakech 

and Phoenix. In winter, the test results are χ² (4, N=249) = 33.73, p<0.001 with the effect 

size Somers’ d was -0.25. In summer, Fisher Exact test, defined above, was used to meet 

the Chi-square test assumption requirements; the test results are χ² (4, N=182) = 9.37, 

p<0.05 and the effect size Somers’ d of 0.21. According to Table 4.3, the effect size of 

association between ASV and the participants in the two cities was weak in both seasons. 

In other words, Chi-square test shows a weak association between the actual thermal 

sensations of Marrakech and Phoenix participants. Therefore, based on these statistics, it 

may be concluded that people in the Marrakech group evaluated their thermal 

environment in a different way to the Phoenix group. By considering the conclusion of the 

previous section that no significant differences were found between the main 

environmental variables measured in Marrakech and Phoenix for the purpose of this 

study, thus it can be concluded that the reason why people in Marrakech and in Phoenix 

evaluated their thermal conditions differently is not necessarily due to differences in the 

environmental variables between the two cities. Other non-environmental factors may 

influence this relationship.  



Chapter 6  Thermal sensation and the use of urban public spaces 

 

Table 5.7 Results of Chi Square test between cultural groups and actual sensation vote (ASV) 

    Chi-Square Test   Measurement of association (effect)  

Variables  N Tables 
No. 

Pearson Chi-Square 
(χ2)a 

Fisher’s Exact 
Test b 

 Cramer’s V  Somers’ d 

IV DV    Value DF Sig. Value Exact Sig.  Value Sig. Value Sig. 

Marrakech 
Phoenix  

ASV winter 
 

249 2x5 33.8 4 .000  -  0.27 .001 .25 .003 

summer 182 2x5    9.4 0.036  0.22 .042 .21 .011 

 a: Assumption of Chi-square met i.e. less than 25% of the cells have expected count less than 5. 
 b:.Fisher’s Exact test have been used only when the assumption of Chi-square is violated. 
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Figure 5.18 shows percentage frequency distribution of actual thermal sensation votes 

(ASV) in Marrakech and Phoenix. As can be seen from the figure, the percentage of 

participants who reported feeling neither cool nor warm (ASV=0) and those who reported 

feeling cool (ASV=-1) is different in each city. In fact, as many as 40% of Marrakech 

participants reported feeling thermally neutral (ASV=0) compared to only 20% in Phoenix. 

Moreover, less than 10% of Marrakech participants felt cool (ASV= -1) compared to 20% 

in Phoenix.   

Figure 5.19 shows the percentage frequency distribution of thermal preference votes in 

Marrakech and Phoenix. It can be seen in the figure that the largest percentage of 

participants in Marrakech wanted to maintain their thermal conditions (50%). On the other 

hand, the largest percentage of participants in Phoenix wanted to be cooler (45%). 

However, both groups have more than 40% of their participants wanting to be cooler. The 

20% who wanted to be warmer in Phoenix may be due to colder temperature in early 

mornings in winter.  

The effect of culture appears when twice as many people in Marrakech (40%) felt 

thermally neutral compared to Phoenix (20%); almost 50% of Marrakech participants 

preferred to maintain their thermal condition during the interviews. On the other hand, 

three times as many people in Phoenix (21%) felt cooler than those in Marrakech (7%); 

nearly 50% of those in Phoenix preferred to be cooler. Despite having 40% of participants 

feeling neutral towards their thermal environment in Marrakech and 20% in Phoenix, there 

were 50% of the participants in Marrakech and 30% in Phoenix who preferred to maintain 

their thermal conditions. This means that 10% of those who preferred to maintain their 

thermal conditions were feeling warmer or cooler than neutral, and suggesting the 

possibility of adaptation occurrence.  

By considering the finding that no significant differences were found between the main 

environmental variables measured in Marrakech and Phoenix for the purpose of this 

study, thus it can be concluded that the reason why people in Marrakech and in Phoenix 

evaluated their thermal conditions differently is not necessarily due to differences in the 

environmental variables between the two cities. Other non-environmental factors may 

influence this relationship. It was found that the percentage of participants who prefer to 

maintain their thermal conditions was higher than the percentage of those who were 

feeling neutrally comfortable. This means that some of the participants, who were feeling 

cooler or warmer than neutral, were satisfied with their thermal conditions and this 

endorses the occurrence of adaptation.  
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Figure 5.18 Percentage frequency distribution of actual thermal sensation votes 
(ASV) in Marrakech and Phoenix. (-2=cold, +2=hot) 

 

 

Figure 5.19 Percentage distribution of votes on the thermal preference scale in 
Marrakech and in Phoenix 
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vii. The wind sensation  

Table 5.8 presents the results of Chi-square test between the two cities and wind speed. 

The test results are χ² (4, N=431) = 71.68, p<0.001 with the effect size Somers’ d was 

0.24. According to Table 4.3, the effect size of association between wind sensation and 

the two cities is weak. The t-test results mentioned in section 5.4.1 indicate weak 

differences in wind speed measurements between the two groups in Marrakech and 

Phoenix during this study. Therefore, it may be concluded that people from the two groups 

have different evaluations of wind sensations.  

Table 5.8 Results of Chi Square test between cultural groups and wind sensation 

Chi-Square Test 

Variables 
 

Pearson  
Chi-Square (χ2)a 

Fisher’s Exact 
 Test b 

Somers’ d 

IV DV N Value DF Sig. Value Sig. Value Sig. 

Two cultural groups 
Marrakech vs. Phoenix  

wind 431 71.68 4 .000  - .24 .000 

a: Assumption of Chi-square met i.e. less than 25% of the cells have expected count less than 5. 
b:.Fisher’s Exact test have been used only when the assumption of Chi-square violated. 
 

Figure 5.20 shows the percentage distribution of participant votes on the wind sensation 

scale in Marrakech and Phoenix during the two seasons, (-2) is very windy and (2) is 

calm. As can be seen, the largest percentage of participants in Marrakech, around 40%, 

felt the wind was neutral i.e. neither windy nor calm. Alternatively, the largest percentage 

of participants in Phoenix, around 50%, described it as calm. This explains the values 

presented in Table 5.8 that the association between wind sensation and the cultural 

groups is weak and therefore, the wind sensation is differently evaluated by people in 

Marrakech and in Phoenix.  

It is interesting, however, to find that the wind preferences of participants are similar in 

both cities as shown by Figure 5.21. The majority of people in both groups preferred no 

change in the wind situation (60%) and almost (30%) wanted more wind. In general, in hot 

arid climates air temperatures are relatively high most of the day and particularly higher in 

summer (Table 5.5b). Therefore, a strong wind associated with such high temperatures 

may cause a reverse wind chill effect. Thus, individuals would feel warmer than what the 

actual air temperature is. This might be applicable in Phoenix in summer where the mean 

air temperature is 3°C higher than in Marrakech (Table 5.5). Hence people in Phoenix 

may prefer calm wind when air temperatures are too high. In Marrakech, people wear 

clothes that cover most of their bodies. Thus, people in Marrakech can be less affected by 

the variation of wind speed in moderated air temperatures.   
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Figure 5.20 Percentage distribution of votes on the wind sensation scale in 
Marrakech and in Phoenix (1=calm, 5=very windy) 

 

Figure 5.21 Percentage distribution of votes on the wind preference scale in 
Marrakech and in Phoenix 
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viii. The humidity sensations  

Table 5.9 presents the results of the Chi-square test between participants in the two cities 

and the relative humidity. The test results are χ² (4, N=431) = 23.64, p<0.001 with the 

effect size of Somers’ d being 0.21. According to Table 4.3, the effect size of association 

of the relative humidity between participants in the two cities is weak. Figure 5.22 shows 

that more participants felt dry in Phoenix (40%) compared with Marrakech (20%). In fact 

Table 5.5A (in section 6.3.1) shows a significant difference in RH between the two cities in 

winter; Marrakech has a higher relative humidity values. In addition to that, the effect of 

trees and shaded areas in Al Koutoubia Park, where most participants in Marrakech were 

observed during the noon time, may explain why fewer people felt dry in Marrakech.  

Table 5.9 Results of Chi Square test between cultural groups and humidity 
sensation 

Chi-Square Test 

Variables 
 

Pearson  
Chi-Square (χ2)a 

Fisher’s Exact 
 Test b 

Somers’ d 

IV DV N Value DF Sig. Value Sig. Value Sig. 

Two cultural groups 
Marrakech vs. Phoenix  

Humidity 431 23.64 4 .000  - .21 .000 

a: Assumption of Chi-square met i.e. less than 25% of the cells have expected count less than 5. 
b:.Fisher’s Exact test have been used only when the assumption of Chi-square violated. 
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Figure 5.22 Percentage distribution of votes on the humidity sensation scale in 
Marrakech and in Phoenix (-2 =Damp, +2=Dry) 
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5.5 The relationship between the microclimatic parameters and 

(ASV) 

This section aims to define the relative contribution of heat-balance parameters 

(environmental parameters) to the thermal perception of subjects in an outdoor space in 

hot arid climate. Two steps were followed to find which environmental parameters had 

strong influence on thermal comfort in the two cities. First, a correlation analysis was 

carried out between ASV and the environmental parameters. Second, correlated 

environmental parameters with ASV were selected for further analysis using ordinal 

regression. The ordinal regression was used because the actual sensation vote ASV is an 

ordinal variable. 

5.5.1 The correlation analysis:  

Table 5.10 and Table 5.11 show the results of correlation analysis between ASV and the 

environmental parameters in Marrakech and Phoenix respectively. It can be seen that Tg, 

Tair, RH, WS are correlated with ASV in both cities. Therefore, these variables may be 

analysed by using the ordinal regression analysis. The globe temperature Tg is used as an 

indicator of solar radiation in addition to air temperature. Moreover, Tg has the property of 

reacting to the environment in much the same way as a human occupant (Nicol 2008). 

Therefor Tg, RH, Ws were used in the ordinal regression.  

It is interesting to find that the wind speed is negatively correlated with ASV in Marrakech 

and positively correlated with ASV in Phoenix. A possible explanation for this finding is 

likely related to the difference in air temperatures between the two cities in summer 

(section 5.4.1). Air temperature values measured in Phoenix were higher that measured in 

Marrakech. Therefore, in summer, wind speed could have a cooling effect in Marrakech 

so that a positive wind sensation has a moderate effect on ASV vote. However, in 

Phoenix, a positive wind sensation vote is likely to associate with a higher ASV because 

of the heating effect of wind in such higher air temperatures.  
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Table 5.10 Correlation analysis between ASV and other environmental and personal 
parameters in Marrakech 

 

Marrakech 

ASV Tg Tair Rh Ws

Pearson 

Correlation
.435** .420** -.333** -.54*

Sig. (2-tailed) .000 .000 .000 .040

N 303 303 303 303 303
**Correlation is significant at the 0.01 level (2-tailed).              


*Correlation is significant at the 0.05 level (2-tailed).  

 

 

 

Table 5.11 Correlation analysis between ASV and other environmental and personal 
parameters in Phoenix 

 

Phoenix

ASV Tg Tair Rh Ws

Pearson 

Correlation
.725** .740** -.275** .153*

Sig. (2-tailed) .000 .000 .002 .046

N 128 126 126 126 126

*Correlation is significant at the 0.05 level (2-tailed). 

**Correlation is significant at the 0.01 level (2-tailed).              
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5.5.2 ASV model for Marrakech  

Table 5.12 shows the outcome of the ordinal regression to predict the criterion variable 

(ASV), for data collected in Marrakech, from the explanatory variables which included: 

globe temperature, wind speed, relative humidity, clothing insulation and metabolic rate. 

As can be seen, there are three significant variables: globe temperature (p<.001), wind 

speed (p<.05), and the relative humidity (p<.05); these accounted for almost 23% of the 

variation in the actual sensation vote (ASV), However, R²= 0.23 indicates weakness in the 

ability of the predicted model to fit that data.  By comparing Wald values for these 

variables (predictors), globe temperature Tg (Wald= 14.4, p<.001) is the most important 

predictor that influences the actual thermal sensation votes of Marrakech participants 

followed by wind speed Ws (Wald= 6.86, p<.05). Wind speed and relative humidity were 

found to be significant in predicting the ASV; however, they have less influence on the 

ASV compared with Tg. Wald values of Ws and RH were: -6.86 and -5.50 respectively. 

Thus, both wind speed and relative humidity were negatively related to the actual thermal 

sensation votes. The outcome model is presented in equation (1) 

 ASV Marrakech= 0.11Tg-0.71Ws-0.02RH               R²= 0.23                (1) 
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Table 5.12 Logistic regression statistics and best fit model to predict ASV using environmental and personal data from Marrakech sites 

Ordinal Regression (Logit) (a)     Dependent variable : ASV 

 Model Fitting  Goodness-of-Fit   R squared   

N Chi-Square df Sig. Chi-Square df Sig.  Cox and Snell Nagelkerke McFadden. 

303 79.31 5 .001 1234.16 1195 .210  0.23 0.24 0.098 

a: Marrakech  
 
Ordinal Regression (Logit) (a)        

  Location    Test of Parallel 
Lines (b) 

   

IVa  Estimate (B)  Wald df Sig  Chi-Square df Sig.  

Tg  0.114  14.37 1 .000  11.042 15 0.75  

Ws  -0.710  06.86 1 .01      
RH  -0.025  05.49 1 .02      
Clo  0.029  0.002 1 0.95      
Met  1.230  1.948 1 0.16      
            
a: DV: ASV 
b: The null hypothesis states that the location parameters (slope coefficients) are the same across response categories. 
c: Assumptions of Logit Regression met 
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5.5.3 ASV model for Phoenix 

Table 5.13 shows the outcome of the ordinal regression to predict the criterion variable 

(ASV), for data collected in Marrakech, from the explanatory variables. As can be seen, 

there are three significant variables: globe temperature (p<.001), wind speed (p<.001), 

and the relative humidity (p<.05); these accounted for almost 60% of the variation in the 

actual sensation vote (ASV), (Cox and Snell R²= 0.59). By comparing Wald values for 

these variables (predictors), globe temperature Tg (Wald= 50.66, p<.01) is the most 

important predictor that influences the actual thermal sensation votes of Phoenix 

participants, followed by wind speed Ws (Wald= 11.05, p<.01) which is negatively related 

to the actual thermal sensation votes. Relative humidity is found to be significant in 

predicting the ASV; however, it has less influence on the ASV compared with Tg. The 

Wald value of RH was 6.82 and it is negatively related to the actual thermal sensation 

votes. The outcome model is presented in equation (2). 

ASV Phoenix= 0.30 Tg -0.89Ws+0.07RH                 R²= 0.58                (2)  

Globe temperature is the most important predictor of thermal sensation in Marrakech and 

Phoenix, Tg marrakech (wald=14.4, p<.001), Tg Phoenix (wald=50.4, p<.001). Since Tg combines 

the effect of both solar radiation and air temperature, its influence suggests the 

importance of solar radiation intensity together with air temperature. Although, air 

temperature is difficult to mitigate in the outdoor settings, solar radiation can be mitigated 

by design and landscaping, for example, providing shade and trees that can be used as 

shelters from sun light when air temperature is high, and it should allow the sun light in 

winter when air temperature is low. Environmental variables such as air temperature and 

solar radiation, therefore, could have great impact on the use of the outdoor spaces in the 

hot arid climate, and may determine the number of people and activities in them.  
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Table 5.13 Logistic regression statistics and best fit model to predict ASV using 

environmental and personal data from Phoenix sites 

Ordinal Regression (Logit) 
(a)  

   Dependent variable : ASV 

 Model Fitting  Goodness-of-Fit   R squared   

N 
Chi-

Square 
df Sig. 

Chi-
Square 

df Sig. 
 Cox and 

Snell 
Nagelkerke McFadden. 

126 110.235 5 .001 725.324 327 .001  0.58 0.61 0.30 

a: Phoenix  
 
Ordinal Regression (Logit) (a)        

  Location    Test of Parallel 
Lines (b) 

   

IVa  Estimate (B)  Wald df Sig  Chi-Square df Sig.  

Tg  0.298  50.66 1 .000  47.911 15 .001  

Ws  -0.890  11.05 1 .000      
RH  0.066  06.82 1 .01      
Clo  -1.343  0.945 1 0.33      
Met  0.441  0.858 1 0.35      
            
a: DV: ASV 
b: The null hypothesis states that the location parameters (slope coefficients) are the same across 
response categories. 
c: Assumptions of Logit Regression met 
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5.6  Conclusions  

The sample profiles of participants as well as the microclimatic profile in Marrakech and 

Phoenix were described. Only participants, who were sitting or standing, the optional 

activities, were interviewed. Moreover, only local individuals were considered in 

interviews; tourists and temporary visitors were excluded from analysis to ensure that the 

sample represents the local culture of the studied areas. Cultural groups in this study are 

defined as “two groups of participants visiting Marrakech and the Phoenix open spaces. 

The two groups were considered as living in two different cultures”.  

The main reason for participants, in both cities, to visit the outdoor space was for 

“enjoyment and going out”. Time spent by each cultural group will be presented and 

discussed later in this study. Participants in Phoenix were engaged in activities that 

require motion such as walking and running. On the other hand, such activities were 

minimal in Marrakech where the majority of participants were seated. This is likely to be 

due to two factors: the design features of the outdoor space and the existing social habits 

and rules.  

The difference between solar radiation values, particularly during the middle of the day 

and other periods, was quite noticeable in both seasons; solar radiation was much higher 

during the middle of the day in both cities. There was a clear difference in the mean air 

temperatures between winter and summer in both cities. The breeze in summer evenings 

in conjunction with the relatively lower air temperatures and solar radiation levels make 

evenings the most pleasant thermal conditions of the day. 

This investigation examined how thermal conditions are evaluated by people in different 

cultures in the hot arid climate. The findings suggests that people in Marrakech group 

evaluated their thermal environment differently compared to Phoenix group, and the 

reason is not necessarily due to differences in the environmental variables between the 

two cities. Other factors such as thermal adaptation may influence this relationship. In 

fact, it was found that the percentage of participants who prefer to maintain their thermal 

conditions was higher than those who were feeling neutrally comfortable. In other words, 

some participants, who were feeling cooler or warmer than neutral, were satisfied with 

their thermal conditions and this implies the occurrence of thermal adaptation.  

The relationship between the environmental variables and the actual thermal sensation 

votes of participates was examined. Globe temperature Tg is appeared to be the most 

important predictor of thermal sensation in Marrakech and Phoenix. This also suggests 

the importance of solar radiation intensity together with air temperature which could have 
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an excessive impact on the use of the outdoor spaces in the hot arid climate, and may 

determine the number of people and activities in them. Although, air temperature is 

difficult to mitigate in the outdoor settings, solar radiation can be mitigated by design and 

landscaping. For example, providing shades and trees that can be used as shelters from 

sun light with air temperature days, and it should allow the sun light in winter with low air 

temperature days. 
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6 Thermal sensation and the use of public spaces  

6.1 Introduction 

This chapter presents and discusses how people from different cultures and who live in 

similar climatic conditions, evaluate the outdoor thermal environment, and use urban 

public spaces. In a previous study that ]investigated the influence of culture 

and\environmental attitude on participants’ thermal assessment of a square in Sweden 

and Japan, Knez and Thorsson (2006) defined cultural groups as “two groups of 

participants visiting the Swedish and the Japanese square, respectively. The two groups 

were considered as living in two different cultures”. Culture can be defined as “The system 

of information that codes the manner in which people in an organized group, society or 

nation interact with their social and physical environment.” (Reber 1985). Therefore, Knez 

and Thorsson (2006) assumed in their study that different geographical/climatic zones can 

also be defined as different cultures. Therefore, in the current study, the two groups of 

participants who were visiting the open spaces in the city of Marrakech, Morocco are 

representing one culture and those who were visiting the open spaces in the city of 

Phoenix, USA are representing another culture, as described in Chapters 4 and 5. The 

results presented in this chapter help to understand the following: 

3. Whether the thermal preferences of subjects in hot arid climates can be explained 

by heat-balance indices alone;  

4. the thermal comfort requirements in the hot arid climate of Marrakech and Phoenix 

including, neutral temperatures, and preferred temperatures. 

5. the use of outdoor space by different cultures in the hot arid climate.  

6. the comfort requirements of different social groups in the hot arid climate by 

comparing the neutral temperatures, preferred temperatures and use of space.   

6.2 Evaluating the physiological approach 

In order to find out if the thermal preferences of subjects in hot arid climates can be 

explained by physiological approach alone, subjective thermal sensations need to be 

compared with a heat-balance model. The thermal sensation of different outdoor spaces 

within the hot arid climate of Marrakech and Phoenix were examined. People were asked 

to evaluate their thermal sensation at the time of interview on a five-point scale, varying 

from hot to cold (Actual Sensation Vote, ASV). This was then compared to Fanger’s 
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model15, the theoretical Predicted Mean Vote (PMV) 16. This comparison was performed in 

previous studies in different climates. For example, in a study in the northern 

latitude,Thorsson et al. (2004a) used PMV to assess thermal comfort of participants. 

Moreover, Nikolopoulou et al. (2001) in a study in the temprate climate used PMV to 

reveal an evident discrepancy with ASV. Both studies showed that people’s expectations 

might influence their thermal evaluation of their environment. Therefore, the authors 

concluded that steady-state models such as PMV may not be ideal for assessing outdoor 

thermal comfort. 

PMV defined by ISO7730 (2005). The PMV model predicts thermal sensations as a 

function of six parameters: air temperature, mean radiant temperature, air velocity, 

humidity, clothing and activity. The first four environmental parameters were measured 

during the interviews. Clothing levels were observed and registered in the questionnaire 

form, while the values of thermal insulation of clothing were later estimated according to 

ISO7730 (2005). Metabolic rates were also estimated from the observed activities, 

according to the same standard document ISO7730 (2005). 

The Percentage frequency distribution for PMV and ASV of the interviewees has been 

calculated for both cities and the different seasons and is presented in Figure 6.1. It is 

clear that there is a great inconsistency between the ASV and PMV curves; around 60% 

of the PMV curve falls outside the theoretical comfort conditions (-1 to +1), around 40% 

feel hot and 20% feel cold. However, the ASV curve is very different and shows that only 

20% fall outside the comfort conditions mainly in the hot region (+2). The graph also 

illustrates that the largest percentage of participants who have voted within the comfort 

conditions (-1 to +1), have voted for neutrality or for the warm part of the scale (0 and +1). 

Conversely, the theoretical curve PMV shows that the largest percentage of participants 

who voted within the predicted comfort conditions (-1 to +1), falls within the cool (-1) and 

neutral (0) part of the scale.  

This result indicates that the thermal preferences of subjects in hot arid climates cannot 

be explained by heat-balance indices alone. Nikolopoulou et al. (2001) in their study that 

took place in the temperate climate of Cambridge found that “purely physiological 

approach is inadequate to characterise thermal comfort conditions outdoors”. The current 

result proves the previous finding is true in the hot arid climate of Marrakech and Phoenix. 

In both studies, more than 50% of people voted for the warm part of the scale (Figure 6.2).  

                                                
15 See section 2.5.1 
16 More about PMV can be found in Chapter 2  
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Figure 6.1 Percentage frequency distribution of both actual and predicted thermal 
sensation votes  

 

Figure 6.2 Percentage frequency distribution for PMV and ASV in Cambridge 
(Nikolopoulou et al. 2001). 
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6.3 Thermal neutrality and thermal sensitivity  

This study raised the question of whether there are any differences in the thermal comfort 

requirements, such as thermal sensitivity and thermal neutrality, between different cities in 

the hot arid climate. In an attempt to answer this question, two groups representing two 

different cultures i.e. American and North African were selected from Phoenix and 

Marrakech. More details about these groups can be found in chapter 4 (Methodology). 

The next step is to find and compare the thermal neutrality and sensitivity for each group.   

Thermal neutrality is defined as the temperature which gives a neutral thermal sensation 

neither warm nor cool in the environment (Humphreys 1975) or the thermal index value 

(temperature) corresponding with a maximum number of building occupants voting neutral 

on a thermal sensation scale (Brager 1998). The neutral temperature (Tn) is the 

temperature at which subjects feel neither cool nor warm. The average neutral 

temperature has been used in thermal comfort research to study the effects of experience 

on respondents’ thermal perception such as in Lin (2009). Data collected from Marrakech 

and Phoenix was used to calculate the neutral temperatures to examine how people from 

different cities adjust to their thermal perceptions. De Dear and Brager (2002) and Hwang 

and Lin (2007) proposed using a bundle or a “bin mean thermal sensation vote”, rather 

than the individual actual votes  to reduce individual differences. This can be done by 

gathering several votes that correspond with one or more Tg degrees depending on the 

highest value of R2 obtained.  

 Table 6.1 lists mean thermal sensation responses of each three-degree increment of 

globe temperature; other studies such as Hwang and Lin (2007) used a one-degree 

increment. The three-degree increment was selected because it better fits the number of 

participants in this study i.e. the value of R2 associated with three-degree increment is 

higher than that when using one or two-degree increment.   

Because of the significance of the globe temperature Tg, as a predictor of the thermal 

sensation in the context of this study, it was therefore used as a thermal index to calculate 

the neutral temperature and examine the thermal sensitivity. The sensitivity of subject 

thermal sensations to Tg was evaluated by examining the mean thermal sensation vote 

responses for each three-degree interval, plotted in Figure 6.3. The fitted regression lines 

for subject sensation versus Tg in the two cities are:  

In Marrakech: ASV = 0.072· Tg - 1.6      (R2= 0.96)                 (1) 

In Phoenix:     ASV = 0.112· Tg - 2.7     (R2= 0.96)                  (2)  
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Table 6.1 Mean thermal sensation vote for each three-degree increment of Tg 
(cultural groups) 

9.1 - 12.0 4 -0.5 3 -1.0

12.1 - 15.0 5 -0.8 - -

15.1 - 18.0 16 -0.2 9 -1.0

18.1 - 21.0 28 -0.1 12 -0.8

21.1 - 24.0 60 0.5 6 0.0

24.1 - 27.0 57 0.2 27 0.1

27.1 - 30.0 18 0.9 8 0.9

30.1 - 33.0 21 0.6 10 0.6

33.1 - 36.0 37 0.8 21 1.2

36.1 - 39.0 40 1.0 24 1.5

39.1 - 42.0 14 1.5 5 1.8

42.1 - 45.0 3 1.7 1 2.0

Marrakech

Number of 

Respondents

Mean 

ASV
Tg Bin

Phoenix

Number of 

Respondents

Mean 

ASV
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Figure 6.3 Neutral temperatures calculated using linear model  
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Another method used to calculate the neutral temperature, which is employed for 

advanced analysis in thermal comfort studies, is the probit regression (Ballantyne et al. 

1977), As discussed in section (4.8.4) in chapter 4 probit is employed to identify the 

changing points of a binary response variable, in relation to a stimulus variable. Regarding 

the ASV as the basis of a binary response variable, this methodology seeks the 

temperature at which a certain percentage, 50% of the participants in this case, are on the 

verge of changing their ASV to the next higher value (Nikolopoulou and Lykoudis, 2006). 

The participants were divided into two groups according to their actual thermal sensation 

vote. One group includes participants who voted “hot”, “warm”, and half the number of 

participants of those voted “neither cool nor warm”; this group is called “warmer than 

neutral”. The other group includes the participants who voted “cold”, “cool”, and half the 

number of participants of those voted “neither cool nor warm”; this group is called “cooler 

than neutral”. The percentages of those who voted “warmer than neutral” were calculated 

for each 3 ˚C Tg bin (the calculation could equally be done based the percentages of the 

other group). The results of the probit analysis are presented in the curves shown in 

Figure 6.4 for Marrakech and Figure 6.5 for Phoenix. The level of 50% probability of 

transition, i.e. the neutral temperature, is 21.8˚C in Marrakech (Figure 6.4) and 24.0˚C in 

Phoenix (Figure 6.5).  

Both methods, the linear regression and probit analsyis, provide similar results, which 

gives confidence in the accuracy of the calculated neutral temperature.  
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Figure 6.4 Probit regression model of thermal neutral temperature (Marrakech) 
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Figure 6.5 Probit regression model of thermal neutral temperature (Phoenix) 
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From Equations (1) and (2), both thermal sensitivity and level of adaptation can be 

investigated. The value of the coefficeint of determination was R²= 96 for both equations 

(1) and (2) and indicate a high significance between the subject thermal sensations ASV 

and the globe temperature Tg, which supports the finding the ordinal regression analysis 

presented above. The slope of fitted lines indicates the thermal sensitivity of subjects; the 

lower the value of the slope the less thermal sensitive the participants are, as reported by 

Hwang and Lin (2007). The slope value 0.072 corresponds to 13.88 ˚C Tg per sensation 

unit in Marrakech, and the slope value 0.112, corresponds to 8.92 ˚C Tg per sensation unit 

in Phoenix. This means that people in Marrakech were thermally comfortable at a wider 

range of Tg. In other words, the participants in Phoenix were more sensitive to air 

temperature variations and solar radiation than the participants in Marrakech. A possible 

explanation of why people in Phoenix were found to be more thermally sensitive, might be 

that the majority of participants were indoors just before coming to the open space, 

considering that most indoor spaces in Phoenix are air conditioned including dwellings, 

shops, and cafes; as well as cars and public transportation. On the other hand, most 

indoor spaces in Marrakech are naturally ventilated. In fact, 86% of participants in Phoenix 

spaces were indoors just before visiting the outdoor space where they were interviewed 

compared to 60% in Marrakech Figure 6.6.  
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Figure 6.6 Percentage of participants coming from indoors/outdoors just before the 
interview 

Moreover, participants in Phoenix were actually found to spend longer time in air 

conditioned spaces just before coming to the open space. In fact, 70% of participants in 

Phoenix were in an air conditioned space 60 minutes or less before the interview took 
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place in summer. In Marrakech, however, only 12% of participants were in an air 

conditioned space 60 minutes or less before the interview Table 6.2.  

Table 6.2 Last time the participants were in an air-conditioned space 

Time (mins) Marrakech   Phoenix   

 Frequency Percent (%)  Cumulative (%)  Frequency Percent (%) 

 Cumulative (%)  

       

<15 0 0% 0% 10 17% 17% 

15-30 6 5% 5% 13 22% 40% 

30-45 4 3% 9% 5 9% 48% 

45-60 4 3% 12% 14 24% 72% 

60-90 2 2%  3 5%  

>90 101 86%  13 22%  

Total 117 100%  58 100%  

The neutral temperatures (Tn) can be calculated by using equations (1) and (2) when 

ASV= 0. Therefore, the neutral temperatures for Marrakech and Phoenix are 22.03˚C and 

24.34˚C Tg, respectively. As can be seen, the neutral temperature of Marrakech groups is 

around 2.30 ˚C lower than that in Phoenix, which is likely due to the difference in clothing 

insulation between the two groups that is discussed in section 6.8.1. 

The results above show differences in thermal sensitivity and neutrality between the two 

cultural groups in Marrakech and Phoenix. This finding shows that the thermal 

requirements of people in Marrakech and Phoenix must be considered separately despite 

the similarity in the prevailing climate in both locations.  

6.4 Preferred temperature  

The preferred temperature is the temperature that people actually want, compared to the 

neutral temperature in which people feel comfortable. Comparing preferred temperature 

values of two different groups can help in exploring differences in their thermal perception 

or similarities. The smaller difference between the neutral and preferred temperature for a 

group of people relates to how adapted they are to the thermal environment. The 

preferred temperature and the neutral temperature of each of the two groups were 

compared as well.  
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A probit regression analysis (Ballantyne et al. 1977) was used to calculate the preferred 

temperatures of participants in Marrakech and Phoenix. In each city, participants were 

divided into two groups according to their thermal preference vote: “want warmer” and 

“want cooler”. The percentages of each of these groups were calculated for each 2 ˚C Tg 

bin (corresponding with the highest value of R2) using a logistic curve model with the 

probit function .The preferred temperature is presented by the point at which both models 

intersect.  

Figure 6.7 shows that the preferred temperatures for Marrakech and Phoenix participants 

were 22.20 and 25.00 ˚C Tg respectively, with a difference of 2.80 ˚C Tg, confirming that 

thermal requirements of people in Marrakech and Phoenix should be considered 

separately. The difference in preferred temperatures between the two groups is indicates 

the occurrence of thermal adaptation. Therefore, comparing the preferred temperatures 

with the neutral temperature could explain which group is better adapted to its 

environment. The differences between neutral and preferred temperatures in Marrakech 

and Phoenix are 0.17 and 0.66 ˚C Tg respectively. The small difference between the 

neutral temperature and the preferred temperature in Marrakech, compared to that in 

Phoenix, indicates that Marrakech participants were better adapted to their thermal 

environment. 
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Figure 6.7 Probit regression models for thermal preferred temperature 
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6.5 Behavioural and psychological adaptation 

The thermal adaptation theory suggests that people take behavioural actions to make 

them feel thermally comfortable. Nikolopoulou and Steemers (2003) identified three levels 

of thermal adaptation: physical, physiological, and psychological. It was also concluded 

that the relation between physical environment and psychological adaptation is 

“complementary rather than contradictory”. This complement could influence the use of 

urban open spaces. Therefore, this section investigates key adaptive measures that 

influence thermal sensation in the hot arid climate of Marrakech and Phoenix. 

6.5.1 Clothing as a factors affect thermal evaluation outdoors 

An important and natural behaviour to improve thermal comfort is clothing adjustments. It 

was observed that people in Marrakech tend to wear clothes that cover most of their 

bodies in winter and in summer for both genders, and this is possibly due to cultural rules 

(Figure 6.8). In Phoenix, on the other hand, people have fewer cultural restrictions on 

what they wear. Therefore, they wear lighter clothes particularly in summer e.g. T-shirts, 

shorts, short skirts, etc (Figure 6.9).  

 

Figure 6.8 Winter clothing in Marrakech 
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Figure 6.9 Winter clothing in Phoenix (left photo by Mike Kelley is licensed under CC 
BY-NC-SA 2.0) 

  

http://creativecommons.org/licenses/by-nc-sa/2.0/legalcode
http://creativecommons.org/licenses/by-nc-sa/2.0/legalcode
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Figure 6.10 shows the clothing insulation values as a function of air temperature in 

Marrakech. It can be observed clearly that there are two separate groups of values; one of 

them is under 31˚C and represents winter participants and the other one is above 31˚C 

and represents summer participants. As can be seen, in winter, participants maintained a 

high clothing insulation value between 0.8 -1.0 when the air temperature was between 12-

27 ˚C. In summer, the clothing insulation values were around 0.4 clo and the air 

temperature range was between 29-41˚C. In Marrakech, people maintain a seasonal 

clothing insulation value which was almost always high in winter and moderate in summer. 

The minimum average value of clothing insulation in Marrakech was 0.35 clo at 38˚C. 

Figure 6.11 shows the clothing insulation values as a function of air temperature in 

Phoenix. It can be seen that higher values corresponded to lower. For example, the 

clothing insulation values remained over 0.4 in winter when the air temperatures were 

below 25˚C. The values remained under 0.35 clo when the air temperature exceeded 

35˚C. In Phoenix, people maintain a seasonal clothing insulation value which was almost 

always moderate in winter and low in summer. The minimum average value of clothing 

insulation in Marrakech was 0.35 clo at 38˚C. The minimum average value of clothing 

insulation in Phoenix was 0.2 clo at 44˚C. 

Figure 6.12 shows the clothing insulation levels for both groups in Marrakech and in 

Phoenix. As can be seen, the level of clothing insulation was significantly higher in 

Marrakech throughout the year. The mean value of clothing was around 0.70 clo in 

Marrakech compared with only 0.35 clo in Phoenix. The clo value in Marrakech was twice 

as much as the value in Phoenix. 

Figure 6.13 shows the clothing insulation levels of the two groups, in Marrakech and 

Phoenix, in winter and summer. In winter, the difference in clothing values between the 

two groups was the greatest. The average clothing insulation value in Marrakech in winter 

was twice as much as it was in Phoenix, 0.87 and 0.43 clo respectively. The difference in 

clothing insulation values between the two groups was also significant in summer. 

However, this difference was not as great as it was in winter. It was interesting to notice 

that the clothing insulation values of participants in Marrakech in summer was almost the 

same as it was for participants in Phoenix but in winter.  

.  
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Figure 6.10 Clothing insulation as a function of air temperature (Marrakech) 
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Figure 6.11 Clothing insulation as a function of air temperature (Phoenix) 
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Figure 6.12 Clothing insulation values of both groups in Marrakech and Phoenix 

 

  

Figure 6.13 Clothing insulation values of both groups in Marrakech and Phoenix in 
winter and summer 
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6.5.2 Changing place as a factor affects thermal evaluation outdoors 

Since very little can be done to mitigate high air temperatures outdoors, people tend to 

maintain their thermal comfort by reducing the solar gain by moving to shade. Seeking 

shade is an action of adaptation that people may use to reduce the effect of direct solar 

radiation on their bodies in outdoor environments. Moving to shaded areas is not the only 

action observed during the study; using umbrellas is another form of adaptation that was 

seen during observations in Phoenix. Umbrellas were used by pedestrians and by people 

sitting in the open public space (Figure 6.14). 

 

Figure 6.14 The use of umbrellas as a way of adaptation during summer in Phoenix 

Figure 6.15 shows the averages of the total numbers of people, and the number of people 

were found in shade calculated for each 3˚C of air temperature in Marrakech in winter. 

The average number of people was relatively high during winter. The average number of 

people was between 25 and 45. The maximum attendance occurred when the 

temperature was around 19˚C. Moreover, the percentage of the number of people in 

shade was always more than 50% of the total number of people in the space.  
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Figure 6.16 shows the averages of the total numbers of people alongside the number of 

people were found in shade calculated for each 3˚C of air temperature in Phoenix in 

winter. The average numbers of people varied during winter between 5 and 60. The 

number of people was increasing when the air temperature increased until it reaches 28˚C 

and the maximum attendance occurred at this point i.e. when the temperature was around 

28˚C and dropped after that. Moreover, the percentage of people in shade was always 

less than 50% of the total. The exception was at 28˚C where around 83% of the people in 

the Phoenix spaces were under the shade.  

Non-local visitors such as tourists preferred sitting in the sunlight in winter (Figure 6.17 

and Figure 6.18). Conversely, local people in Marrakech tend to avoid sitting in the direct 

sunlight in winter. In fact, it seems that there is a belief among the people of Marrakech 

that winter sun is harmful.  

As regards summertime, the averages of the total numbers of people besides the number 

of people who were found in shade calculated for each 3˚C of air temperature in 

Marrakech (Figure 6.19). It appeared that the average number of people was increasing 

between 28˚C and 37˚C and then dropped at 40˚C. Second, the percentage of the number 

of people in shade was always more than 50% of the total number of people in the space.  

Figure 6.20 shows the averages of the total numbers of people alongside the population 

who were found in shade calculated for each 3˚C of air temperature in Phoenix in 

summer. As can be seen, the number of people looks to be increasing with higher air 

temperatures. However, this is due to the high number of people were in Tempe Beach 

Park attending the water play area in the middle of the day when air temperatures were 

high. The number of people was increasing and the percentage of people who were in 

shade was less than 50% almost in all categories. Therefore, this can partly be explained 

by eliminating the effect of direct solar radiation, other factors may explain the high 

number of people who visited the places Phoenix. One of which could be the occurrence 

of social activities such as around water play areas or parties.  
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Figure 6.15 Total number of people in Marrakech sites compared to the number of 
people in shade as a function of air temperature in Marrakech in winter 
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Figure 6.16 Total number of in Phoenix sites compared to the number of people in 
shade as a function of air temperature in winter 
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Figure 6.17 Al Koutoubia Plaza in winter. Right: local people sitting in the shade. 
Left: tourists sitting in sunlight.   

 

 

Figure 6.18 Al Koutoubia Park in winter, local people sitting in the shade and a 
tourist in the sunlight.  
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Figure 6.19 Total number of people in Marrakech sites compared to the number of 
people in shade as a function of air temperature in Marrakech in summer 
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Figure 6.20 Total number of people in Phoenix sites compared to the number of 
people in shade as a function of air temperature in summer 
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6.5.3 Drinking as a factor affecting thermal evaluation outdoors 

Consuming cold or hot drinks is one way to alter the metabolic rate as a behavioural 

action to make individuals feel thermally comfortable.  As can be seen, almost 60% of 

participants in Phoenix consumed cold drinks as a measure to maintain their thermal 

balance and eventually their sensation of thermal comfort. On the other hand, only 30% of 

participants in Marrakech consumed cold drinks. Consumption of cool drinks to alter 

metabolic rate is considered as an action of coping with variable thermal comfort and 

according to Nikolopoulou and Steemers (2003) it is related to the long-term experience 

that people have gained through years of using similar spaces. This experience affects 

their expectations so that they get prepared for actions such as having cool drinks to alter 

the thermal stress when in the outdoor space. Since people in both cities Marrakech and 

Phoenix are expected to have such an experience, the difference in cold drink 

consumption shown in Figure 6.21 might be linked to the culture as well. It is unusual to 

see people, apart from tourists, in Marrakech sites holding or carrying a bottle of water or 

cold drink. On the other hand, it is typical for people in Phoenix sites to have water bottles 

not to mention ice creams and iced soft drinks.  

Consuming cold drinks in the sites investigated in this study is further evidence that 

adaptation was taking place to mitigate thermal condition. In addition, the difference in 

cold drink consumption between the two groups endorses the finding presented above 

and suggests that participants in Phoenix were better adapted to their thermal conditions 

compared with those in Marrakech. 
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Figure 6.21 Percentage of participants who were drinking cold drinks in Marrakech 
and Phoenix in summer  

6.5.4 Expectations and Experience 

Past experience makes people expect the thermal environment in an urban space to be in 

a certain condition. These expectations sometimes do not match the actual conditions in 

an urban open space and therefore affect the thermal perceptions of users. This effect 

can be examined by comparing the neutral and the preferred temperatures; in addition to 

the time spent by participants in the outdoor space. 

Table 6.3 compares neutral and preferred temperatures calculated in sections (6.3) and 

(6.4). The difference found is 0.20˚C and 0.65˚C in Marrakech and Phoenix respectively. 

The small difference between the neutral and preferred temperatures indicates the 

possibility that people in Marrakech have better expectations of the thermal conditions in a 

given time of the year.  
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Table 6.3 Neutral and Preferred temperature for both cites, Marrakech and Phoenix 

 

Neutral 
temperature 

Tn (˚C) 

Preferred 
temperature 

Tpref (˚C) 

The difference 
between Neutral 

and Preferred 
temperatures 

(˚C) 

Marrakech 22.03 22.20 0.17 

Phoenix 24.34 25.00 0.66 
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Figure 6.22 Mean time (in minutes) spent in place as function of weather 
expectation 

The time spent in the outdoor space is another factor that might be influenced by 

expectation. Figure 6.22 compares the average time spent in the space in Marrakech and 

Phoenix by those who correctly pre-estimated the weather condition during the interview 

day and those who did not. It can be seen that the time spent in the space by the first 
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group was relatively longer in both cities. Thus, the results indicate that participants’ 

expectations probably affect the time they spent in the outdoor spaces. However, this 

finding cannot be generalised because it is not statistically significant i.e. it is suitable only 

for this sample but not for the whole population in the two cities. Therefore, a larger 

sample is required to examine this phenomenon.  

In the direct approach, participants were directly asked about their pre-estimations of 

weather conditions on the day of the interview. Figure 6.28 and Figure 6.29 show the 

percentage of what participants had expected whether warmer, cooler or as pre-estimated 

in Marrakech and Phoenix in winter and summer.  
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Figure 6.23 How did you expect the weather to be like? (winter) 

In winter, as can be seen from Figure 6.23, almost 60% of participants in Phoenix had 

correctly expected weather conditions compared with 50% in Marrakech. Therefore, 

Phoenix participants had a slightly better expectation of weather conditions in winter 

compared to participants in Marrakech. However, Figure 6.23 also shows that, in 

Marrakech, more participants had expected the weather to be warmer than it was during 

the interview compared to Phoenix. In Marrakech, 13% of participants had expected the 

weather to be warmer compared to only 5% in Phoenix in winter. Hence, it might be 

anticipated that participants in Marrakech were more likely to feel thermally discomfortable 

in winter compared with Phoenix.  
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Figure 6.24 How did you expect the weather to be like? (summer) 

In summer, Figure 6.24 shows that around 90% of participants in Phoenix had correctly 

expected weather conditions compared with only 60% in Marrakech. Therefore, Phoenix 

participants also had better expectation of weather conditions in summer compared to 

participants in Marrakech. It appeared that the difference in the percentage of correct 

expectation in summer is much higher than that in winter. There was a significant 

difference between the two groups in overestimating conditions in summer. In Marrakech, 

32% of participants expected the weather to be warmer in summer while only 8% of 

participants in Phoenix had the same expectation. Therefore, it might be anticipated that 

more participants in Marrakech were likely to feel thermally comfortable in summer, as 

they expected the worse condition, compared with Phoenix.  
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Table 6.4 Neutral temperatures for both Marrakech and Phoenix groups in winter 
and summer. 

 

Neutral 
temperature 

(winter) 

Tn (˚C) 

R2 

Neutral 
temperature 

(summer) 

Tn (˚C) 

R2 

Marrakech 19.5 0.96 25.5 0.92 

Phoenix 23.5 0.97 26.5 0.99 

The 
difference 
between 

cities 

4  1  

 

Experience has a strong link with expectations so that according to their past experience, 

people prepare themselves for the expected weather by choosing appropriated clothes, 

time of being outdoors, type of activity etc. Differences in neutral temperatures were 

observed between the two groups. People thermal perceptions change through different 

seasons. Therefore, the thermal neutrality of participants in winter is expected to be 

different, specifically lower than that in summer and Table 6.4 confirms this. In this study, 

it was observed that the difference in thermal neutrality between the participants of 

Marrakech and Phoenix was greater in winter compared to summer. The difference was 

4˚C in winter and only 1˚C in summer. The findings show that winter as the season in 

which the two groups vary the most. A small difference in thermal neutrality was found 

between the two groups in summer. This indicates that participants from both cities had 

similar expectations of weather conditions in summer but not in winter.  

This finding may be explained in what follows. Experience reminds people that air 

temperature in the hot season is higher than in the cool season, with high levels of solar 

radiation. Since the hot season is dominant and longer in both Marrakech and Phoenix, 

people tend to tolerate high temperatures in summer. On the other hand, the high level of 

clothing insulation in Marrakech, the slightly lower air temperature and the lower solar 

radiation levels could have an influence on the relatively lower neutral temperature in 

winter.  
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6.6 The use of space: attendance, time, and activities  

The influence of cultural differences on the use of outdoor space under certain climatic 

conditions was studied by monitoring the number of people visiting the outdoor space 

(attendance); the activities that were taking place in the space; the time of the visiting as 

well as the length of stay in the outdoor space. Time spent in outdoor urban spaces can 

be regarded as an indicator of the satisfaction with the predominant conditions in a place, 

particularly with optional and social activities, which were defined in section 2.3.1. The 

longer the time spent in the public urban space the more successful the space is. 

Moreover, Gehl (2011) stated that the greater the number of people and longer time 

people spend in an outdoor space, the higher the level of activities that take place (Figure 

6.25). 

Activity

Time

Attendance

 

Figure 6.25 The relationship between attendance, time and activity in public urban 
spaces.  

6.6.1 Attendance and activity analysis 

Figures 6.26, 6.27 and 6.28 compare participants of the two cities in terms of number of 

visitors and activities observed in 30-minute intervals during the survey as well as the 

mean time spent by each participant. As can be seen from Figure 6.26, the mean number 

of people who visited the sites in Marrakech was higher than the mean number of people 

found in Phoenix. The average number of visitors in Marrakech sites was around 37 

during each 30-minute interval, while it was only 27 in Phoenix sites. Figure 6.27, 

however, shows that more activities occurred in Phoenix sites compared with Marrakech. 

The average number of activities in Phoenix sites was four activities during each 

observation interval (30 minutes), while it was only one activity in Marrakech. Figure 6.28 

shows the time spent by participants during the survey period in both cities. As can be 

seen, the average time spent by participants in Phoenix was significantly higher than that 

in Marrakech. People tended to spend approximately an hour and a half in Phoenix sites 

while those in Marrakech spent less than an hour on average.  
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Comparing the two cultural groups reveals that although the number of people was higher 

in Marrakech urban spaces all around the year, the number of activities and time spent in 

Phoenix spaces were higher. In Marrakech, however, fewer activities were taking place 

and people were outdoors, mainly in groups, in the late afternoon because it is part of 

their daily routine to escape the over-heated dwellings, as many reported. For example, 

some said: “It is too hot at home at this time of the day”. In contrast, in Phoenix, people 

generally tend to visit the sites in smaller groups or individually and be involved in 

activities such as reading, fishing, having lunch etc. They would move indoors where air 

conditioned spaces are available, such as in Tempe Marketplace, or they could go home, 

where most dwellings are air conditioned. It could be useful to have a closer look at each 

site individually. This could help in understanding how people were able to spend longer 

time outdoors in less perfect weather conditions. 

Further analysis were performed without considering the data obtained from Tempe 

Marketplace which has different features compared with the other four sites (Table 6.5) . 

The results did not show significant differences compared with the data inclusive of 

Tempe Market place except for the increase in the average time spent in Phoenix sites 

when the data of Tempe Marketplace were omitted. However, this does not change the 

initial findings. 

 

Figure 6.26 Mean number of people in sites in both cities 
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Figure 6.27 Mean number of activities in sites in both cities  

 

 

Figure 6.28 Mean time was spent in sites in both cities 
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Table 6.5 Comparing data with and with out participants in Tempe Marketplace 
(TMP). 

 Phoenix 

 

 With TMP data Without TMP data 

Mean number of people 29.03 27.12 

Mean number of activities 4.11 4.31 

Mean time spent on site 86.48 105.98 

 

Figures 6.29, 6.30 and 6.31 compare participants of the two cities in more detail by 

showing the three variables: number of people, number of activities and time that was 

spent in the space, of each of the five sites in summer and winter. As can be seen from 

Figure 6.29, in winter, the highest number of people is found in Tempe Marketplace in 

Phoenix. Both Marrakech sites also had high attendance rates. The average number of 

people in each time intervals was approximately 35-60 people in winter. The highest 

numbers of people in summer are found in Tempe Beach Park followed by Al Koutoubia 

Plaza and Al Koutoubia Park, where the average number of people in each time interval 

was between 45 and 80 people. The lowest number of people, on the other hand, is found 

in Chaparral Park in Phoenix, where the average number of people in each time interval 

was less than 10 people in both seasons.  

Figure 6.30 shows the mean number of activities in each site in winter and summer. The 

highest activity level is found in Tempe Beach Park in winter and that was around seven 

activities in each time interval. These activities include walking and jogging, walking a dog, 

water play, picnics, reading etc. On the other hand, the lowest number of activities is 

found in Al Koutoubia Plaza in winter as well as in summer and that was less than two 

activities in each time interval.  



Chapter 6  Thermal sensation and the use of urban public spaces 

 

138 
 

 
 Figure 6.29 Mean number of people in each site in Marrakech and Phoenix 

 

Figure 6.30 Mean number of activities that occurred in sites in both cities 
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Figure 6.31 Mean time spent in each site in Marrakech and Phoenix 

Figure 6.31 shows the mean time spent by participants in each site during the survey 

period. As can be seen, the longest time spent was in Chaparral Park in winter followed 

by Tempe Beach Park in summer. In Marrakech on the other hand, participants tended to 

spend more time in the plaza and into the evening time in summer. The average time 

spent in Chaparral Park was the longest of all; and this is likely due to the fishing activity 

which is very popular at this park and its participants spent longer time in the park due to 

the nature of this activity (Figure 6.32). 

Comparing numbers of people, numbers of activities and length time spent at each of the 

five sites shows that Chaparral Park (in Phoenix) had the lowest attendance throughout 

the year. At the same time, however, Chaparral Park had the longest staying time in 

winter. Among possible explanations of the relatively low number of people visiting 

Chaparral Park is the limited availability of shaded areas suitable for sitting. Despite the 

existence of some shaded areas including a barbecue shade, many seats were not 

carefully positioned to protect their users from direct sun when it is not required (Figure 6. 

33). Nevertheless, the problem of badly located seats can also be found in Tempe Beach 

Park and in Al Koutoubia Plaza, yet both sites have a better attendance rate  compared to 

Chaparral Park (Figure 6.34). 
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Figure 6.32 Fishing as an individual activity in Chaparral Park in Phoenix 

 

Figure 6.33 Low attendance in Chaparral Park in Phoenix 
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Figure 6.34 Motion activities in Phoenix public outdoor spaces 

Another possible explanation of the relatively low number of people visiting Chaparral 

Park is the nature of activities observed in this park. According to the criteria of this study, 

static activities, such as sitting and standing, were included in the count of people. Most 

activities observed in this park were physical activities such as jogging, walking dogs, 

skating, and riding bicycles in addition to other individual activities such as fishing. Unlike 

social activities such as chatting, playing, dating and picnicking, motion and individual 

activities do not require the presence of other people or groups and do not necessarily 

inspire or develop social engagement in the public space.  

Conversely, the rate of the social activities was noticeably higher in Tempe Beach Park 

and Al Koutoubia Plaza. Figure 6.35 shows the percentage distribution of social activities 

such as: chatting, playing, dating and picnics etc. versus other activities in the five public 

spaces of this study. It is obvious that Chaparral Park has the lowest percentage among 

all spaces in social activities i.e. less than 25%. The percentage of social activities of other 

spaces varied between 45% in Tempe Marketplace to 95% in Al Koutoubia Plaza. It might 

therefore be concluded that social activities appear to play an important role in attracting 

people to urban public spaces in the hot arid climate. Such activities could inspire groups 

and families to visit the outdoor space even in the middle of the day, as seen in Tempe 
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Beach Park. Social activities, therefore, could stimulate both attendance and the length of 

stay in the outdoor space which can encourage further activities to take place.  
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Figure 6.35 A radar chart showing the percentage distribution of social activities 
versus other activities 

Tempe Beach Park had the longest time spent by visitors amongst all sites in summer. 

This park also had the highest number of visitors and shares the highest number of 

activities with Chaparral Park in summer. A possible explanation for the long time that was 

spent in this park could be linked to the nature of activities observed in this park such as 

playing and picnicking, in addition to the arrangements of design elements. The water play 

area is a very popular part of Tempe Beach Park during summer. It attracts people in 

groups and families who spent longer times under the trees or the shades next to the 

water play area even during the middle of day (Figure 6.36). Moreover, people were 

involved in other social activities such as chatting and picnicking while watching their 

children playing. Tempe Beach Park had the lowest rate of thermal discomfort in summer; 

hence only 10% of participants had reported being thermally uncomfortable (Figure 6.37). 

It looks as though the combination of: shade availability; suitable seating areas; the type 

of activity, that involves water in this case; and on the top of that, the arrangements of 

these elements as a whole had met the needs of visitors (Figure 6.38).  
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Figure 6.36 A radar chart showing the percentage distribution of number of activities 
verses the number of groups in the space in the middle of the day  
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Figure 6.37 A radar chart showing the percentage distribution of thermal discomfort  
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Figure 6.38 High attendance in Tempe Beach Park  

 

6.6.2 Time of visiting analyses 

Examining patterns of use in different times of the day may reveal some variation between 

the two cultural groups. The number of people in each site was labelled by the time of the 

day i.e. morning, noon and, evening. It appeared that the difference in attendance 

between the middle of the day and evenings was greater in the Marrakech sites so that 

the number of people who visited the sites in Phoenix in the middle of the day was greater 

than that in Marrakech. It is not surprising that the number of people in Marrakech sites 

was generally lower in the middle of the day. It is common in Marrakech that people take a 

midday nap or a “siesta”, where the afternoon heat dramatically reduces work productivity. 

Figure 6.39 shows the number of people in each site labelled by the time of the day in 

weekdays. As can be seen, the number of people reached the maximum in the evening in 

all sites in both cities. Marrakech sites has a similar trend of distribution increasing from 

the morning to reach the maximum in the evening. The drop in solar radiation levels, 

during this time, is a key factor in reducing the heat gains which reduce the effect of high 

temperatures in summer evenings in both cities. The same trend can be found in Tempe 

Beach Park and Tempe Market Place in Phoenix. However, Chaparral Park, which has 

the least number of visitors during weekdays, shows different trend. Visitors of this park 

outnumbered those in the middle of the day. This is probably due to that fact that more 

people from the adjacent neighbourhood visit the Chaparral Park in the morning for 

jogging and dog walking.  
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Figure 6.40 shows the number of people in each site labelled by the time of the day in 

weekends. As can be seen, the number of people reached the maximum in the evening 

only in Marrakech sites. Phoenix sites has a different trend. More people tend to visit 

Phoenix sites in the middle of the day in weekends. This was particularly obvious in 

Chaparral Park where twice as many people visited the site during the middle of the day 

compared with the number of visitor in the evening.  Phoenix sites such as Chaparral and 

Tempe Beach Parks offer picnic facilities as well as shaded areas that was used by 

people including groups and families in the middle of weekend days. Tempe market place 

with its shopping stores and dining facilities also attracts visitors and families at this time 

of the day. The shaded areas were used during the middle of the day as expected.  

Figures 6.41 and Figure 6.42 show the mean air temperature in Marrakech and Phoenix in 

winter and summer. Figure 6.41 shows that the measures values of air temperature are 

similar between the two cities at all times of the day. The lowest values were measured in 

the morning time and it was just over 10˚C. The highest values were measured in the 

noon time and it was around 42˚C. Figure 6.42 shows that the main difference in air 

temperature values between the two cities is found at the noon time. As can be seen, from 

Figures 6.41 and Figure 6.42 small variation in air temperature is found between noon and 

evening time. Thus, the temporal difference in air temperature alone cannot explain the 

increasing use of outdoor spaces towards the evening time.  

Figure 6.43 shows the average number of groups17 in the outdoor space as a function of 

day hours in summer and winter. The secondary axis shows the average solar radiation 

values. As can be seen, the number of groups increased gradually from the morning 

hours to the evening in both cities. The number of groups was small, less than ten, in both 

cities before lunch time. It increased in Phoenix during lunch time before decreasing again 

in the afternoon. This shows one of the differences between the two cities. Unlike 

Phoenix, it is unpopular for people in Marrakech to have lunch in public spaces. This 

cultural difference may explain why more groups were found outdoors in Phoenix in the 

lunch time. It is appeared that despite the relatively high temperatures in both cities in the 

evenings, the number of groups was still increasing.  

  

                                                
17 defined as two persons or more in the space during the survey, 
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Figure 6.39 Mean number of people in the morning, noon and evening (weekdays). 
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Figure 6.40 Mean number of people in the morning, noon and evening (weekends). 
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Figure 6.41 The mean air temperature in Marrakech and Phoenix in winter 
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Figure 6.42 The mean air temperature in Marrakech and Phoenix in summer 
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Therefore, it can be argued that the increasing number of people or groups may be due to 

the end of the working day or the school days. However, the data include weekends and 

summer school holidays. Moreover, 23% of the interviewees were housewives, 

pensioners or unemployed. Hence, a possible explanation for this increase could be the 

low solar radiation values at that time of the day which attract people to visit the outdoor 

spaces. Despite the small variation in air temperature that was found between noon and 

evening time in both cities, Figure 6.43 shows that, in both cities, solar radiation values 

were significantly decreasing from over 600 W/m2 in the middle of the day to less than 200 

W/m2 in the evening. The drop in solar radiation level decreases the total heat gain of the 

body. Therefore, more thermally comfortable seating options will be available in public 

outdoor space for visitors to select from. Such thermal conditions makes outdoor spaces 

in Marrakech places to which people may escape the over-heated dwellings as many 

participants reported. 

 

Figure 6.43 Number of groups of people as function of time (solar radiation) 

6.6.3 Time of stay analyses 

Expectation and experience were examined under the effect of time spent by participants 

in the outdoor space. Hence, participants were asked about their weather expectations, 

and they were asked about the time they usually spend indoors and outdoors. The latter 

question was meant to examine the effect of participants’ experience on the time they 

spent outdoors. When examining the time people spent in different sites, it seems that the 
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participants who considered the weather conditions typical for the season tended to spend 

more time in the space. Those who did not consider the conditions as typical, or had no 

idea about the climatic conditions of the area at the time of the interview, spent less time 

in it, as shown in Figure 6.44. This is probably due to the unpleasant thermal conditions 

which they were not used to.  

People were asked about the time they usually spend indoors and outdoors during the 

week; they were divided accordingly into two groups, “outdoors individuals” and “indoors 

individuals”. Those who usually spend more time outdoors or the “outdoors individuals” 

tend to stay longer in the studied sites compared with the “indoors individuals” who spend 

more time indoors as shown in Figure 6.45. This is probably because of the experience of 

the “outdoor individuals” of the outdoor conditions and respective thermal conditions. 

The time spent outside is influenced by the environmental parameters. Solar radiation is 

shown to be a key parameter influencing the use of outdoor spaces in this study. The 

increasing intensity of mean solar radiation is associated with decreasing of the time spent 

in an outdoor space in a hot arid climate (Figure 6.46). 

In conclusion, the time spent by people outdoors in a hot arid climate is influenced by their 

thermal comfort. Among the factors proved to influence people’s thermal comfort are: their 

expectation of the weather, their experience of the outdoor conditions, and the intensity of 

solar radiation.  
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Figure 6.44 Mean time spent in place as function of weather expectation 

 

 
 

Figure 6.45 Mean time spent in place as function of the time usually spent indoors or 
outdoors 
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Figure 6.46 Solar radiation (W/m²) as function of time spent in place 

6.6.4 The influence of environmental parameters on the use of space 

Solar radiation is found to have the greatest and negative influence on both attendance 

and activities in summer. In general, with low air temperature, solar radiation increases 

the heat gain by individuals in outdoor public spaces and help in mitigating the heat 

balance so people can feel thermally comfortable. With increasing air temperature, the 

increasing solar radiation levels add to the body heat gain and may cause thermal 

dissatisfaction, thus individuals seek shade to eliminate the effect of solar radiation. The 

relationship between the number of people in the space and solar radiation (S) is found to 

be negatively and strongly correlated. For example, the number of people was highly 

correlated with solar radiation in site (5) Tempe Marketplace (r= -0.922, p<0.001). Thus, 

as the intensity of solar radiation increases, the number of people in the place decreases. 

Figure 6.47 shows an example of the effect of the direct solar radiation on the use of 

outdoor spaces in a hot arid climate. Despite the fact that the air temperature was similar 

in both cases A and B in Marrakech on two winter weekdays in the afternoon, the solar 

radiation level was higher in case B. Apparently the number of people in case A was much 

higher compared with case B. Negative but medium correlations were found between the 

number of people in the place and solar radiation (S) in sites (1, 2, and 3) Al Koutoubia 

Park, Al Koutoubia Plaza and Chaparral Park, (r=-0.685, p<0.001; r=-0.605, p< 0.001; and 

r= -0.488, p< 0.001) respectively. No significant correlation is found between the number 

of people and solar radiation in site (4) Tempe Beach Park. 
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Figure 6.47 The effect of solar radiation on attendance: A- overcast     B-sunny 

Similarly, the number of activities is found to be negatively and strongly correlated with 

solar radiation (S) in site (5), Tempe Marketplace (r= -0.867, p<0.001). Therefore, as the 

intensity of solar radiation increases, the number of activities decreases. Negative and 

medium correlations were found between number of people in the place and solar 

radiation (S) in sites (1, 2, 3, and 4) Al Koutoubia Park, Al Koutoubia Plaza, Chaparral 

Park and Tempe Beach Park (-0.462, p<0.001; -0.509, p< 0.01; -0.696, p< 0.001 and -

0.638, p< 0.005 respectively). 

In general, the influence of solar radiation on both attendance and activities was obvious 

in Tempe Marketplace. A possible explanation of this result could be related to the nearby 

air-conditioned premises such as shops, restaurants, cafés and a cinema. The availability 

of air conditioned premises in Tempe Marketplace is likely to make people less tolerant to 

the extra thermal load coming from the solar radiation on hot days, particularly because 

the main purpose of being around is to visit or use one of these amenities. Thus, why do 

people have to spend longer time in hot conditions outdoors while air-conditioning is an 

easy option indoors? In fact, Figure 6.48 shows that around 80% of participants in Tempe 

Marketplace were standing or sitting outdoors waiting for something, such as a film to start 

in the nearby cinema, or waiting for someone. Waiting, as reported by Gehl (2011), is a 

necessary activity that takes place under all conditions.  

 
 A B 
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Figure 6.48 A radar chart showing the percentage distribution of the reason for 
being in the outdoor space 

Previous studies in temperate climates such as that by Nikolopoulou et al. (2001) indicate 

that the number of people visiting an urban public space tends to increase when the levels 

of air temperatures and solar radiation increase in all seasons. However, studies in hot 

humid regions show that the number of people decreased in the hot season as the solar 

radiation increased (Lin 2009). In this study, the number of people and activities in the 

studied urban public spaces were negatively and strongly correlated with the solar 

radiation levels in all seasons. Therefore, as the intensity of solar radiation increases the 

numbers of people and activities decrease taking into account the relatively high air 

temperatures in hot arid regions. Moreover, the direct sunlight becomes more undesirable. 

Hence, people avoid the sun either by facing other direction of the sun or by covering or 

hiding their eyes such as in Figure 6.49 and Figure 6.50. 

One important implication of this finding is that a poor attention to design of the outdoor 

space may result in abandoned unshaded seating areas. It is possible though to mitigate 

the effect of solar radiation in outdoor spaces in hot arid climates by paying attention to 

design elements such as proper allocation of seats and shades. The design of outdoor 
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open space should eliminate solar radiation when it is not desirable i.e. on hot summer 

days and it should allow access of solar radiation in the open space when it is required i.e. 

early mornings in winter. 

Nevertheless, such design-related environmental improvements may not be sufficient to 

bring life to outdoor public spaces in a hot arid climate. Although good outdoor public 

spaces should provide a variation of shaded and unshaded seats; these spaces should 

also offer opportunities for social activities to develop, giving people a chance to visit the 

space with others, to meet others, or to watch others. 
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Figure 6.49 A visitor sitting sideways on a bench to avoid direct sunlight Al 
Koutoubia Plaza 

 
 

Figure 6.50 A group of ladies trying to avoid direct sunlight while sitting on a bench 
in Al Koutoubia Plaza  
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A good design that meets the thermal environment is essential; however, it could be the 

type of activity taking place that encourages people to get involved and start socialising 

with others, spending longer time in the outdoor public space and therefore attract more 

people in the outdoor space. It was also mentioned in the literature that more people and 

longer stays results in high levels of activityGehl (1996) (Figure 6.25). In general, a well-

designed outdoor space in addition to the type of activities which take place in it, together 

seem to attract people and give them chances to socialise and hence spend more time 

despite high air temperatures and high solar radiation intensity. It is not only the number 

but also the type of activity that encourage groups to start socialising and therefore attract 

more people and inspiring further activities to take place in the outdoor space.  

Following the above discussion, this study revealed that open public spaces in the hot arid 

climate that offer good design and allow social activities are likely to influence their user to 

stay longer. The design of outdoor open space in such a climate should eliminate the 

solar radiation when it is not desirable i.e. in hot summer days and it should allow access 

of solar radiation in the open space when it is required i.e. early mornings in winter. 

Moreover, variations of shaded and unshaded seating areas should be available so that 

people are not forced to use specific areas. The design should respond to users’ needs 

and bring people together without compelling them to do so.   

The capacity of the space to stimulate social activities by creating opportunities for people 

to meet, greet, play, or simply seeing and hearing other people. Social activities appear to 

play an important role in attracting more people to urban public spaces in the hot arid 

climate. Such activities could inspire groups and families to visit the outdoor space even in 

the middle of the day as seen in Tempe Beach Park. Social activities, therefore, could 

stimulate both attendance and the time of stay in the outdoor space which can promote 

further activities to take place. Eencouraging visitors to come into the outdoor space and 

spend longer time will influence further activities to take place which may encourage 

further visitors to explore and stay in the outdoor. 
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6.7 Conclusions 

In agreement with previous studies in different climates such as the study by Nikolopoulou 

et al. (2001) in the temperate climate of England and the study by Thorsson et al. (2004a) 

in the northern climate of Sweden, this study has found great inconsistencies between 

ASV and PMV values. The implication of this is that the thermal preferences of subjects in 

hot arid climates cannot be explained by heat-balance indices alone. Other behavioural 

and psychological factors may explain the difference between the actual thermal 

sensation and the calculated thermal sensation based on steady-state models such as 

PMV. Therefore, this finding expands the existing knowledge and provides evidence that 

merely dependence on physiological approach to evaluate thermal comfort outdoors in the 

hot arid climate is not sufficient.  

Thermal sensitivity and neutrality of visitors of urban public spaces in Marrakech and 

Phoenix were examined. The study has shown differences in thermal sensitivity and 

neutrality between the two cultural groups in Marrakech and Phoenix. Marrakech 

participants were thermally comfortable at a wider range of Tg. In other words, subjects in 

Phoenix were more sensitive to air temperature variations and solar radiation than 

subjects in Marrakech. The neutral temperatures for Marrakech and Phoenix are 22 ˚C 

and 24 ˚C Tg, respectively. The neutral temperature of Marrakech group is 2˚C lower than 

that in Phoenix, which is likely due to the difference in clothing insulation between the two 

groups that is discussed in section 6.8.1. These findings support the fact that thermal 

requirements of people in Marrakech and Phoenix must be considered separately despite 

the similarity in the prevailing climate in both locations.   

The preferred temperatures were calculated for Marrakech and Phoenix. The preferred 

temperatures for Marrakech and Phoenix participants are 22.2 and 25.0 ˚C Tg 

respectively, with a difference of 3˚C Tg, showing another evidence that thermal 

requirements of people in Marrakech and Phoenix should be considered separately. The 

differences between neutral and preferred temperatures in Marrakech and Phoenix are 

0.2 and 1.0 ˚C Tg respectively. The smaller difference between the neutral temperature 

and the preferred temperature in Marrakech, compared to that in Phoenix, indicates that 

Marrakech participants may had more tolerance to their thermal environment. 

An important and natural behaviour to improve thermal comfort is clothing adjustments. 

People in Marrakech tend to wear clothes that cover most of their bodies in winter and in 

summer for both genders, and this is possibly due to cultural rules. In Phoenix, on the 

other hand, people have less cultural restrictions on what they wear. Therefore, they wear 
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lighter clothes particularly in summer e.g. T-shirts, shorts, short skirts, etc. The average 

clothing insulation value in Marrakech was twice as much as it was in Phoenix, 0.87 and 

0.43 clo respectively. The difference in clothing insulation values between the two groups 

was also significant in summer. Therefore, people in Marrakech may feel thermally 

comfortable in a lower air temperature compared to people in Phoenix  

Consuming cold or hot drink is one way to alter the metabolic rate as a behavioural action 

to make individuals feel thermally comfortable. This study shows that almost 60% of 

participants in Phoenix consumed cold drinks as a measure to maintain their thermal 

balance and eventually their sensation of thermal comfort. On the other hand, only 30% of 

participants in Marrakech consumed cold drinks. On possible explanation of this is cultural 

difference. It is unusual to see people, apart from tourists, in Marrakech sites holding or 

carrying a bottle of water or cold drink. On the other hand, it is typical for people in 

Phoenix sites to have water bottles not to mention ice creams and iced soft drinks. 

Consuming cold drinks in the sites investigated in this study is evidence that adaptation 

was taking place to mitigate thermal condition. 

The past experience makes people expect the thermal environment in an urban space to 

be in a certain condition. These expectations, sometimes, do not match the actual 

conditions in an urban open space and therefore influence the thermal perceptions of 

visitors. The neutral and preferred temperatures; in addition to the time spent by 

participants in the outdoor space were examined to study the effect of expectations on 

thermal comfort.  

The difference between the neutral temperature Tn and the preferred temperature Tp was 

greater in Marrakech than in Phoenix. The difference was 0.2˚C and 1.0˚C in Marrakech 

and Phoenix respectively. The small difference between neutral and preferred 

temperature indicates good level of weather expectation. Therefore, compared to 

Phoenix, people in Marrakech had better expectations of the thermal conditions in a given 

time of the year. The time spent in the outdoor space is another factor that could be 

influenced by expectation. The time spent in space by the visitors who correctly predicted 

the weather condition was relatively longer in both cities. However, a larger sample is 

required to examine this phenomenon to be able to generalise.  

This study shows that participants who usually spend more time outdoors due to this life 

style “outdoors individuals” tend to stay longer in the studied sites compared with the 

“indoors individuals” who spend more time indoors. This is probably because the “outdoor 

individuals” have better experience of the outdoor conditions and respective thermal 
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conditions. Experience has a strong link with expectations so that according to their past 

experience, people prepare themselves for the expected weather by choosing 

appropriated clothes, time of being outdoors, type of activity etc.  

The difference in thermal neutrality between winter and summer was greater within 

Marrakech group compared to Phoenix group. Also in this study, it was observed that the 

difference in thermal neutrality between the two cultural groups was greater in winter 

compared to summer. The difference was 4.0˚C in winter and only 1.0˚C in summer. The 

small difference in thermal neutrality between the two groups in summer indicates that 

participants form both cultures had similar expectations to weather conditions in the hot 

season. People know from their past experiences that air temperature in the hot season is 

higher than in the cool season so people tend to tolerate high temperatures in both 

Marrakech and Phoenix. In winter, however, the difference in the neutral temperatures 

was greater. The high level of clothing insulation in Marrakech is a possible cause of the 

relatively lower neutral temperature compared to Phoenix.  

The influence of cultural differences on the use of outdoor space under certain climatic 

conditions was examined. Time, attendance, and activities were monitored and analysed. 

In Marrakech, fewer activities were taking place and people were outdoors, mainly in 

groups, in the late afternoon because it is part of their daily routine to escape the over-

heated dwellings as many reported. On the contrary, people in Phoenix were generally 

tend to visit the outdoor spaces individually or in small groups and involved in activities 

such as reading, fishing, having lunch etc. They would move indoors where air 

conditioned spaces are available, such as in Tempe Marketplace; or they can go home 

where most dwellings are air conditioned. 

Solar radiation is shown to be a key parameter influencing the use of outdoor spaces in 

this study. The increasing intensity of mean solar radiation is associated with decreasing 

of the time spent in an outdoor space in a hot arid climate. The drop of solar radiation 

levels decreases the total heat gain of the body. Therefore, more thermally comfortable 

seating options will be available in public outdoor space for visitors to select from. The 

number of people and activities in the studied urban public spaces were negatively and 

strongly correlated with the solar radiation levels in all seasons. Therefore, as the intensity 

of solar radiation increases the numbers of people and activities decreases taking in 

account the relatively high air temperatures in hot arid regions. One important implication 

of this finding is that a poor attention to design may result in abandoned unshaded seating 

areas. It is possible though to mitigate the effect of solar radiation in outdoor spaces in hot 

arid climates. The design of outdoor open space in such a climate should eliminate the 
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solar radiation when it is not desirable i.e. in hot summer days and it should allow access 

of solar radiation in the open space when it is required i.e. early mornings in winter.  
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7 Conclusions  

7.1  Introduction 

This final chapter gives a summary of the research and attempts to outline the answers to 

the research questions. It states the research scope and limitations and suggests issues 

for future work and further investigation.  

7.2 Summary of the study 

Despite the increasing interest in outdoor thermal comfort studies, little attention has been 

paid to the hot arid climate. Most studies in the hot arid climate regions have followed the 

urban climatology approach that was referred to in chapter 3. In such research, the focal 

centre of the research is on the interaction between the environmental elements and the 

physical settings of the space, with little consideration given to the human factor. The 

thermal effect on visitors was studied using standard thermal indexes. Thus, in majority of 

cases, the adaptive actions as well as the influence of cultural variations on the 

perceptions of the thermal environment were given little attention. 

This thesis aimed to extend the understanding of outdoor thermal comfort to the hot arid 

climates. It studies the complex relationship between the outdoor thermal environments 

and the thermal sensation of visitors, their adaptive actions, and their use of space. The 

study also sought to investigate the influence of culture on the subjective evaluation of 

thermal environments in outdoor urban spaces in hot arid regions. 

For these reasons, case studies were carefully selected in two different parts of the world 

(Marrakech in North Africa and Phoenix-Arizona in North America) to represent a variety 

of visitors in similar climatic context. This enabled the study to consider the effects of the 

socio-economic and cultural diversity on thermal sensation, behaviour and use of space. 

In addition, field surveys enable studying the complex relation between both physical and 

subjective variables. Therefore, a causal comparative design based on field surveys has 

been chosen for this study. A combination of physical and human measurements was 

used to collect environmental data and to measure human attitudes. 

The physical measurements consist of measuring the microclimatic variables in each site 

and estimating activity level and clothing insulation of the investigated subjects. In 

addition, the human behaviour monitoring consists of two approaches: first, a 

questionnaire to which participants responded through structured interviews; second, in 
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conjunction with the interviews, formal observations performed by the investigator during 

field work days.  

Five sites were carefully selected in two different parts of the world (Marrakech in N. Africa 

and Phoenix-Arizona in N. America). The choice considered the following factors to meet 

the objectives of this study: the selected sites had to be located in a hot-arid climatic zone; 

participation from different socio-cultural backgrounds to enable examination of effects of 

cultural differences on the thermal sensations and use of outdoor spaces; different space 

typologies enabled exploration of how design affects the use of space through the 

creation of different microclimates. 

Pre-field work preparations were made to select suitable sites for this research. Research 

materials were also arranged and tested. After initial analysis of each one of the selected 

sites the actual field work was started. Data collection included both physical 

measurements and human behaviour monitoring.  

7.3 Addressing research questions and objectives 

As already mentioned in the introduction of this thesis, this study attempts to answer the 

following:  

1. Can the outdoor thermal comfort in hot arid climates be assessed by the 

physiological approach only (i.e. the heat-balance indices alone.)? 

2. How people from different cultures in the hot-arid climate evaluate their actual 

thermal conditions?  

3. What is the relative contribution of the environmental parameters to thermal 

perceptions of the visitors of urban public spaces in hot arid climates?   

4. Are there any differences in the thermal comfort requirements between different 

cultures in the hot-arid climate including neutral and preferred temperatures?  

5. How people from different cultures in the hot-arid climate use urban public 

spaces? 

Therefore, the following set of objectives has been developed:   

5. To conduct field surveys in outdoor spaces within the hot arid climate. This 

includes:  

a. The selection of suitable sites that allow studying the influence of culture on 

the subjective assessment of thermal sensation, and define socio-

economic groups to compare thermal comfort requirements among them. 
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b. Human monitoring through on-site structured interviews and formal 

observations to record people attendance and activities. 

c. Physical measurements of microclimatic parameters simultaneously 

conducted with the human monitoring. 

6. To evaluate the physiological approach in a hot arid climate by comparing actual 

thermal sensation votes with predicted sensation votes which are obtained from a 

heat-balance model.  

7. To investigate the relationship between the environmental parameters and the 

actual sensation vote (ASV) in different cultures, by using Chi-square (χ²) test of 

independence, and study the impact of this relationship on the use of the outdoor 

spaces. 

8. To examine factors that affect thermal adaptation between cultures by studying the 

behaviour of people in public spaces of Phoenix and Marrakech.  

9. To measure and compare neutral temperatures and preferred temperatures of the 

cultural groups, using the mean thermal sensation vote responses. 

7.4 Summary of the findings of the study  

7.4.1 The physiological approach and the thermal comfort assessment  

The current study found that the solely physiological approach is insufficient to assess the 

outdoor thermal comfort conditions in hot arid climates. The subjective thermal 

sensations, represented by ASV were compared with the PMV as a heat-balance model. 

The outcome shows a great inconsistency between ASV and PMV values indicating that 

the thermal preferences of subjects in hot arid climates cannot be explained by heat-

balance indices alone. This finding is in agreement with Nikolopoulou et al. (2001) in their 

study in temperate climate of Cambridge which showed that “purely physiological 

approach is inadequate to characterise thermal comfort conditions outdoors”. Therefore, 

this finding expands the existing knowledge and provides evidence that merely 

dependence on physiological approach to evaluate thermal comfort outdoors in the hot 

arid climate is not sufficient. Other factors, such as behavioural and psychological 

adaptation may explain the difference between the actual thermal sensation and the 

calculated thermal sensation based on steady-state models such as PMV.  

7.4.2 The relative contributions of the environmental parameters  

Two steps were followed to find the relative contribution of the environmental parameters 

on thermal perceptions of the visitors of urban public spaces in hot arid climates. First, a 
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correlation analysis was carried out between ASV and the environmental parameters. 

Second, best correlated environmental parameters with ASV selected for further analysis 

using ordinal regression. The correlation analysis show that Tg, Tair, RH, WS are all 

significantly correlated, but with different strengths, with ASV in both cities. Therefore, it 

can be analysed by using the ordinal regression analysis. ordinal regression. The ordinal 

regression was used because the actual sensation vote ASV is an ordinal variable. 

The ordinal regression analysis was carried out to examine how the environmental 

variable related to the actual thermal sensation votes of participates. Globe temperature 

Tg appeared to be the most important predictor of thermal sensation in Marrakech and 

Phoenix. Since Tg combines the effect of both solar radiation and air temperature, its 

influence suggests the importance of solar radiation intensity together with air 

temperature. Although, air temperature is difficult to mitigate in the outdoor settings, solar 

radiation can be mitigated by design and landscaping. For example, providing trees that 

can be used as shelters from sun light with air temperature days, and it should allow the 

sun light in winter with low air temperature days. Environmental variables such as air 

temperature and solar radiation, therefore, could have a great impact on the use of the 

outdoor spaces in the hot arid climate, and may determine the number of people and 

activities in them.  

7.4.3 Factors influencing thermal sensation in Marrakech and Phoenix 

ix. Clothing 

 An important and natural behaviour to improve thermal comfort is clothing adjustments. In 

winter, it was observed that people in Marrakech tend to wear clothes that cover most of 

their bodies in winter and in summer for both genders, and this is possibly due to cultural 

rules In Phoenix, on the other hand, people have less cultural restrictions on what they 

wear. Therefore, they wear lighter clothes particularly in summer e.g. T-shirts, shorts, 

short skirts, etc. The average clothing insulation value in Marrakech was twice as much as 

it was in Phoenix, 0.87 and 0.43 clo respectively. The difference in clothing insulation 

values between the two groups was also significant in summer. However, this difference 

was not as great as it was in winter.  

x. Changing place 

Since very little can be done to mitigate high air temperatures outdoors, in addition to 

clothing adjustments, moving from sun to shade is another way by which participants 

adapt to mitigate their thermal conditions. Seeking shade is an action of adaptation that 

people may use to reducing the effect of direct solar radiation on their bodies in outdoor 
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environments. Moving to shaded areas is not the only action observed during the study; 

using umbrellas is another form of adaptation seen during observations in Phoenix. 

People in Marrakech tend to avoid sitting under the direct sunlight in winter. In general, 

the percentage of people in shade to other under the sun is higher in Marrakech 

compared to Phoenix. The high number of people under the sun in Phoenix might be 

attributed to certain activities were taking place such as playing with water splash. The 

difference between the air temperature at which maximum attendance occurred in 

Marrakech and Phoenix was noticeable i.e 19˚C and 28˚C respectively. This finding might 

be linked to another finding in this study that levels of clothing insulation were significantly 

higher in Marrakech throughout the year. Therefore, people in Marrakech may feel 

thermally satisfied in a lower air temperature compared to the people in Phoenix.  

xi. Cold drinks 

Consuming cold or hot drink is one way to alter the metabolic rate as a behavioural action 

to make individuals feel thermally comfortable. Almost 60% of participants in Phoenix 

consumed cold drinks as a measure to maintain their thermal balance and eventually their 

sensation of thermal comfort. On the other hand, only 30% of participants in Marrakech 

consumed cold drinks. This can be due to cultural difference as it is unusual to see 

people, apart from tourists, in Marrakech sites holding or carrying a bottle of water or cold 

drink. On the other hand, it is typical for people in Phoenix sites to have water bottles not 

to mention ice creams and iced soft drinks. Consuming cold drinks in the sites 

investigated in this study is evidence that adaptation was taking place to mitigate thermal 

condition. 
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xii. Experience and expectations  

The past experience influences expectations of the thermal environment in an urban 

space to be in a certain condition. These expectations, sometimes, do not match the 

actual conditions in an urban open space and therefore influence the thermal perceptions 

of visitors. The neutral and preferred temperatures; in addition to the time spent by 

participants in the outdoor space were examined to study the effect of expectations on 

thermal comfort.  

The difference between the neutral temperature Tn and the preferred temperature Tp was 

0.2˚C and 1.0˚C in Marrakech and Phoenix respectively. The small difference between 

neutral and preferred temperature indicates good level of weather expectation. Therefore, 

compared to Phoenix, people in Marrakech had more realistic expectations of the thermal 

conditions in a given time of the year. The time spent in the outdoor space is another 

factor that could be influenced by expectation. The time spent in space by the visitors who 

correctly predicted the weather condition was relatively longer in both cities. However, a 

larger sample is required to examine this phenomenon to be able to generalise.  

This study shows that participants who usually spend more time outdoors due to their life 

style, “outdoors individuals”, tend to stay longer in the studied sites compared with the 

“indoors individuals” who spend more time indoors. This is probably because the “outdoor 

individuals” have better experience of the outdoor conditions and respective thermal 

conditions. Experience has a strong link with expectations so that according to their past 

experience, people prepare themselves for the expected weather by choosing 

appropriated clothes, time of being outdoors, type of activity etc.  

The difference in thermal neutrality between winter and summer was greater within the 

Marrakech group compared to the Phoenix group. Also in this study, it was observed that 

the difference in thermal neutrality between the two cultural groups was greater in winter 

compared to summer. The difference was 4.0˚C in winter and only 1.0˚C in summer. The 

small difference in thermal neutrality between the two groups in summer indicates that 

participants from both cultures had similar expectations to weather conditions in the hot 

season. People know from their past experiences that air temperature in the hot season is 

higher than in the cool season so people tend to tolerate high temperatures in both 

Marrakech and Phoenix. In winter, however, the difference in the neutral temperatures 

was greater. The high level of clothing insulation in Marrakech is a possible cause of the 

relatively lower neutral temperature compared to Phoenix. 
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7.4.4 Cross-cultural outdoor thermal comfort evaluation 

Another important finding was that people from different cultures in the hot arid climate are 

likely to evaluate their thermal conditions differently. Culture can be defined as “The 

system of information that codes the manner in which people in an organized group, 

society or nation interact with their social and physical environment.” (Reber 1985). 

Therefore,Knez and Thorsson (2006) assumed in their study that different 

geographical/climatic zones can also be defined as different cultures. 

In their study in the temperate climate,Knez and Thorsson (2006) suggested that urban 

public spaces with similar environmental conditions would be evaluated differently by 

people living in different cultures. They concluded that investigation is required on the 

cultural function of urban spaces in relation to their thermal conditions. The current study, 

therefore, examined how the thermal conditions are evaluated by people in different 

cultures in the hot arid climate, the subjective thermal evaluation of the two groups, in 

Marrakech and Phoenix, were compared against each other. (ASV) was used as a 

dependant variable and the two cultural groups as the independent variable. Chi-square 

(χ²) test of independence was conducted to compare (ASV) of Marrakech and Phoenix 

participants. 

The influence of culture appears when participants in Marrakech evaluated their thermal 

environment differently compared to Phoenix. Since no significant differences were found 

between the main environmental variables measured in Marrakech and Phoenix for the 

purpose of this study as can be seen in section 5.4.1 in chapter 5; the reason why people 

in Marrakech and in Phoenix evaluated their thermal conditions differently is not 

necessarily due to differences in the environmental variables between the two cities. 

Other factors such as thermal adaptation that varies between the two cultures may 

influence this relationship. 

7.4.5 Cross-cultural outdoor thermal comfort requirements  

People from different cultures in hot arid climates are likely to have diverse thermal 

comfort requirements. This study posed the question of whether there are any differences 

in the thermal comfort requirements, such as thermal sensitivity and thermal neutrality, 

between different cultures in the hot arid climate. Therefore, thermal sensitivity and 

neutrality of visitors of urban public spaces in Marrakech and Phoenix were examined. 

Because of the significance of the globe temperature Tg, as a predictor of the thermal 

sensation that is found in this study, it was therefore used as a thermal index to calculate 

the neutral temperature and examine the thermal sensitivity. The sensitivity of participants 
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to the outdoor thermal conditions was evaluated by examining the mean thermal 

sensation vote responses plotted against the globe temperature Tg. The fitted regression 

lines for subject sensation verses Tg in the two cities are:  

In Marrakech: ASV = 0.072• Tg - 1.6     (R2 = 0.96, p<0.001)                 (1) 

In Phoenix:     ASV = 0.112• Tg - 2.7     (R2= 0.96, p<0.001)                  (2) 

The values of (R²) in Equation (1) and (2) indicates a high significance between the 

subject thermal sensations ASV and the globe temperature Tg, which supports similar 

findings obtained by the ordinal regression analysis presented above. The slope of fitted 

lines indicates the thermal sensitivity of subjects to such a variation. The slope value 

0.072 corresponds to 13.88 ˚C Tg per sensation unit in Marrakech, and the slope value 

0.112, corresponds to 8.92 ˚C Tg per sensation unit in Phoenix. It means that people in 

Marrakech were thermally comfortable at a wider range of Tg. In other words, subjects in 

Phoenix were more sensitive to air temperature variations and solar radiation than 

subjects in Marrakech. 

A possible explanation of why people in Phoenix were found to be more thermally 

sensitive, might be that the majority of participants there were indoors just before coming 

outside, considering that most indoors spaces in Phoenix are air conditioned including 

dwellings, shops, cafes; as well as cars and public transportation. Actually, 86% of 

participants in Phoenix spaces were indoors just before visiting the outdoor space where 

they were interviewed compared to 60% in Marrakech. Moreover, participants in Phoenix 

were actually found to spend longer time in air conditioned spaces just before coming to 

the open space. In fact, 70% of participants in Phoenix were in an air conditioned space 

60 minutes or less before the interview took place in summer. In Marrakech, however, 

only 12% of participants were in an air conditioned space 60 minutes or less before the 

interview. 

The neutral temperature (Tn) can be calculated by using equations (1) and (2) when ASV= 

0. Therefore, the neutral temperatures for Marrakech and Phoenix are 22.03 ˚C and 

24.34. ˚C Tg, respectively. As can be seen, the neutral temperature of Marrakech group is 

2.30˚C lower than that in Phoenix, which is likely due to the difference in clothing 

insulation between the two groups. The differences in thermal sensitivity and neutrality, 

between the two cultural groups in Marrakech and Phoenix, support the fact that thermal 

requirements of people in Marrakech and Phoenix must be considered separately despite 

the similarity in the prevailing climate in both locations. 
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Given the difference in the thermal requirements of urban public space visitors in 

Marrakech and Phoenix and the possibility of thermal adaptation occurrence, this study 

has attempted to investigate the underlying reasons for this difference. The adaptive 

approach to thermal comfort suggests that when it is challenging to enhance the 

immediate environment, people can take adaptive actions to ease their comfort 

conditions. The difference in the way visitors of public urban spaces adapt to their thermal 

environment may explain the differences between the thermal requirements of people in 

Marrakech and Phoenix. Therefore, the preferred temperatures were calculated for 

Marrakech and Phoenix. The preferred temperature is the temperature that people 

actually want, compared to the neutral temperature in which people feel comfortable. The 

smaller difference between the neutral and preferred temperature for a group of people is 

the more adapted with the thermal environment they are. 

The preferred temperatures for Marrakech and Phoenix participants are 22.20 and 25.00 

˚C Tg respectively, with a difference of 2.80˚C Tg, confirming that thermal requirements of 

people in Marrakech and Phoenix should be considered separately. This difference in 

preferred temperatures indicates the occurrence of thermal adaptation. Therefore, 

comparing the preferred temperatures with the neutral temperature could explain which 

group is better adapted to its environment. The smaller difference between the neutral 

temperature and the preferred temperature in Marrakech, compared to that in Phoenix, 

indicates that Marrakech participants were better adapted to their thermal environment. 

7.4.6 Cross-cultural use of outdoor public spaces 

Another finding of this study is that people from different cultures in a hot arid climate may 

use urban public spaces differently. The influence of cultural differences on the use of 

outdoor space under certain climatic conditions was examined. Time, attendance, and 

activities were monitored and analysed. The number of people was higher in Marrakech 

urban spaces all around the year, yet the number of activities and time spent in Phoenix 

spaces were higher. In Marrakech, however, fewer activities were taking place and people 

were outdoors, mainly in groups, in the late afternoon because it is part of their daily 

routine to escape the over-heated dwellings as many reported, For example, some said: 

“it is too hot at home at this time of the day”. Phoenix, people generally tend to visit the 

outdoor spaces in individually or small groups and involved in activities such as reading, 

fishing, having lunch etc. They would move indoors where air conditioned spaces are 

available, such as in Tempe Marketplace; or they can go home where most dwellings are 

air conditioned. 



Chapter 7  Conclusions  

 

171 
 

The time spent outdoors in a hot arid climate is influenced by visitors’ thermal comfort, 

which proved to be influenced by expectations of the weather and the experience of the 

outdoor conditions. It seems that the participants who considered the weather conditions 

typical for the season tended to spend more time in the space. Those who did not 

consider the conditions as typical at the time of the interview, spent less time. Moreover, 

participants who usually spend more time outdoors or the “outdoors individuals” tend to 

stay longer in the studied sites compared with the “indoors individuals” who spend more 

time indoors. This is probably because of the experience of the “outdoor individuals” of the 

outdoor conditions and respective thermal conditions. 

The time spent outside is influenced by the environmental parameters. Solar radiation is 

shown to be a key parameter influencing the use of outdoor spaces in this study. The 

increasing intensity of mean solar radiation is associated with decreasing of the time spent 

in an outdoor space in a hot arid climate. The solar radiation values in both cities were 

decreasing from over 600 W/m2 in the middle of the day to less than 200 W/m2 in the 

evenings. The drop of solar radiation levels decreases the total heat gain of the body. 

Therefore, more thermally comfortable seating options should be available in public 

outdoor space for visitors to use. 

The number of people and activities in the studied urban public spaces were negatively 

and strongly correlated with the solar radiation levels in all seasons. Therefore, as the 

intensity of solar radiation increases the numbers of people and activities decreases 

taking into account the relatively high air temperatures in hot arid regions. One important 

implication of this finding is that a lack of consideration of microclimatic parameters may 

result in abandoned unshaded seating areas. It is possible though to mitigate the effect of 

solar radiation in outdoor spaces in hot arid climates. The design of outdoor open space in 

such a climate should eliminate the solar radiation when it is not desirable (i.e. in hot 

summer days) and it should allow access of solar radiation in the open space when it is 

required (i.e. early mornings in winter). 

Design-related environmental improvements may not be sufficient to bring life to outdoor 

public spaces in a hot arid climate. There were examples of open public spaces with 

acceptable physical design, yet they still have low levels of attendance and activities. On 

hot days, people choose not to be outdoors when getting to the indoor air conditioned 

space is an option. The availability of air conditioned premises is likely to make people 

less tolerant to the extra thermal load coming from the solar radiation in hot days. On the 

other hand, social activities appear to play an important role in attracting people to urban 

public spaces in the hot arid climate. Such activities could inspire groups and families to 



Chapter 7  Conclusions  

 

172 
 

visit the outdoor space even in the middle of the day as seen in Tempe Beach Park. 

Social activities, therefore, could stimulate both attendance and the time of stay in the 

outdoor space which can promote further activities to take place.  

A good urban outdoor space design in the hot arid climate is that which provides 

variations of shaded and unshaded seating areas and provides opportunities for social 

activities to develop. It gives people a chance to meet others, or to watch others. It is 

essential that the design of urban public spaces respond to the thermal environment of the 

hot arid climate. However, it is the type of activities which the space offers that 

encourages people to get involved and start socialising with others, spending longer time 

and therefore inspire more actives to take place.  

7.5 Research contribution to knowledge 

The current study found that the solely physiological approach is insufficient to assess the 

outdoor thermal comfort conditions in hot arid climates. This finding is in agreement with  

Nikolopoulou et al. (2001) study in Cambridge in the UK, and another study by Thorsson 

et al. (2004a) in Sweden. Both studies showed that “purely physiological approach is 

inadequate to characterise thermal comfort conditions outdoors”. 

Environmental variables such as air temperature and solar radiation, could have a great 

impact on the use of the outdoor spaces in the hot arid climate, and may determine the 

number of people and activities in them. Although, air temperature is difficult to mitigate in 

the outdoor settings, solar radiation can be mitigated by design and landscaping. For 

example, providing trees that can be used as shelters from sun light with air temperature 

days, and it should allow the sun light in winter with low air temperature days. 

The study also shows that participants who usually spend more time outdoors due to their 

life style, “outdoors individuals”, tend to stay longer in the studied sites compared with the 

“indoors individuals” who spend more time indoors. This is probably because the “outdoor 

individuals” have better experience of the outdoor conditions and respective thermal 

conditions. Experience has a strong link with expectations so that according to their past 

experience, people prepare themselves for the expected weather by taking adaptive 

measures such as choosing appropriated clothes, time of being outdoors, type of activity 

etc.  

Another important contribution of this study was that people from different cultures in the 

hot arid climate are likely to evaluate their thermal conditions differently, have diverse 

thermal comfort requirements, and use urban public spaces differently as well. 
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Design-related environmental improvements is necessary but it may not be sufficient to 

bring life to outdoor public spaces in a hot arid climate. On the other hand, social activities 

appear to play an important role in attracting people to urban public spaces in the hot arid 

climate. Access to good open public spaces seems to be a need rather than a luxury for 

urban inhabitants, and open public spaces in the hot arid climate that offer good design 

and allow social activities are likely to influence their user to stay longer.  

7.6 Recommendations for future research  

It is recommended that further research on outdoor thermal comfort in hot arid climates to be 

undertaken in the following areas: 

 The design and allocation of seating elements require further investigation. What 

implication has the rigidity or flexibility of seats on the thermal comfort of users of 

the outdoor space? It would be particularly interesting to study the effect of seats 

allocation on the development of social activities in public spaces. The findings of 

such studies may lead to a better understanding of the relationship between 

comfort, design and social interaction in outdoor public spaces. 

 Globe temperature was used in this study as the outdoor thermal comfort index. 

Other outdoor thermal comfort indices, for example, outdoor standard effective 

temperature (OUT_SET*) (Spagnolo and de Dear 2003) and physiological 

equivalent temperature (PET) (VDI 1998) might be used and compared for best 

evaluation.  

 Further work needs to be done to cover more geographical areas within the hot 

arid climate since this study covers only Marrakech and Phoenix. Such an 

expansion may generalise the findings of this study or explain any particularity 

associated with the sites of current study.  

 More research is needed to study the influence of thermal comfort on the use of 

outdoor public spaces in hot arid climates by young and older people. A greater 

focus should be on the relationship between thermal comfort and the time being 

spent by young and older people and how that may affect their health and will 

being in such climates. 

  Investigating the thermal requirements and use of outdoor spaces by different social 

groups by using robust classification methods. This may extend the understanding of 

the thermal and particular needs of each of these groups. 
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Appendix A: the questionnaire form 

University of Bath   

Department of Architecture & Civil Engineering 

Location                                     Date:                            

Start time: ………….…              No……                      

 

- A - 

1. What is your sun preference at this moment?   

1.  Prefer more sun     2.  No change    3.  Prefer more shade       4.  N/A 

  

2. How would you describe the wind situation at the moment?  

1.  Calm                2.                 3.                 4.             5.  Very windy               

 

3. How would you prefer the wind situation to be at the moment?  

1.  Prefer more wind    2.  No change    3.  Prefer less wind                                                                    

       

4. What do you think of the humidity at this moment?   

1.  Damp                      2.                       3.                 4.                 5.  Dry 

 

5. At the moment, do you find the weather to be:  

1.  Cold     2.  Cool       3.  Neither cool nor warm      4.  Warm        5.  Hot 

                                                     

6. Would you like it to be: 

1. Cooler    2. No Change    3. Warmer                              

 

7. With regard to the overall weather conditions here, 

 do you feel comfortable at this moment?  

 

 

 

 

MAP 

 

 

 

Map 
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1. Yes     2.  No 

 

- B - 

8. What would you do if it gets warmer/cooler? (Open question) 

1.  Change place     2.  Clothes on        3.  Clothes off          4. Hot drink             5. Cold drink        

6. Nothing/ Don't know      7. Other:………….     

  

9. Did you live in an area with similar climate to this during your childhood?  

    If no, what was the climate there?       1. Yes    2. No cooler/ colder     3. No warmer/hotter 

 

10. Where do you spend most of your time during the weekdays? 

1.  Indoors         2.  Equally between both             3.  Outdoors                            

                           

11. Do you think that today’s weather is typical for this time of the year?  

1.  Yes                2.  No                   3.  Don’t know    If no, what do you think it should be like? 1.  Cooler/colder     2.  

Warmer/hotter                              

     

12. How often do you use this place? At least once 

1.  Every Day           2.  Every Week         3.  Every Month        4.  Rarely           5.  First time  

 

13. Do you live or work in this area? 1.  No      2.  Yes,  if yes where in the valley? ……………………..  

For how long?      1. <1 year       2.  1 to 2 years         3.  2 to 3 years       4. 3 to 5 years    5.  5 to10 years   6.  >10 years         

                                                                                 

14. What is the main reason for you to be in this place? (Open question) 

 1.  Waiting           2. Break        3. Passin by         4.  Going out/ enjoying the place      5.  walking dog       

6.  other:…………………..  

 

15. Why did you choose this specific place to be in? (Open question) 
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  1.  Sun        2.  Shade          3.  Accessibility            4.  Availability                5.  Landscape                   

6.  Other:…………………….                 

16. How long ago did you arrive in this place? (Open question) 

   1. <15 min ago      2.  15-30 min       3.  30-45 min       4.   45-60 min       5.  60-90 min      6.  >90 min   

                                                                                           

17. For how long do think you will stay? (Open question) 

    1. <15 min      2.  15-30 min       3.  30-45 min       4.   45-60 min       5.  60-90 min      6.  >90 min                  

 

18. Where were you just before coming here?     1.  Indoors                 2.  Outdoors                                      

                                                                                                                                                                  

19. How long ago were you in an air-conditioned space (including vehicles)? (Open question)    

1. <15 min ago      2.  15-30 min       3.  30-45 min       4.   45-60 min       5.  60-90 min      6.  >90 min   

20. How do you experience this place just now? 

 1.  Boring                  2.                      3.                4.               5.  Interesting       

 

 1.  Attractive             2.                      3.                4.               5.  Unattractive      

                                            

21. What do you like the most in this place?  (Open question)         

22. What do you not like the most in this place? (Open question)  

23. Do you prefer to change your position in this place? 1.  Yes      2.  Doesn't matter      3.  No         

If yes, what is the reason?  (Open question)  

 

- C - 

24. What do you do for living? (groups)   1.  Highly skilled with Degree       2.   Skilled with degree      3.   Skilled 

without degree    

4.   Non-skilled labour       5.   Student/ housewife/ retired    6.   No job      Job’s name 

…………………………………………………………..        

25. Your educational level is:      1.   Basic           2.   High school           3.   College             4.   University                                                                                                           
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26. How well would you say you are managing financially these days?  

1.   Living comfortably      2.   Doing Alright       3.   Just about getting by    4.   Finding it quite difficult        

 5.   Finding it very difficult            

                       

End time:……………………  

- D - 

Surface temperature: …………..         

Interviewee has been sitting in:               1.  Shade              2.  Sun             3.  Overcast                                                                

Gender:                                                        1.  Male                2.  Female                                         

Where is he/she sitting?                                  1.  Bench              2.  Ground         3.  Grass       4.  Other                                                                                                  

 

Age group:      1.  <18             2. 18-24           3. 25-34               4. 35-44                  5. 45-54            6. 55-60              7.

 >60              

                             

Eating/ Drinking in the last 10 mins :          1.  Eating             2.  Hot drink           3.  Cold drink       4.  Nothing                             

 

Activity in the last 10 mins:                             1. lying                 2. Seated               3. Standing         4. Walking          5. 

Running           

 

Interviewee:                                                1.  Alone               2.  With others                 

Clothing: 1.Trousers or 2.Skirt or 3.Dress (1.Long/2. Medium/ 3.Short), 4. Sweater or  

5. Jacket (1.Thick/ 2.Light), 6.Coat (1.long/ 2.short),  

                 7.Shirt or 8. T-shirt or 9. Vest (1.long/ 2.short/ 3.sleeveless) 

Local dress: Men:         1.  Dishdasha                      2.  Besht            3.  Tagia                             4.  Ghutra               

                         Women:  10.  Islamic Dress               20.  Abaya          30.  Head scarf                  40.  Burqa                      

Footwear:                   1.  Closed           2.  Open                                 

Colour of clothes:     1.  Dark               2.  Mixed            3.  Light  
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Appendix B: the observation form 

 

Location:                                   Date:                       Time:   1.  Morning   2.  Noon   3.  Evening               

No: ……   

Weather condition:     1.  sunny,   2.  overcast,   3.  partly cloudy  

Time Activities 

From:   

   

To: 

1-eating 2- drinking 3- smoking 4- chatting   

5- reading 6- laying down  7- mobile 8- bicycle  9- walking dog 

11- Dating  12- Fishing 13- Jogging  14-skating 

 15-Playing  16- picnicking   10- other:                  

Age 

Children 12< (C)  

Young people 12-18 (Y)   

Adults >18-64  

Old people >64 (L)  

Sex 

Male (X)  

Female(O)  

No of users   

Notes 
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Appendix C: observation in Marrakech 
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Appendix D: observation in Phoenix 

  

  

  

 

 

 


