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Abstract 
 
The University of Arizona Main Campus is located in the city of Tucson, Arizona. A place that 
confronts high air temperatures and extreme solar radiation almost all year around. Currently, more 
than 40,000 students are enrolled as full-time facing the extreme climate conditions of heat. 
Thousands of students walk from one place to another experiencing uncomfortable walks causing 
them heat stress. 

Campus infrastructure is not capable to interact with the weather conditions of Tucson. The lack 
of shaded paths, materials with high emissivity of heat, nonnative vegetation, among other factors, 
make the walks unpleasant. This challenge affects people’s health and consecutively the 
performance of cooling systems once the people enter to buildings overheated. 

Outdoor human thermal comfort in arid and desert areas is a relevant topic that carries implications 
and benefits on people and buildings performance. The amount and intensity of activities within 
individuals affects the level of comfort. 

This research seeks to provide potential solutions and recommendations that can help to minimize 
the extreme heat during long walks. A research propose on shading devices to improve the outdoor 
human thermal comfort and enhance the productivity and health among students and faculty. 
Create comfortable social gatherings to promote social interaction between users. The application 
of potential solar energy collection as well as rainwater harvesting to water landscape. Lastly, 
savings by reducing potential thermal load from user on cooling systems. 

The objective is to incorporate environmental strategies in which the community among the The 
University of Arizona will learn and comprehend how to interact with the climate conditions. A 
step further to create a sustainable campus leader in the nation.  
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Introduction 
 
The human thermal comfort is defined as the condition of mind that expresses satisfaction in 
relationship with the thermal environment.  Being outdoors embodies several thermal conditions 
that affect the comfort of a person in an efficient or inefficient way. This research is emphasized 
is the negatively consequences under extreme heat conditions that leads to discomfort. 

Tucson, Arizona, faces high air temperature almost all year round. The climate conditions of this 
region can cause discomfort on people when no strategies are taken into consideration. To adapt 
and understand the climate conditions of this region is important to acknowledge the physical 
environment, seasons of the year, rainy seasons, day and night temperature swings, etc. 

The University of Arizona assimilates an oasis in the Sonoran Desert. Most of the vegetation and 
buildings does not seem to be integrated with the natural environment. We recognized that shade 
is an important environmental strategy of the desert, but we do not apply those strategies in 
pedestrians and buildings. 

This research document analyzed a specific route on campus in order to demonstrate how 
sidewalks and paths interact with the user performance. Walks under the sun may for long periods 
doesn’t seem to be reasonable. Shading can act as a potential solution to effectively improve and 
reduce temperature levels on human thermal comfort. 

Several assumptions are included in this study to reinforcing the purpose of shading devices and 
therefore validate and give credit to potential solutions and recommendations.  

This document is organized in four sections. Section 1, commits itself to the structure of the 
problem, research questions, assumptions and validations. Section 2, provides an analysis of the 
climate conditions of the city of Tucson, Arizona. Section 3, the research methodology and 
process. Lastly, section 4, conclusions are defined with further areas of research.  
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1 Research Structure 
 
Section 1 describes the study and literature review that contributes with the consequences of heat 
stress on people, effects of internal heat gains, and influence of climate change. An analysis and 
research implemented in the outdoor environment of a particular case at the University of Arizona, 
Main Campus, in Tucson, Arizona. 

As an introduction, the problem statement states deficiencies on the built environment among the 
U of A Campus with potential opportunities of improvement. Secondly, a summary review on the 
Sonoran Desert and solar geometry regarding with the understanding of sunlight, heat, and how 
they impact of people’s health as well as the building’s performance. Subsequently, the hypothesis, 
research questions, objectives, and methodology of the project. 

This research aims to contribute with the development of a sustainable campus by introducing a 
project of shading connectors to improve user performance during long walks and mitigate with 
energy savings caused by internal heat gains. 
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1.1 Problem Statement 
 
Among all the deserts in the world, the Sonoran Desert offers unique qualities that no other desert 
has. It is abundant in flora and fauna, the amount of rainfall is relative generous with two rainy 
seasons throughout a year, and the colorful sunsets over the sky are magnificent. But a desert 
doesn’t represent coziness all the time. The Sonoran Desert faces extreme climate conditions, 
temperatures typically reach above 110 degrees Fahrenheit in the summer and dip below the 
freezing mark in the winter [01]. 

Tucson, Arizona, a city located in the frame of the Sonoran Desert region, goes up with a numerous 
of challenges in which two of them are outstanding: water and heat. Temperatures vary widely 
both daily and seasonally. The dry transparent air and cloudless sky transmit maximal solar energy 
to the ground where much of it is absorbed and converted to heat. Air temperatures rise 
dramatically, even during winter seasons, a typical day can exceed 80°F. Besides the amount of 
heat that the city confronts, the intense of sunlight itself is a bigger challenge which leads to a 
variation of complications.  

The University of Arizona, located in Tucson, Arizona, has a headcount enrollment of more than 
43,000 students in more than 360 academic programs. The Main Campus consist of 207 buildings 
on 391 acres in central Tucson [02]. Thousands of students, faculty, and staff move from one 
building to another during regular academic classes. The problem comes up when students walk 
under the extreme climate conditions on campus to attend to classes. Being exposed on a walk of 
intense sunlight for more than ten minutes can cause heat stress leading the user to contribute with 
internal gains and therefore a misuse of operations in HVAC systems. 

The challenge doesn’t stop there. The University of Arizona main campus does not interact with 
the extreme climate of Tucson. Many buildings on campus neglect the climate conditions. Some 
of them to a high degree of ignoring the sun path. Among other difficulties, sidewalks on campus 
does not count with the number one environmental strategy in the desert; shading. Of the 391 acres 
of development none appears to have a remarkable structure covering the people from the severe 
sunlight. In countless cases the user demands such necessity by covering his/her face from then 
sun with hats and umbrellas, using light clothes, following shaded paths, etcetera (fig. 1). 

There is a big complication with the outdoor environment and the people, when high air 
temperatures are present. It is not reasonable and inappropriate to have users walking on 
inadequate infrastructure on severe climate conditions for long walks. Short walks may not affect 
the same as the longs walks due to the time of contact with the outdoor environment. Therefore, 
the capacity of implementing environmental strategies should compensate the performance of the 
users by minimizing the heat stress. 
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Energy savings can dramatically impact at the University of Arizona by the implementing 
environmental strategies on peoples walk. The problematic of user’s performance within the 
campus infrastructure is an opportunity to educate, learn, and contribute with climate change. If 
users are going into building overheated, they are going to be emitting their own heat into the 
indoor space causing the cooling systems to work more. Running HVAC systems constantly 
contributes to damage the natural environment by adding more carbon dioxide into the atmosphere 
which leads to global warming and thus creates climate change.  

Currently the University of Arizona has signed a compromise to become a sustainable campus 
with the American College and University Presidents Climate Commitment (ACUPCC) to track 
its environmental impact of greenhouse gas emissions and reduce the major source of emissions 
each year [02]. Big steps that contribute to become a sustainable campus. 

 

 

 

 

 

 

 

Figure 1. U of A Mall. 12:00 PM (Feb/10/17) Pic: Rojas, 2017.  
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1.2 Literature Review on the Sonoran Desert 
 
To understand the severe complications on climate conditions that Tucson, Arizona meets, it is 
necessary to define and comprehend its natural environment and how it’s composed. Since Tucson 
is in the ecosystem of the Sonoran Desert (fig. 2), the city faces opportunities and challenges within 
its environment. But those opportunities can be looked in a different way, as assets and liabilities. 
The desert is an important natural environment for people who inhabited on it. It is well known as 
a biome of scarce water and excess of sunlight where appropriate advantages can be taken. 

 

 

 

 

 

 

 

 

 

 

 

The Sonoran Desert is a hot arid region. Summer air temperatures routinely exceed 104°F and 
often reach 118°F during regular sunny days [03]. Heat stands alone as the No. 1 weather related 
killer in the United States – even more than hurricanes, tornadoes, and floods [04]. The heat in the 
desert is so intense that being exposed to much on the hot dry climate can put your life in danger. 
Heat has its consequences and may not only be a result of dehydration. Heat can be lethal. More 
than 120 people have died from excessive heat exposure every year from 2001 to 2013 [04].  

But, why is the Sonoran Desert a desert, a hot arid region? The dryness of this regions is caused 
by two factors. First it is in the rain shadow of the Sierra Nevada’s in California. Second, there is 
global pattern of air that rises in the tropics and then heads pole-ward until it descends about 30° 
north and south latitude. This descending air becomes very dry which leads to the ecosystem form 
what a desert is. Most of the world’s great deserts occur in belts around the 30° north and south 
latitude (fig. 3) [05].  

Figure 2. Sonoran Desert Biome. Pic: Rojas, 2017. 
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Certainly, a highlighted issue when talking about dryness is water. In this hot region water is a key 
factor for survival and life. The Sonora desert averages from 3 to 16 inches of rain a year [06]. 
Tucson in fact receives an average of twelve inches of rain a year [06]. Two rainy seasons happens 
in the desert, one in the summer and another in the winter [01]. This arid land is so dry because of 
high temperatures evaporate the little rainfall it gets as well as allowing water evaporate slowly. 
Therefore, the presence of dry rivers is notable most of the entire year (fig. 4). 

Drought, is another concern in the Sonoran Desert. With high temperatures on the way and the 
extreme sunlight that Arizona suffers. Drought has become a big issue for this region. Long-term 
drought persists across much of the southwest and we are already dealing with climate change 
challenges in the form of unusually hot drought. In 35 years, a forecast risk of a mega-drought in 
the southwest will be around 80% with anthropogenic climate warming [07]. Climate change is an 
unquestionable bet that is going to happen and it’s happening. 

With the scarce of water and drought among the desert, vegetation has developed their own 
strategies in the area not only to adapted but to survive under extreme scenarios of solar radiation. 
These adaptations have to do with season of heat and drought. Desert plants survive the long 
rainless periods with three main adaptive strategies: succulence (conserving water), drought 
tolerance (withstand desiccation), and drought evasion (plants dying by dropping seeds for new 
plants to come). Most of them look alike, they often have an appearance being spiny, tiny-leafed, 
and not that “full green”. Many have bold, sculptural growth forms characterized by swollen stems 
or starkly exposed stems unconcealed by foliage [07]. 

 

Figure 3. Desert regions around the world at 30°N and 30°S latitude. Source: www.desertmuseum.org 
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Another quality of within the desert is the humidity. Humidity, changes throughout the day and 
night and even more from a season to another season. In most of the Sonoran Desert due to high 
temperatures, the dryness of the air, and the high percentage of sunlight, evaporation rates in 
Arizona are high. The air is generally dry and clear, with low relative humidity. April, May and 
June are the months with the greatest number of clear days, while summer and winter have the 
cloudiest weather and lowest percent of possible sunshine. Humidity is simply water vapor in the 
air and without it there will be no clouds, no precipitation, and no fog. Relative humidity measures 
the actual amount of moisture in the air as a percentage of the maximum amount of moisture that 
the air can hold. 

 
As mentioned, the Sonoran Desert covers special qualities that puts survival into questioning. From 
high temperatures to the scarce of water the challenges seems to be alarming. Not everything 
appears to be bad in the desert. Besides the beautiful sea of cacti plants, the desert offers sunlight 
throughout most of the year. Sunlight is considered an abundant and available natural source that 
can provide multi benefits. Such as the production of renewable energy with photovoltaics panels, 
daylight integrate on buildings to minimize the energy consumption of electricity and the thermal 
storage on materials with high thermal mass properties. 

Within the positive qualities of living in the desert another important aspect is the high air quality, 
deserts tend to have so much sunlight that the intense sunrays eliminate pollution on the air. For 
people with asthma problems the desert might be a good place to live where the experience of 
breathing the air is less severe that places with high humidity levels. Lastly, temperature swings, 
helps materials with high thermal mass to absorb and retain heat to release it over night when is 
need it. A great vernacular example in this region is the adobe. 

Figure 4. Santa Cruz River – Dry. Pic: Rojas, 2016. 



17 
 

The desert is hot and is going to get hotter with climate change. What is important about it, is that 
we need to understand what the desert is. There is no reason for us to change how the desert works. 
It is us, the ones who inhabited on it that need to adapt, familiarize and understand the climates 
conditions of the desert. The knowledge of the context within a project is fundamental to 
understand the principles and therefore apply strategies that will benefit the project and the 
environment. 
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1.3 Literature Review on Solar Geometry 
 
One of the main key factors in relationship with the Sonoran Desert is the sun. The sun basically 
has a huge impact on people’s life since centuries. People used to worship the sun as a god because 
they understood how much life depended on light [08]. The sun is a valuable aspect of life, the sun 
represents growth, vivacity, viability, energy, etc. without the sun life couldn’t be possible. But 
the sun has his controversial characteristics on arid lands like Tucson. 

To comprehend the impact of the sun on people’s life is important to understand the geometrical 
sun-path and position in the sky to be conscious of how sunlight and heat gain is going to impact 
on a specific location. The earth, revolves around the sun in an elliptical orbit. The full revolution 
takes 365 days to be completed. The earth also spins around its own north-south axis once every 
twenty-four hours. This axis is not perpendicular to the orbital plane also known as ecliptic but is 
tilt 23.45 off the normal to this plane (fig. 5). The orientation in space of this north-south axis of 
rotation remains fixed as the earth revolves around the sun. “The angles at which the sun’s rays hit 
the earth continuously changes throughout the year. Seasons are the reason of the tilt of the earth’s 
axis of rotations and has a major implication for solar design” [08]. 

 

 

 

 

 

 

 

 

 

With the path of the earth revolving over the sun, the Northern Hemisphere faces the sun in June 
and the Southern Hemisphere faces the sun in December (fig. 6). Notable circumstances, called 
summer solstice (longest day) for the North Hemisphere is when the earth is nearly the sun on June 
21 and when the North Hemisphere is far away from the sun is called winter solstice (shortest day) 
on December 21. Thus, at the time when the sun crosses the plane of the earth’s equator in March 
21 it will be Spring Equinox (night and day approximately equal). Therefore, 6 months later on 
September 21 it will be Fall Equinox (fig.6). 

Figure 5. The earth’s axis of rotation tilted to the plane of the elliptical orbit. Diagram: Rojas, 2016 
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In solar geometry is fundamental to understand the altitude angles of the sun. For hot cities like 
Tucson, Arizona, having knowledge of the sun angles amplifies the capacity to interact with sun 
and have its precious natural resource when need it for different seasons of the year.  In the North 
Hemisphere during summer, sunlight passes through the atmosphere harder and directly. On the 
other hand, during winter, sunlight is reaching the atmosphere at a low angle, for this reason 
sunlight will pass through more atmosphere making the sun rays weaker (fig. 7). 

 

 

 

 

 

 

 
The path of the sun is fundamental environmental strategy on architectural design which can lead 
to energy savings on a building. On people, the sun’s path has a meaningful impact depending of 
the season. In Tucson, most of the time in winter during early morning people will appreciate the 
sun but during the summer people will be hiding from it. Since the earth is revolving on its own 
axis 24 hours a building or person must know how the sun is going to affect on it. This path can 
be known through a scheme called solar window. Sunlight is weak on early and late hours of the 
day but most powerful sunrays from 9:00 am to 3:00 pm.  

Figure 6. The earth revolving around the sun through different seasons and demonstrating how sunlight impacts on earth. 
Source: Heating Cooling Lighting Sustainable Design, 2014. 

Figure 7. Sunlight passing through the atmosphere on the North Hemisphere. On the left side sun rays passing through the 
atmosphere on summer. On the right side sun rays passing through the atmosphere on winter.  Source: Heating Cooling Lighting 
Sustainable Design, 2014. 
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On the field of this research a key element of concern within outdoor human thermal comfort and 
the built environment is the sun position in the sky. Is one of the most important concepts for 
buildings to be energy efficient and for people to be healthy and thermally comfortable. In desert 
climates, the sun can be considered as a friend or enemy depending on how much advantage we 
tale from it. Solar Azimuth (AZ) and Altitude (AL) angles are the two important angles to locate 
sun’s position at any given time in the sky measured from the south (fig 8) [10]. These two angles 
in fact depend on three factors. 

1. Location: As the local latitude where the building is.  

2. Date: The solar declination, earth’s equatorial plane is titled at an angle of 23.45. Earth revolving 
around the sun is the cause for each day of the month to have a declination.  

3. Time: Apparent Solar Time, expressed as Hour Angle (15° = 1 Hr.). At solar noon, the hour 
angle is 0 degrees, with the time before solar noon is expressed as negative degrees, and local time 
after noon expresses as positive degrees.  

 

 

 

 

 

 

 

 

 

Knowing the position of the sun in the sky can help to implement strategies that will benefit people 
on outdoor environments depending of the activity. On the building performance, the passive 
design on a building can be a potential environmental strategy to help with the reduction of energy 
consumption by introducing daylight and applying solar strategies like direct, indirect, and isolated 
sunlight. Is fundamental to acknowledge the sun because is natural source that complies with our 
lives every single day. Sometimes in proper way, other times in an inappropriate way. A challenge 
to create potential solutions in our favor. 

 

 

Figure 8. Definition on solar azimuth and altitude angles. Source: Solar Control Workbook, 1981 
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1.4 Outdoor Human Thermal Comfort 
 
Comfort it is clearly understood as the absence of discomfort. People feel uncomfortable when 
they are too cold or too hot, when its windy, or when the smell is not pleasant. Many variables lead 
the people to feel uncomfortable. Thermal comfort is the state of mind and physical pleasantly of 
a human with the surrounding or enclosed space of the thermal environment. Human thermal 
comfort is composed by different types of comfort: psychological, sociological, behavioral, 
physiological. 

Physiological is the state of comfort that includes: spatial, luminous, sonic, and thermal. Thermal 
in the comfort type of physiological its covered by two: indoors and outdoors (fig. 9). Indoors, has 
to do with the thermal and atmospheric conditions in an enclosed space that entails with light, 
smell, noise, mechanical systems, etc. For outdoor conditions the human body must adapt to a 
wide of variations of the psychological environments to function. Those conditions such as high 
temperatures and solar exposure affect the human thermal comfort, it is thus an effect of thermal 
discomfort but also a problem of health. 

 

 

 

 

  

 

 

 
 

 

 
The environmental conditions in outdoor scenarios vary with the individual race, metabolism, 
clothing, activity, etc. For comfort and efficiency, the human body requires a fairly range of 
environmental conditions to not suffer discomfort. For arid and desert climates, the environmental 
conditions may change from a tropical climate. In the desert, it is important to consider the sky 
conditions. Temperatures differ from having clear sky conditions to overcast conditions. The 
factors that affect humans pleasantly include:  
 

1. Sky conditions 
2. Air temperature 

Figure 9. Human Thermal Comfort Types 
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3. Radiant mean temperature 
4. Humidity of the air 
5. Air speed 
6. Odors 
7. Dust 
8. Aesthetics 
9. Acoustics 
10. Lighting 

The first five are related to thermal interactions between people and their immediate contact with 
the outdoor environment. To explain how thermal interactions affect the human comfort, it is 
important to describe the body temperature mechanisms and how environmental conditions affect 
them. Heat, is the main structure related with the thermal comfort that affects the body. But, there 
are two forms of heat in the atmosphere of comfort: sensible heat and latent heat. Sensible heat is 
mainly when temperature of an object changes, not the modification of the object or substance due 
to temperature.  

Within sensible heat, “every material has a property called specific heat, which identifies how 
much its temperatures changes due to a given input of sensible heat. The three means of 
transferring sensible heat are radiation, convection, and conduction. All bodies emit thermal 
radiation” [11]. The following diagram is an example of how to three means of sensible heat can 
be understood when it has effect on a human being. (fig. 10). 

 

 

 

 
 
 
 
 

 
 

  

Figure 10. Methods of dissipating waste heat from a biological machine. Source: Heating, Cooling, Lighting. 
Lechner, 2014. 
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Body temperature is an essential factor of metabolic rate. Human beings average an internal body 
temperature for about 98.6 °F. Metabolic rate is principally the activity that the person is realizing, 
such us sleeping, walking, studying, etc. (fig. 11) [12]. It is extremely important to maintain our 
body temperature controlled, if the internal temperatures rises or falls beyond the average normal 
range can cause physical discomfort, health issues and even the death. Our body reacts to outdoors 
environment to adapt on them. On hot and arid climates, we might sweat in order to maintain a 
body temperature. The constant stimulation of changes in our body being exposed to extreme 
conditions lead to thermal discomfort. 

As human beings, we possessed a covering layer of tissue called skin. The skin has sensors that 
signal the brain about that heat level of heat loss or gain. Skin temperature may change frequently 
to adapt in the outdoor environment. Sweating is one of the main strategies of the human body to 
adapt into the environment and start cooling the body temperature. Sweating may be different from 
doing exercise, walking, running, being under pressure, or other activity. But within the changes 
of being exposed under the extreme conditions of sunlight in Tucson, Arizona, sweating is an 
uncomfortable experience which causes heat stress. 

Another determinant aspect of thermal comfort is clothing. Clothing respond as a strategy of 
comfort to the human body. Clothes essentially describe how the thermal conditions of the 
environment are. Observations on people’s clothes describe how the weather might be. Through 

Figure 11. Metabolic rate at different activities. Source: ASHRAE, 1989. 
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the insulation properties that clothes have, they play an important role on modifying the heat loss 
or retention of the body temperature. Clothing insulation can be descried in terms of clo value (fig. 
12). The clo values is a numerical representation of a clothing insulation of thermal resistance. 1 
clo = 0.88 ft2 hr °F/Btu [13]. Clo values for common articles of clothing are mentioned in figure 
3. Clothes can be described as an insulation not perfect because they don’t keep us 100% thermally 
comfort.  

Human thermal comfort doesn’t end there. As mentioned before there are so many variables that 
interact with the comfort of the person and its environment. One of the most important variables 
to consider for human thermal comfort is: 1) sky conditions, 2) air temperature, 3) relative 
humidity, 4) air velocity, 5) mean radiant temperature, 6) metabolic rate, and 7) clo value [14]. 
Many other variables can interact with the person depending on the case. To mitigate on a comfort 
zone with most of the people in a specific area, the psychrometric chart (fig. 13) correlates the 
perception of comfort with the various environmental factors. The comfort zone is defined as the 
range within occupants are satisfied with the surrounding thermal conditions. What is efficient 
about the psychrometric chart is that we can add different environmental strategies to reach the 
comfort zone within desert areas (fig. 13). 

Figure 12. Clo values for individual clothing items (ASHRAE, 1989). 



25 
 

 

 

Figure 13. Psychrometric Chart. Source: Chalfoun, 1986. 
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1.5 Internal Heat Gains 
 
Internal heat gains, is a body of heat emitted within an internal space. The most common cases of 
internal heat gains are occupants, lighting, and office equipment. Internal heat gains impacts on 
the total electric use [15]. The importance about this topic is that most of the time a building energy 
use and services systems have to remain operating for the entire day and some cases during night 
to provide thermal comfort, due to the fact that Americans spend 90% of their time indoors [16].  

As occupants inside a building we contribute with internal heat gains making the cooling systems 
to run constantly and maintain a certain room temperature to feel thermally comfortable. All active 
bodies inside a space lose heat with their surroundings due to their metabolic activity. The source 
of heat from people can be released by sensible or latent heat. The sensible heat released is due to 
the higher temperature the surface of the skin can have in respect to the surrounding environment, 
while latent heat is released by respiration and sweating [17]. Representative heat emissions are 
given in the following table (fig. 14). 

Nowadays it is important to minimize heat gains to reduce the cost of energy consumption and 
CO2 emissions. The most effective ways to attack this situation is by understanding the outdoor 
environment, making the proper use of daylight, thermal mass, efficient equipment selection, and 
venting. One of the main issues with internal heat gains is when overheated occupants go inside a 
building. Occupants emitted heat without control, leading the indoor air temperature to change. 

Figure 14. Typical rate at which heat is given off by humans beings in different states of activity. Source: ASHRAE Handbook: 
Fundamentals 2001 



27 
 

Air temperature within an indoor space correlates with thermostat setpoints to control the air 
temperature desire. During summer months, thermostat setpoints are set lower to fulfill with a 
thermal comfortable environment in contrast with the outdoor air temperature. Significant studies 
have demonstrated that by raising cooling setpoints, a difference of energy savings can be achieved 
as much as 29% of cooling energy [18]. The primary benefit of widening the thermostat setpoint 
range is to lessen energy consumption by the building’s HVAC system. As a purpose of research, 
this section mitigates with the after effects that overheating occupants can caused in indoors 
spaces. It is important to acknowledge that a potential benefit can be provided in cooling systems 
if occupants are treated thermally efficient before entering to buildings. This strategy could help 
to manage efficiently the thermostat setpoints higher for cooling systems. As an example, if 
students are going to classes overheated they will like to feel a cool air temperature less than 73°F 
inside the classroom. On the other way, if students are not overheated, a room temperature can be 
established without the need to go lower than 73°F.  
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1.6 Hypothesis 
 
With the evidence stated in the previous topics such as the problem statement and literatures 
reviews. The scope of this research will be based on the evaluation and interpretation of the 
following statement:  

 

“A whole shaded path vs. an unshaded path can potentially improve people’s performance in 
extreme climate conditions for arid and desert areas”. 

 

It is important to state that the statement referenced above will have a potential and beneficial 
impact against the problem regarding the UofA pathways on Campus. Now, different aspects may 
contribute with the validation the method but it is important to mentioned that outdoor human 
thermal comfort may differ from one person to another. This is because of the metabolism of each 
individual, the clo value that they are wearing, race, culture, gender, etc., may differ. 

The following subsection, “1.7 Validation of assumptions”, will addressed that the premise 
mentioned before is solid and reliable. It is a structure in which the problem statement falls on 
justifications related to the hypothesis. Even though the premised is justify it needs to be validated 
by the research method addressed in the subsection “1.10 Research Methodology”. 
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1.7 Validation of Assumptions 
 
This section identifies a series of relationships between the outdoor human thermal comfort, solar 
exposure leading to overheating on people, shading devices as an effective strategy to beat heat 
and potential energy savings by modifying thermostat setpoints. The topics mentioned before will 
be considered as valid, with no subject of study and measurement due to fact that is being proved 
and studied. Instead the selected topics will lead as a departure to validate assumptions and the 
proposed methods for the research of this project. 

The thermal sensation outdoors is perceived differently from the indoor conditions and even 
postulated, that indoor thermal comfort standards are not applicable to outdoor settings [19]. For 
Tucson, Arizona, the outdoor human thermal comfort is a challenge when high air temperatures 
are presented most of the entire year (fig. 15). But to start a discussion about thermal comfort it is 
important to define the term itself. The term involves three main principles with different 
approaches: a psychological, a thermophysiological, and a heat balance of the human body [18]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It is important to clarify that heat doesn’t represent a bad aspect in hot-arid environments. It all 
depends on the use of that source and how we deal with it. The intense heat, as an example, on a 
hot summer day the thermal discomfort of people staying outdoors exposed to the sun may 
discourage them from making activities such as walking, playing, exercising, etc. When staying 
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outdoors, people expect variability in the exposure conditions: “variation of sun and shade, 
changes in wind speed, and so on. Pedestrians may be exposed to intense solar radiation and to the 
winds, factor that modify greatly their response to the temperature and humidity conditions” [20]. 

The effect of direct exposure to solar radiation is not limited to the thermal sensation although it 
has it impact on human health. In winter, it may produce specific pleasure. On summer, it may 
produce discomfort, beyond the heat sensation [20]. Within air speed, the sensation may vary 
through seasons. During summer, up to a certain speed may be pleasant, while in winter may be 
irritating.  

Being outdoors and exposed to the sun for more than 10 minutes represents an uncomfortable 
sensation of being hot or very hot [21]. Solar exposure can impact on people in an efficient or 
inefficient way. In this case, the inefficient way has to do with the effects that solar exposure 
deliver, a well-known consequence is overheating. Overheated can be understood as hyperthermia 
or when the human body absorbs more heat than it dissipates. The consequences of being 
overheated can take the human body to experience headache, fatigue, weakness, loss of 
concentration, skin burn, and sweating are the predominant effects [22]. 

For climate conditions like Tucson, Arizona, the outdoor human thermal comfort should respond 
to the needs of people activities. It is not valid and just to state that climate conditions in hot-arid 
lands are inefficient or incompetent. What is valid is that we should study, understand, and adapt 
by efficient environmental strategies to control or improve the outdoor human thermal comfort. 
Different strategies throughout this research will be explained in a sense of improvement and 
adaptation to the natural environment of the Sonoran Desert. 

The first and the most important environmental strategy that acknowledge and respond to desert 
climate conditions is shade. Shade can potentially improve changes in surface temperature.  
Materials exposed to the sun can vary on high surface temperatures in hot, dry climates. Solar 
radiation can dramatically change the surface temperature of materials in contrast with those under 
the shade.  The difference in surface temperature between sun and shade can be as much as 50° 
Fahrenheit (fig. 16- fig.21). The most effective way to reduce the solar load is to intercept direct 
radiation from the sun by shading devices [23]. 

What is a fact is that shade doesn’t make air temperature cooler. In the shade, we may feel 10 to 
15° Fahrenheit cooler [24], but the air temperature maybe the exact same in the outdoor 
environment depending on the case because if we stand in an area with a water wash, grass, 
xeriscaping, and trees the air temperature is going to be different from a place without those 
qualities. Shade only feels cooler because we are avoiding direct solar radiation [25]. When in the 
shade, our body is not being heated by direct sun rays, our skin and body feel a more comfortable 
air temperature. 
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Figure 16. Shaded concrete with a temperature of 78° F. 
03/21/2016 at 12:30pm  
(Rojas,2016) 

Figure 17. Unshaded concrete with a temperature of 121° 
F. 03/21/2016 at 12:30pm 
(Rojas,2016) 

Figure 18. Shaded brick wall with a temperature of 82° F. 
03/21/2016 at 12:35pm 
(Rojas,2016) 

Figure 19. Unshaded brick wall with a temperature of 
130° F. 03/21/2016 at 12:35pm 
(Rojas,2016) 

Figure 20. Shaded ground with a temperature of 76° F. 
03/21/2016 at 12:38pm 
(Rojas,2016) 

Figure 21. Unshaded ground with a temperature of 116° 
F. 03/21/2016 at 12:38pm 
(Rojas,2016) 
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Managing the outdoor human thermal comfort on desert campuses like the University of Arizona 
is fundamental. Shade is a potential alternative but not the only one. Trees and shading devices are 
efficient environmental strategies to improve thermal comfort. Shading devices have even a more 
significant meaning as potential solutions where trees have a hard time surviving because there is 
requiring of water and frequent maintenance. This of course, doesn’t exclude trees as performing 
like shading devices but man-made shade structures are likely to be more flexible and make 
campus community more comfortable.  

Now, emphasizing the outdoor human thermal comfort, direct solar radiation consequences, and 
internal heat gains, are issues correlated affecting one problem to another. Students entering 
overheated to classrooms lead an increment proportion in internal heat gains. As previously 
mentioned on subsection 1.5 – Internal Heat Gains, within thermostat, if we raise cooling setpoints 
we can achieve tremendous energy savings by 29% as stated in the research - Extending air 
temperature setpoints [17]. Adjusting the thermostat each degree above 75 degrees Fahrenheit 
reduces cooling cost by about 3% [25].  
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1.8 Research Questions 
 

According to the problem statement, deficiencies of the sun on hot arid regions and the literature 
review in relationship with the outdoor human thermal comfort, cooling systems performance due 
to internal heat gains, and observations at the University of Arizona – Main Campus. The following 
research questions are: 

 
1. To what degree can a shading device make a positive impact on user’s performance 

while walking? 
 

2. Besides a shading device, what strategies might help to improve user’s performance? 
 

3. What are useful means to demonstrate that a shading device can be more than just only 
providing shade? 
 

The following subsections are intended to demonstrate, justify, and validate the hypothesis posture 
explained on section 1.6 – Hypothesis, that will contribute to the research method as a procedure 
of different solutions.  
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1.9 Research Objectives 
 

The purpose of this section is to establish goals and objectives that will serve as guides and 
assessments to carry out the research method. These objectives serve as a starting point for the 
research method within the University of Arizona in a certain established route from CAPLA to 
Main Library (details for route in section 2). The objectives are: 

 

1. Observations from users on campus about their movement on sidewalks. 
 

2. Within the route, CAPLA – Main Library. Identify zones with different aspects to 
analyze climate conditions. 
 

3. Within the route, CAPLA – Main Library. Make a self-analysis in reference to body 
overheating. 
 

4. Report results and findings. 

 

The 4 established objectives will be discussed in section 4 of this research. Reporting results, 
conclusion, as well as indication future approaches of investigation. 
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1.10 Research Methodology 
 

To understand this section of research methodology it is important to state that this section will 
not explain in so much detail the selected site within the University of Arizona. That step will be 
explained in detail in section 3 – Research Development. On the other hand, this section will be 
focus on the explaining the instruments used, observations, and method to carry out the research. 

As a first step, it is important to identify the field of study. Determinate the qualities of the site, 
features and details. It is significant to study different zones within the site in order to understand 
their characteristics and how these terms can affect positively and negatively on people’s 
performance. 

Second step, observations on the field of study in order to comprehend how people adapt and react 
to the context and climate conditions. This exercise serves as a support to evidence and validate 
what the outdoor context offers and demonstrates. Observations can identify problems and provide 
solutions.  

Third step, identification of materials on selected zones, determining their physical properties such 
as emissivity and surface temperature. Surface temperature can be measures with a tool called: 
Non-contact temperature gun, where its main function is to obtain the temperature of surfaces on 
objects. It is important to make a comparison of the same object exposed to the sun and under the 
shade to compare differences and opportunities. 

Four step, within the different selected areas it is important to do a meteorological study at 3 
different times during a selected day. During the morning: 9:00 am, at noon: 12:00 pm, and in the 
afternoon: 3:00 pm. This is important because the movement and angles of the sun rays changes 
throughout the day as explained in section 1.3 – Literature Review on Solar Geometry. It is 
recommended to do the study in different seasons of the year to determinate how strategies and 
proposes may be affect it. 

The meteorological study can be carried out with a climate station. The climate station (fig. 22) is 
one of the main tools of the HED (House Energy Doctor) program in CAPLA at the University of 
Arizona. This tool helps to measure and collect meteorological data to analyze the outdoor human 
thermal comfort. The following elements formed the climate station used on this research:   

1. HOBBO Data Logger: Its main function is to obtain air temperature, relative humidity, 
and light intensity. 

2. Black Globe Temperature: Measures the globe temperature that is used to approximate 
operative temperature, and average between the dry-bulb and mean radiant temperature 
of various surfaces temperatures. 

3. Solar Radiation Shield: Protects the HOBBO Data Logger from rain, reflected heat, and 
solar exposure. It is also used to improve temperature and relative humidity 
measurements accuracy in data gathering. 



36 
 

4. Hot-Wire Anemometer: To measure wind speed. 

 

Fifth step, in addition to obtaining specific meteorological data of the selected zones. It is important 
to gather data analysis of the weather conditions of the city of Tucson, in order to validate and 
justify data. Certified sources such as: National Oceanic and Atmospheric Administration 
(NOAA), provide accurate information in details about a specific day, as well as specific time of 
the day. 

 

 

 

 

 

 

 

 

 

 

 

 

Sixth step, self-study on the body performance within the select field of study using a non-contact 
temperature gun. At every minute take a reading with the tool by measuring the surface 
temperature of the forehead. This procedure can determine an analysis on heat stress. A self-
evaluation can be applied to by determining the mood status to evaluate overheating throughout 
the time of being exposed to the sun.  

The results and findings need to be analyze to determinate what factors might be helpful to improve 
the problem statement. Section 4 will describe the research procedure takin into consideration the 
aforementioned applications giving a starting point to conceptual design solution at the end. 

 

  

Figure 22. Climate Station. Pic: Rojas, 2017. 
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2 Climate Analysis for the City of Tucson, Arizona 
 

The Climate analysis for the city of Tucson, Arizona, is fundamental in this research. In subsection 
1.7 – Validation of Assumptions, the average air temperature conditions of the city of Tucson is 
mentioned in the graph (fig. 22) within a lapsed of 40 years of data. This information in fact 
demonstrates that Tucson tolerates high air temperatures for almost the entire year. Even during 
winter seasons, we can feel high air temperatures reaching up to 87 Fahrenheit.  

To gather information as a summary for Tucson, Arizona, climate consultant was the software 
used. A graphic-based computer program that helps architects, builders, researches, etc., to 
understand the specific climate conditions of the city to work with. In this case, the most recent 
climate document used was: “TMY3_Tucson”. 

 
It is clear that the levels of solar radiation, and air temperature are high. These, are qualities of and 
arid and desert environment which characterizes the city of Tucson. Climatic conditions are 
relevant to the support the research, but not all are mentioned. It is also important to emphasize 
the sky conditions, average of rainfall, relative humidity in the morning and afternoon. The 
following charts provide the information mentioned before in average per year. 

Figure 23. Weather Data Summary of Tucson, Arizona. Source: Climate Consultant 
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Figure 24. Temperature Average for Tucson, Arizona. 
Source: www.cityrating.com/cityweather.asp?city=Tucson 

Figure 25. Humidity and Rain Average for Tucson, Arizona. 
Source: www.cityrating.com/cityweather.asp?city=Tucson 
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Figure 26. Sky Condition Average for Tucson, Arizona. Source: 
www.cityrating.com/cityweather.asp?city=Tucson 



40 
 

3 Research Development 
 

3.1 Research Case Identification 
 

As mentioned before in subsection “1.9 – Research Methodology”. The field of this research was 
selected at The University of Arizona, Main Campus. The established focused area within the 
campus is the route CAPLA towards the Main Library (fig.27). Identifying the location, 
orientation, and distance. It is not necessary to study other roads within the campus if the analysis 
and study of the information obtained is justify under the premises of the problem statement.  

Firstly, the Main Library destination was selected as one of the university’s most used buildings, 
as well as multiple visits to research and work by the author of the investigation. The route is 
conformed by a sidewalk distance of 0.6 miles in a walking time of 13 minutes at a speed of 2.76 
mph. The route consists of different alterations between shadows and sun exposure. These factors 
among others can change the walking experience under different times of the day. It is important 

Figure 27. City of Tucson. Field of Study at The University of Arizona. Source: Google Maps 
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to emphasize that the route is oriented from north to south walking towards the Main Library. In 
some points of the route some directions are oriented from west to east (fig. 28). 

The walking path consist of leaving the CAPLA building towards 2nd Street, passing through a 
side of the parking lot 3039 and passing between the buildings Harvill and Speech and Hearing 
Clinics. When intercepting 2nd Street, continue on the sidewalk towards James E. Rogers Way and 
turn left in direction to the Student Union. Passing by the Student Union, cross the U of A Mall 
and turn left. Continue the sidewalk road until reach to the Main Library. 

 

 

  

Figure 28. CAPLA-Main Library Route at The University of Arizona. Source: Google Maps. 
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3.2 Selected Zones Analysis on Route 
 

Within the selected route, it is important to make a study of zones establishing parameters such as 
observations and research. In this case, different zones were selected and subject to a study of 
climate data gathering, solar analysis, materials identification, and surface temperature. This 
procedure can support necessary information to justify and validate the problem statement. 

With three zones under study, different times during a specific day were applied; morning, noon, 
and afternoon. This in order to be able to analyze at what time of the day the climatic conditions 
are less favorable and how solar radiation would affect in a positively and negatively way. To 
obtain weather data a climate state was used. For the surface temperature, a non-contact 
temperature gun, and for air speed and hot-wire anemometer tool. Instruments explained in 
subsection “1.10 – Research Methodology”.  

 

 

 

 

 

 

 

Figure 29. CAPLA-Main Library Selected Zones. Source: Google Maps. 
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3.3 Route Analysis CAPLA – Main Library 
 

The following compilation of weather data was performed on March 25th 2017, a Spring season. 
The first interaction took place in the morning at 9:00 am and waiting a minimum of 6 minutes in 
each zone to obtain accurate readings. The information gathered was: Dry-bulb temperature 
(Fahrenheit), percentage of relative humidity, light intensity (lux), black globe temperature 
(Fahrenheit), air speed average, and surface temperature.  

9:00 AM 
Sky Conditions: Partly Cloudy 
Date: 02/18/17 

 

 

 

 

 

 

 

 

 

Weather conditions readings: 

  Date Time,  Temp, °F RH, %  Intensity, Lux  Temp, °F (GT) Air Speed, mph 
  3/25/2017 9:00 68.698 18.304 342.9 73.558 0.4 
  3/25/2017 9:01 68.056 18.904 342.9 73.558 0.4 
  3/25/2017 9:02 67.158 19.15 342.9 73.558 0.4 
  3/25/2017 9:03 66.429 19.47 342.9 73.558 0.4 
  3/25/2017 9:04 65.872 20.238 342.9 73.558 0.4 
  3/25/2017 9:05 65.273 20.73 342.9 73.558 0.4 
  3/25/2017 9:06 64.589 20.57 342.9 73.558 0.4 
AVG.   66.5821429 19.6237143 342.9 73.558 0.4 

Table 1. 9:00 AM – Zone 1 Weather Data. 

Materials surface temperature near station: 
1. Concrete: 78°F 
2. Asphalt: 80°F 

Figure 30. 9:00 AM - Zone 1. Pic: Rojas, 2017. Figure 31. Air Speed 0.4 mph - Pic: 
Rojas, 2017. 
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9:08 AM 
Sky Conditions: Partly Cloudy 
Date: 02/18/17 

 

 

 

 

 

 

 

 

 

 
Weather conditions readings: 

  Date Time,  Temp, °F RH, %  Intensity, Lux  Temp, °F (GT) Air Speed, mph 
  3/25/2017 9:08 63.903 21.567 264.1 74.813 0.1 
  3/25/2017 9:09 63.648 21.965 264.1 74.77 0.1 
  3/25/2017 9:10 63.433 24.121 248.3 73.17 0.1 
  3/25/2017 9:11 63.133 23.367 256.2 71.834 0.1 
  3/25/2017 9:12 62.962 23.495 224.7 70.673 0.1 
  3/25/2017 9:13 62.834 23.052 224.7 69.685 0.1 
  3/25/2017 9:14 62.704 23.755 224.7 68.828 0.1 
AVG.   63.231 23.046 243.8285714 71.9675714 0.1 

Table 2. 9:08 AM – Zone 2 Weather Data. 

 
Materials surface temperature near station: 
1. Concrete: 67°F 
2. Brick: 64°F 
3. Ground: 67°F 
4. Plans: 57°F 

 

  

Figure 32. 9:08 AM - Zone 2. Pic: Rojas, 2017. Figure 33. Air Speed 0.1 mph - Pic: 
Rojas, 2017 
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9:27 AM 
Sky Conditions: Partly Cloudy 
Date: 02/18/17 

 

 

 

 

 

 

 

 

 

 

Weather conditions readings: 

  Date Time,  Temp, °F RH, %  Intensity, Lux  Temp, °F (GT) Air Speed, mph 
  3/25/2017 9:27 62.276 24.681 477 70.673 0.4 
  3/25/2017 9:28 62.276 25.016 492.7 70.158 0.4 
  3/25/2017 9:29 62.362 25.02 453.3 69.985 0.4 
  3/25/2017 9:30 62.362 25.958 477 70.029 0.4 
  3/25/2017 9:31 62.362 25.69 421.8 70.158 0.4 
  3/25/2017 9:32 62.319 25.622 579.5 70.201 0.4 
  3/25/2017 9:33 62.319 25.488 823.9 70.416 0.4 
AVG.   62.3251429 25.3535714 532.1714286 70.2314286 0.4 

Table 3. 9:27 AM – Zone 3 Weather Data. 

 

Materials surface temperature near station: 
1. Concrete: 68°F 
2. Grass: 62°F 
3. Ground: 76°F 

  

Figure 34. 9:27 AM - Zone 3. Pic: Rojas, 2017. Figure 35. Air Speed 0.4 mph - Pic: 
Rojas, 2017 
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12:00 PM - CAPLA – Main Library Analysis 

On the other hand, the temperatures at 12:00 pm are higher compared to 9:00 am. This is due 
because the sun is moving through the sky and solar radiation may increase. At 12:00 pm is when 
the sun is at the highest point in the sky depending of the season. “1.3 – Literature Review on Solar 
Geometry”. The following data was obtained: 

12:00 PM 
Sky Conditions: Clear Sky Conditions 
Date: 02/18/17 

 

 

 

 

 

 

 

 

 

Weather conditions readings: 

  Date Time,  Temp, °F RH, %  Intensity, Lux  Temp, °F (GT) Air Speed, mph 
  3/25/2017 12:00 75.029 14.235 1178.6 104.877 1.6 
  3/25/2017 12:01 75.16 14.309 1178.6 106.282 1.6 
  3/25/2017 12:02 75.29 14.172 1186.5 107.125 1.6 
  3/25/2017 12:03 75.376 14.385 1186.5 108.028 1.6 
  3/25/2017 12:04 75.463 14.598 1194.4 109.477 1.6 
  3/25/2017 12:05 75.637 14.11 1194.4 110.455 1.6 
  3/25/2017 12:06 75.767 14.114 1202.3 110.892 1.6 
avg.   75.3888571 14.2747143 1188.757143 108.162286 1.6 

Table 4. 12:00 PM – Zone 1 Weather Data. 

Materials surface temperature near station: 
1. Concrete: 118°F 
2. Asphalt: 121°F 

 

  

Figure 36. 12:00 PM - Zone 1. Pic: Rojas, 2017.  Figure 37. Air Speed 1.6 mph - Pic: 
Rojas, 2017 
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12:08 PM 
Sky Conditions: Clear Sky Conditions 
Date: 02/18/17 

 

 

 

 

 

 

 

 

 

Weather conditions readings: 

  Date Time,  Temp, °F RH, %  Intensity, Lux  Temp, °F (GT) Air Speed, mph 
  3/25/2017 12:08 76.028 13.909 2574 109.315 0.4 
  3/25/2017 12:09 76.158 15.109 1888.2 107.389 0.4 
  3/25/2017 12:10 76.246 15.252 1896 105.708 0.4 
  3/25/2017 12:11 76.332 14.973 1896 104.877 0.4 
  3/25/2017 12:12 76.375 14.622 1896 105.084 0.4 
  3/25/2017 12:13 76.464 15.433 1903.9 106.597 0.4 
  3/25/2017 12:14 76.507 14.555 1903.9 108.189 0.4 
avg.   76.3014286 14.8361429 1994 106.737 0.4 

Table 5. 12:08 PM – Zone 2 Weather Data. 

 

Materials surface temperature near station: 
1. Concrete: 89°F 
2. Brick: 76°F 
3. Ground: 117°F 
4. Plans: 75°F 

 

  

Figure 38. 12:08 PM - Zone 2. Pic: Rojas, 2017.   Figure 39. Air Speed 0.4 mph - Pic: 
Rojas, 2017 
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12:27 PM 
Sky Conditions: Clear Sky Conditions 
Date: 02/18/17 

 

 

 

 

 

 

 

 

 

 

Weather conditions readings: 

  Date Time,  Temp, °F RH, %  Intensity, Lux  Temp, °F (GT) Air Speed, mph 
  3/25/2017 12:27 76.375 17.707 1415.1 98.627 0.5 
  3/25/2017 12:28 76.375 16.308 1423 100.706 0.5 
  3/25/2017 12:29 76.375 15.115 1423 102.468 0.5 
  3/25/2017 12:30 76.289 13.986 1423 103.795 0.5 
  3/25/2017 12:31 76.158 15.67 413.9 105.031 0.5 
  3/25/2017 12:32 76.114 14.334 1612.2 104.617 0.5 
  3/25/2017 12:33 75.985 13.802 2108.9 103.384 0.5 
avg.   76.2387143 15.2745714 1402.728571 102.661143 0.5 

Table 6. 12:27 PM – Zone 3 Weather Data. 

 

Materials surface temperature near station: 
1. Concrete: 110°F 
2. Grass: 91°F 
3. Ground: 125°F 

 

 

 

Figure 40. 12:27 PM - Zone 3. Pic: Rojas, 2017. Figure 41. Air Speed 0.5 mph - Pic: 
Rojas, 2017. 
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3:00 PM - CAPLA – Main Library Analysis 

Depending on the season of the year all interactions at certain time of the day, may be different. In 
this case Spring was chose in the final interaction of the day, at 3:00 pm. The movement of the sun 
has already passed for more than half a day and has transmitted solar radiation on the site. During 
the summer, this time can be critical since air temperatures are mostly high causing people to be 
uncomfortable. The following weather data was obtained: 

3:00 PM 
Sky Conditions: Clear Sky Conditions 
Date: 02/18/17 

 

 

 

 

 

 

 

 

 

Weather conditions readings: 

  Date Time,  Temp, °F RH, %  Intensity, Lux  Temp, °F (GT) Air Speed, mph 
  3/25/2017 15:00 77.247 16.297 1407.3 93.328 0.4 
  3/25/2017 15:01 77.727 15.714 1415.1 96.724 0.4 
  3/25/2017 15:02 78.382 15.309 1407.3 99.613 0.4 
  3/25/2017 15:03 79.084 14.87 1415.1 101.208 0.4 
  3/25/2017 15:04 79.347 14.912 1415.1 101.962 0.4 
  3/25/2017 15:05 79.612 15.413 1423 103.078 0.4 
  3/25/2017 15:06 80.008 14.929 1423 104.41 0.4 
avg.   78.7724286 15.3491429 1415.128571 100.046143 0.4 

Table 7. 3:00 PM - Zone 1 Weather Data. 

Materials surface temperature near station: 
1. Concrete: 129°F 
2. Asphalt: 127°F 

 

Figure 42. 3:00 PM - Zone 1. Pic: Rojas, 2017. Figure 43. Air Speed 0.4 mph - Pic: 
Rojas, 2017. 
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3:08 PM 
Sky Conditions: Clear Sky Conditions 
Date: 02/18/17 

 

 

 

 

 

 

 

 

 

Weather conditions readings: 

  Date Time,  Temp, °F RH, %  Intensity, Lux  Temp, °F (GT) Air Speed, mph 
  3/25/2017 15:08 80.492 14.376 4671.1 103.64 0.1 
  3/25/2017 15:09 80.537 14.59 335.1 100.407 0.1 
  3/25/2017 15:10 80.58 14.591 303.5 96.481 0.1 
  3/25/2017 15:11 80.58 14.874 279.9 94.181 0.1 
  3/25/2017 15:12 80.58 14.732 256.2 92.01 0.1 
  3/25/2017 15:13 80.625 14.592 240.5 90.194 0.1 
  3/25/2017 15:14 80.58 14.166 224.7 88.718 0.1 
avg.   80.5677143 14.5601429 901.5714286 95.0901429 0.1 

Table 8. 3:08 PM - Zone 2 Weather Data. 

 

Materials surface temperature near station: 
1. Concrete: 94°F 
2. Brick: 111°F 
3. Ground: 85°F 
4. Plans: 90°F 

  

Figure 44. 3:08 PM - Zone 2. Pic: Rojas, 2017. Figure 45. Air Speed 0.1 mph - Pic: 
Rojas, 2017. 
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3:27 PM 
Sky Conditions: Clear Sky Conditions 
Date: 02/18/17 

 

 

 

 

 

 

 

 

 

Weather conditions readings: 

  Date Time,  Temp, °F RH, %  Intensity, Lux  Temp, °F (GT) Air Speed, mph 
  3/25/2017 15:27 79.612 15.554 1281.1 93.612 1.9 
  3/25/2017 15:28 79.524 14.775 1273.2 94.944 1.9 
  3/25/2017 15:29 79.612 15.554 1273.2 95.999 1.9 
  3/25/2017 15:30 79.655 16.26 1218 96.87 1.9 
  3/25/2017 15:31 79.831 15.278 461.2 85.712 1.9 
  3/25/2017 15:32 79.831 15.348 547.9 82.665 1.9 
  3/25/2017 15:33 79.831 14.854 2984 83.064 1.9 
avg.   79.6994286 15.3747143 1291.228571 90.4094286 1.9 

Table 9. 3:27 PM - Zone 3 Weather Data 

 

Materials surface temperature near station: 
1. Concrete: 112°F 
2. Grass: 82°F 
3. Ground: 111°F 

 

  

Figure 46. 3:27 PM - Zone 3. Pic: Rojas, 2017. Figure 47. Air Speed 1.9 mph - Pic: 
Rojas, 2017. 
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3.3 Self-Analysis on Route CAPLA-Main Library 
 

Within the route, it was not only important to take weather conditions data and surface temperature 
on materials. A self-study was also performed, analyzing the body overheating. In this study, the 
tool “non-contact temperature gun” was used to take readings on the surface temperature of the 
author’s skin. Under the same experiment the Hobbo Data Logger was used by placing the sensor 
underneath a cap to collect weather data regarding the path of the route. 

First, the experiment consisted of being relaxed or calm without any heat stress for more than 20 
minutes inside CAPLA building. Every minute during the path of the route surface temperature 
readings were taken by pointing the temperature gun in the forehead in a distance for no more than 
6 inches. The purpose of this study is to find relevant indications of heat stress at a given time 
when walking on the route by being exposed to the sun. 

It is important to clarify that this experiment was done by the author and that the results may differ 
from one person to another. This is because the differences between human beings are huge. 
Certain qualities which characterized those differences are: the type of clothing that is used during 
the walk, metabolism, skin color, height, weight, age, ethnicity, body orientation towards the sun, 
weight carry on backpacks, etc. The author’s situation is described in the following information: 

 

Name: Cesar Rojas 
 
Age: 25 years old 
Height: 6’-0” 
Ethnicity: Latin 
Skin Color: Brown 
Clo Value: 1.0  
Metabolism: 1.2 
Backpack weight: 4lbs 
Body Orientation: Towards the Sun 

 

The study was performed on March 27th, 2017 in three different hours. In the morning at 9:00 am, 
at noon 12:00pm, and in the afternoon at 3:00pm. Only the study at noon will be demonstrated in 
images. At the end of this section an analysis and comparison will be made in order to give a 
critical point of view. It is important to mention that during the experiment day the sky conditions 
varied in the morning with clear sky conditions and in the afternoon with partly cloudy sky 
conditions. These conditions can contrast the weather data readings and therefore results may 
differ from the different times exanimated. 
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12:00 Self-Study 
Sky Conditions: Partly Cloudy 
Date: 03/27/17 

 

 

 

  

Figure 48. Self-Picture with HOBBO Data Logger 
and Weather Sensor under cap. Pic: Rojas, 2017. 

Figure 49. Skin Temp 92°F at 12:01 PM. Pic: Rojas, 
2017. 

Figure 50. Skin Temp 94°F at 12:02 PM. Pic: Rojas, 
2017. 

Figure 51. Skin Temp 95°F at 12:03 PM. Pic: Rojas, 
2017. 
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Figure 52. Skin Temp 94°F at 12:04 PM. Pic: Rojas, 
2017. 

Figure 53. Skin Temp 92°F at 12:05 PM. Pic: Rojas, 
2017. 

Figure 54. Skin Temp 92°F at 12:06 PM. Pic: Rojas, 
2017. 

Figure 55. Skin Temp 95°F at 12:07 PM. Pic: Rojas, 
2017. 
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Figure 56. Skin Temp 92°F at 12:08 PM. Pic: Rojas, 
2017. 

Figure 57. Skin Temp 93°F at 12:09 PM. Pic: Rojas, 
2017. 

Figure 58. Skin Temp 93°F at 12:10 PM. Pic: Rojas, 
2017. 

 

Figure 59. Skin Temp 96°F at 12:11 PM. Pic: Rojas, 
2017. 
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Chart results: 
 
9:00 am Self-Study 
Sky Conditions: Clear 

Date Time,  Temp, °F RH, %  Intensity, Lux  Temp, °F (GT) Skin Temp, °F 
3/27/2017 9:00 81.597 21.501 153.7 82.13 95 
3/27/2017 9:01 81.819 19.869 22575.1 77.902 93 
3/27/2017 9:02 82.308 19.71 32280.1 75.81 95 
3/27/2017 9:03 82.53 19.121 6405.6 74.64 92 
3/27/2017 9:04 82.708 19.267 4269.1 74.554 93 
3/27/2017 9:05 82.753 19.199 3267.8 74.338 90 
3/27/2017 9:06 83.691 18.631 32280.1 74.856 92 
3/27/2017 9:07 82.708 18.46 4529.2 74.295 90 
3/27/2017 9:08 82.353 19.431 6918 75.29 88 
3/27/2017 9:09 85.262 20.648 10828.3 77.684 92 
3/27/2017 9:10 87.346 23.52 32280.1 78.777 95 
3/27/2017 9:11 88.763 24.271 32280.1 79.655 98 
3/27/2017 9:12 90.239 19.259 32280.1 82.441 102 
3/27/2017 9:13 90.657 18.35 32280.1 82.976 102 

Table 10. Self-Study at 9:00 am – 03/27/2017 

Figure 60. Skin Temp 94°F at 12:12 PM. Pic: Rojas, 
2017. 

Figure 61. Skin Temp 97°F at 12:13 PM. Pic: Rojas, 
2017. 
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12:00 pm Self-Study 
Sky Conditions: Partly Cloudy 

Date Time,  Temp, °F RH, %  Intensity, Lux  Temp, °F (GT) Skin Temp, °F 
3/27/2017 12:00 83.422 25.245 248.3 84.227 92 
3/27/2017 12:01 83.959 21.374 22110 82.53 92 
3/27/2017 12:02 85.849 17.78 32280.1 84.857 94 
3/27/2017 12:03 87.665 21.642 21968.1 87.163 95 
3/27/2017 12:04 88.306 16.93 15211.7 87.163 94 
3/27/2017 12:05 88.671 20.41 14139.5 87.073 92 
3/27/2017 12:06 88.214 17.921 18467.7 85.802 92 
3/27/2017 12:07 88.626 21.464 18948.6 85.442 95 
3/27/2017 12:08 85.622 17.49 32280.1 82.931 92 
3/27/2017 12:09 87.757 19.322 28574.7 83.377 93 
3/27/2017 12:10 88.075 22.077 10260.7 84.049 93 
3/27/2017 12:11 88.167 21.94 24845.7 85.035 96 
3/27/2017 12:12 87.985 17.843 9645.8 84.9 94 
3/27/2017 12:13 87.985 32.415 14943.7 84.452 97 

Table 11. Self-Study at 12:00 pm – 03/27/2017 

 

3:00 pm Self-Study 
Sky Conditions: Mostly Cloudy 

Date Time,  Temp, °F RH, %  Intensity, Lux  Temp, °F (GT) Skin Temp, °F 
3/27/2017 15:00 75.637 28.411 342.9 82.53 93 
3/27/2017 15:01 76.332 22.079 2101 81.909 91 
3/27/2017 15:02 78.645 19.8 18743.6 83.021 91 
3/27/2017 15:03 81.154 26.051 13942.4 85.082 94 
3/27/2017 15:04 83.242 18.125 32280.1 84.99 94 
3/27/2017 15:05 84.362 22.644 10181.9 85.035 95 
3/27/2017 15:06 84.945 24.404 13603.4 85.622 93 
3/27/2017 15:07 85.172 25.73 7769.4 84.677 90 
3/27/2017 15:08 84.99 16.552 18420.4 82.976 92 
3/27/2017 15:09 84.049 17.373 9929.6 83.021 89 
3/27/2017 15:10 85.397 24.942 12034.6 84.497 94 
3/27/2017 15:11 85.577 29.671 11167.3 84.767 94 
3/27/2017 15:12 85.352 25.598 18593.8 84.497 95 
3/27/2017 15:13 84.9 19.794 8281.9 84.542 94 

Table 12. Self-Study at 3:00 pm – 03/27/2017 
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The tables mentioned above (table 10, 11, and 12) showed that the climatic conditions are not so 
extreme, but they are out of comfort levels. Usually pleasant climatic conditions are maintained in 
the ranges of 73 to 76 degrees Fahrenheit. Sky conditions are a big factor in this case. If the sky is 
clear makes the solar radiation to be direct on the earth and therefore the temperatures increases. 
On the other hand, in this study, during the day the sky conditions changed. This makes the solar 
radiation to be less extreme since clouds are blocking the passage of the sun. 

In the first interaction at 9:00 am, you can notice how the surface skin temperature is increasing 
according to the path of the road. From minute 5 to 8 a decrease in temperatures is notable. This 
is due to certain qualities such as walking through a shaded area, air speed, conditions of the site, 
etc. After the 9th minute the sun exposure appeared towards the front of the body. The glare and 
incidence of sunlight in the face caused me discomfort. For that reason, the temperature increased 
in the last minutes. 

In the second interaction of 12:00 pm, the climate conditions readings tend to be a bit different. 
Air temperature and relative humidity increase. The sky conditions were partly cloudy. This factor 
makes the walk a little more pleasant even though air temperatures increased. The interesting point 
is how the skin surface temperature increased. This is due to the activity that was performed, but 
it is remarkable that throughout the whole period the temperature of the skin remains almost 
constant. 

Lastly, in the third interaction at 3:00 pm, the sky conditions were an extremely important factor 
in the reduction of solar exposure. However, in section “2 – Climate Analysis for the City of 
Tucson, Arizona”, demonstrate that the sky conditions throughout a year are mostly cleared. A 
huge concern for this research. In this occasion, the skin surface temperature was very stable during 
the journey and the air temperature decreased in comparison with the interaction at 12:00 pm. This 
of course, will be respectively different during summer months due to the high air temperatures. 
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3.4 Self-Response Parameters on Route CAPLA-Main Library 
 

Self-parameters are used to evaluate an auto critical analysis, in this case within the path of the 
route. In other words, during the path of the route different physical conditions are present and 
some of them may or may not be pleasant. Walking through pleasant physical conditions can 
increase or stabilize the comfort during the walk. Basically, this study was carried out by the author 
to understand how conditions performed during the walk. It is important to mention that different 
scenarios may be perceived in a different way. 

The experiment is similar to the study done in section “3.3 – Self-Study on Route CAPLA-Main 
Library”. The difference about this study is that is carried out in a different day looking at different 
qualities. Those qualities are physical areas that contribute to the performance of the user giving a 
result a description about the feelings during the walk.  A non-contact temperature gun and a hobo 
data logger instrument were used in order to give strength and value to the images presented in 
this section.  

The exercise consists of doing a self-evaluation every minute describing the mood according to 
the course of the route. This studies helps to analyze and evaluate which physical conditions or 
segments have a greatest impact on the user performance. It is necessary to do a comparison with 
the information obtained and analyze that data with the mood descriptions. 

This study was performed at 12:00 pm as a factor of high incidence of sun exposure, since the sun 
is at the highest point in the sky during the day. In the same way the sky condition were totally 
clear giving path to direct solar beams and considering the study as a worst case scenario.  

 

12:00 PM – Self-Response Parameters 
Sky Conditions: Clear 
Clo Value: 1.0  
Metabolism: 1.2 
Backpack weight: 4lbs 
Body Orientation: Towards the Sun 
Date: 03/30/2017 
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Figure 62. 12:00 pm. Mood: 
Comfortable. Body Temperature 
Sensation: Neutral. Pic: Rojas, 2017. 

Figure 63. 12:02 pm. Mood: Glare 
obstruction. Body Temperature 
Sensation: Neutral. Pic: Rojas, 2017. 

Figure 64. 12:04pm. Mood: Light 
Comfortable. Body Temperature 
Sensation: Slightly warm. Pic: Rojas, 
2017. 

Figure 65. 12:06pm. Mood: 
Comfortable. Body Temperature 
Sensation: Slightly warm. Pic: Rojas, 
2017. 

Figure 66. 12:09 pm. Mood: Fatigue. 
Body Temperature Sensation: Warm. 
Pic: Rojas, 2017. 

Figure 67. 12:13 pm. Mood: Fatigue. 
Body Temperature Sensation: Hot. 
Pic: Rojas, 2017. 
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Date - Time  Temp, °F RH, %  Intensity, Lux  
3/30/2017 11:58 73.904 23.502 11.8 
3/30/2017 11:59 73.904 23.502 11.8 
3/30/2017 12:00 73.904 23.502 11.8 
3/30/2017 12:01 80.713 24.001 650.4 
3/30/2017 12:02 81.244 33.472 540 
3/30/2017 12:03 81.642 18.357 5412.2 
3/30/2017 12:04 83.824 27.055 8053.3 
3/30/2017 12:05 86.572 16.809 26588 
3/30/2017 12:06 88.947 28.651 32280.1 
3/30/2017 12:07 90.286 14.7 32280.1 
3/30/2017 12:08 90.797 17.073 1959.1 
3/30/2017 12:09 90.703 23.013 12121.3 
3/30/2017 12:10 91.123 24.361 8329.2 
3/30/2017 12:11 91.823 18.1 6019.3 
3/30/2017 12:12 90.982 11.838 32280.1 
3/30/2017 12:13 91.636 14.232 32280.1 

Table 13. Weather Conditions. Date:03/30/2017. Time: 12:00 PM. Gray color are readings inside CAPLA building. Source: Hobbo 
Date Logger. 

 

The parametric self-study started at 12:00 pm (fig. 62) inside CAPLA’s building. The sensation of 
body temperature was neutral and the activity performed was basically being seated and relaxed. 
At the moment of leaving the building the ambient temperature is clearly different from indoors. 
The sky conditions are clear, with a sense of dry air. At 12:02 pm (fig. 63) the presence of glare 
over face in remarkable, a contrast within light from the previous site. The sensation of temperature 
of my body does not change drastically but is notable that the air temperature is higher. 

At 12:04 pm (fig. 64), I begun to feel lightly comfortable even though the air temperature may be 
the same, visually the path of the first 5 minutes is unattractive. This is due to the presence of 
material with high heat absorbance and emissivity such us asphalt and concrete. At 12:06 pm (fig. 
65), my mood changes when I reached a shadow zone. My skin temperature may be increasing or 
being stable, but psychologically it feels nice to be in such a zone. Materials surface temperature 
around this area are much cooler.  

Following the course of the path, at 12:09 pm (fig. 66) the sun exposure is on the right side of my 
body. The sweat begins to fall on my forehead and fatigue becomes to increase. Visually this 
segment of the path is pleasant for its spaciousness and vegetation. Most of the time my body was 
exposed to the sun in an average of 80% over a walk of 13 minutes. At 12:13 pm (fig. 67), I reached 
my destination into the Main Library. It takes me over 10 minutes to re-stabilize my body 
temperature to neutral as well as my heart rate. It is clear, that this study may vary between a kind 
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of person and activity realized. The objective of this experiment is to focus on the areas during the 
walk that generate discomfort over physical and visual conditions. Although the air temperature is 
an important factor, being under the shade, pleasant views, composition of spaces, circulations, 
vegetation, etc. may create a walk more enjoyable.  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

In conclusion, during most of walk towards the Main Library the sensation of temperature during 
the path was warm/hot. At the beginning of my walk the sensation of temperature is neutral since 
I came from an indoor space, the CAPLA building with an ambient temperature of 73°F (table. 
13). The change with the exterior is drastic and even more during summer months. When leaving 
the building, at minute 12:01 the ambient temperature change in a difference of 7°F (table 13). 
During the trajectory of the path the sensation of comfort was uncomfortable (fig. 68). The goal 
for long walks within UofA campus is to make walks pleasant, trying to mitigate in zones under 
warm and comfortable (fig. 68).  

Figure 68. The effective temperature scale correlated to physiological reactions, comfort, 
and health. Source: The Building Environment, Active and Passive Control Systems. 
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3.5 Observations at The University of Arizona 
 

Observations are very important elements of contribution to this research. In many occasions, 
going into the field of study and do observations about how the people interact with circulations 
helps to compile evidence and justifications to the climatic conditions without carrying out a 
reading of the weather. The critical point in this situation is that people demonstrate what is really 
happening in their physical environment. This exercise manifests in each image how people react 
and behave to the climatic conditions within paths and areas at the University of Arizona – Main 
Campus. 

Observations can also help to identify a problem and respectively a solution can be found. The 
facts of what is happening within users, provide empirical information with a powerful meaning, 
supporting and justifying the problem statement states. These evidences are related to the behavior 
of the user’s performance during walks, effects of the sun exposure, and being relax in a certain 
area. Undoubtedly, this allows the research to put into practice the attention, sensation, perception 
and reflection to determinate and conclude the experiences of being comfortable or uncomfortable.  

As mentioned before during this research, the sun is the main protagonist in this research. This is 
because life as simple as that in directly involve with it. This does not mean that being exposed to 
the sun is inefficient or bad. For many people, being exposed to the sun is a beneficial and 
enjoyable activity. Of course, much has to do with the time of the season of the year in which 
activities are performed. Usually, the sun is need during winter seasons due to the low ambient 
temperatures and during the summer, the sun is not a determinant factor of necessity because of 
high ambient temperatures. 

In this study, each image shows the air temperature, time of the day, and date. In this way, an 
evaluation and criticism can be made even when the season of the year are different. On the other 
hand, people’s clothing can emphasize how the ambient temperature seems to be. Usually most 
people during the winter wear pants and sweatshirts on a clear sky condition day. On the contrary, 
during the summer, most people wear pants, shorts, shirts, and sunglasses.  

The following images represent observations within the University of Arizona. Some of them are 
specifically within the route CAPLA – Main Library while other are at different locations on 
campus. 
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Figure 69. Temp: 66°F, 9:00 am, 02/10/17. Pic: Rojas, 2017. 

Figure 70. Temp: 67°F, 9:00 am, 03/21/17. Pic: Rojas, 2017. 

Figure 71. Temp: 85°F, 12:00 pm, 02/10/17. Pic: Rojas, 2017. 
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Figure 72. Temp: 65°F, 9:00 am, 02/14/17. Pic: Rojas, 2017. 

Figure 73. Temp: 87°F, 12:00 pm, 03/21/17. Pic: Rojas, 2017. 

Figure 74. Temp: 85°F, 12:00 pm, 02/10/17. Pic: Rojas, 2017. 
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Figure 75. Temp: 85°F, 12:00 pm, 02/10/17. Pic: Rojas, 2017. 

Figure 76. Temp: 87°F, 12:00 pm, 03/21/17. Pic: Rojas, 2017. 

Figure 77. Temp: 87°F, 12:00 pm, 03/21/17. Pic: Rojas, 2017. 
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Figure 78. Temp: 89°F, 3:00 pm, 03/15/17. Pic: Rojas, 2017. 

Figure 79.. Temp: 89°F, 3:00 pm, 03/15/17. Pic: Rojas, 2017. 

Figure 80.  Temp: 88°F, 3:00 pm, 03/16/17. Pic: Rojas, 2017. 
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4 Conclusions 
 

After analyzing the results of the research development, methodology, and observations, the 
following conclusions are: 

01. It is possible to reduce the heat stress on users by implementing a shading device on 
sidewalks. 
 

02. During extreme high air temperatures, shade can improve user’s performance to 
maintain a neutral body temperature as shade blocks direct sunlight. 
 

03. A shading device in addition to provide shade can help to collect energy from the sun 
through solar panels and storage rainwater (fig. 81). 
 

04. Materials such as asphalt, concrete, and brick can be replaced with materials of low 
properties in absorption and emissivity of heat. 
 

A shading device on sidewalks at the University of Arizona, aims to procreate awareness and 
knowledge to the users. The concept of the project seeks to interact in different fields of society, 
economy, and sustainability. Pursuing a goal of within the University of Arizona to become a 
leader on sustainable campuses across the nation. The following statements are goals and 
objectives in relationship with a shading device. 

 

01. Enhance the productivity and health of students, faculty and staff by improving the 
outdoor human thermal comfort (fig. 82). 
 

02. Create comfortable spaces to promote social interaction between students and users  
(fig. 83). 
 

03. Energy savings by reducing potential thermal loads from users in air conditioning 
systems (fig. 84). 

In arid and desert areas, shade is the number one environmental strategy to take into consideration. 
This strategy helps to control, improve, and reduce heat gains and block direct solar radiation 
during summer and hot months. Shading devices are important… 
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Figure 81. Concept Design – Within a Shading Device, PV on structure and direct rainwater to irrigate vegetation. 

Figure 82. Concept Design – Shading Device to block direct sunlight from south. 
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Figure 83. Concept Design – Within a Shading Device – Create Social Gatherings. 

Figure 84. Concept Diagrams – Reduce Energy Consumption by reducing heat stress on users. 
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5 Future Research Areas 

 

For future fields of interest, it will be ideal to design and test a shading device proposed for 
sidewalks. An important consideration within the device will be to implement a payback for the 
University of Arizona. 

This payback can be obtained by implementing photovoltaic panels for solar energy collection and 
thus illuminate the campus at night and supplement other areas where energy is needed it. 

Another area of interest is the percentage of rainwater storage obtained during monsoon seasons. 
This would help to reduce the water consumption on irrigation to the vegetation on campus. 

Finally, a study on the percentage of energy consumption reduced in cooling systems by reducing 
the thermal load on overheated users before entering to buildings. 
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