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Abstract 

The anthropogenic influences on our climate system has caused an unprecedented 

increase of carbon emissions amongst other greenhouse gases into our atmosphere 

resulting in energy imbalances and observed positive feedbacks.  The American 

Southwest is witnessing major urban transformation as its cities are becoming centers for 

urban growth.  Without adopting climatic design, this continued sprawl will greatly 

compromise the natural environment and, human health and wellbeing.  Intensive 

urbanization has the greatest risk for increasing the carbon footprint, environmental 

pollution, urban heat island phenomenon, and infrastructure overextension.  Increasing 

ground surface temperatures; the outdoor environment is observing record breaking 

temperature highs, while the artificial indoor set points stay the same to counter that 

effect.   

Buildings placed in areas of excessive heat and glaring sun are in need of a 

comprehensive approach to address their environments.  With the advancements in 

technology, trends have shown that architects and designers are shifting towards 

engineering solutions to artificially control their environments to a static state.  While 

spaces steer away from passive designs, their operation demand high energy consumption 

and their occupants are deprived of a sense of nature.   

Climatic design is a key ingredient to the success of an optimized environment, or 

to its failure.  Human Health is one component that is most challenged and could be most 

responsive to that environment and its built parameters.  The important role that these 

components play are greater when immersed in hot-arid regions where resources are 
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scarce, and the built environment finds itself in a hostile environment where it struggles 

to survive, relying heavily on the consumption of fossil fuels.   

The goal of this research is to develop a methodology in which the human 

physiological responses are centered in the role of design. Through examination of this 

phenomenon and recommendations based on the findings, developers will be informed of 

the importance of human-centered climatic design.  Data driven to optimize both human 

health and the environmental footprint.  Utilization of this method will not only decrease 

the contribution of the built environment but will also decrease the chronic exposure of 

humans to these high contrasts and pave the way to cautious practices optimizing health 

of the environment.  The long-term goal is to develop indices based on human-centered 

climatic design to inform our design decisions and represent a flagship to a sustainable 

way of living.  The objective of this research is to validate the dialogue between climatic 

design and human physiological comfort.  The hypothesis is that a specific list of 

elements in man-made built environment trigger responses in both the atmosphere and 

humans.  The rationale behind this methodology is based on the role of architecture as a 

primary instrument that could cause imbalances in both the climate and the human body. 

To accomplish our objective and test our central hypothesis the authors outlined 

three broad environments; (climate, architecture, and human) to further investigate the 

relationship centered around the human body and its multisensory experience.  Results of 

this study will allow the identification of an articulate common solution focused on 

transitional spaces.   

The contribution of knowledge in this research is outlined in three sequential 

publications.  The first adopts a comprehensive approach that redefines space and the 
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elements in three environments that have an impact on it.  The second leads with the 

previous developed relationship (from paper 1) to develop a human physiological 

comfort index applicable within a broader architecture foundation, and the third utilizes 

this index to demonstrate techniques developed in this research to measure climatic and 

human attributes objectively, and non-obtrusively.  At the final stage these disciplines 

will be overlaid to create architecture unity in a sequence of variables which this 

document will follow.  The conclusion outlines a series of concepts that represent human-

centered climatic design applications. 

This dissertation graphically articulates the interactive network of dialogue 

between humans and space to serve as a balanced approach to architectural design.  The 

genesis of this investigation is supported by the development of a protocol that utilizes 

interdisciplinary research methodology that couples theoretical and empirical based 

discoveries to inform the fundamentals of the built environment, standards, and 

operations optimizing occupant health and wellbeing in extreme environments.  By 

combining spatial design with health parameters, architects will be able to make 

decisions that will reduce energy consumption, decrease the impact on climate change; 

ultimately protect the natural world and optimally support future life.  The actions taken 

in response to this study will not only decrease the direct impact of large temperature 

differences that trigger human stress responses, but will also reduce the emission of 

anthropogenic greenhouse gases. 
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CHAPTER 1: INTRODUCTION  

Exponential population growth has been one of the problematic trends that are 

negatively impacting the world.  With continuous increases in energy consumption and 

depletion of natural resources this trend poses a serious threat on our planet.  Our current 

population count as retrieved from “Wordometers” on Feb 13th, 2018 at 8:36am is at 

7,601,718,114, and models are predicting a continuous growth in that trend (DeKroon et 

al., 1986).  Irreversibly taking over agricultural lands and the natural world, more than 

half of the world’s population are living in cities (Foster et al., 2011).  Urbanization is 

one of the major factors that have ignored the consideration of climatic design and human 

based approaches (Gideon 1983).  Supported with technology, the rate of land cover and 

land use change is allowing the availability of artificial environments to be constructed 

without any technical problems at the expense of the natural environment (Bounoua et 

al.2018).   

About 1/3rd of the earth’s land surface belongs to an arid region, and the 

Southwest United Sates is one of the most rapidly urbanizing region that is witnessing an 

unprecedented increase in population and potential urban growth over the last decade.  

This region will experience a projected increase in population from about 56 million in 

2010 to 75 million by 2030 (Jardine et al., 2013).  With rapid population growth the 

demand on land, water and energy has increased, presenting major challenges for arid-

regions.  Intensive urbanization is largely affecting the world and has the greatest 

potential to increase the risk of rainfall availability and ground/surface water depletion 

(drought), disruption in soil compositions and the ecosystem, increasing the carbon 

footprint, urban heat island phenomenon, and infrastructure overextension.		The stress 
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induced in this climate is much more difficult for both human and environments to deal 

with in comparison to other climatic conditions.  With its harsh climatic conditions, 

architects and designers require high energy demands to artificially operate the built 

environment, creating spaces that are not environmentally friendly nor are they human 

friendly.  In order to sustain the increased demand on electricity, the world is undergoing 

and identifying extreme new energy sources, such as: mountain top removal of coal, 

fracking for natural gas, and offshore drilling for oil.  As a result, to the changes in 

ecosystem, the southwest will further experience limitations in its water supply and 

increases in its surface temperatures.  Significant alterations in land use and land use 

cover intensify climate change stresses that drive species beyond their survival threshold 

(Turner et al., 1995).   

 With the sensitivity of arid-regions to climate changes, architects and designers 

have recently shown interest in re-adopting passive environmental strategies to create 

climate responsive environments.  Architecture needs to create a sense of connection 

between spaces designed for the human body while utilizing climate science.  Applying 

methods that investigate appropriate climatic design should include human health and 

wellbeing as a critical component of that investigation.   

People are conscious of and concerned about the environment and their health.  

However, their knowledge is limited to what they feel, and they are often not aware of the 

subconscious effects that the environment may have on their health and wellbeing.  With 

the enhanced accessibility to meteorological data and our understanding of the profound 

effects on human health, spaces need to address comfort - beyond their value of elegance.  

This dissertation couples studies of climatic and bioclimatic analysis, to develop an 
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elaborate approach to a human-centered climatic design.  One may argue that an optimum 

environment exists solely when supported by climatic principles, human health and the 

environmental forces that shape it.   

1.1. Background 

The built environment is a breathing, living organism and will be drastically 

affected as witnessed by the current increase in demand and consumption, deficit of 

regional energy supply, jeopardizing fresh water availability, and earth’s surface 

temperature increase. 

Several studies have researched chronic diseases caused by our urban cities of the 

21st century as they are designed without regard to their geographic location.  We need to 

shift our minds from identifying what causes health problems (pathogenic) to how we can 

contribute to causing health enhancements (salutogenic).  Scientists have investigated 

how indoor/outdoor air quality can have an effect on building occupants, as well as 

thermal comfort in promoted outdoor spaces (Chalfoun et al., 2003; Humphreys et al., 

2003).  However, there has been little attention directed towards transitional spaces and 

how they can play a major role in both the built and human health environment.  

Architects build from the property lines in, while cities build from the property out.  But 

what happens to that space that exists on the property line, where no one is accountable 

for, yet extensively used by people?  Studying the impact of transitional spaces on human 

health and performance is important as people move from extreme outdoor climatic 

conditions of hot-arid regions to the artificially climatically controlled indoor 
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environment, or vice versa.  Large and sudden changes in the contrast of noise, light, or 

temperature exposures will trigger stress responses. 

Although the Environmental Protection Agency has reported that people spend 

almost 90% of their time indoor, there has been a major movement that suggests the use 

for more outdoor spaces.  However, this execution has proven to be challenging in hot-

arid regions where the built environment exists in harsh climatic conditions and diurnal 

temperatures.  With the use of appropriate empirical methods and evidence based design, 

transitional spaces could decrease the contrast in environmental conditions.  Transitional 

spaces have a significant effect on tempering the indoor temperature, and decreasing 

electric loads associated with cooling, while shifting indoor activities outdoors.  Also 

decreasing the time occupants spend indoors, increasing their contact with nature. 

While there are many factors that are crucial to arid regions and make up its 

current condition, this research is focused on thermal and luminous factors that are 

applicable in transitional/outdoor spaces where they will be illustrated in this research.  

The primary goal is to develop a method that may be adopted within the design of spaces 

that speaks to human health and wellbeing in an optimized environment.  With the 

human-induced impacts to climate change, this approach will address the energy 

conservation techniques of the surrounding context. 
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1.2. Problem Statement 

Based on the findings from the climatic assessments conducted in the House Energy 

Doctor Laboratory at the University of Arizona as well as on a literature review, arid 

regions pose a harsh climate condition for the built environment and humans, yet 

architecture designs do not fully adhere to these conditions.  Urban development in the 

southwest is transforming natural lands to artificial ones, minimizing the utilization of 

effective outdoor spaces, which in turn isolates human interactions with the outdoor 

environment.  Designers have been focusing on sudden changes through designing 

entry/exists to and from buildings without analyzing the spaces between them, despite 

their vital impacts on our health and wellbeing.  These sudden changes in environmental 

conditions can be stressors, which trigger the human physiological stress responses 

manifested in part by an increase in heart rate.  Direct sunlight, glare, over-illumination, 

or under-illumination are examples of environmental features within interior spaces, 

which may cause strain on the human eye resulting in stress, due to the body constantly 

attempting to adapt to its surrounding changes in the environment.  The development of 

human-centered climatic design will provide a network of opportunities designed 

specifically for an extreme environment, where both the person and the building will 

benefit from its reduction of energy consumption and respond to its surrounding climatic 

conditions.  Buildings need to extend beyond their envelope, creating transitional spaces 

that contribute to the reduction of the UHI phenomenon through optimizing the thermal 

comfort and human health factors.  This study fills the gap by providing the architecture 

design sector with a graphically illustrated project-based approach, which combines 
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human health and wellbeing in built environments that exists in harsh climatic 

environments.  Specifically, non-obtrusive and objective human analysis are applied 

within to optimize designs. 

1.3. Hypotheses 

Architects, despite designing with cautious climate coupled decision-making, often 

neglect transitional spaces.  These transitional spaces occur abruptly through one façade 

layer where there are changes in the physical environment, climatic conditions, 

exposures, interactions, human perceptions etc.  Transitional spaces are more critical in 

arid regions where great extremes in temperatures exist throughout the day.  The set of 

tools designed for this new methodological approach is based on sequential research 

hypotheses that have built a strong interdisciplinary foundation through the fields of 

climate, architecture, and health.  Solar radiation, temperatures, heart rate, facial changes 

were all documented to support these hypotheses.  The testing methodology is described 

in detail in chapters 3 and 4. The specific hypotheses are as follows: 

 

 Hypothesis 1: a finite and specific set of variables impact human performance in 

transitional spaces, and they can be used to develop a new definition of space. 

 Method: Top variables under each major environment was identified and 

validated through existing research literature. 

 

Hypothesis 2: spaces that conform to human-centered facets through 

incorporating climate, architecture and human performance, outperform spaces that do 

not involve those features 
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Method: Preliminary research was conducted on existing spaces to assess their 

environmental conditions and then suggested multiple changes that improved the quality 

of these spaces. 

 

Hypothesis 3: spaces in warmer climates with limited resources require higher 

levels of detail during design and assessment, especially since people in such climates 

are exposed to harsh environmental conditions. 

Method: Spaces in warmer climates are subjected to high contrasts of solar 

radiation, clear sky conditions, diurnal temperatures which requires a unique approach to 

address the climatic variability without having to rely on energy consuming technologies 

that create artificially controlled environments. 

 

Hypothesis 4: the newly developed interdisciplinary tool kit, which includes 

measures of human physiological comfort, revolutionizes the architecture discipline and 

can be used towards data-driven design. 

Method: Based on this hypothesis, a novel set of emerging technologies were 

developed specifically to recreate a new definition of space under different conditions. 

 

Hypothesis 5: physiological, psychological, and behavioral responses can be 

used to improve climatic design to create human-centered designs. 

Goal: Architects are not well versed in the human body responses that occur 

based on the man-made environments they are submerged in.  To this end disseminating 

these findings to architecture students early in their careers, will improve their awareness 

and address the inseparable relationship between climate, architecture, and human 

environments.
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1.4. Dissertation Format 

In this dissertation the author aims to create a new methodology based on the 

relationship between three main environments – climate, architecture, human.  A method 

of objective and non-obtrusive assessment in arid regions has been developed through a 

sequence of steps.  First, the climatic variables of the region were identified and defined.  

Second, the term “space” for which the previously identified variables is defined to 

incorporate synergies among the three environments.  Third, based on this researched and 

collected data, a physiological human comfort index has been developed to use towards 

the main goal.  Fourth, the index is used to generate an experiment where an objective 

and non-obtrusive assessment is applicable.  Lastly, a series of investigation techniques 

are illustrated for architecture/design use. 

1.5. Author Contribution  

 This dissertation graphically represents this interactive dialogue between people 

and space to the architecture community.  This interdisciplinary approach is supported by 

technical scientific methods for the holistic application of climatic design. 

The author, with the guidance of the committee, has contributed with this 

dissertation to advance the science within research and academia to provide new 

significant knowledge to scholars.  A new method of objective and non-obtrusive 

assessment in arid regions has been a contribution by the author, with the guidance of the 

committee, uncovering contextual differences and a validated framework of networks 

between major disciplines.  
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 A new course on health and the built environment has been extracted from the 

findings of this research to equip architecture students with state of the art tools and 

technology as well as the knowledge of understanding the impact of climate, architecture, 

and health.  This course focuses on the physiological, psychological, sociological, and 

behavioral responses of people submerged in a man-made built environment in extreme 

climates.   

 The authors chose to identify and graphically represent several problems that exist 

in spaces to be displayed to architects, and for them to consider those as design problems 

as they approach each project differently.  Contribution to Professional Practice is 

significant to architecture practitioners as the dissemination of this research suggests new 

methods of applicability to firms.  The methodology could serve as a framework to 

benchmark or improved design solutions and in identifying new potential climatic and 

health related approaches to the industry.  A new set of design guidelines developed to 

assist city/building officials mandating this approach would optimize our built 

environment.  Architecture solutions addressing health and wellbeing should be 

established while climatic elements are taken into consideration.  Since the main goal of 

this dissertation is to approach human health and wellbeing in extreme climatic 

conditions, the main elements that impact the human body would serve as a universal 

methodology for practice. 

  



 

27 

1.6. Broader Impact 

 The broader impact of this study affects the planning and architecture of our built 

environment.  Investigating how inhabitants in arid regions respond to developed resilient 

spaces that demonstrate adaptation techniques, will mitigate the adverse effects of climate 

change and promote human health and wellbeing.  This dissertation identifies a new 

approach, based on health enhancements rather than researched chronic diseases often 

used as a source of land planning to provide guidelines for livable cities.  Architecture 

contributes to the development of a diverse, globally competitive sustainable 

environment.  The research team will provide educational opportunities through the 

graduate schools to equip architecture students with an expert system toolkit that will 

help correlate the findings from climate, built environment, and human comfort factors to 

its equivalency from human health such as glare, heart rate variability, and stress 

responses.  This work will revolutionize established guidelines on environmental spaces, 

to properly drive performance through strategic and structured utilization of the built 

environment that emphasizes rigorous analysis of human impacts.  We have developed a 

protocol that utilizes interdisciplinary research methodology, coupling theoretical and 

empirical based discoveries to inform the fundamentals of the built environment, 

standards, and operations optimizing occupant health and wellbeing.  It further integrates 

environmental sustainability with therapeutic technologies achieves healthier human 

environments.  It facilitates investigation and exploration of the potential immersive 

bridges between these disciplines to unveil a process that triggers the principles to how 

our body functions.  Through examination of this phenomenon and recommendations 
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based on the findings, developers will be informed on how the built environment affects 

human behavior. 

CHAPTER 2: REDEFINING SPACE 

 This chapter investigates space as a term, and what it represents to different fields.  

Space on its own is a difficult concept to grasp.  Architects sculpt spaces to create 

environments in which people can interact and to which they react to.  The challenge is 

identifying a boundary for a term that is boundary-less, quantifying its very essence.  

Vertically, space is recognized in architecture to represent different layers where human 

interaction ultimately decreases.  Those vertical spaces determine the role of architecture 

in the environment, where the three levels represented are Micro, Mezzo, and Macro.  

The following modules will attempt to identify several criteria that exist within those 

three levels, aiming to scientifically document and diagram their functions in relation to 

the human experience.  

2.1. Macro, Mezzo, and, Micro Scales 

With the recent growth of urban areas, there has been a particular focus on the 

macro environment, where the city impact is larger.  But does that mean, that 

environments are assessed by their size?  Where are people in these interactions?  With 

cities being designed for vehicular use, and horizontally expanding – regardless of 

geographic location, aridity in region, or embodied energy in transportation - the spotlight 

of space design is based on the macro environment.  However, the secret to an optimized 

environment lies within the micro environment, where people are in close interaction. 
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Surely the mezzo and macro levels also have an impact on human, but people are not in 

direct relationship to these experiences.   

 

2.1.1. Macro 

The effect of UHI on the energy balance of a city is substantial, and causes an 

exponential increase in negative impacts. Two mitigation strategies implemented to 

reduce the UHI on the city scale include: increasing the amount of trees and vegetation, 

and apply cool or green roof strategy to buildings.  This concept would reduce the overall 

radiated warmer air temperatures generated by dense, built-up areas,  while increasing 

cool air contributions through parks and vegetated areas, which typically have cooler 

surface temperatures.   

2.1.2. Mezzo 

The mezzo spaces is a virtual space, harder to characterize, grouping a cluster of micro 

spaces, but not big, or high enough to be considered a macro space.  Identified by social 

control, the mezzo environment provides an opportunity for sensory interactions 

(Krasheninnikov, 2015),  largely, due to the fact that people transitioning from one space 

to the other in a hot climate will not need a long period of exposure to the existing 

conditions before they feel thermally uncomfortable.  
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Figure 1: Clusters of Micro spaces forming a Mezzo space (O. Youssef) 

2.1.3. Micro 

One of the main factors that is concurrent and impacts all three levels is the Urban 

Heat Island (UHI) Phenomenon, commonly mistaken for its city impacts.  Urban 

residents are exposed to extremely warm conditions, which is becoming a significant 

public health problem.  Intensified downtown boundary housing major population and 

employment centers have completely neglected the sensitivity of human interactions.  

Attempts to adopt a universal approach to understanding and mitigating this problem 

have not been very effective. 
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Figure 2: Micro to Macro environments from the front left to the back right respectively (O. Youssef) 

The challenge of hot-arid climates have been often underestimated, where on a 

hot sunny day, the sun can heat dry exposed surfaces, such as roofs and pavements to 

temperatures of 50°F to 90°F hotter than the ambient temperature (Berdhal et al., 1997).  

In contrast, shaded or moist surfaces (existing in rural areas, or areas with more 

vegetation – typically non-existent in city centers) remain close to air temperatures.  This 

example of UHI shows a clear man-made environmental interaction with the human 

body. 

Research has demonstrated that the urban built environment shapes the way 

people live, and has a profound effect on their health (Bandura 2001; Northridge et al., 

2003).  Yet, architects have often neglected this issue is related to urban planners to 

design pocket parks, or shaded walkways, when the direct relationship between humans 

and their immediate surroundings is much deeper than that (Frank et al., 2003).  

Subconsciously affected by the surrounding conditions, the human mind does not realize 

the very architecture of the spaces with which the physical body interacts.  The built 

environment sculpted by architects and planners should utilize its complex relationship 
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with the human body to ensure an optimized experience and not merely provide function 

and shelter (Vischer et al., 2008).  The connection between the urban built environment 

and human physiology is impacted on the three scales – micro, mezzo, and macro.  With 

respect to UHI as one component of that interaction, mitigation strategies will need to 

differ when addressing each of these scales, specifically when addressing a city scale 

temperature gradient to achieving outdoor human thermal comfort on a neighborhood or 

pedestrian scale.   

The effect of UHI on the energy balance of a city is substantial, and causes an 

exponential increase in negative impacts.  As an example, tte city of Phoenix, AZ 

investigated the impact of the Phoenix Cool Roofs and Tree and Shade Master Plan 

initiatives on the city.  The study disseminated in The City of Phoenix’s Cool Urban 

Spaces Report (2014) evaluated how these heat mitigation efforts affect microclimates 

and human thermal comfort in the Phoenix metropolitan area.   

Two mitigation strategies were implemented to reduce the UHI on the city scale: 

the amount of trees and vegetation were increased, and cool or green roof strategy were 

applied to buildings.  This concept would reduce the overall radiated warmer air 

temperatures generated by dense, built-up areas.  While increasing cool air contributions 

through parks and vegetated areas, which typically have cooler surface temperatures.   

These findings are especially relevant as rapid and extensive urbanization has led 

to the UHI effect that has increased steadily at approximately 0.9°F per decade. 

There were two significant results of the tree and shade initiative:  
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1) increasing tree canopy cover to 25% leads to an additional temperature 

reduction of 4.3°F, which is a total cooling benefit of 7.9°F as compared to an unshaded 

neighborhood, 

2) switching landscaping from xeric to oasis, i.e., adding grass patches to 

residential backyards, resulting in a reduction in average neighborhood temperatures by 

0.4°F to 0.5°F.   

Increasing tree canopies is beneficial for providing shade during the overheated 

periods of the year, however this strategy may potentially reduce the rate of nighttime 

radiation into the sky (Rosheidat et al., 2010).  The method of irrigation for the new 

proposed trees and greeneries remains a major concern that must be addressed, especially 

in the southwest where water resources are scarce.  Lush vegetation will not conform to 

the current desert ecosystem, and could disrupt the ecosystem service especially with the 

invasion of non-native species. 

 

Figure 3: Mesic vs Oasis vs Xeric - types of landscape. (O. Youssef) 

Adopting a strategy to revive the natural setting of our ecosystem is challenging, 

and far more complicated than planting trees, and painting white roofs.  Architects, 
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designer and engineers need significant research and understanding on the pedestrian 

scale by considering sheltered walkable solutions.  Decisions such as sidewalk widths 

and its material, seating areas, plantation including tree canopies, storefronts along with 

its adjacent building materials and heights, are all elements for enhancing the user 

experience (Rosheidat et al., 2010).   

 

Figure 4: Surface Temperature variation during day and night 

Research has advanced the development of heat island reduction through 

implementation of trees, vegetation, cool roofs, and green roofs.  Strategies 1 -5 will all 

significantly decrease the amount of solar gain absorbed by the material.  Therefore, 

decreasing the cooling load required in the building (decrease the carbon footprint from 

less HVAC systems used for cooling) as well as decrease the amount long wave radiation 

emitted back into the atmosphere. 
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Figure 5: Conceptual Rendering Illustrating UHI Mitigation strategies (O. Youssef) 

1. Light Colored Asphalt: Streets cover about 45% of our cities, with conventional 

asphalt, radiated temperatures can reach 150°F at peak (Akbari et al., 1999).  

Using porous asphalt, will reduce storm water runoff, and increase water 

percolation – recharging groundwater (Barbee et al., 1999). 

2. Green roofs: could reduce roof temperature by 50°F (Heystraeten et al., 1990). 

3. Increased Trees and vegetation: in areas where facades are exposed to high solar 

gain (South, East, West). 

4. Light colored roof 

5. Cool Roof: reflect solar gain and reduce roof temperatures, as it absorbs less heat, 

the roof can stay up to 60°F at peak (Konopacki et al., 1998).   
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Figure 6: Investigating potential factors that impact the UHI at the University of Arizona Campus. Tucson, AZ 
(O.Youssef) 
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Figure 7: Illustrating three levels of space investigated (O. Youssef) 

The main aim of the research team is to develop a human-centered climatic design 

method, and therefore space will be analyzed in the next three sections under three main 

environments- Climate, Architecture, and Space.  

 

Figure 8: Redefining space by interlocking the proposed three environments (O. Youssef) 

Under each section, the discipline will be investigated to identify the main criteria 

that may impact space and human experience.  
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2.2. Elements of Micro Space 

 This section will discuss the three main environments framed to develop a 

methodology on human-centered climatic design.  Climate, Architecture, and Human 

environments are closely related yet, have not been integrated as a single discipline.  The 

extreme climate forces imposed on an arid region are often ignored due to the dynamics 

of growth in urban development’s becoming generally uncomfortable for humans.  The 

following section represents research focused on Climate, Architecture, Human 

environments as different disciplines.  Ideally, the comfort of the human body is 

important for users of both environments, and will be focused on specifically on a micro 

scale where the interactive experience is at its highest.  The first step towards this 

assessment is identifying the global climatic concepts and problems in our environment, 

record breaking highs of fossil fuel consumptions and greenhouse gas emissions are a 

serious threat on our world.  Expanded research is presented on the local climate of 

aridity in the southwest and a particular focus on Tucson, Arizona, where the 

applicability of the developed method is tested.  The harsh climatic forces expose the 

method to extreme conditions that must be satisfied.  The second step is, an examination 

of the architecture of the built environment and the artificially controlled foreign 

development shielding the interior spaces from outdoor conditions to a static energy 

consuming state.  The third step is a focus on the human physiological environment 

which is largely affected as a product of the architecture responses to the climatic 

conditions.  
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2.2.1. Climate: the first Environment 

Climate change is not merely a “21st century buzzword” associated with energy 

and the consumption of fossil fuels, it is a concept that the world should embrace while 

planning for future projects.  The climate does change naturally due to fluctuations in the 

Earth’s orbit; causing changes in water availability, wind patterns, temperature variation, 

and percent land coverage (Garfin et al., 2013).  However, what we are experiencing 

today is an abrupt increase in the Earth’s temperature (Solomon et al., 2009).  The Earth's 

average global surface temperature has risen 1.4 degrees Fahrenheit (0.8 degrees Celsius) 

since 1880, and it is now warming at a rate of more than 0.2 degrees Fahrenheit (0.1 

degrees Celsius) every decade.  Within the last 10 out of the last 13 years, NASA has 

announced that the world has been exposed to the warmest temperatures on record 

(“NASA: Global Climate Change” 2016).   

 

Figure 9: NASA’s Goddard Institute for Space Studies (GISS) –Scientific Visualization Studio 

The southwest is one of the most rapidly urbanizing regions in the United States; 

witnessing an unprecedented increase in population over the last decade, and potential 

urban growth.  The region will experience a projected increase in population from about 

56 million in 2010 to 75 million by 2030 (“SWCCAR” 2016).   
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Urban areas are a home for millions of people of all ages and vulnerability.  With 

rapid population growth the demand on land, water and energy has increased.  The US is 

a fossil fuel dependent country and to effectively overcome the foreseen climate change 

threats, we need to acknowledge that most of our nation’s economy is based on fossil 

fuels that are finite in supply; such as coal, oil, and natural gas.  Alongside rapidly 

transitioning rural to urban land, greenhouse gas emissions are a great anthropogenic 

influence on climate change (Chalfoun et al., 2016; Kalnay et al., 2003).  Intensive 

urbanization is largely affecting the world and has the greatest potential to increase the 

risk of rainfall availability and ground/surface water depletion (drought), disruption in 

soil compositions and the ecosystem, increasing the carbon footprint, urban heat island 

phenomenon, and infrastructure overextension.   

The worldwide average footprint of a person is 4 tons of carbon dioxide per year; 

remarkably, Massachusetts Institute of Technology (MIT) has estimated that the carbon 

footprint of the best conserving American is 20 metric tons per year (“Time for Change: 

Co2 emissions” 2016; “MIT: Carbon Footprint Avg.” 2016).  In Tucson, Arizona, the 

footprint is 66.1 tons, which is surprisingly very close to that of Los Angeles, California. 

The variability of climate change in the southwest has been observed through 

man-made energy consumption and lifestyle demands – creating a consistent incline in 

carbon footprint. 

In order to sustain the increased demand on electricity the world is undergoing 

and identifying extreme new sources, such as: mountain top removal for coal, fracking 

for natural gas, and offshore drilling for oil.  As a result, to the changes in ecosystem, and 

the immense amount of carbon dioxide released into the air; the southwest will further 
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experience an increase in 1) temperatures, 2) negative impacts on water resources and 

drought: 

1. Increased temperatures: The average daily temperatures will continue to 

increase causing melting of the polar Ice caps, rising of the sea levels, and washing away 

some prone areas in California (Westerling et al., 2006). 

 

Figure 10: Temperature trends in the twentieth century (Assessment of Climate Change in the Southwest) 

The warming of the southwest will continue to exponentially increase over the next 100 

years.  Model projections show the average annual increase will be between 1-9°F by 

2099 (Garfin et al., 2013).  For the past 13 years the southwest continues to hold records 

for the highest temperature increase (“National Geographic: Desert Threats” 2016).  

Another observation of excessive warming in recent decades is the increased length of 

the frost-free season has by 19 days (Walsh et al., 2014). 

2. Impact on water resources: A reliable water supply is crucial for sustaining 

people, agriculture, energy production, and ecosystems in this dry region. Increased water 

demand and reduced water supplies will add new stresses to our strained water resources 

(“EPA: Climate Change Indicators in the US” 2015).  Scientists have predicted that 
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climate change cause more frequent floods and droughts, which in return affects our 

initial water sources.  The southwest is currently suffering from a drought, and the 

chances of a mega-drought striking the southwest by the year 2100 is currently at 80%. 

The loss of water support below ground due to urban growth is becoming a geologic 

hazard, which may lead steadily encroached upon land subsidence and earth fissures. The 

current Southwest drought is exceptional for its high temperatures and arguably the most 

severe in history (MacDonald, 2010).  Increasing temperatures will also increase 

evaporation, causing river-flow reductions and dwindling reservoirs.  Rapid population 

growth will increase the competition for water resources across the different states 

(Garfin et al., 2014).  Arizona, with the largest budget cuts will be the first state to suffer 

the loss of water resources.  While, California will continue to utilize the same amount of 

water throughout their drought periods.  The Hydrology and Water Resources of the 

Colorado River Basin will be largely affected.  Water availability in the Colorado basin 

are projected to experience severe, prolonged drought (Christensen et al., 2004).  

Experiencing water shortages in excess of those during the last 110 years.  The current 

and projected drought conditions in the southwest require severe water resource planning 

over the next century, to respond and adapt to climate change.  Declines in river flow and 

soil moisture will continue.  Substantial portions of the Southwest will experience 

reductions in runoff, stream flow, and soil moisture in the mid 20th to 21st century.  The 

drought conditions and decline in the water basins are already in place (“IJC: Emerging 

Issues Workshop” 2003).  Water in Lake Mead dropped to around 1078’ which is a 150’ 

below full pool of 1,229.00, and 2’ short of announcing the first level of water reduction 

(“Lake Mead Water Level” 2016).	
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The excessive consumption of our natural resource is one of the vital reasons that 

our climate is constantly being threatened.  The urban built environment is responsible 

for most of the world’s fossil fuel consumption and greenhouse gas emissions.  Urban 

areas are responsible for over 70% of global energy consumption and CO2 emissions, 

mostly from buildings (Birol, 2010).  There is an increasing demand for energy and 

associated services, to meet social and economic development and improve human 

welfare and health (Edenhofer et al., 2011).  Architects and planners are urging to adopt 

renewable resources as a response to climate change (Sims, 2014).  While there have 

been several studies assessing the contribution of renewable energy sources as mitigation 

strategies for climate change, yet that would still not reduce the amount of energy that we 

consume.  It is a misperception that solar panels in the sunny southwest will save the 

world from carbon emissions. 

Intensive climate variability will negatively impact the world, specifically in the 

Southwest – one of the most rapidly urbanizing regions in the southwest.  With harsh 

climatic conditions and finite resources, the southwest has been labeled as the most 

“climate-challenged” region in the United States (Garfin, 2013; Birol, 2010).  In today’s 

society and culture, there are major transformation from rural to urban (“UN: World 

Organization Prospectus” 2014).  Demand for land, water, and energy has exponentially 

increased with population growth (Fisher et al., 1997).   
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Tucson is located in the heart of the Sonoran Desert in the southwest region of the 

United States; a unique climate specific to hot arid regions.  Known for its wide spread 

buildings and lush desert landscape, the city suffers from excessive solar radiation during 

overheated periods.  

 

Figure 11: Downtown Tucson AZ, image looking east to the Santa Catalina Mountains (O. Youssef) 

This is a common image that describes the vocabulary of the city, a minor density in its 

downtown area, clear skies, mountains surrounding the city.  But, how often do humans 

experience this view on a daily basis during the stressful times of the day? 

 

Figure 12: View from within downtown Tucson looking also facing east (Google maps) 
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These previous images of metropolitan Tucson, AZ (figs 11 and 12) clearly illustrate the 

disregard to the aridity of this climate.  Research has demonstrated that modernism has 

taken over the planning process of cities that are built for cars (Marshal, 2009).  

Mitigation strategies aimed for the southwest and other arid nations have been illustrated 

to combat climate change and design cities on the micro scale where human responses are 

coupled with climatic design (Betsill, 2001).  This dissertation provides an in depth 

overview of the redefined elements and obstacles that could enhance human experience, 

and be used to design better architecture (one that responds to the context of its climatic 

conditions) and control Greenhouse Gas Emissions (GHG) for which the building 

industry is largely accountable.   

The whole state of Arizona has been experiencing a vast increase in its 

population, with over 6 million people residing in this state; its impact on climate change 

is much larger.   

Table 1: Arizona's Actual and Projected Population Growth 

   

Years Population Count Percent Change 

   

1990 – 2000 1,465,404 40 

2000 – 2010 1,506,749 29 

2010 – 2020 1,819,067 27 

2020 - 2030 2,255,949 27 

 

This table illustrates the current and future steady increase in population (“US Census 

Bureau: Population Projections Datasets” 2014).  Without careful planning, and with the 

continuous destruction of wildlife habitats the world’s consumption will eventually 

exceed our finite supply of resources (Guillebaud et al., 2008). 
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Figure 13: Population Growth in the Southwest (Source: Assessment of Climate Change in the Southwest United 
States) 

Arizona is the fourth fastest growing state in the southwest, rapidly creating metropolitan 

areas from natural landscapes in search for more jobs.  This fast rate of population growth 

impact land, transportation and water, all of which are limited in supply.  Architecture 

spaces designed to accommodate this growth must treat climate as a priority to focus on 

architectural expression and revolutionize the contemporary approach to human 

physiological comfort (Olgyay, 2015).   
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Figure 14: 46 Years of Land Transformation of Metropolitan Tucson 

Due to the increase in temperatures and decrease in water availability, several 

areas have experienced death of landscape.  Causing a substantial change in land cover, 

flora and fauna, and will ultimately result in major ecosystem changes over a large area 

are causing further impact to that area in the future (Jackson, 2008). Newly designed 

spaces change the existing land cover systems that stabilizes the climatic conditions of 

our atmospheric by absorbing the carbon dioxide from the air, are being replaced with 

grey infrastructure, foreign to the original physical properties of arid lands.  This will 

have a great effect on the land and people of the southwestern native nations which is 

likely to endanger cultural practices, limit their water rights, and affect their agriculture 

operation, which in return will have a large impact on their social and economic status.  
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With the known increasing levels of carbon emissions and climate stressors the 

world is experiencing, the applied knowledge of the factors that contribute to the 

environmental performance of space, could lead to an altered outcome.  One that serves 

the climate in a way that preserves its finite resources and nourishes the livelihood of 

human experience.  Climate adaptive spaces are a fundamental part of identifying human-

centered spaces.   

 

Figure 15: (left) Selected Hot Air Region (right) Factors influencing architectural expression (Olgyay, 1963 edited: O. 
Youssef) 

After illustrating the main climatic problems of the southwest in this section, they 

will now be framed as a series of design problems.  Utilizing architecture with a holistic 

climatic understanding to effectively create an environment enforced by this 

understanding – where in the next section it will be optimized to include the human body.  

A specific approach to human physiological comfort is a primary factor to influence 

evidence based design. 
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The main criteria extracted from environmental impact studies on space, which 

are affected by climate change are: soil, vegetation on water.  Those three overarching 

variables control the conditions that present a designed space.   

 

Figure 16: Climate Variables utilizes to assess space (O. Youssef) 

The purpose of climate responsive design, energy conscious design, and passive 

solar design are to maintain human thermal, visual, and sonic comfort conditions within 

the built environment.  Therefore, heat, light, and sound balance between the human body 

and its surrounding environment must be understood.  Thermal interchanges between 

people and their environment are well defined and presented through different 

environmental indices including: “Direct”, “Rationally Derived”, and “Empirical”.  

While a complete understanding of photometry (the science of the measurement of light) 

is not essential as a basis for good daylighting design, certain principles and definitions 

provide an important foundation for architects upon which creative design decisions can 

be based.  Fundamentals of architectural acoustics introduce physical sound theory and 

physiological hearing phenomena.  All these fundamentals are the basis for determining 

human physiological comfort.   
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2.2.2. Architecture: the second Environment 

The components of the built environment that impact people in terms of stress or 

calmness include: spatial environment, luminous environment, thermal environment, and 

sonic environment. 

 

Figure 17: Built Environment Components  (O. Youssef) 

The spatial environment is the physical space in which the orientation or way finding task 

is to be conducted; the cognitive agent is the person or entity charged with completing a 

task; and the map is the representation of the environment which is used as a tool to 

complete the task. 

A large portion of understanding and delivering architecture is related to the 

luminous environment with all its components (a gradient of light intensities consistently 

changing throughout the day, and the often unwanted sunlight radiating within the hot-

arid regions).  The coupling of the luminous and thermal environment are usually treated 
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as two separate disciplines, where engineers artificially deal with the thermal 

environments through energy dominating mechanical systems, and designers place 

windows in buildings or keep spaces open to render them with light.  However, the only 

time when these two components could be separated is when daylight is used and not 

sunlight, where the heat component is removed.   

With the leading sense of vision, architects often neglect the sense of hearing 

caused by and in spaces.  Spaces in the built environment are often looked at as buildings, 

and grey infrastructure of streets and a network of traffic.  Architects tend to design 

spaces to keep the noise outside, or to create a certain dynamic of sound within designed 

spaces, concentrating on blocking and reflecting sound/noise to the outside.  Sound 

reflecting reverberations in transitional spaces, are not designed for, as they exist between 

property lines and the responsibility of architects.  The interconnection of sound and 

space complete the sensory experience of the human body transitioning between 

buildings.   

Spaces are affected by solar radiation; therefore, it is vital to consider this factor 

early in the design process.  The thermal environment not only affects buildings and heat 

loads, it is a main factor that has a vital impact on people.  Outdoor Human Thermal 

Comfort is the condition of mind that expresses satisfaction with the thermal environment 

and is assessed by subjective evaluation.  It should be the goal of the architect and 

designer to achieve optimum thermal comfort in all these environments and consider that 

it is variable from one person to the other.   
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Architecture can modify what the environment represents to humans, and 

elevates, or suppresses experiences.  The purpose of climatic design is to minimize the 

carbon footprint and reduce the urban heat island effect; therefore, significantly reducing 

the energy cost of maintaining thermally comfort conditions in building operations.   

 

Figure 18: Section illustrating Climatic Impact on the Built Environment (O. Youssef) 

A location’s thermal condition is affected by the long-wave exchange from surrounding 

structures and elements as seen in the previous diagram.  The physiological impact on the 

human body’s is due to thermal exchanges with the surrounding environment.  It is 

crucial to note the difference in climatic layers of a region in order to properly address its 

local atmospheric conditions that contribute to the thermal comfort.  The microclimatic 

conditions that directly impact people in an urban built space, is different than the 

conditions of the surrounding area.
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Figure 19: Environmental Conditions Temperature Curve (O. Youssef - Adapted from Nader  Chalfoun; Victor  
Olgyay) 

A location’s thermal condition is affected by the long-wave exchange from 

surrounding structures and elements as seen in fig. 19.  Human physiological responses is 

due to thermal exchanges with the surrounding environment.  It is crucial to note the 

difference in climatic layers of a region in order to properly address its local atmospheric 

conditions that contribute to thermal comfort.  The microclimatic conditions that directly 

impact people in an urban built space are different than the conditions of the surrounding 

area. 

Assessing the physical built environment and its impact on health is crucial.  

Buildings need to extend beyond their envelope, creating transitional spaces that 

contribute in the reduction of the UHI phenomenon through optimizing the thermal 

comfort and human health factors.  Utilizing Mean Radiant Temperatures; spaces could 

be assssed to identify the key influences on thermal comfort (Chalfoun, 2001).   
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Figure 20: UHI and Outdoor Human Thermal Comfort Assessment (O. Youssef) 

The ultimate goal is to optimize the built environment by focusing on strategies 

that not only mitigate the UHI, but also implement specific strategies that provide energy 

efficiency, human thermal and visual comfort, and, optimizing human performance.  

While this concept may seem to be easily applicable, it becomes quiet challenging in a 

hot-arid urban setting as Tucson, Arizona, where the urban built environment is subjected 

to extreme hot and dry climatic conditions, which experience high temperature swings 

between day and night.   
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 The building sector (both commercial and residential) is steadily increasing the 

energy it consumes globally, exceeding the industrial and transportation sector (Perez-

Lombard et al., 2008).  With bioclimatic design, there is an opportunity to work with not 

against nature.  Adopting bioclimatic design reduces the demand for energy consumption 

without utilizing an artificial approach foreign to the human body (Manzano-Agugliaro et 

al., 2015).  This process can be applied to understanding the interrelations between 

disciplines. 

 

Figure 21: Adapting the climate to the living level (O. Youssef) 

Carefully correlating design principles and biological investigation, architecture is 

equipped with several approaches to optimize human physiological comfort.  The 

physical aspects of arid lands depict the rough desert landscape, high solar radiation, 

intense surface temperatures, and high evaporation rates.   

 The extreme hot and arid city of Tucson, challenges space with high temperatures 

and high solar radiation, and are important to consider their consequences if neglected or 
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kept outside the building.  The sun supplies the whole earth with energy received by 

variable intensity at different geographic locations – one of the main mechanisms that 

drive the weather (Rosenberg, 1983).   

 

Figure 22: Radiation received in Tucson (O. Youssef adopted from Olgyay, 1963) 

To understand the interactions of the human and built environment it is essential 

to comprehend the many factors that create a specific microclimate.  Determining the 

measure of comfort in a specific area documenting the existing conditions will help 

identify climatic variables that impact the body’s thermoregulation and stress responses.  

The human body thermally interchanges with its surroundings for the dominating level of 

comfort. 

 The climatic variables dominate a thermal gain transfer of a body that is 

submerged in a condition that is not artificially controlled.  The body absorbs a 
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considerable amount of energy when exposed to the bare arid climate.  Some of these 

stresses that are synthesized in fig. 23. (Lee, 1953). 

 

Figure 23: Heat gain between Human body and spaces (O. Youssef) 

 One precise criterion that can be used to measure thermal comfort in the human 

body is the Effective Temperature (ET) as it combines between temperature, humidity 

and air speed to assess the physiological status of the body.  But, one cannot merely 

quantify a thermal “sensation” without the subjective approval of its occupants and the 

experience created through its elaborate architecture.  As the body’s intelligent 

mechanism, constantly attempting to adapt to its immediate surroundings on the micro 

scale, research tends to focus on direct impacts and subjective responses, while 

neglecting the unconscious body responses, i.e. ones that are internal and not measurable 

without the use of sophisticated instrumentation. 
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Assembling the effects of arid climatic conditions into a graphical representation 

provides guidelines to architects in a single chart, displaying the thermodynamic 

components of air that should be dealt with. 

 
Figure 24: Bioclimatic Chart for Tucson, AZ (O. Youssef adopted from Olgyay, 1963) 

This chart displays the relationship between one component and the other.  The shaded 

comfort zone region illustrates the required condition for the human body to be thermally 

comfortable during an overheated period, this chart shifts downwards during and 

underheated period. 
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Figure 25: (left) Temperature Ranges (right) Timetable of Climatic Needs (Climate Consultant TMY3 weather file) 

The diurnal temperature curves present a great challenge for the architecture 

environment, as they create large contrasts in high and low temperature changes, thus 

different responses to the human environment.  The extreme temperature highs cannot 

meet the required thermal comfort zone with small climatic manipulations, hence 

architects steer towards minimizing outdoor design use, and maximizing artificially 

controlled indoor environments. Both cases are not beneficial to the body, especially in a 

transitional zone, where the body experiences the sudden contrast in environmental 

condition as they walk between buildings or as they have a primary engagement with a 

façade.  

 

Figure 26: Wind Velocity Ranges (Climate Consultant TMY3 Weather File) 
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The bioclimatic chart indicates that speeds above 100 fpm air movements are 

required to restore thermal comfort.  While these speeds are available in Tucson, and 

would restore levels of thermal comfort they will be physically uncomfortable for people. 

2.2.3. Human: the third Environment 

 “Designing for Health is different from Healthcare Design”             

Acting U.S. Surgeon General Boris D. Lushniak, M.D., M.P.H., 2014 

 

The built environment plays a major role in shaping the way human’s live, their 

productivity in the work place as well as their happiness at home.  As architecture is the 

basis for creating these built environments, design professionals must not only serve the 

people’s needs but also act in favor of them.  It is vital to create spaces that allow people 

to prosper and function properly when they are thinking, working and in turn feel good 

about themselves and others. Architecture’s objective is to optimize their living 

environments.  The World Health Organization (WHO) has long defined health as more 

than the absence of disease (WHO, 1946).  Architects need to shift their minds from 

preventing health problems to causing health enhancements (Youssef, 2014).  Rapid 

urbanization has increased the focus within the public health communities on improving 

design of the built environment as an important strategy for health promotion (Bell et al., 

2010; Erickson et al., 2011).  Various spatial features of our built environments, such as 

stair design, accessibility of sidewalks, parks, and supermarkets, play a proven role in 

determining critical health behaviors, such as rates of daily physical activity, and dietary 
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choices (Jackson et al., 2013; Adams et al., 2006; Sugiyama et al., 2014; Walker et al., 

2010; Wasserman et al., 2014)).   

For example, optimizing spaces to use natural light and render equal light 

distribution; therefore, increasing occupants’ thermal and visual comfort.  Selection of 

materials (spatial) surrounding the built environment is crucial, as darker materials will 

absorb more solar radiation, and in return emit heat (thermal) at night causing discomfort.  

Reflective materials that are placed at occupants’ eye level, will cause glare (luminous) 

and eventually increase stress.  Utilizing trees as noise buffers from the street, reduces the 

intensity of sound (sonic) and its effect on audible comfort. 

 

 

Figure 27: Brick vs Nature View (O. Youssef adopted from Ulrich, 1984) 

 

Combining spatial design with health parameters, architects are able to make 

decisions and take actions that protect the natural world and preserve the environment to 

support optimal comfort.  
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Figure 28: Built and Human Health Environment Matrix (O. Youssef) 

Humans’ perception of the space is based on our ability to interpret adjacent 

environmental forces affecting bodily senses.  Through our senses we form an image, and 

associate a memory with that image.  As such, memories underlie much of our rich life; 

humans commonly associate dampness with smell, perceive dimension through echoes, 

and see light with shadow.  Knowledge stored in our memory affects our behavior by 

way of associations.  Often, our perception of the environment relies as much on the 

knowledge stored in our memories as it does on fresh, incoming sensory information. 

Spaces that we encounter affect our behavior. Perception stimulates the brain, 

accessing these images and memories.  Architects and designers should not only be aware 

of how the built environment affects our behavior, but should also strategically design 
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spaces that take into account this relationship.  Human health is essential for human 

performance.  Architects should strive to create spaces that properly drive performance 

through a strategic and structured utilization of the built environment that emphasizes 

rigorous analysis of social, physiological, and psychological impacts.  It is important to 

understand the role that spaces have on people and their emotions. 

Architecture and neuroscience have recently established increasing 

interdisciplinary ties.  Exploring the benefits of collaboration between neuroscience and 

perception, and architecture and the brain will yield a new dimension for design 

benchmarks, as human brains are continuously remolded by environmental forces and 

experiences.   

Creating a design index for designers and architects to refer to ensures not only a 

healthier natural environment, but also a healthier human environment (illustrated in fig 

28).  This established design index is to be used as a benchmark that supports and 

facilitates architects’ integration of the built and human-health environments (Youssef, 

2014), especially when pursuing a human-centered climatic design perspective.  

The components of the built environment illustrated in the matrix in fig. 28 

present some of the factors that could trigger stress responses in the human body.  The 

physiological stress response is a set of brain responses trigger focused attention, to get 

the job done, vigilance, readiness for “fight or flee” (Sternberg, 2013).  Generally, 

relatively short periods of activation of the stress response allows people find motivation 

to get something done or overcome an obstacle i.e. to perform optimally.  Stress therefore 

isn’t necessarily a bad thing.  People need a stress response to perform at peak.  
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Figure 29: Demonstrating Stress Response Curve (O. Youssef Interpretation) 

Environmental stresses in space cause a triggering event (stressful situation) that 

activate a cascade of stress hormones initiated at the brain’s center – the hypothalamus, 

which ultimately stimulates release of the stress hormone “cortisol” from the adrenal 

glands.  Eventually resulting in well-orchestrated physiological charges, and a chronic 

activation of this mechanism is dangerous, due to the deleterious effects of the stress 

responses hormones and neurochemicals on many bodily functions including immune 

responses.  Thus, chronic stress predisposes to severity and frequency of viral infections. 

Architecture can influence the way people respond to the urban built environment 

and trigger their stress responses.  The three main components of stress response are 

physiological, psychological, and behavioral. 
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Figure 30: Human components impacted by Space (O. Youssef) 

When humans are submerged in their own urban built environment, the limits of 

which appear to be fixed in both time and space, their physiological stress responses can 

be triggered.   

 

Figure 31: Conceptual diagram illustrating stressors in the built environment (O. Youssef) 

Fig. 31 illustrates some of the elements of the built environment that affect 

people’s stress responses.  Usually cars cause air pollution through exhausting carbon 

dioxide amongst other gases, which create respiratory problems.  But also, the noise 

generated by the cars would increase the heart rate, when ranging from 61-69 dB 
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(Regecova et al., 1995).  Spaces between buildings are great buffers and connectors for 

the outdoors and the indoors.  The human body works to achieve thermal interchanges 

along with its interaction with the surrounding physical environment until it reaches 

thermal equilibrium.  Buildings that are not climate responsive have increased solar gain 

due to insufficient shading.  As the temperature of spaces rise, the body’s temperature 

increases, and as a result the body’s ability to work begins to drop.  The increasing stress 

is reflected in rising body temperatures, pulse rates soar as blood is rushed to body 

surfaces to dissipate heat. 

 

Figure 32: Sudden changes between indoor and outdoor spaces separated by a property line (O. Youssef) 

Sudden changes in the environmental conditions are considered stressors, where 

people would experience an increase in heart rate.  Direct sunlight, glare, over 

illumination, or under illumination are examples within interior spaces that may cause 

strain on the human eye resulting in stress, due to that the body constantly attempts to 

adapt to its surrounding changes in the environment.  For example, fig. 32 demonstrates 
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the real life condition that people adapt to on a daily basis.  The General Services 

Administration requires interior office spaces to be illuminated from about 300-500 Lux, 

while the outdoor conditions could reach up to 22,000 Lux (“GSA: Interior Lighting” 

2014).  Building occupants must immediately adapt to the vast change in luminous 

condition as they enter and exit the building, which causes stain on the eye that in return 

is one of the reasons of stress. 

The following section illustrates in the relationship in the form of a matrix 

between environmental and comfort indices and their role in determining human 

physiological comfort.  The researched Human comfort criteria are: Thermal, Visual, and 

Audible conditions. 
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Table 2: Scale of ET or Comfort Health Index (O. Youssef adopted from ASHRAE FUNDAMENTALS 1981) 

 
 

Table 3: Scale of Light Intensity or Visual Comfort Index (O. Youssef ) 

 
 
 

slow 

reduce secretion 
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Table 4: Scale of Sound Intensity or Audible Comfort Index (O. Youssef) 

 
 

Tucson, AZ, one of the most distinct hot arid regions in the southwest has 85% 

sunny days with 3806 sun hours, and 193 clear days which is nationally the greatest 

number of clear sky days.  The magnitude of thermal and visual forces is significantly 

enlarged. 

The following table summarizes the variables on both and explains the connection 

for each.  The table was created for the purpose of serving as a design-aid tool; architects 

and planners can utilize this framework.  Informing the process of their environmental 

decisions towards the built environment and the extreme climatic forces that shape it and 

people interact with it. 

The proposed scenario investigates extreme climate conditions during the 

morning.  Due to the diurnal temperature, the built environment feels “relief” as the sun 

sets, and the harsh conditions fade away. 
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Table 5: Physiological Comfort Index (O. Youssef) 
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Table 6 illustrates the human health issues that are most affected if human comfort is 

compromised. 

Table 6: Physiological Comfort and Human Health Effects (O. Youssef) 

   

 Physiological Comfort Human Health 

   

Thermal Lack of Natural Ventilation Air borne diseases 

Material Selection VOC’s – respiratory illness 

Operable Windows Opportunity for pollution to transfer 

Permanent Walk-off systems 

Air Seals 

Quality of Air occupants breath 

Incorrectly placed windows create an 

opportunity for increase in solar gain 

Increased internal body heat decreases 

productivity 

   

Visual Oversized Windows Over illumination (Stress and Anxiety) 

One opening / space Glare 

Views for natural light Biophilic views of natural light - relaxing 

Shortwave reflectance (albedo) High light intensity reflected into the eyes 

causing strain and fatigue 

Angle of lighting Shadow and frustration 

   

Audible Echo in spaces Loss of focus leading to frustration (anxiety) 

Outdoor Access Biophilic sound  - relaxing 

Sound reflecting material Higher voice, higher heart rate 

Sound absorbing for outdoor noise pollution Cars and transportation could cause stress 

Noisy indoor environment Anxiety, stress (quiet zone and loud zones) 
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Humans are aesthetically attracted to natural contents and to particular landscape 

configurations trigger their psychological stress responses (Joye, 2007).  We are 

characterized by a tendency to pay attention to, affiliate with, or otherwise respond 

positively to nature (Kellert et al., 1995).  But, how can this attraction exist while cities of 

the 21st century are built around cars and streets?  The urban built environment poses a 

threat to human health and wellbeing. Roger Ulrich has proposed that nature may allow 

psychophysiological stress recovery through innate, adaptive responses to attributes of 

natural environments such as spatial openness, the presence of pattern or structure, and 

water features. The theory proposes that the perception of these characteristics trigger 

positive emotional reactions related to safety and survival (Ulrich, 1983).  Nature is not 

necessarily limited to views, but it is a setting that interacts with all of our sensory 

environments.  The diagram below illustrates some of the components that enhance 

users’ psychological responses to the built environment within transitional spaces. 

 

Figure 33: Conceptual illustration of building integration with nature (O. Youssef) 
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According to the Environmental Protection Agency, people spend 87% of their time  

indoors.  While several research suggests constantly manipulating the interiors, we 

should focus on creating an indoor/outdoor integration, and shift potential functions 

outside buildings.  Exposure to outdoor features has been linked with improved 

performance and restored attention following fatigue (Kaplan, 1995). 

 

Figure 34: Regulation of Heart Rate (O. Youssef) 

The Autonomic Nervous System (ANS) controls functions in the body that occur 

unconsciously, such as heart rate, and respiration rate (Ekman et al., 1983).  This system 

is responsible for keeping your body in a regulated, balanced state. This balance is 

created by the constant back and forth nature of the two primary branches of your ANS: 

The Sympathetic Nervous System (SNS) and the Parasympathetic Nervous System (PNS) 

(Triposkiadis et al., 2009; Richter et al., 2013).  The sympathetic branch becomes active 

during stress, also known as fight or flight.  Increasing the heart, speeds up the breathing 

and gets the body ready for action.  While, the parasympathetic branch aims to decrease 

this motion through a relaxation response to stabilize the body’s stress state (Benson et 

al., 1974).  Counteracted by rest and renew slowing down the brain and body activity, as 

well as heart rate and breathing. 
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Figure 35: Movisens wearable technology 

An ECG and Activity Sensor ekgMove, movisens GmbH could be used to 

measure stress and relaxation response.  Used in the form of a chest strap the sensor 

acquires raw data of a single channel ECG, 3D acceleration, barometric air pressure and 

temperature for up to two weeks.  From this data secondary parameters like heart rate, 

heart rate variability, steps, activity classes, and validated energy expenditure calculation 

and activity recognition (Quendler et al., 2017). 

With the new wave of technology and consumer available wearble technologies, 

fitness trackers like the apple watch could greatly influence a human’s understanding of 

the sense of space (El-Amrawy et al., 2015).  With the inclusion of sophisticated 

photoplethysmography technology in wrist-worn monitors the Apple Watch has a great 

potential to use heart rate monitors to define spatial characteristics (Wallen et al., 2016). 

Subjective questionnaires are one common method used by researchers to 

investigate human responses to an element in question and have been used extensively in 

the field of architecture and documented in a series of books and journals (Ziesel, 2006; 

Bechtel, 1996; Salomon, 1996).  However, there tend to be research to verify the 

reliability of subjective questionnaires and their effective aid in decision making (Craig et 

al., 2003).  But reliability and validity are two main concepts that are used to quantify the 
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correlations of results derived from measurements or experimentation (LoBiondo et al., 

2017).  These conceptualizations are less useful when applied to measures of subjective 

outcomes because they do not convey other influences that “drive” correlation 

coefficients (Elasy et alk,m 1998; Stewart et al., 1992).  In a study by Evans (2000) 

participants were exposed to different conditions of a simulated sonic environment with a 

noisy open office and a quieter environment.  Due to flexibility of itsand perceptual 

mechanisms, the body is able to adapt itself to a fairly wide range of changes within the 

environment.  Where participants did not subjectively perceive differences in stress, those 

in the noisy condition exhibited elevated urinary epinephrine levels (but not 

norepinephrine or cortisol), showed lower motivation in attempting to solve a puzzle, and 

made fewer ergonomic adjustments to their workstations compared to those in the quiet 

condition (Lindberg et al., 2017).   

Human perception of their surroundings relies on their senses through which they 

learn about the environment.  While the ears adapt to their surrounding acoustic 

environment, the rest of the body is able to accommodate to its surroundings.  The skin 

with an average of 2.6 million sweat glands, can greatly speed up or slow down the rate 

of heat transfer to the thermal environment.  The heart and lungs can acclimatize to wide 

variations of oxygen content and atmospheric pressure (Grocott et al., 2007).  The range 

of physical intensities that the eye perceives is enormous (Fitch, 1972; Stern, 2000).  

Prolonged exposure to a monotonous environment triggers behavioral stress responses 

deleterious effects (Peiser, 2001).  Through our senses we form an image, and a memory 

within that image.  Memories underlie much of our rich life as humans to feel dampness 

with smell, sense dimensions with echoes and see light with shadow. The knowledge that 
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is stored in our memory exerts its contribution to behavior by way of predictions, and 

thus our perception of the environment relies on existing knowledge as much as it does 

on incoming sensory information (Bar, 2007).  What humans are exposed to within the 

environments usually affects their behavior. Perception stimulates the brain with every 

image stored in our memories. 

Architects and designers should not only be aware of how the built environment 

affects our behaviors and senses but they must take this relationship into consideration to 

strategically design living spaces.  Two of the main areas of concern in terms of the 

relationship between behavior and the environment are wayfinding within spaces, and 

community design.  Wayfinding can be defined as spatial problem solving; it is knowing 

where you are in a building or an environment, where your desired location is, and how 

to get there from your present location (Arthur et al., 1992; Weisman et al., 1986).  

Today’s communities have been increasingly designed around automobiles 

instead of pedestrians, featuring segregated land uses, low density, disconnected street 

networks, and insufficient pedestrian, bicyclist, and transit infrastructure.  Such 

communities have been questioned and criticized for their impacts on people’s behavior.  

Research shows that spatial organization of neighborhood development may potentially 

increase social interaction and interpersonal relationships (Browning et al., 2014).  The 

Influence of Urban Natural and Built Environments on Physiological and Psychological 

Measures of Stress (Beil et al., 2013).  The built environment can contribute to the 

accumulation of stress and identifying the responsible factors is useful information that 

can be used to positively affect health status in individuals and populations.  Although 

some studies were unable to validate the hypothesis that natural urban environments have 
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a greater ability to positively affect unprovoked levels of stress than built urban 

environments, the presence of multiple unconnected variables cannot rule-out the 

possibility that such an effect occur.   

Unfortunately, in today’s hectic world, the human stress response often remains 

active for too long, and overtime this could lead to health problems and make life 

overwhelming (Kiecolt-Glaser et al., 1996).  Stress is an inevitable part of life; it can take 

a toll on physical health, emotional wellbeing, and success unless managed appropriately.  

A study conducted by the Associated Press and mtvU in 2008 has documented eight in 

ten college students frequently suffering from stress in their daily lives (Lipka, 2008).  

College students experience stress related to changes in lifestyle, increased workload, 

new responsibilities, and interpersonal relationships (Ross et al., 1999).  Extreme levels 

of stress can hinder work effectiveness and lead to poor academic performance and 

attention (Grace, 1997).  College students who experienced stressful life events also 

reported worse health outcomes and reduced quality of life (Damush et al.,1997).  

Introducing successful coping strategies may help students avoid the destructive 

consequences of excessive stress.   
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2.5. Proposed Space Synthesis 

 “The inhumanity of contemporary architecture and cities can be understood as the 

consequence of the neglect of the body and the senses, and an imbalance in our sensory 

system”.  (p. 21) 

Juhani Pallasmaa 

“The Eyes of the Skin: Architecture and the Senses” (2013) 

The growing detached experience of the human body from the natural 

environment is often due to technological advancements in environmental settings.  With 

high exposures to artificially man-made built environments; architecture becomes our 

primary source relating the human body to the sense of space adding quantitative sensory 

experiences to determine people’s experience.  The challenge for architects is to divorce 

themselves from a static definition of space, and treat each climatic variable as a 

condition that is consistently changing, where not all elements could be determined or 

designed for.  To accomplish this task, the human body (physical, psychological, and 

behavioral) must be centered around the critical role of climate, by creating a matrix that 

establishes a dynamic relationship between climate, architecture, and human health.   

2.6. Summary: Selected Transitional Spaces 

 Space is the vehicle that allows a full integration of humans with their 

surrounding context.  It is crucial to first identify the factors that impact space design and 

human responses to it.  There tends to be a back and forth relationship between the 

human brain and technology, and the set of senses that take over responses to the 

immediate surroundings.  Humans interpret the surrounding context mainly through their 
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sense of vision, hence visual aspects are the consistent aesthetic importance in 

architecture that take over the definition of space, and how it is being used.  With the 

advancements in technology and access to health data, the field of architecture should 

revolutionize the definition of space, utilizing a greater meaningful approach to enhance 

the application of human-centered climatic design, beyond the visual sense. 

 Designing space around the human body and its perceptual senses provides an 

encompassing way and a holistic approach for coupling the built environment with the 

natural environment, without divorcing the human experience from the process.  

Transitional spaces can create an opportunity to demonstrate an appropriate phenomenon 

this inside-out approach.  This chapter began by utilizing language and literature to 

quantify the variables of space, and their relationships to human responses.  Thorough 

and diverse methods of investigation will be researched and illustrated in the next chapter 

utilizing the proposed definition of spaces.  Special consideration will be given to 

incorporating the different connections and impacts the three environments have on each 

other: climate, architecture, and human health.   
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CHAPTER 3: ASSESSMENTS OF REDEFINED TRANSITIONAL SPACES, 

INCORPORATING CLIMATE AND HUMAN ATTRIBUTES 

Spaces must be carefully studied in order to be designed to a certain performance 

with an expected outcome.  Unlike indoor or outdoor spaces, transitional spaces do not 

have access to a benchmark or guideline index.  Benchmarking is used to measure the 

performance of a specific indicator.  This chapter will focus on identifying methods that 

would be applicable to assess environmental attributes in transitional spaces, in a way in 

which architecture unity is applied.  There will be three main methods to investigate 

climate, architecture, and human environments: empirical, physical, and virtual. 

The aim of this chapter is to act as a guide to design of new human-centered 

climatic design in a non-obtrusive way.  This approach surveys the features of the 

environment likely to have an impact on the human body and the space it encompasses.  

Through this analysis new design guidelines presented to building officials can play a 

critical role in shaping responsive architecture in a way that interacts with both the 

climate and with humans. 

An understanding of physiological principles is essential to human-centered 

climatic design.  This is the first step to identifying methods applicable to spaces where 

human interaction is expected.  Coupled with the physical and virtual assessment a 

comprehensive and descriptive analysis of a space would be concluded.  Physiological 

principles are essential for developing criteria, standards, and indices where outdoor 

human physiological comfort is present.  However, the physical properties of that 

environmental space need to be identified. 
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3.1. Physical Properties of Transitional Spaces 

 The term transitional space can be used to identify to distinct experiences, in 

which there is a transition from and inside to an outside condition (or vice versa) and the 

second is a space between buildings through which people transition.   

 First, indoor to outdoor transitions will be discussed as these are major 

architecture stressors on the human body.  The immediate changes in environmental 

parameters from natural to artificially controlled causes the body to become stressed as it 

is required to suddenly adjust to the change in environmental condition (Space, 

Luminous, Thermal, and Sonic).  

 

Figure 36: Immediate transition from indoors to outdoors (or vice versa) (O. Youssef) 

 Pilot Study: In the location of the test study in Tucson, AZ, The College of 

Architecture Building demands an immediate transition on the west façade of the 

building which could be quite challenging, from a darker environment to Arizona’s bright 

skies and harsh climate.  
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The second type of space is referred to either as a canyon transitional space, or 

non-canyon transitional space.  The images below illustrate the geometric difference 

between both types. 

  

  

 

Figure 37: Urban Canyon (O. Youssef) 

 

 

Figure 38: Non-Urban Canyon (O. Youssef) 
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3.2. Method of Assessment of Transitional Spaces 

 The human body experiences a thermodynamic process of heat exchange between 

heat produced and heat lost to the surrounding environment (ASHRAE Fundamentals, 

1981).  Chapter 2 has illustrated three environmental layers that exist in space; micro, 

mezzo, and macro – these layers also exist within the human body.  The surface skin of 

the body is the main layer that exercises thermal interchanges with the surroundings.  The 

principal heat source that is in charge of that transfer is the human’s metabolic rate 

(MET).  Transitional spaces unlike indoor, or outdoor spaces require activity, it is the 

space between buildings where the human body is likely to generate heat due to motion.  

Depending on each person’s metabolic rate the body will experience a different 

temperature exchange.  

Table 7: Human Body Heat Production by Metabolic Rates 

 
    

Sleeping Sitting Walking Jogging 

300 btu/hr 600 btu/hr 900 btu/hr 2,400 btu/hr 

 

Design of spaces between buildings should be informed by a higher MET rate, where 

humans are often walking or faster, as it is merely a transitional space.  However, if this 

space contains seating, then lower MET rates should also be considered. 
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Table 8: Human energy consumption-production rates 

ACTIVITY MET UNITS ENERGY RATE FOR AVG SIZE MAN 

  KCAL/HR BTU/R WATTS 

Sleeping 0.7 64 253 74 

Reclining 0.8 73 289 85 

Sitting, sedentary 1.0 91 361 106 

Drafting or 

Standing, relaxed 

1.2 109 433 127 

Typing or Eating 1.3 118 469 138 

Cooking 1.8 164 650 190 

House Cleaning 2.8 255 1011 296 

Walking, 2 mph 2.0 182 722 212 

                3 mph 2.6 237 939 276 

                4 mph 3.8 346 1372 403 

Sawing by hand 4.4 400 1588 466 

 

One Met Unit = 50 Kcal/hr (m2) = 18.4 Btuh/ft2 = 58.2 w/m2 

 

The average heat production per square meter of body surface is about 1,000 

calories per day (Harris et al., 1918).  The heat exchange is affected by a person’s heat 

production or MET value, but is also relevant to the surface area exposed to heat 

exchange.  To determine the vulnerable surface, Dubois (1915) body surface area chart 

can be used connecting the person’s height to their weight.  The point where the line is 

crossed in the center depicts the body surface area.  For example, a 6’0’’ (183 cm) tall 

person weighing 180lb (82 kg) will have a body surface area of 22 ft2 (2.05m2).  
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Table 9: Dubois Body Surface Area Chart 

 
 

The human body should be treated with the same design principles that the building is.  

With the goal of enhancing performance for both the architecture of the space and the 

physical properties of the human body, with respect to elevation exposures and body 

surface area exposures. 
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Figure 39: Methods of Dissipating Heat (O. Youssef adopted from Lechner, 2001) 

The thermal state perceived from the environment to our body is through conduction, 

convection (forced and natural), and radiation, where the skin perceives the combined 

thermal effect.   The skin temperature can be maintained only if a balance exists between 

heat input to the skin and the heat loss, or output.   

Curve 1: Heat generated by a person at rest as ambient temp changes. 

Curve 2: Heat lost by conduction, convection, and radiation. (as temp increases 

heat loss decreases) 

Curve 3: Heat loss by evaporation 

(*value of curve 1+2 = 3 at any point) 

Understanding thermal interchanges between the human body and transitional spaces is a 

crucial component to a climatic based design approach.  This temperature is best found 

by averaging ten measured body temperatures (Hardy et al., 1963).  However, seeing that 

this approach is not feasible then empirical methods must be used to supply required 

temperatures. 



 

87 

 

Figure 40: Ten points to average body temperature (O. Youssef) 

Predicting the mean skin temperature to identify the heat exchange between a body 

surface and the environment within different conditions is important for dealing with long 

exposures to thermal radiation particularly in hot-arid regions.  The Clothing insulation 

value (CLO) becomes an important factor in this measure, as it plays a role in thermally 

regulating the body temperature with its surroundings (Hoppe, 1999; Bell et al., 1973).   

 

Empirical Estimation of Mean Skin Temperature (Tsk) for clothed human subjects (clo 

values of 0.6 to 1.0)  

 

 
 

Where (to) is the operative temperature, which is the average of the mean radiant and 

ambient air temperatures weighted by their respective heat transfer coefficients. 
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The total evaporative heat loss from the body could also be calculated.  Which would be 

the amount of latent heat lost from the body due to a thermal exchange with the 

surroundings – a summary of the previously defined and evaluated mathematical 

equations are illustrated below (Heitman et al., 1949; Graham et al., 1959; Longhouse et 

al., 1960; Mangold et al., 1967; Longhouse et al., 1968) 

 

Figure 41: Skin Evaporative Heat Loss (O. Youssef) 

 

Where (Eres) the respired vapor loss is subtracted from (E) the total evaporative heat loss   

 

Where 

(!) is the latent heat of vaporization of water at tsk = 36°C  

(AD) is the measurement of the body’s surface area proposed by DuBois (ft2) 

(Δw) is the change in body weight (kg) 

(Δθ) is the change in time (s) 

(M) is the rate of metabolism and is proportional to oxygen consumption (btu/hr.ft2) 

(Pdp) is equal to the saturated vapor pressure (kPa) 
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 Now that the mechanism of heat transfer described, the following section will 

illustrate the environmental side of the transfer.  There are four main components from 

the property of the air that allow this thermodynamic process to succeed – air 

temperature, relative humidity, air velocity, and mean radiant temperature.  These four 

main components defined by ASHRAE (1981) as direct indices-with an exception of 

mean radiant temperature (MRT) which is a rationally derived index-will be used as the 

base to which the empirical analysis of the climate would be executed.  

3.2.1. Empirical Assessment 

• Dry-Bulb Temperature (Tdb): A temperature measure in degrees on the Fahrenheit 

°F or Celsius °C scale based on the melting point of ice 32°F and the boiling of 

water 212°F. 

• Relative Humidity (RH): The ratio, in percent (%), of the amount of moisture in a 

volume of air to the total amount, which that volume can hold at a given 

temperature. 

• Air Movement (V): Velocity of the air measured at standard conditions (fpm or 

m/s). 

There are specific tools that have been designed and pretested that will be used to 

gather this data based on transitional spaces in question.  Determining accurate results 

is crucial for any investigation especially one with continuous changing components 

such as air properties. 
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A Solar Radiation Shield is required to be used for improved temperature and RH 

measurement accuracy in locations exposed to solar radiation or reflected heat.  The 

chamber is also designed in a way to protect the data logger sensors from rain. 

 

Figure 42: House Energy Doctor Climate Station equipped with a Solar Radiation Shield and a HOBO data logger	

Natural convection of warm air to draw fresh air into the chamber and expel the heated air. 

Sensors that are placed with in the chamber will experience a flow of fresh air and so give 

more accurate measurements than sensors that are exposed to direct sunlight.  The data 

loggers would be pre-set to measure dry bulb temperature and relative humidity at an 

interval depending on the investigation. 
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 Below is the table showing a typical metrological year in Tucson, AZ where the 

harsh climatic condition challenge the outdoor thermal comfort of humans.  The avg. 

monthly Tdb and the avg. monthly RH are plotted below: 

Table 10: Tucson, AZ (TMY) - Dry Bulb Temperature and Relative Humidity 

 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

Tdb (°F) 51 55 57 65 76 86 87 84 80 69 57 52 

RH (%) 35 53 39 31 20 22 41 45 42 40 42 47 

Using the above two air properties the climatic conditions of Tucson could be plotted on 

a psychrometric chart – a graphical representation of the thermodynamic properties of air. 

 

Figure 43: Psychrometric chart illustrating the thermodynamic properties of moist air in Tucson, AZ 

This chart visually illustrates the harsh climate represented on either side of the 

comfortable zone, requiring an architectural intervention to achieve human thermal 

comfort.  (note: this data is based on climate data retrieved from the Airport Data files, 

and will not accurately represent a specific space being designed) 
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The data plotted on the psychrometric chart mainly illustrate one month within the 

comfort zone, two months on the border line of thermal comfort and nine months of 

thermal discomfort.  Utilizing a climate station to a specific area in question would yield 

more accurate data that would better represent the response required for outdoor human 

thermal comfort to be achieved (Chalfoun, 1991). 

 

Figure 44: Human factors affecting thermal comfort (O. Youssef) 

Thermal comfort also varies depending on several influential and physiological 

factors and a comprehensive understanding of the factors that influence people’s 

physiological comfort are essential to climate responsive designs.  It is critical to examine 

the difference in climatic layers of a region in order to properly address its local 

conditions that contribute to the human’s physiological comfort (Givoni, 1976). 
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Physiological direct indices of the thermal environment that have already been 

proven useful and may be developed further step to incorporate more than one variable 

for a comprehensive and quantitative analysis of thermal comfort – where rationally 

derived indices are utilized (Gagge, 1981). 

Mean Radiant Temperature one of the main components that have been 

previously mentioned as one of the conditions that demonstrate the thermodynamic 

properties of the air.  MRT could be used to accurately estimate a person’s level of 

thermal comfort from the radiating environment with precious hand calculations coupled 

with surfaces temperatures.  

 

Figure 45: Mean Radiant Temperature (MRT) at any point is the result of the combined effect of a surface’s 
temperature and angle of exposure (O. Youssef) 
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 The assessment of thermal stress on the physiological comfort of the human body 

is crucial to its health and wellbeing.  Utilizing the following empirical methods would 

accurately demonstrate the existing conditions of the area of investigation.  The Black 

Globe Temperature (tg) is a single temperature index that represents the combined effect 

of dry-bulb temperature, air movement, and radiating fields (Dutt, 1960).  Corrected to 

the effects of intense radiant heat sources in the surrounding environment, the (tg) is 

substituted with a Corrected Effective Temperature (CET).   

 

Black Globe Temperature (Tg) 

Measures the Globe Temperature that is used to approximate operative temperature (Top), 

an average between the dry-bulb and MRT of various surface temperatures. 

 

Figure 46: Anatomy of a Black Globe (O. Youssef) 
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Figure 47: CET Chart	

The Effective Temperature (ET) index combines the effect of dry-bulb, wet-bulb, and air 

movement to yield equal sensations of warmth and cold on sedentary people engaged in 

light physical activity (1 MET rate), and wearing light clothing (1 CLO insulation), with 

air moving at a rate of 0.14 m/s (still air) (15 – 25fpm).  Those combinations of 

temperature, humidity, and air movement that gain equal sensations of comfort were then 

designated as having the same effective temperature.  A Corrected Effective Temperature 

is obtained when the dry-bulb temperature is substituted by the Globe Temperature taken 

with the 6 inch (152.4mm) diameter black globe to correct the effects of any intense 

radiant heat source in the surrounding environment.
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Table 11: Individual Insulation Values 

      

GARMENT MEN CLO GARMENT WOMEN CLO 

    

Cool socks 0.03 Bras and panties 0.05 

Warm socks 0.04 Pantyhose 0.01 

Briefs 0.05 Girdle 0.04 

T-shirt 0.09 Half slip 0.13 

Undershirt 0.06 Full slip 0.19 

Woven short sleeve shirt 0.19 Cool dress 0.17 

Woven long sleeve shirt 0.29 Warm dress 0.63 

Cool short sleeve knit shirt 0.22 Warm long sleeve blouse 0.29 

Warm short sleeve knit shirt 0.25 Warm skirt 0.22 

Cool long sleeve knit shirt 0.14 Cool long sleeve blouse 0.20 

Warm long sleeve sweater 0.37 Cool slacks 0.26 

Warm jacket 0.49 Warm slacks 0.44 

Cool trousers 0.26 Cool sleeveless sweater 0.17 

Warm trousers 0.32 Warm long sleeve sweater 0.37 

Shoes 0.04 Cool short sleeve sweater 0.17 

 

CLO eff. = 0.494 x total CLO from the table + 0.077 (men) 

CLO eff. = 0.524 x total CLO from the table + 0.034 (women) 

 

 Individual personal insulation or clothing plays a role in thermal exchange with 

the environment, often supported by hats and umbrellas in hot climates to act as shading 

devices.  The table above derived from Watson (1983) illustrates the opportunity to alter 

the body’s comfort condition. 
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3.2.2. Physical Assessment 

 The thermal indices represented in the previous section are a great tool for 

architects to assess the thermal properties of transitional spaces and identify the 

appropriate methods to apply.  To further optimize the condition of the space physical 

assessment could be coupled with the first set of indices.  Observational assessment adds 

adjust the quantitative analysis with qualitative perception, highlighting the significant 

dynamics of transitional spaces.  A comprehensive approach is necessary to document 

and inventory the characteristics that will impact human thermal comfort.  Focusing on 

laboratory testing and field investigation, material surface temperatures and thermal 

photography are crucial to this process. 

 

Figure 48: Non-contact infra-red thermometer measures material surface temperatures (O. Youssef) 

Consistency is key to ensure accuracy, material temperatures are documented at the same 

distance to ensure no biases.  All the surface temperature (Ts) of major surrounding 

material will be measured by placing the laser pointer 12” away from its flat surfaces and 

plotted on a diagram.   
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Advancements in understanding of scientific data and accessibility to technology, 

the use of climate information to guide transitional spaces to successfully respond to the 

physiological comfort requirements of the human body (Grimmond et al., 2010).  The 

fundamental principles of the microclimatic conditions will be applied to professional 

practice informing the design decisions (Erell, 2008).  The challenge facing architects is 

the dynamic variation of function and climate, where transitional spaces lie beyond the 

scope of the building and beyond the management of the city.  However, with the 

climatic stresses the world is experiencing and the speed of urban growth, the immediate 

attention to a seamless process between buildings will lead to a more favorable 

microclimatic condition that will extrapolate on the micro scale and eventually towards 

the macro scale.  The principles presented in this chapter are aimed provide a more 

sustainable process for design rather than be applied regardless to the region of climatic 

condition.  As discussed in the previous chapters each condition and each function will 

require a specific approach.  Even though these applications are intended towards the 

architects and building officials, city planning are a subsequent field that may benefit in 

approaches to health and wellbeing beyond, urban parks and walkability (Page, 1972). 
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The harsh conditions of arid-regions require a creative process aimed at reducing 

solar radiation and high temperatures that demand high energy consumption in buildings 

(that contribute further to greenhouse gases and ultimately global warming) and leaving 

humans in physiological discomfort.   

Table 12: Tucson, AZ Solar Radiation Chart (Data Source: TM3) 

 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

             

1 105 125 145 173 179 183 159 159 156 141 120 102 

2 181 176 166 201 196 204 150 161 184 202 207 181 

3 27 33 43 39 42 38 49 46 37 32 25 26 

4 229 264 331 329 338 332 326 318 305 274 226 201 

5 322 324 329 323 318 303 302 308 314 315 321 317 

6 109 110 154 151 157 144 157 153 141 116 104 91 

7 1068 1355 1721 2219 2460 2580 2213 2098 1907 1583 1248 1014 

8 1842 1920 1980 2587 2686 2871 2091 2116 2253 2260 2136 1800 

9 283 361 515 506 574 545 688 612 457 361 266 265 

 

1. Global Horizon Radiation (Avg. Hourly) 

2. Direct Normal Radiation (Avg. Hourly) 

3. Diffused Radiation (Avg. Hourly) 

4. Global Horizon Radiation (Max. Hourly) 

5. Direct Normal Radiation (Max. Hourly) 

6. Diffused Radiation (Max. Hourly) 

7. Global Horizon Radiation (Avg. Daily Total) 

8. Direct Normal Radiation (Avg. Daily Total) 

9. Diffused Radiation (Avg. Daily Total) 
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Figure 49: Average Daily Total Solar Resource (Source: NREL) 

Arizona has by far the highest solar radiation input than any other state in the United 

States; characterizing its aridity.  The city of Tucson receives around 7.5 KWh/m2/day.  

This information is very useful and showcases the advantages of harnessing that immense 

solar power to generate clean sources of energy but will also pose a threat to unshaded 

areas or architecture designs that have solely relied on mechanical systems to operate 

spaces, or worse exposing the human body to the outdoor environment without any solar 

protection.  The three components that will be presented in this section are solar-control, 

vegetation, and preference. 
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The degree of exposure to solar radiation is one of the main ways to alter the 

harsh conditions that are experienced in the built environment (Erell, 2012).  Shading is 

one of the most important strategies to hot arid regions, not only does it affect the 

building’s energy consumption but mitigates the urban heat island effect in the outdoors.  

Hence, more likely to achieve outdoor human physiological comfort.  Mandating solar 

control by building officials would guarantee appropriate applications that make use of 

solar access for passive solar heating during underheated periods, and for energy 

generation for solar water heaters and photovoltaics while protecting the spaces between 

buildings from being exposed to this severe condition. 
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The climatic conditions in arid spaces have been discussed extensively in chapter 

2 and in the introduction of this chapter.  This will serve as a basis for space design on the 

micro scale, where human interaction is at its highest.  The world’s climate is largely 

influenced by solar radiation, where it flexes its dominance in hot arid climates.  Utilizing 

vegetation as one of the elements that the human centered design delivers would create a 

predictable environment, one that aims to achieve thermal comfort.  

Climatic conditions are displayed on the macro scale of a city, and create 

interactions with buildings, streetscapes, vegetation, people, among others.  These 

interactions create different fluctuations on the mezzo and micro scale.  On the micro 

scale these components may worsen or enhance the comfortable condition.  

Vegetation has a large influence on people’s behavior (Nassauer, 1995). 

Sustainable landscape planning could lead to the mitigation and adaptation to climate 

change through the reduction of the UHI (Sheppard, 2005).  However, not through the 

extensive use of potable water in the process – since water is energy and energy is water, 

then the goal would be to reduce energy consumption (Chalfoun et al., 2016).  Studies 

have shown the effectiveness of water conservation in urban landscapes, and 

implementing these methods would improve the impact on human comfort and energy 

consumption. 

One of the effective ways to evaluate the impact of vegetation systems in a space 

is through the energy budget.  Between the energy received from the sun as short wave 

radiation and the radiant energy that is stored in the elements existing in the space, where 

they strongly affect the micro space. 
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Figure 50: Energy Budgeting: Flow of Energy into the Landscape (O. Youssef) 

The ability to store and reradiate the energy in the space will likely lead to users’ 

discomfort.  As previously stated the problem is that the spaces between buildings are 

neglected if they do not have an outdoor function associated with the building’s program.  

But the connection of spaces between buildings to one another create large areas of 

exposures within different levels and have deemed to create uncomfortable conditions in 

arid regions.   

 The Stefan-Boltzmann equation could be used to identify the amount of power 

that would be radiated from a black body by its temperature.  Assessing this amount of 

energy from a worst case condition when temperature in Tucson is 110°F (~43°C) the 

amount of energy emitted could be calculated as follows: 

 

Therefore, the adjacent hatched wall in the illustration above would radiate 566W/m2 

added to the averaged 1000 W/m2 received from the sun – but is impacted by emissivity 

and albedo of the surfaces. 
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Due to the nature of variability of surfaces each surface reflects, absorbs and transmits 

light differently.  Careful selection of materials in hot regions will play a role in 

microclimate control impacting climate stressors on building performance and outdoor 

physiological comfort levels. 

Table 13: Albedos, Emissivity, and Thermal Admittance of Vegetation Components 

Type Albedo 
(%) 

Emissivity 
(%) 

Thermal Admittance 
(J/m2s1/2K) 

    

Soils 5 – 75 90 – 98  

   Moist dark cultivated 5 – 15   

   Moist gray 10 – 20   

   Dry soil 30 – 75  600 

   Wet soil 30 – 75  2500 

Vegetation 5 – 30  90 – 99   

   Grass 20 – 30 90 – 95   

   Green fields 3 – 15    

Water 5 – 95  92 – 97  1500 

   Water (high sun angle) 5 92 – 97  

   Water (low sun angle) 95 92 – 97  

Urban Surfaces    

   Asphalt 5 – 15  95  

   Concrete 10 – 50  71 – 90   

   Brick 20 – 50  90 – 92  950 

   Stone 20 – 35 85 – 95  

   White paint 50 – 90 85 – 95   

Air    

   Still   5 

   Turbulent   400 
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3.3.3. Virtual Assessment 

Virtual assessment is a growing field of research, updated by the fast development 

of technology.  A method of applying virtual reality facilitates a real-like human 

experience of the built environment.  With the built environment overwhelmed with the 

growth of population and expansion of cityscapes, the use of a virtual environment may 

bridge the gap between anticipated and actual human performance.  

 

Figure 51: Virtual Reality (VR) an Effective Communication Tool in Architecture Education (O. Youssef) 

Virtual Reality has the power to change the way architects design and connect 

buildings before they are built. VR immerses the human body in a real built environment 

and utilizes different parts of the brain to access auditory and visual data.  Incorporating 

VR into environmental assessments allows lessons of design thinking to develop a 

responsive knowledge based environment. 
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This unorthodox approach not only provides designers with a high quality 

environmental assessment and human experience but also implements a practice based 

application of emerging technologies.  Integrating between design and building science, 

VR leverages a seamless virtual application to complement theories with unlimited 

innovative applications. VR embraces a valuable opportunity that serves as a teaching 

research laboratory where researchers, architects/designers, building officials and even 

end users can be placed in the context of the built environment.  Equipping architects 

with tools to design for health and accessibility as an integral theme of the built 

environment rather than an architecture specialty. 

 

Another common virtual method of assessment would be the use of computer 

simulation.  The mean radiant temperature (Tmrt) is one of the most important 

meteorological parameters governing human energy balance (Thorsson et al., 2007).  

This approach to microclimatic analysis creates an opportunity to apply and validate a set 

of strategies applicable to urban areas, identifying the impact of climatic forces on human 

health and the built environment.  Transitional spaces or spaces between buildings 

provide an opportunity to model the development of comfortable microclimate street 

levels for pedestrians (Ali-Toudert et al., 2006).  A study by Rosheidat et al., (2008) 

simulated the visualization of pedestrian comfort in the hot climate of Phoenix, AZ.  

Where the potential for harsh climatic conditions to be mitigated through vegetation and 

desert specific environmental strategies.  
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3.4. Summary: Assessment of Transitional Spaces 

To achieve an appropriate design of transitional spaces the method of assessment 

must be based on quantitative methods informed by the microclimatic forces of that 

space.  Utilizing the opportunities and addressing the constraints harsh microclimatic 

stressors in hot-arid regions may be eliminated or reduced.  This approach will result in 

two major enhancements in the urban fabric, first is improved building performance and 

second is healthier outdoor physiological comfort for people.   

The reduction in external climatic forces will reduced the required cooling loads 

in the building that respond to the high temperatures of hot climates, as well as enhancing 

the outdoor condition which may migrate some of the indoor activities to the outdoors.  

Thus, reducing the buildings energy consumption, demand on fossil fuels and the 

emission of carbon dioxide into our atmosphere.  The comprehensive investigation of the 

interaction between buildings and the open spaces that surround it, may create an 

opportunity for outdoor activities for people, where they are able to escape artificially 

controlled static indoor conditions by creating a dynamic dialogue with the treated 

outdoor natural environment; one that is not merely concrete, steel, and glass. 

Utilizing the series of assessments in this chapter will lead to an informed design 

decision that can reshape the trajectory of the urban fabric and sequential methodological 

approach to the exploration and understanding of the physiological human comfort within 

the growing urban fabric. 
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CHAPTER 4: APPLICATION OF A HUMAN-CENTERED CLIMATIC DESIGN 

METHODOLOGY FOR TRANSITIONAL SPACES IN HOT-ARID REGIONS 

Human-centered climatic design is a creative approach to an integrative problem 

solving technique and will set a new standard for optimizing the architecture process.  A 

process that cannot exist without the application of environmental phenomenon and 

human responses.  Starting the process with the identification of the human and the 

function the space serves for them.  As mentioned in the previous chapters, this 

application will focus on transitional spaces, which are challenged and neglected areas in 

design, with high contrast and sudden changes in hot-arid regions.  A deep understanding, 

application and mastering of human stress responses in design decisions will innovate 

and revolutionize spaces in the built environment.  This chapter will first provide a 

general overview of the connections that exist between the three environments, and 

provide a protocol methodology applicable to hot-arid regions.  Human-centered climatic 

design consists of three phases.  Phase one will document the existing physical aspects of 

the space from a human perspective, one that will define their responses and perception.  

Phase two will collect and analyze the environmental parameters and climatic conditions 

where humans are immersed.  Phase three will conduct a rigorous physiological and 

psychological evaluation of the possible outcomes when exposed to a harsh climate.  The 

implementation phase comes right after where recommendations based on the findings 

will enlighten the path of building officials to enforce a set of requirements on designers 

and architects, as well as city planners.  
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4.1. Methodological Sequence 

The understanding of physiological principles is essential in designing spaces that 

optimize both the natural and human environments.  A cross disciplinary system was 

developed to co-relate the climate, and built environment measures with human comfort 

measures, such as heart rate, facial expressions, and stress responses, and environmental 

features such as visual discomfort, which might affect these health and comfort 

outcomes.  The environmental parameter assessment was conducted in three phases.  The 

first phase focuses on documenting the physical environment of transitional spaces.  In 

the second phase, measurements of the environmental parameters were documented and 

investigated.  The third phase documents human health parameters.  Overlaying all 

documentation is a proposed new synthesis for architects to adopt.   

4.1.1. Photographical Documentation of the Physical Space 

Technology can inform evidence based design decisions.  The section will 

provide a unique high tech “hands-on” method for environmental investigation, testing 

and experimentation.  With the use of Unmanned Aerial Vehicle (UAV) 

photogrammetry, architects are able to survey and map live views of any area (even ones 

that are hard to reach) to create a more inclusive spatial perspective of the surrounding 

context.  This technique provides instant, easy and live access to remote areas that are not 

constantly rendered by online mapping services.  Creating an effective display of the 

climatic conditions at a given time with clear quality will provide an insight to the 

climatic, architecture, and human experience.   
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Figure 52: Investigate transitional spaces from a macro, mezzo, and micro scale 

 

“It is the marriage of photography’s innate authenticity, coupled with the 'purity' 

of orthographic projection that drone technology makes possible. These photographs are 

not plans; rather, the gentle perspective and natural realism that is characteristic of these 

shots gently remind us that we are looking at a frame captured not through ink but 

through a lens.” 

Arch daily: The Power of the Plan: Drones and Architectural Photography 
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Articulating spaces through plans, and high quality stabilized aerial photography 

architects are able to gather site data, optimize building analysis and design through 

identifying views at specific heights, showcase and highlight special building features, as 

well as conduct general research and development across the site.   

This instrument seamlessly becomes a way of thinking, understanding, and 

representing complex architectural and urban compositions.  Shade and shadows should 

be captured at a specific time to assess the fundamentals of shading and achieving 

thermal comfort during the overheated periods (e.g. summer time).  Inspection of ground 

and roof covers, further understanding solar reflectivity of exterior surfaces.  People, 

animals, and vehicular patterns would be studied to observe behavioral movements aiding 

designers to identify optimum routes and relate to current site flow. 

 

Figure 53: Unmanned Aerial Vehicle Data Collection (left to right) Shade and Shadow Investigation, User Experience 
vs. Design Application, Ground and Roof Cover Reflectivity, and Transitional Spaces that Extend beyond the building's 

envelop 

Most importantly, architects learn to extend their vision beyond the building’s 

envelope towards urban settings and the powerful natural conditions of the environment. 

Using this tool to showcase a specific rendered path of the actual site, where rigorous 

analysis and design recommendations for the existing building would be illustrated and 

implemented to embrace their specific proposed designs.  Thermal leaks and defects 

should be analyzed on building envelops and are adjacent to transitional spaces where 

thermography would detect illustrate increased heat sources.  They would graphically 

depict energy efficiencies impacting outdoor human physiological comfort and building 
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performance.  The previous step shows the mezzo perspective to provide a holistic view 

and should not be used exclusively for planning which is what our inefficient cities have 

been designed by.  The second step adds to the comprehensive visualization by 

documenting the surrounding context from the human scale at eye level of a walking 

person– a sensory perspective that relates to adjacent environmental features. 

 

Figure 54: Variable sensory experience ranges (O. Youssef) 

High Dynamic Range Photography of images to be used in obtaining photos with 

a much extended dynamic range, compared to older aerial photos.  The values obtained 

thus represent real-world luminance rather than just arbitrary pixel values.  Six images to 

be taken displaying context (luminance and thermal) on four orientations (N, E, S, W) at 

5’ above ground and two images of ground and sky cover respectively camera mounted at 

3’ from ground.  Each image should be taken at a distance that represents the space 

investigated.  Where the farthest 300’ would represent a plaza space, 80’ for urban parks, 

25’ for large public spaces, 10’ for outdoor seated areas, 3’ for personal dialogues and 1’ 

for intimate conversations. 
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4.1.2. Environmental Documentation of Space 

This section provides a comprehensive documentation and assessment of space to 

focus on the understanding of sustainable design through investigation of a selection of 

the most important components that impact climatic context.  Due to the importance of 

differentiating between the environmental scales, this protocol is based on documentation 

the atmospheric conditions on the micro scale. 

 
Figure 55: House Energy Doctor Climate Station (N. Chalfoun) 

A climate station (sophisticated apparatus designed for scientific measuring of 

atmospheric conditions) connected to a data logger protected by a solar radiation shield 

should be assembled in the area of investigation to document the following: (noting the 

expected path/direction where people will be using the space) 

1. Dry Bulb Temperature (Tdb) documented at 30 min intervals 

2. Globe Temperature (Tg) documented at 30 min intervals by an external 

probe (-60 – 122F) to calculate the Corrected Effective Temperature 

(CET) 
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3. Relative Humidity (RH) documented at 30 min intervals 

4. Solar Radiation (Direct and Reflected) using LI-185B Quantum 

Pyranometer with Extended Arm. Direct at 3’ above ground at center of 

station sensor facing sky cover, reflected at 6” above ground sensor facing 

ground cover documented at 30 min intervals. 

5. Air Movement visually illustrated by Hemispherical Cones and manually 

documented using Extech Hot-Wire Anemometer where the hot-wire is 

facing the direction of the expected prevailing wind at the location at 30 

min intervals.  

 

The intense climatic conditions of hot-arid regions cause an average increase in 

heat absorption with the human body through conductive heat transfer with the 

surroundings.  Adjacent elements in the space have the ability to store and reradiate the 

energy back into the space increasing the physiological discomfort.  Therefore, the name, 

type, texture and color of materials within the field of view of people in a transition space 

should be documented.  All surface temperatures should be documented using a Non-

Contact Infrared Thermometer measured at 6” parallel to each surface at 30 min intervals. 

 The Stefan-Boltzmann equation to be used to identify the amount of power that 

would be radiated from a black body by its temperature.  Assessing this amount of energy 

during the time when the space in question is be used.  Therefore, the total amount of 

energy reradiated from adjacent walls would be calculated noting the emissivity and 

albedo of the surfaces. 
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4.1.3. Physiological Documentation of Space 

Analysis of visual comfort in selected spaces should be assessed from the user’s 

perspective (occupant’s field of view), at different locations and positions in the space 

that will be predetermined based upon each investigation.  This type of study 

demonstrates the presence of glare and excessive illumination levels.  In most cases code 

requirements are met on horizontal surfaces, but exceeded on occupant(s)’ level resulting 

in eye fatigue and discomfort.  An investigation tool developed by the author uses 

computer modeling, data acquisition systems, light sensor loggers, and on site fish-eye 

lens photography techniques to display and analyze light intensity variations within 

spaces.  This tool will contribute to reducing the disproportionate light intensity that 

causes health burdens on people. 

 

Figure 56: Field of View (O. Youssef) 

The Fish Eye Lens and Binarized Hemispherical Imagery technique represents a 

person’s view factor in a radiating field.  It enables the determination of surfaces whose 

long wave radiation affect human thermal comfort.  A person’s view-factor is defined as 

the fraction of the radiant flux that strikes a person from a particular surface to that which 

would be received from the entire environment radiating uniformly. 
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Although daylight intensity will not impact thermal sensation, it should be 

documented to allow for visual comfort assessment, and identify reflectivity of 

surrounding materials.  Photometer sensors should be installed at 5’ above ground 

directed towards the south to document illumination levels striking a person transitioning 

through the space and identifying the possibility of glare, documented at 30 min intervals.  

A subsequent sensor should be installed at 3’ from ground looking towards sky cover, the 

light intensity documented at this position is only used to identify the impact of above 

head canopies on current light intensity at each given location, documented at 30 min 

intervals. 

 

Figure 57: Photometer sensor adjust to adapt for human perception (O. Youssef) 

The human eye constantly reacts to light, and spaces with too much bright light or spaces 

that depend only on electric light could cause negative physiological effects on the body.  

Therefore, it is crucial that environmental assessment merges seamlessly with 

physiological assessment as the results are inseparable.  
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By developing a design tool using computer modeling, data acquisition systems, light 

sensor loggers, and on site fish-eye lens photography techniques, we are able to fully 

understand how the built environments affect our behaviors and senses.  The genesis of 

this investigation was founded on empirical evidence-based research that would inform 

design of the built environment, standards, and operations to optimize occupant health 

and wellbeing. 

 

Figure 58: Fish Eye Lens Photography adapted to Human scale (O. Youssef) 

The images captured with the fish eye lens camera produce a 360° image which could be 

used to analyze the impact of space elements as they are perceived by a person. 

 

 

Figure 59: Fish Eye Lens Images with field of view overlay (O. Youssef) 
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Figure 60: Google Image looking north - Person's field of view in a transitional space (O. Youssef) 

At this location a camera is used to capture the view of a person walking in a transitional 

space.  The focus is on the field of view to assess the environmental conditions from the 

perspective of walking person and not just surface planes of floors and walls.  Captured 

using a 360 fish eye lens, the image is processed within 1000 segments to identify the 

area weighted light index per location.  The author wrote a software that will convert the 

capture fish eye image to a scaled vector based image. 

 

Figure 61: Software converts image to a vector based image - Image captured at 12pm on 9.7.17 (O. Youssef) 
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Table 14: Software engine calculating the light intensity per unit area 

 

This auto-generated table calculates the different vector based objects or image 

components developed based on different materials and shapes identified from the fish 

eye lens.  There is an availability in the software to override the image and select specific 

components to identify their material or perimeter selection.  The average light intensity 

of each object is recorded on site and input into the software to generate the area 

weighted light index. 

 

Figure 62: Nikon D3300 Camera with an attached Digital Imager CI-110 Fish Eye Lens and Binarized Hemispherical 
Imagery - Image captured at 12pm on 9.7.17 (O. Youssef) 
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The benefits of fish eye photography are not limited to identifying area weighted 

components within a person’s field of view, but it also provides an opportunity for 

architects to be submerged in a space and assess the environment from that position.  

Investigating visual comfort is a crucial component to assess human stress responses.  

The sudden changes in light conditions within transitional spaces in entry/exits at 

buildings is a common area where pupil dilation is tested.  With an artificially controlled 

indoor luminous environment inhabitants in unprotected transitional spaces are subjected 

to immediate pupil adaptation which causes a temporary blindness that may cause 

migraine.   

 

 

Figure 63: Space inhabitants transitioning between indoor and outdoor spaces 

 

With high direct solar radiation delivered through the clear skies of hot-arid regions, the 

visual experience of inhabitants is sabotaged.  Although the human eye is intelligent to 

quickly adapt to high contrasts, this case of visual discomfort has proven to be larger than 

merely discomfort and is extrapolated in the elderly.  
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 A High Dynamic Range camera with a 50mm macro lens is used to photograph 

pupil dilation of transitional space inhabitants; once indoors and once outdoors.  The 

camera lens must be adjusted and leveled at each person’s pupil location.   

 

Figure 64: Camera placement to record pupil dilation (O. Youssef) 

 

Figure 65: (left images) prior to dilation (right) pupil dilated – images captured at 3pm on 2.22.18 (O. Youssef) 
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While pupil dilation was one method to measure the direct impact of solar 

radiation, the extraction of complete facial features is another method used to display 

stress or anger.  A Digital Single-Lens Reflex (DSLR) Camera with a 50mm lens was 

used to collected video sequences to note facial features at 9’.  This method aims to 

identify a set of facial expression analysis in an unobtrusive way.  A sequence of images 

is captured at 9’ away from participants and at 5’ high from the ground. 

 

 

Figure 66: Recording a sequence of participants’ facial expressions - Image captured at 12pm on 9.7.17 (O. Youssef) 

 

 

Figure 67: Facial Point Detection 

(1st and 3rd image in shaded transitional space, 2nd and 4th image in unshaded transitional space)	
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The images captured were uploaded and analyzed by the Affectiva software to monitor 

and capture changes in facial expressions predicting cognitive stress non-obtrusively.   

Locations of the 30 landmark points automatically labeled using the Nevenvision tracker 

(McDuff et al, 2013, pp. 881-888).  Data from the Affectiva Software has not been used, 

but the automated landmark points have been used to draw the illustrations on the facial 

point detection.  Affectiva Software – an emotion measurement software, was used to 

predict remote cognitive stress un-obtrusively.  Changes in facial features capture and 

illustrate physiological parameters during cognitive stress.  Large data sets could be 

analyzed using a software written in MATLAB (The Mathworks, Inc.) and Local 

Evidence Aggression for Regression Based Facial Point Detection (LEAR).  

Images representing measurements of facial features at rest and under stress, 

where at rest was assumed to be under the shade and under stress directly facing sunlight.  

Both emotions that have been captured in the direct sunlight have been represented as 

anger through the points calculation.  The frowning of the eyebrows fosters aggressive 

feelings when sun-induced.  The interpretation of how the physical environment protects 

or lack thereof from extreme climatic conditions is merely subjective.  But is based on the 

fact that sun-induced frowning involves the same pattern of facial muscle activation as in 

the expression of anger (Marzoli et al, 2013, pp. 1513-1521).  The sample images 

captured support the prediction of frowning as translated to anger by the software when 

participants are facing the sun. 
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Apple Watch is one of the available wearable technologies that are able to present 

high accuracy to document Heart Rate using apple health software.  Measures of heart 

rate and heart rate variability can provide information about the stress response imposed 

on inhabitants in a space.  However, with a low cost and an unobtrusive approach to the 

design of the presented methodology, only the heart rate will be documented, as heart rate 

variability will require more expensive equipment.  The heart rate sensor in Apple Watch 

uses photoplethysmography, a green LED light that is paired with light-sensitive 

photodiodes to detect the amount of blood flowing through the wrist at any given 

moment.  The heart rate sensor supports a range of 30–210 beats per minute.  The 

sophisticated heart-rate monitor used is capable of acting as a pulse oximeter, allowing it 

to calculate the oxygen content of your blood by measuring how much infrared light is 

absorbed.  However, this device not FDA approved.  Apple Watch Health will be used to 

graph the wearer’s heart beat over extended periods of time, as well as recording heart 

activity.  For particular cases considering walkability the movement tracker can be turned 

on to calculate the distance, speed and moving heart rate of participant.  

 

Figure 68: Heart Rate monitoring in a urban canyon transitional space Image captured at 12pm on 9.7.17 (O. Youssef) 
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4.2. Analysis and Synthesis 

 Architecture and environmental research are inseparable, and need to go hand in 

hand to inform design decisions.  The investigation of redefined space with the 

integration of climate, architecture, and health environments is based on a large series of 

variables.  This chapter is focused on exploring and identifying problems that exist within 

this relationship through three main methods of problem documentation; photographical, 

environmental, and physiological.  Evaluation of each of these components will lead to a 

comprehensive understanding of the problem as a whole.  Based on the results of this 

method, architects and designers will be able to make informed decisions that impact the 

built environment and urban spaces.   

 

Figure 69: Combining sequential assessment method to generate recommendations on redefined spaces that contribute 
to the climate, architecture, and human environment (O. Youssef) 

Working together to improve the health and quality of life, responses to the built 

environment must be identified and investigated to insure human satisfaction.  

 

Figure 70: Dissatisfied to satisfied subjective scale (O. Youssef) 
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4.3. Summary: Application of Method to Transitional Spaces 

The proposed method for space assessment has been specifically designed to 

incorporate the climate, architecture, and human environments.  The method analyzes the 

architecture of the space in terms of the climatic forces imposed on it and the human 

responses as a result.  The first step in the experiment is to identify the type of space 

being investigated; indoor, outdoor, transitional, space between buildings.  Step 2 is to 

record and analyze the thermodynamic properties of air including solar radiation, surface 

temperatures, and light intensity.  Step 3 is to record the heart rate of people using the 

space, depending on the identity of the space its function will provide insight on how 

much time people will spend in the transitional space.  Very short periods of time will not 

allow for the body to physically adapt, and must therefore noted, as it will provide insight 

to creating a specifically designed transitional zone to reduce the sudden change in 

environment conditions to which people are exposed.  Recording a sequence of facial 

expressions adds an immediate assessment of space perception and identify major 

contributing stressors.  This technique could also be used to assess sound and smell 

perceptions; as facial features change accordingly.  The final step is to utilize that data to 

generate a set of recommendations informed by the previous steps. 
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CONCLUSION 

Development of human-centered climatic design in hot-arid regions is a very 

challenging process, demanding coordinated knowledge of the three interrelated 

disciplines – climate, architecture, human environments. 

As population growth is continuously rising, cities are utilizing developments in 

technology to quickly construct the urban environment, accommodating industries’ high 

demand for energy production, while contributing to it.  While there are many factors that 

influence designers, some are emphasized and some are ignored – thus often not 

achieving a balance and a synthesis between them.  This dissertation focused on creating 

a new paradigm for measuring the impact of the built environment, one that will apply 

climatology to the interaction and perception of people to space. 

Chapter 2 aimed to redefine the term space to center the human body around the 

variable impact areas to which it is exposed.  The transitional spaces or spaces between 

buildings are not addressed within the architecture industry, but users are exposed to 

them as they transition from an extreme natural climate to a controlled artificial one.  

This dissertation focused on transitional spaces, one where there is a sudden change in 

the environmental conditions (called stressors of the built environment) where people 

would experience an immediate physiological response.  The result of this study has led 

to a design of a framework to serve as a design aid tool for architects who assess the 

impact of stressors on human-centered spaces.  This tool will be further developed into a 

software program with a user friendly interface, where data from spaces investigated 
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could be input into the software to illustrate current conditions, and predict favorable 

conditions. 

Chapter 3 presented a series of quantitative methods that could be adapted and used to 

assess climatic, architectural, or human environments.  Building on the previous 

redefinition of space.  State of the art instrumentation and technology was developed as a 

part of this chapter placing human health and wellbeing in the center of a climatically 

challenged environment that is stripped from its natural resources.   

The instruments used and developed by the author have been written as an accessible 

procedure on the forefront of health and wellbeing in urban environments.  Chapter 4 has 

illustrated the sequential process to three main steps focusing on the photographical, 

environmental, and physiological documentation of data.  A software engine was written 

for the automated application of fish eye lens photography to illustrate the heat and light 

intensity area weighted index identifying areas that require further detail.  Considering 

the range of observations, opinions and body reactions, there is no precise criterion by 

which comfort can be evaluated.  The main focus would be on direct indices and 

subconscious body adaptation. 

The goal is to prove the benefits of microclimatic analysis on both building 

performance and human health and wellbeing within the urban fabric.  The assessment 

methodology developed by the author and research team have been applied and validated 

to present an appropriate comprehensive approach to the understanding and application 

of climatology on human health and wellbeing within the urban built environment.  This 

approach will lead to a new way for designing the built environment, equipping the 
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architecture industry with access to climate/human knowledge to provide clear and 

measurable outcomes.  
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FUTURE RESEARCH  

 This future work section explains the possibility of utilizing the method 

developed by the author of this dissertation with the guidance of the research team to 

explore the application and benefits on a large scale study.   

1. Conduct a whole urban fabric simulation based 

on a single transitional space 

 

2. Quantify methods or microclimate stressor 

reductions based on a simulated series of 

strategies applicable to a hot-arid region 

 

3. Design strategies that would promote 

opportunities for outdoor activities and 

calculate the reduction of energy indoors. 

 

4. Quantify physiological comfort and cognitive 

satisfaction based on a large number of people 

(N=100) 

 

5. Replicate simulation on a larger urban fabric, 

quantifying reduction in climatic forces, 

reduced indoor energy consumption, and 

higher physiological comfort.  
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The outdoor microclimate conditions depict the possibility of activities and 

pedestrian thermal comfort.  However, they also make a large impact when addressed 

with a series of microclimates that represent the spaces between buildings.  Solar 

radiation and surface temperatures are two of the main properties that make up the 

microclimate condition that represent the external loads that impacts building energy 

consumption specifically for cooling.  Utilizing a method that reduces the external loads 

addressed in the spaces between buildings would provide favorable conditions for 

buildings that would improve their performance and decrease their reliance on fossil 

fuels.  Commonly in hot-arid regions shading is the most important factor that creates a 

thermally comfortable environment, and therefore expanding beyond the building fabric 

into a transitional space creates such a wonderful opportunity for building users.  Both 

the building and the users would benefit from this approach.   

Transitional spaces have proved their importance in manipulating harsh climatic 

conditions in arid regions, but do not have an official procedure for their execution as 

they lie between an uncontrolled domains.  Building code’s address the rules and 

regulations that control the design of the physical building constructed within its property 

lines, while city codes represent statutory regulations that address the public spaces 

owned by the city.  A new transitional code is in order creating controlled ordinance over 

an opportunity to protect the unclaimed spaces between buildings that have large impacts 

on both building and human performance.  This approach will aid in newer ways to 

design effective cities, ones that utilize spaces to serve the environment and create 

favorable conditions for the buildings and optimize health and wellbeing of pedestrians. 
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Redefining space: An interdisciplinary critique of the Built 

Environment 

 

ABSTRACT 

 Space is often conceived as a place with physical characteristics in which 

movements occur or activities happen.  However, space extends further beyond the fabric 

of its tangible features, forming a dynamic relationship between the climate, architecture, 

and human environment.  A comprehensive approach to the built environment is 

established in this paper through three major environments – Climate, Architecture, and 

Human. While existing research investigates single or even multiple links there is yet a 

study to generate an interdisciplinary approach to space design.   

 Space is a forcing, imposed by human induced architecture with the existing 

context of site and climate.  The word Space is defined differently within every field of 

study.  Architecture can trigger how space is perceived, felt and experienced in a 

multidimensional totality.  Energy is not merely how buildings are operational but rather 

how the built environment can transpire from the natural environment.  Human Health is 

greatly affected by the conditions it resides in, based on the ability to interpret adjacent 

environmental forces affecting bodily senses.  The essence of investigating Arid Lands is 

the challenge of creating an optimized environment, while stripped of the abundance of 

natural resources.  Designing utilizing Climate Science is effective in redefining space 

within interdisciplinary approach to the built environment.  The results of this study 

allowed the integration and transfer of knowledge across different disciplines using 

architecture to mitigate and not adapt to the adverse effects of today’s climate change 
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while promoting healthy living.  The redefinition of space as an integration between 

climate, architecture, and human environments has resulted in the development of a 

framework as a synthesis of three impact environments on space and multisensory human 

experience.  This will serve as a base for a future study to aid in the development of a 

human physiological comfort index as an integral part of a human-centered climatic 

design process.   

I. INTRODUCTION 

Cities are undergoing major transformations to become centers for urban growth 

(Montgomery et al, 2013). One of the most rapidly urbanizing regions in the United 

States, the southwest has seen an unprecedented increase in population and will 

potentially grow further especially in urban areas, from a population of about 56 million 

in 2010 to 75 million by 2030 (Jardine et al, 2013, p.88).  With population growth the 

demand for land, water, and energy will exponentially increase (Fischer et al, 1997, pp. 

869-889).  Due to the nature of the 21st century, and increased population; spaces have 

transformed from “green” to “grey”, “natural” to “artificial”, rural areas urbanize with 

city center built around cars and future developments such as, buildings, roads and 

infrastructure.   

Reliable energy supply is crucial for sustaining humans, agriculture, energy 

production, and ecosystems in this dry region. With the declining supply of natural 

resources and their increased demand, adding new stresses to already strained finite 

resources (Hoel et al, 1996, pp. 115-136). Applying technologies and practices to 

mitigate climate change is crucial (Stern, 2010).  However, to effectively evaluate its 
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performance, applications need to be broken down to address individual problems on 

different levels of macro, mezzo, and micro. 

While outdoor spaces are good examples to demonstrate phenomenon of urban 

heat island and human thermal comfort, transitional spaces -or spaces between buildings- 

on the other hand are appropriate case studies on how inhabitants in arid regions might 

develop and respond to resilient spaces, especially in hot dry settings where conditions 

are amplified due to global warming (Kalnay et al, 2003, pp. 528-531).  These spaces can 

show mitigation to the adverse effects of climate change and promote human health and 

wellbeing.  The goal of this study is to address the impact of spaces on human health and 

wellbeing within the micro scale. 

Evaluating the definition of space varies by discipline and event, and often 

includes qualitative and quantitative assessment methods.  In this paper, an 

interdisciplinary approach to critiquing the built environment will define Space where it 

will be investigated within three environments – Climate, Architecture, and Health.  

Some of these disciplines overlap, while some impact one another.  All three fields are 

studied and Architecture is used as the means by which a synergy within these disciplines 

is created as an integral part of the design thinking process, constructing the bridges 

between those gaps and connect across different fields. 

This paper presents advanced research on the three environments in question by 

first addressing the vertical scales in which are cities are built – macro, mezzo, and micro.  

The results of this study will be used to develop a matrix to serve architects in optimizing 

space design. 
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II. PROBLEM STATEMENT 

The building industry consumes about 70% of all the energy consumption in the 

United States, more than the industrial and transportation sector combined.  However, 

there has been a focus on building climatology and the drive to reduce energy 

consumption for building operation.  At the same time, urban planning has been 

advanced with the understanding of public health, creating smart cities and urban parks to 

reduce heat urban island effects and promote walkability and enhance people’s health.  

However, the spaces that lie between the indoor and the outdoor are often not addressed.  

How can the spaces between building contribute to the urban microclimate 

supporting human physiological comfort, and impact the building sector?  This question 

will yield a different answer depending on what is considered a space, at what scale of 

the city, and by which discipline. 

The intent of this paper is to utilize the existing literature and our expert 

knowledge to identify the variables that impact the space, where they could be redefined 

and represented in a framework that is visually accessible to architects, informing their 

decision making.  While this data may exist, it has not been tailored to integrate the three 

environments within a data visualization form that would assess the impacts of different 

variables from 3 main environmental components – climate, architecture, human.  The 

relationship created between the variables will be utilized as a guideline that will promote 

sustainable practice and healthier human outcomes.   
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III. SCALES: Macro, Mezzo, Micro,  

The term microclimate is often to be considered as the scale in which the climate 

exists in a certain condition, but how high is a microclimate?  With this scale going up to 

one mile from the ground, can that really assess human physiological comfort?  This 

study will focus on a microclimatic scale that exists below that, one that is closer to the 

human scale, referred to in this paper as micro.  Within this scale the physical and 

atmospheric aspects are interpreted from the eye level of a human, measured consistently 

at an average of 5.0’ from walkable ground plane. 

As we assess space along the lines of the three environmental disciplines, we 

suggest new variables that mold its perception centered around human and climatic 

responses.  To successfully communicate spatial perception, architects depend on the use 

of visual, sonic, and thermal clues to complete a multisensory experience.  Redefining 

space has produced data on space perception related to different fields.  To identify the 

crucial components of space the author has displayed space on three levels (macro, 

mezzo, and micro) with a focus on the micro scale on a human level. 
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Table 1: Macro, Mezzo, Micro Characteristics 
    

 Scale Approx. Limits Characteristics 

    

 

Macro > 100mi 

Climatic forces impacted by 

geographically location, land 

aridity, topography, water 

management, and other 

climatic systems. 

 

Mezzo up to 30mi 

Urban development on a city 

scale, a dominant grey 

infrastructure replaces the 

natural setting of the land. 

 

Micro up to 1mi 
Walkability, city zoning, and 

neighborhood design. 

 

Micro 

human scale 
< 1mi 

Dynamic human interaction 

with the physical 

environment and the forces 

imposed by the climate and 

architecture forces. 
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IV. RESEARCH METHODOLOGY 

The data researched and presented here is an integrated research effort that brings 

together the physical environment and the function of climate, architecture, and humans 

in this environment.  The first step is to define “space” within each discipline and assess 

the impact of the proposed variables corresponding to each environment.  The second 

step, is to visually illustrate the variables in the form of a radar chart, where the variables 

show the direct impact on the human body.  Step three quantifies each variable that will 

be assessed based on a transitional space that will be investigated.  Step four captures sky 

view factors using a fish eye lens photography technique to display the urban setting.  

Step five quantitatively documents a scale for each variable to compare and contrast 

different conditions.   

 

Fig. 1: Research Method Flowchart (O. Youssef) 

The framework used will display a series of transitional spaces that will illustrate 

the quantifiable factors impacting the human body in a specific urban setting. 
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V. DEFINING SPACE 

Spaces have been investigated through analysis of three broad environments: 1) 

the climate/microclimate, 2) the architecture, and 3) the human.  Climatic forces are 

represented by the science that depicts it and the arid region applied in.  The architecture 

built environment will be represented by architecture that forms the geometry and 

proportions of the space, illustrating energy performance that responds to orientation in 

relation to solar radiation, material use, material thermal properties (storage, reflection, 

and resistance).  Finally, the human environment is represented as, behavior patterns, 

time of use, human comfort, and interchanges between the human and the built 

environment.  

Throughout this process the definition of the term “space” will be elaborated in 

response to the respective field.  Various disciplines have an effect and/or are affected by 

space design.  Current literature establishes single or multiple connections to space, but 

there is not yet a study that investigates space through an interdisciplinary approach.  The 

term “space” is due for a redefinition with an interdisciplinary approach.  

The following section will provide definitions to establish the connection of space 

to the corresponding discipline.  Transitional spaces will be investigated to define the 

main components that characterize them and impact its formation. Through examination 

of this phenomenon and recommendations based on the findings, designers could utilize 

the produced framework to build optimized spaces that respond to humans and the planet. 
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V.1. Climate: the first environment 

It is important to differentiate between variability due to natural phenomenon in 

the Earth’s orbit, water availability, precipitation, wind patterns, temperature variation, 

land cover change and human-induced climate change (Jardine et. al, 2013, p.88).  The 

climate is suffering as a result of people’s imprudent consumption, leading to an abrupt 

increase in the Earth’s surface temperature (Solomon et. al, 2009, pp. 528-531).  The 

Earth’s global surface temperature which has risen 1°C with a rate of 0.1°C/decade is 

expected to be 2.5-5°C higher within the next century (IPCC, 2014).  People are misled 

about this fact and how it affects the planet; this doesn’t merely mean that our ambient 

temperatures will increase, but our oceans will warm, our ice will melt, and we will 

observe severe climate events as a result.  The following will discuss the importance of 

utilizing climate science to inform space design, and how are the extreme climatic 

settings in arid regions make this an even more important design problem for architects 

that must be addressed and not to be avoided by an artificially controlled environment. 

The US is a fossil fuel dependent country and to effectively overcome the 

foreseen climate change threats, we need to acknowledge that most of our nation’s 

economy is based on fossil fuels that are finite in supply; such as coal, oil, and natural 

gas.  Alongside rapidly transitioning rural to urban land (Kalnay et. al, 2003, pp. 528-

531), greenhouse gas emissions are a great anthropogenic influence on climate change.  It 

is crucial that we understand the attribution of the world’s unsustainable way of living to 

extreme weather events.  The recent chain of Hurricanes witnessed in the Atlantic 

(Harvey, Irma, and Jose) have been an illustrative wake up call to climate skeptics 

(Trenberth, et al, 2015, pp. 725-730).  Experiencing major feedbacks as a result of 
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increased anthropogenic carbon dioxide emissions in the atmosphere have brought 

scientists closer to the role of climate change in extreme weather events. 

The anthropogenic influences on our climate system has caused an unprecedented 

increase of carbon emissions amongst other greenhouse gases into our atmosphere 

resulting in radiative imbalances and observed positive feedbacks (Raupach, et al, 2007, 

pp. 10288-10293).  Architects are unconsciously changing the world’s climate through 

the waste products of their space design.  Decreasing the contribution of the built 

environment would not only decrease the chronic exposure of humans to these high 

contrasts but will pave the way to cautious space design. 

Intensive climate variability will negatively impact the world, specifically in the 

Southwest.  With harsh climatic conditions and finite resources, the southwest has been 

labeled as the most “climate-challenged” region in the United States (World Energy 

Outlook, 2008).  

Climatic forces are represented by physical properties of the air, relative 

humidity, light intensity, surface temperature, mean radiant temperature, diurnal 

temperature, air movement, sky view factor, and solar radiation.  Thermal interchanges 

between man and his environment is well defined and presented through the different 

environmental indices; “Direct”, “Rationally Derived”, and “Empirical” (ASHRAE, 

1981).   

The excessive consumption of our natural resource is one of the vital reasons that 

our climate is constantly being threatened.  The urban built environment is responsible 

for most of the world’s fossil fuel consumption and greenhouse gas emissions (Mazeria et 

al, 2008).  Urban areas are responsible for over 70% of global energy consumption and 
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CO2 emissions, mostly from buildings (Sims et al, 2004, pp. 9-17).  Architects and 

planners must recognize the importance of renewable energy for sustainable development 

(IPCC, 2011).  There is an increasing demand for energy and associated services, to meet 

social and economic development and improve human welfare and health (Jardine et al, 

2013, pp. 88).  

Man-made built environment of urban development in large cities has altered the 

natural biological order of heat balance (Chalfoun, 1988). The lack of evapotranspiration, 

the sealing off of natural evaporative surfaces, and the use of materials of permanence, 

like concrete, asphalt, and glass has contributed to increasing local warming.  In the 

climatic extreme arid regions, the “urban heat island” phenomenon reduces the 

hospitality of a community by causing thermal discomfort in outdoor spaces as well as 

increasing the energy needed for cooling indoor spaces (Chalfoun et al, 1991).  

This is evident in the case of Tucson, Arizona, where population growth in the 

Metropolitan area is far from gradual.  As a result, the city has experienced high 

temperature rises due to the urban sprawl and a poorly designed built environment. 

Transforming land from desert to urban; we increase the urban heat island effect in 

retrospect of water allocation and future state developments. With the city’s population 

expanding from 520,116 in 2010 (“Profile of General Population and Housing 

Characteristics”, 2010, n.d.) to metropolitan areas of 980,263 in 2015 (“Metropolitan and 

Micropolitan Statistical Areas. United States Census Bureau”, 2016, N.D.).  This 

intensive urbanization will not only influence people’s behavior but will also cause a 

spike in the UHI Phenomenon.  The built environment has grown rapidly over the last 50 

years, resulting in large areas of land being paved over with impermeable materials that 
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causes less ground water recharge, causing water runoff to reach up to 100% in 

constructed land (Kalnay et al, 2013, pp. 528-531).  Even if the water is collected at a 

different location, the natural ecosystem flow has been altered.  Water and energy are 

fundamental components of our 21st century; these two components shall not be 

separated from one another that is: just as producing energy consumes water, pumping, 

treating and distributing water requires energy.  In other words, water is an energy issue; 

energy is a water issue, so they are both interrelated (Chalfoun, et al, 2016 pp. 143-152). 

Buildings are increasing in size and challenging the climate, while municipalities dig 

“efficient” wells to sustain the developments. 

Rapid urbanization has increased the focus within the public health communities 

on improving design of the built environment as an important strategy for health 

promotion (Bell et al, 2010 and Erickson et al, 2011 pp. 2056 – 2063).  Creating spaces 

that allow people to prosper when they are thinking, or working, and, in turn feel good 

about themselves and others with a purpose of maximizing their living environments. 

This concept becomes challenging in a hot-arid climate as Tucson, Arizona.  It is critical 

to precisely analyze the hot arid urban setting of Tucson; located in the heart of the 

Sonoran Desert in the southwest region of the United States.  The urban built 

environment is subjected to extreme hot and dry climatic conditions that experience high 

temperature swings between day and night (Brugger, et al, 2013, pp. 1830-1840). 

The built environment is a breathing, living organism and will be drastically 

affected as witnessed by the current increase in demand and consumption, deficit of 

regional energy supply, increased water consumption and jeopardizing fresh water 

availability, and earth’s surface temperature increase.  The sustainable urban design 
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methodology provides a mean to efficiently speculate and evaluate thermal conditions of 

outdoor spaces. It has three main steps; 1) evaluation of natural resources used for 

operation, 2) water required to irrigate surrounding landscape, and 3) soil and vegetation 

of the area are major stressors on an urban space. 

V.2. ARCHITECTURE: the second environment 

Architects aspire to the creation of beautiful spaces.  But a fundamental weakness 

in most discussions of architectural esthetics is a failure to relate it to its matrix of 

experiential reality (Fitch, 1988, pp. 4-9).  Our whole literature suffers from this 

conceptual limitation in that it tends to divorce the esthetic process from the rest of the 

experience, as though it were an abstract problem in pure logic (Rubin et al, 1980).  Thus 

we persist on discussing buildings as though their esthetic impact upon us were an 

exclusively visual phenomenon.  Leading immediately to serious misconceptions as to 

the actual relationship between the space and its occupants (Aydede, 2005, pp. 197-255).   

As architecture is the basis of creating these built environments they must act in 

favor of human beings and the planet.  The built environment is comprised of a series of 

spaces that influence the surrounding environment and the people occupying it.  

Increasing anxiety over the ability to achieve consensus in fighting global warming and 

search for a collective solution, suggests that everyone, and every industry, has a 

potential role to play.  For decades, sustainability has been much more than a buzzword 

for architects, as better design and technology have improved building performance and 

energy efficiency (Smith, 2009, pp. 53-61).  Architects and Designers must create spaces 

that allow people to prosper when they are thinking, working and in turn feel good about 
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themselves and others.  Its purpose is to maximize their living environments.  What if our 

built environment can make us feel good and act better rather than spaces that may cause 

discomfort?  There are several components of the built environment that are able to 

influence how people perceive it and how the planet responds to it.  These components 

are compiled of, spatial, luminous, thermal, and sonic environment (Youssef, 2014).  

Therefore, effectively assessing these four components will optimize space design 

through decreasing reliance on fossil fuels for electric consumption, emitting less 

anthropogenic gases, and designed for humans.  Achieving spatial, visual, thermal, and 

auditory comfort is vital to a successful design process. 

Performance of spaces has become one of the most important concerns in 

Architecture designs today.  This is due to many factors, most importantly climate 

change.  While there have been several studies assessing the contribution of renewable 

energy sources as mitigation strategies for climate change, yet that would still not reduce 

the amount of energy that we consume.  It is a misperception that solar panels in the 

sunny southwest will save the world from carbon emissions as it does not reduce our 

initial need for energy consumption.  We need to shift our mind from identifying means 

of effectively producing renewable energy to reducing our energy consumption.   

The building sector continues to cause greater harm to the climate, yet it has not 

been highlighted as such within climate assessment studies.  One key way to reduce and 

ultimately phase out the CO2 emissions produced by the building sector is by 

transforming the way buildings are designed, built, and operated.  Creating altered 

microclimates in spaces between buildings will enhance outdoor physiological comfort 

and migrate some indoor activities to the outside, thus, reducing the indoor energy 
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consumption.  The importance of reducing our energy consumption, and decrease the 

burning of fossil fuels is crucial to the survival of the planet.  Building Performance is a 

comprehensive approach to achieve higher energy efficiency within buildings.  

V.3. Human: the third environment 

Not only is the built environment vulnerable, there is a profound effect on the 

human body and its function and human health and performance are also at risk.  The 

human body is an incredibly intelligent system that is most receptive to environmental 

parameters such as light, heat, sound, and space.  People are dynamic in the way they 

think, interact, and respond to their surroundings.  Human perception of the built 

environment is based on the ability to interpret adjacent environmental forces affecting 

bodily senses.  Through our senses we form an image, and associate a memory with that 

image.  As such, memories underlie much of our rich life; humans commonly associate 

dampness with smell, perceive dimension through echoes, and see light with shadow.  

Knowledge stored in our memory affects our behavior by way of predictions (Bar, 2017, 

pp. 280-289).  Often, our perception of the environment relies as much on the knowledge 

stored in our memories as it does on fresh, incoming sensory information.  The 

overextended built environments that we encounter affects our behavior.  Perception 

stimulates the brain, accessing these images and memories.   

Same elements of space can stress, and same elements of space that can calm, 

ultimately affecting one’s health (Sternberg, 2013).  The stress makes people have a clear 

vision and a more focused attention, to get the job done, through activation of nerve 

pathways and hormonal responses.  Generally, relatively short periods of stress are 



 

164 

motivating.  The stress response is not undesirable: we need stress responses to be 

resilient (Sternberg, 2013, n.d.).  Indeed, human performance is influenced by and 

responds to the environment.  

Today’s communities have been increasingly designed around automobiles 

instead of pedestrians, featuring segregated land uses, low density, disconnected street 

networks, and insufficient pedestrian, bicyclist, and transit infrastructure.  Such 

communities have been questioned and criticized for their impacts on people’s behavior.  

Research shows that spatial organization of neighborhood development may potentially 

increase social interaction and interpersonal relationships (Browning, 2014, pp. 165-196). 

By placing people at the heart of design, construction, operations and development 

decisions, we have the ability to add value to real estate assets, generate savings in 

personnel costs and enhance human health, wellbeing and experience.  Our built 

environment can shape our habits and choices, regulate our sleep-wake cycle, drive us 

toward healthy and unhealthy choices, and passively influence our health through the 

quality of our surroundings.  Optimum design must not only address how individuals 

perceive spaces, but also maintain flexibility to realize the effectiveness of the designs 

through their health and wellbeing.  Optimum design appreciates and is tailored to 

experiencing all five senses. 

The built environment plays a major role in shaping the way people live. 

Understanding the different physical, physiological, psychological, human behavior and, 

their experience of the different internal and external microclimatic conditions is essential 

(Youssef, 2014).   

 



 

165 

VI. FRAMEWORK 

“A Space is defined by the integration of climate, architecture, and human 

environments”.  Youssef, O., 2018 

 

Fig. 2: Shifting from a common definition of space to a redefined human-centered space integrating: 

climate, architecture, and the human environment (O. Youssef) 

The latest International Panel on Climate Change (IPCC) Fifth Assessment Report 

confirms the necessity for immediate and sustained action on climate change, detailing 

how close we are to a turning point in the earth’s climate system.  The underlying 

conclusion of the report is that the time has arrived for taking the necessary steps to 

preserve livable conditions on earth: we must stop burning fossil fuels as quickly as 

possible. 

The following section will highlight and illustrate the major factors the affect 

occupants in spaces within the Hot arid region of the southwest.  The goal is to create an 

environment, where occupant experience has been optimized by infusing preventive 

medical intentions through the design.  Pushing the envelope beyond environmental 

sustainability and into human biological considerations into the space.   

 Architects need to shift their minds from preventing health problems to causing 

health enhancements.  Combining spatial design with health parameters, architects are 
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able to make decisions and take actions that protect the natural world and preserve the 

environment to support future life.  Further integrating environmental sustainability with 

therapeutic technologies achieves healthier human environments.  Architects should 

strive to utilize science to create transitional spaces that properly drive performance 

through a strategic and structured utilization of the built environment that stresses 

rigorous analysis of social, physiological, and psychological impacts.  It is important to 

understand the role that spaces have on people and their responses. 

VII. APPLICATION 

The framework presented in this section will be used to investigate space based 

on its new definition by quantifying each of the variables that have a direct impact on 

space will be documented and analyzed.  The developed framework is utilized to assess 

different environmental conditions, creating data sets that are ideal for displaying the 

performance of space.  Each of the variables is provided with an axis are scaled from 

least desirable to most desirable on each variable.  The framework provides a base for 

additional information to be added as variables that represent the disciplines, and can 

continue to support different settings.  However, it is good practice not to overfill the 

framework as it would be difficult to read.  The framework has been designed to illustrate 

favorable conditions that are closer to the center, the further away from the center the 

scale is plotted, the worse the conditions.  
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Fig. 2: Proposed human-centered climatic design framework (O. Youssef) 

 

There are three major environments that represent this framework, on the outmost 

circles, the climate, architecture, and human environments are placed with their 

subsequent parameters.  The climatic environment covers the physical aspects of arid 

lands, such as water, vegetation, and soil as well as the climatic methods used to derive 

the thermodynamic properties of the air.  The architecture environment represents the 

performance impact areas of the built environment and strategies that are energy related.  

The human environment represents the human performance impact areas such as and not 

limited to behavioral, psychological, and physiological. 



 

168 

The plan below shows the availability of transitional spaces within buildings on the 

University of Arizona campus in Tucson, AZ.  The framework will be used to record and 

assess the performance of transitional space no 4.  This assessment is based on minor data 

gathering and observational evaluation. 

 

Fig.4: 7 transitional spaces surrounding two buildings on the University of Arizona Campus. 

 

The image on the left shows a fish eye lens 

photograph captured on transitional space 4 

looking south at noon.  The fish eye image 

represents a person’s field of view at 5.0’ above 

the ground level.  This transitional space is 

classified as an urban canyon, with two buildings 

on either side of a linear path. 
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Table 2: Likert Five-point rating scale with corresponding performance impact area 

 

After the rigorous and comprehensive analysis illustrating the conditions, they will now 

be plotted onto the human-centered framework to visualize the data collected.  A Likert 

five-point scale has been developed by the authors to resemble the Predicted Mean Vote 

subjective index developed by ASHRAE (1981), where each performance impact area 

has been scaled from least desirable to most desirable with the goal to design transitional 

spaces to become more desirable spaces influenced by the redefined space and optimized 

microclimatic conditions and designed around human physiological responses. 
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Fig. 5: Plotting the rating scale onto the framework 

 
After plotting the rating scale points based on the investigation of the microclimate of the 

transitional space, the physical aspects designed by its architecture, and the sudden 

physiological human responses that occur, this transitional space is least desirable.  

Therefore, not only does it expose the building’s façade to high external loads, but it also 

does not encourage its use and failed its function.  As a result, the adjacent buildings will 

require higher energy demand for cooling and more indoor space consumption as the 

outdoors do not encourage inhabitant activity.   
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By analyzing the environments that impact space, distinctions made by different 

environmental disciplines (climate, architecture, human) have been revealed.  In Climate, 

there are different terms that describe the characteristic properties that impact space on a 

micro scale; soil, vegetation and water.  This clearly illustrates the dependence on natural 

resources and not just the weather/climatic conditions as the main environmental features.  

In architecture, space has been defined as elements (physical, luminous, thermal, and 

sonic) that are designed in a way to display a certain experience, or the lack of.  Human 

health is a central concern to define space and the levels of response and dialogue created 

define its true essence – physiological, psychological, social, and behavior. 

VII. CONCLUSION AND FUTURE RESEARCH 

The purpose of climate responsive design, energy conscious design, and passive 

solar design is to maintain human thermal, visual, and sonic comfort conditions within 

the built environment.  Therefore, heat, light, and sound balance between the human body 

and its surrounding environment must be understood. While a complete understanding of 

photometry (the science of the measurement of light) is not essential as a basis for good 

daylighting design, certain principles and definitions provide an important foundation for 

architects upon which creative design decisions can be based.  Fundamentals of 

architectural acoustics introduce the physical sound theory and physiological hearing 

phenomena.  All these fundamentals are the basis for determining human physiological 

comfort. 

The comprehensive understanding of the factors that influence people’s 

physiological comfort are essential to climate responsive designs.  The physiological 
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impact on the human body’s is through thermal, visual, and audible exchanges with the 

surrounding environment.  It is critical to examine the difference in climatic layers of a 

region in order to properly address its local conditions that contribute to the inhabitants’ 

physiological comfort.  The goal is to provide an important foundation for architects to 

implement evidence based design recommendations.   

It is critical to precisely analyze the hot arid urban setting of Tucson; located in 

the heart of the Sonoran Desert in the southwest region of the United States.  This urban 

built environment is subjected to extreme hot and dry climatic conditions that experience 

high temperature swings between day and night.  The focus must consider strategies that 

not only mitigate the urban heat island, but also implement specific strategies that provide 

energy efficiency, human physiological comfort, thermal, visual, audible, and, optimizing 

conditions for human health and performance.   

Preliminary results concluded from the matrix have suggested different 

methodologies that researchers can use to conduct empirical research to achieve evidence 

based health care facility design that best serves human health environment. 
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Objective and non-obtrusive assessment of the impact of environmental 

attributes within transitional spaces in arid-regions on active people 

 

ABSTRACT 

Perception of the built environment is based on the ability to interpret adjacent 

environmental forces affecting bodily senses.  Validating the relationship between the 

built environment and human health, architecture can trigger the way people experience 

the built environment, physically, physiologically, psychologically, socially, and 

behaviorally.  

The impact of environmental attributes on human outcomes was measured, 

objectively, and non-obtrusively. Transitional Spaces were assessed by the analysis of the 

climatic and microclimatic forces, and built and human environment forces. Two outdoor 

locations were studied on the University of Arizona campus, in which people spend at 

least ten minutes in a transition space. The time frame was selected in order to allow for 

metabolic adaptation, sweat regulator vasomotor, dilation and adjustment of the pupil, 

and the regulation of skin temperature. 

The results of this experiment showcased the relationship between the built, 

natural, and human environments within two transitional spaces on the University of 

Arizona Campus.  Combining spatial design with health parameters, architects are able to 

make decisions that will reduce energy consumption, decrease the impact on climate 

change and negative effects on human health. This interdisciplinary approach protects the 

natural world and better support human life and comfort as we adapt to climate change.   

Keywords: Sustainability, Human Adaptation, Mitigation technologies 
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1. INTRODUCTION 

In today’s society and culture, there is major transformation from rural to urban 

(World Urbanization United Nations Prospects highlights, n.d.), the southwest is one of 

the most rapidly urbanizing regions of the United States. Demand for land, water, and 

energy has exponential increased with population growth (Fischer et, al, 1997). 

Urbanization is no longer a gradual population shift. The world is undergoing major 

development and is utilizing technology and energy to increase the rate of construction 

(Wilby, 2007).  

The excessive consumption of our natural resource is one of the vital reasons that 

our climate is constantly being threatened. The urban built environment is responsible for 

most of the world’s fossil fuel consumption and greenhouse gas emissions. Urban areas 

are responsible for over 70% of global energy consumption and CO2 emissions, mostly 

from buildings (Kalnay et. al, 2003; Jardine et. al, 2013).  There is an increasing demand 

for energy and associated services, to meet social and economic development and 

improve human welfare and health (Edenhofer et. al, 2011). There is a need to shift from 

identifying means of effectively producing renewable energy to reducing energy 

consumption. Intensive climate variability will negatively impact the world, specifically 

in the Southwest. With harsh climatic conditions and finite resources, the southwest has 

been labeled as the most “climate-challenged” region in the United States. 

This is evident in the case of Tucson, Arizona, where population growth in the 

Metropolitan area is far from gradual. As a result, the city has experienced high 

temperature rises due to the urban sprawl and a poorly designed built environment. The 

diagram below illustrates the potential components that contribute to the Urban Heat 
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Island (UHI) effect at the University of Arizona Campus. Disruption on the energy 

balance in this specific location is due to several reasons, including anthropogenic heat, 

material selection, and the 90,000 ft2 of impermeable hot asphalt, which radiates heat 

back at 164°F into the atmosphere. 

 

Fig. 1: Built Environment disruption to Energy Balance and Human Health 

The urban built environment has a profound effect on human health. Features of 

our built environment at multiple spatial scales, such as accessibility of sidewalks and 

natural walkways, play a proven role in determining critical health behaviors, such as 

rates of daily physical activity dietary choices (Jackson et. al, 2013; Adams et. al, 2006; 

Sugiyama et. al, 2014; Walker et. al, 2010).  The World Health Organization has long 

defined health as more than the absence of disease (“WHO”, 1948).  The built 

environment plays a major role in shaping the way people live. Rapid urbanization has 

increased the focus within the public health communities on improving design of the built 

environment as an important strategy for health promotion (Bell et. al, 2010; Erickson et. 

al, 2011). Creating spaces that optimize the comfort of living environments, allows 

people to perform optimally at work or at play, allows them to feel good about 

themselves and others.  
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Man-made built environments of urban development in large cities has altered the natural 

biological order of heat balance (Chalfoun, 1998). The lack of evapotranspiration, the 

sealing off of natural evaporative surfaces, and the use of materials of permanence, like 

concrete, asphalt, and glass has contributed to increasing local warming. In the climatic 

extreme arid regions, the “urban heat island” phenomenon reduces the hospitality of a 

community by causing thermal discomfort in outdoor spaces as well as increasing the 

energy needed for cooling indoor spaces (Chalfoun et al, 1991).  

This concept becomes challenging in a hot-arid climate as Tucson, Arizona. It is 

critical to precisely analyze the hot arid urban setting of Tucson; located in the heart of 

the Sonoran Desert in the southwest region of the United States. The urban built 

environment is subjected to extreme hot and dry climatic conditions, which experience 

high temperature swings between day and night. The focus of this experiment is the 

documentation of current conditions as a basis for recommending strategies that not only 

mitigate the urban heat island, but also implement specific strategies that provide energy 

efficiency, human physiological comfort, thermal, visual, audible, and, optimizing 

conditions for human health and performance.  

2. RESEARCH QUESTION 

There is a need to shift from preventing health problems to causing health 

enhancements (Youssef, 2014).  

While outdoor spaces are good examples for demonstrating the phenomenon of 

the urban heat island, transitional spaces -or spaces between buildings- on the other hand 

are appropriate case studies on how inhabitants in arid regions might develop resilient 

spaces. These spaces can demonstrate adaptation and mitigation to the adverse effects of 
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climate change and promote human health and wellbeing.  It is essential to understanding 

the different physiological, psychological, human behavioral responses to different 

internal and external microclimatic conditions. Through examination of this 

phenomenon, developers will be informed on how the built environment affects human 

behavior and recommendations can be developed based on such objective data. In this 

study transitional spaces were identified as spaces between buildings were people spend 

time to commute from one building to the other within a walkable campus setting. 

Assessing the physical built environment and its impact on health is crucial. 

Buildings need to extend beyond their envelope, creating transitional spaces that 

contribute to the reduction of the Urban Heat Island phenomenon through optimizing the 

thermal comfort and human health factors. By utilizing the protocol discussed in section 

four, transitional spaces were assessed to examine and validate key environmental 

influences on thermal comfort.  

3. TRANSITIONAL SPACES INVESTIGATED 

Two spaces commonly used by students were investigated.  Both locations were tested 

simultaneously on the same day – September 6, 2017 with a local temperature of 102°F.  

 

Fig.2: Location A, is a walkway underneath a canopy of trees overhead, while location B is a man-made pavement with 
a busy cross-walk. Both spaces between buildings are approx. 35’ wide and 85’ long. 
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Both spaces that were tested have been strategically selected.  As they are 

between buildings that provide large lecture halls on the UofA campus.  Therefore, these 

buildings are required to cool large volumes of spaces and have a high capacity of 

students frequently visiting them.  Through creating effective transitional spaces that are 

thermally comfortable, building external loads will vastly decrease and outdoor human 

thermal comfort will be achieved.   

4. DATA COLLECTION 

The understanding of physiological principles is essential in designing spaces that 

optimize both the natural and human environments. A cross disciplinary system was 

developed to co-relate the climate, built environment measures, with human comfort 

factors, such as heart rate, facial expressions, and stress responses, and environmental 

features such as visual discomfort, which might affect these health and comfort 

outcomes.  The environmental parameter assessment was conducted in three phases. The 

first phase focused on documenting the physical environment of both locations. In the 

second phase, measurements of the environmental parameters were documented and 

investigated. The third phase documents the health outcomes of the participants in the 

study.  

 

4.1 Phase One – Photographical Documentation of the Physical Environment 

Use of House Energy Doctor (HED) Unmanned Aerial Vehicle (UAV) 

Photogrammetry created a more inclusive spatial perspective of the surrounding context 

at the present time of the experiment. Spaces were also assessed through plans, and high 

quality stabilized aerial photography to gather site data. Views were identified at 30’ to 
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showcase and highlight special space features, as well as document overhead canopies. 

Shadows were captured at time of investigation (13:00 to 15:00), to assess the 

fundamentals of shading and thermal comfort during the Fall season.  Inspection of 

ground and roof covers, allowed further understanding of solar reflectivity of exterior 

surfaces.  Observing behavioral movements of participants in the spaces was assessed to 

identify optimum routes and relate to current site flow through the extreme natural 

conditions of the environment.   

 

High Dynamic Range Photography of images was used to obtain photos with a 

much extended dynamic range, compared to older aerial photos. The values obtained thus 

represent real-world luminance rather than just arbitrary pixel values.  Six images were 

taken displaying context (luminance and thermal) on the four orientations (N, E, S, W) at 

5’ above ground and two images of ground and sky cover respectively camera mounted at 

3’ from ground. 

 

Long Exposure Photography with 10-Stop Neutral Density (ND) Filter was used 

to observe and document people transiting in both locations, to specifically assess their 

behavior transiting from one point to the next, while maintaining privacy and blurring out 

their faces.  In addition, through the motion photography, the extensive usage of both 

locations will be illustrated effectively.  
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LG 360 CAM LG-R105 was used to capture 360 images and videos to provide 

full context of site at 5’ from the ground representing a full view of participant visual 

experience.  

 

4.2 Phase Two – Assessment of Environmental Parameters  

Forward-Looking Infrared (Flir) T200 Infrared Thermal Imaging with a FLO 18 Lens and 

a 200x150 IR Resolution with a scaled Picture-in-Picture of existing context was used to 

measure infrared wavelengths to determine temperatures from both locations.  Flir Tools 

Plus was used to view, annotate, edit and analyze infrared images.  The goal was to 

identify hot spots or a rise in temperature, which often is associated with thermal 

discomfort in the spaces investigated. One Image was taken per location of test subject 

looking south where solar exposure is expected to be highest. 

Nikon D3300 Camera with an attached Digital Imager CI-110 Fish Eye Lens and 

Binarized Hemispherical Imagery technique represents a person’s view factor in a 

radiating field. It enables the determination of surfaces whose long wave radiation affect 

human thermal comfort. A person’s view-factor is defined as the fraction of the radiant 

flux that strikes a person from a particular surface to that which would be received from 

the entire environment radiating uniformly. 

The Name, Type, Texture and Color of Materials within Fish Eye View Factor 

with their corresponding Surface Temperature were documented using a Non-Contact 

Infrared Thermometer measured at 6” parallel to each surface, documented at 30 min 

intervals. 
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LI-210 Photometer sensor was installed at 5’ above ground looking towards path 

(South) on both locations – to document illumination levels striking a person 

transitioning through the space and identifying the possibility of glare, documented at 30 

min intervals. 

LI-210 Photometer sensor was installed at 3’ from ground looking towards sky 

cover – as light intensity is not a thermal sensation, the light intensity at this location is 

only used to identify the impact of above head canopies on current light intensity at each 

given location, documented at 30 min intervals. 

Two HED Climate Stations (one per location), were employed. This instrument is a 

sophisticated apparatus designed for scientific measuring of atmospheric conditions 

utilizing a HOBO Date Logger with a 12-bit resolution placed inside an attached Solar 

Radiation Shield to measure the following: 

1. Dry Bulb Temperature (Tdb) documented at 30 min intervals 

2. Globe Temperature (Tg) documented at 30 min intervals by an external probe 

(-60 – 122F) to calculate the Corrected Effective Temperature (CET) 

3. Relative Humidity (RH) documented at 30 min intervals 

4. Solar Radiation (Direct and Reflected) using LI-185B Quantum Pyronometer 

with Extended Arm. Direct at 3’ above ground at center of station sensor 

facing sky cover, reflected at 6” above ground sensor facing ground cover 

documented at 30 min intervals. 

5. Air Flow, illustrated by Hemispherical Cones and documented using Extech 

Hot-Wire Anemometer documented at 30 min intervals.  
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4.3. Phase Three – Assessment of Human Health Parameters 

A Digital Single-Lens Reflex (DSLR) Camera with a 50mm lens was used to 

collected video sequences to note facial features at 9’. 

Affectiva Software – an emotion measurement software, was used to predict remote 

cognitive stress un-obtrusively.  Changes in facial features capture and illustrate 

physiological parameters during cognitive stress. 

Apple Watch Series 1 was used to document Heart Rate using apple health 

software.  Measures of heart rate and heart rate variability can provide information about 

the stress response. The heart rate sensor in Apple Watch uses photoplethysmography. 

Green LED lights are paired with light-sensitive photodiodes to detect the amount of 

blood flowing through the wrist at any given moment. The heart rate sensor supports a 

range of 30–210 beats per minute. The sophisticated heart-rate monitor used is capable of 

acting as a pulse oximeter, allowing it to calculate the oxygen content of blood by 

measuring how much infrared light is absorbed (Non-FDA approved).  Apple Watch 

Health software was used to graph the wearer’s heart beat over extended periods of time, 

as well as recording heart activity. 

 

5. DOCUMENTATION & RESULTS 

This section is constructed to address the three main disciplines in question; 

natural, built and human environments.  Each phase will include a comprehensive 

documentation of the variables to provide necessary illustrations of the transitional spaces 

investigated within a sequential process. 
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5.1. Phase One – Photographical Documentation of the Physical Environment 

Transitional Space A: Overhead Tree Canopy between Buildings 

 

Fig 3: Site plan illustrating the area of investigation 

and identifying the area of user behavior 

 

Fig 4: Observed transitional space users 

CLO value: approx. 0.6 with a MET value: 

approx. 900 btu/hr 

 

Fig 5: Six images were captured displaying context (luminance and thermal) on the four orientations South 

(top left), North (top center) West (bottom left) and East (bottom center) at 5’ above ground and two 

images of ground (bottom right) and sky cover (top right) 3’ from ground. 

 

The images in fig.5 illustrate minimal direct solar radiation, the tree canopy 

provides complete shading for pedestrians as well as creating a comfortable microclimate 

between the buildings.  Therefore, the buildings on both sides will have a reduction in 

external thermal loads, mitigating heat transfer through the building envelope due to 
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direct solar access.  With the buildings mainly comprised of red bricks, and minimal 

insulation, the initial outdoor temperatures have been reduced.  The envelope design 

together with the transitional space will affect the amount of solar energy conducted, 

convected, and radiated entering the building during overheated periods and leaving the 

building during underheated periods.  The reduction of cooling loads in arid regions 

contribute largely to the anthropogenic gases in the atmosphere and global warming. 

 

Figure 6: Site plan illustrating the area of 

investigation and recording user behavioral 

movement 

 

Figure 7: Observed transitional space high traffic 

users CLO value: approx. 0.6 with a MET value: 

approx. 900 btu/hr 

 

Figure 8: Six images were captured displaying context (luminance and thermal) on the four orientations 

South (top left), North (top center) West (bottom left) and East (bottom center) at 5’ above ground and two 

images of ground (bottom right) and sky cover (top right) 3’ from ground.	
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The images in fig.8 illustrate that solar radiation has direct access to this 

transitional space, the tree canopy on the west provides shading only during the late 

afternoon hours and shades the west façade of the building throughout a small segment of 

the day.  Reducing absorbed solar loads and decreasing heating impact on building 

facades in contact with this region.  HVAC systems and their fossil fuel demand are 

impacted by the external loads that a building is subjected to. 

 

Fig. 9: Conceptual Diagram illustrating impact of External loads on buildings 

5.2. Phase Two – Assessment of Environmental Parameters  

Different climatic variables have been investigated in each transitional space, and 

their effect on human thermal comfort as well as their impact on adjacent buildings. 

Assessment is analyzed by working on the human factor and how our bodies receive and 

react to external conditions. 

5.2.1. Infrared Thermal Imaging 

 

Fig. 10: Thermal Image Transitional Space A (left) and Transitional Space B (right) 
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Shading is one of the most crucial environmental strategies that generate effective 

results in hot-arid regions as Arizona.  Due to the clear sky conditions and the minimal 

air pollution, the amount of direct solar radiation is extremely high in comparison to 

diffused solar radiation.  The thermal images create a representation of surface 

temperature of materials and spaces.  There is a clear distinction generally between both 

spaces; transitional space A is not subjected to high solar radiation therefore its shaded 

spaces maintain a surface temperature between 75-85°F.  While in transitional space B 

the shadow casted by the tree at the end of the space kept the surface temperature 24°F 

(23%) lower than the rest of the pavement towards the north, but a 45°F difference (37% 

lower) towards the south where the sun’s solar exposure is much higher and direct. 

 

Most energy studies using thermal imaging are conducted at night or in dark areas 

so that solar heating and reflections do not throw off the results or provide false 

information.  The images below have been captured at midnight.  Due to Tucson’s 

diurnal temperatures, the surface temperatures were expected to be lower than during the 

day when the sun is shining.  

 

Fig. 11: Midnight thermal imaging. Transitional Space A (left), and Transitional Space B (right) 
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Transitional space A has a higher surface temperature in the center of the 

walkway, due to the overhead canopy trapping the long wave radiation that has been re-

radiated by the pavement, and therefore maintain higher temperatures.  While, B has a 

lower surface temperature as it is exposed to the sky and the hot air accumulated during 

the day dissipates to the sky.  However, it is interesting to see that on B (right image) the 

area on the east is the warmest, where the solar radiation was higher during the whole 

day, and a larger portion has been absorbed through that surface.  The red strip shining in 

the background is the street scape, which is expected to have accumulated the most 

amount of heat due to constant friction from cars, and its dark color (low albedo) 

absorbing solar radiation during the day. 

5.2.2. Fish Eye Lens Photography 

Fish-eye lens photography technique was utilized to predict person’s view factors 

in both spaces.  It was necessary to further develop this technique commonly used to 

show ground and sky cover to the human experience within the built environment.  The 

center of both spaces was measured and marked to capture circular images (representing 

the fish eye lens below) at 5’ from the ground stabilized and measured with a tripod.  

This is necessary for designers to account for components in the built environment that 

represent a large view factor of pedestrians.  Because the view factor is consistently 

changing due to people’s motion it is necessary to account for the exposure time; 

specifically, for ground and sky cover, foliage and adjacent buildings.  

Since a person’s radiating environment is represented as a sphere, and the fish-eye 

lens photograph represents both the ground and sky level.  The black shaded areas on 
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those spheres represent features of the face that block the vision such as the eyebrows, 

nose and chin.  

 

Fig. 12: Fish Eye Lens Photography for Transitional Space A (left) and B (right) 

To calculate the percentage of view factor that is affecting the human body within 

the space, the sphere has been divided into a 1000 segments, with 230 segments removed 

due to approximate facial features displayed above, the visible area of field of view is 

represented in 770 segments.  Within that area each surface material component has been 

calculated to represent its significant impact on human exposure.   

 

The largest area of exposure in both transitional spaces are the sky cover.  With 

43% tree canopy and 23% clear sky cover in transitional spaces A and B respectively.  

The material surface temperature has been measured and documented for all major 

surfaces and will be illustrated in the next section.  The pavement will also play a major 

role in solar exposure, ground temperature and most importantly as a method that creates 

thermal energy transfer through conduction.  As described above, using fish-eye lens 

photography we have established the person view- factors for each location.  
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5.2.3. Surface Temperatures 

Unique features of each transitional space has been documented and a non-contact infra-

red thermometer was used to measure surface temperatures of each material at a 6” 

distance. 

 

Fig. 13: Surface Temperatures of major materials in both spaces (Transitional Space A: A-F and 
Transitional Space B: G-L) 

 

All images are captured between 12-1pm on September 6, 2017, requiring the sun to be 

highest in the sky with a minimum shaded surfaces to generate the worst case condition.  

It is also the time between classes where the spaces are used more frequently.  Same 

materials that are in the shade have projected between 10-30oF difference in temperature 

as they are not exposed to direct solar radiation.  The pavement in both locations is an 

extremely important factor that is affecting both the adjacent buildings and the students 

transitioning through.  Fig 12.E. Illustrates the ground surface temperature measured at 

87.2°F in transitional space A, underneath the tree canopy constantly shading the 

walkway and the pedestrians during the day.  While Fig 12.K + L, illustrate the ground 

surface temperature exposed to the sky, in a hot arid region where the percentage of water 

vapor in the air is minimum, and solar radiation is high, with low wind speeds, surfaces 

that people walk on reach 129.5°F.  Providing, an uncomfortable walking thermal 
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experience and a heat sink surrounding buildings on campus and increasing their external 

loads. 

 

Interestingly the rocks in transitional space B have shown a direct correlation to their 

color and surface temperature, both measured at 6” from the surface.  The light colored 

rock was measured at 100.1°F while the dark grey/black rock measured at 109.4°F.  

However, due to the fish eye lens photography method in the previous section, the impact 

of rocks on human activity or adjacent buildings is negligible. 

 

Fig. 14: 360 Degree Images captured by LG360CAM (LG-R105) illustrating a full view of both space. 

Trees play a significant role for shading in the desert and are effective strategies that 

achieve outdoor human thermal comfort, especially planting deciduous trees, that would 

allow for passive solar heating in the winter.  The abundance of water in the desert adds 

another layer of complexity in growing and maintaining trees, careful consideration is 

needed in tree selection that will not impact soil ecosystem or plant ecology within 

existing landscape systems.  The quality of shade could be experienced merely through 

the images displayed above. 
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5.2.4. Climate Station Set-up 

The climate station is a sophisticated apparatus designed by the House Energy Doctor 

Program; used for scientific measuring of atmospheric conditions for a particular 

location.  Measurements will be taken by both manual observations and 30 min intervals.  

The climate station will provide information that forecasts the following.  1) dry bulb 

temperature, 2) relative humidity, 3) light intensity, and 4) globe temperature.  The data 

collected from each climate station was used to evaluate the different microclimatic 

variables of each transitional space and used in phase three to attempt an application of 

their effect on human health.   

 

Fig. 15: Climate Station (Data Logger S/N: 9753850) Transitional Space A - Shaded

 

Fig. 16: Climate Station (Data Logger S/N: 9753851) Transitional Space B – Non-shaded 
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Dry bulb temperature and relative humidity were recorded by the data logger at 15 min 

intervals; they are both significant in judging comfort.  Relative Humidity is crucial in 

hot-arid regions as it regulates the body’s temperature through sweating and evaporative 

cooling.  Wind speeds were measured and documented manually averaging 1.5 m/s for 

the shaded transitional space A, and 0.6m/s for the unshaded transitional space B.  Even 

though the spaces air speed were measured five minutes apart, for 30 minute intervals, 

the large difference could be due to the trees funneling the air through the space to 

increase its speed as well as compressing the air through its dense canopies. Relative 

Humidity has recorded a high of 33% compared to 22% mainly due to the proximity of 

foliage and water percolation in the soils from nearby irrigation system.  The clear sky 

cover in transitional space B has allowed for direct solar radiation and a peak of 109oF 

compared to 103°F. 

 

5.3. Phase Three – Human Environment Documentation 

The average body temperature depends on the thermal interchanges between the human 

body and its surrounding environment.  This phenomenon is carried out from the central 

core to the skin surface, and from the skin surface to the environment.  The diagrams 

below illustrate the transfer of data from the climate station to its physical impact on the 

human body. 
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Fig. 17: Climate Station (right) illustrating methods of thermal comfort assessment on the human scale 

within transitional space A, taking into account the observed CLO and MET value of Pedestrians. 

 

 

Fig. 18: Transitional Space B Human Thermal Comfort Assessment 
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Heat exchange between the surface of the human body and the environment is dependent 

on five variables.  1) The combined skin surface temperature and the calculated core 

body temperature, 2) the observed MET rate; students walking ~900btu/hr, 3) the rate of 

body’s evaporation (heat loss), 4) dry heat exchanged with the environment, and 5) the 

mechanical work accomplished (ASHRAE, 1981, pp. 8.1-8.34).   

 

The average Corrected Effective Temperature (CET) was empirically derived to 

yield equal sensations of warmth and cold on sedentary people engaged in light physical 

activity (1MET rate), and wearing light clothing (1 CLO insulation), with air moving at 

rate of 0.14 m/s (still air) (15-25 ft.min).  The hot-wire anemometer sensor is not omni-

directional therefore, it was place perpendicular to the prevailing wind direction, and 5 

readings were documented and an average was calculated.  Obtained when the dry-bulb 

temperature is substituted by the Globe Temperature (Tg) taken with a 152.4mm (6”) 

diameter black globe to correct for effects of any intense radiant heat source in the 

surrounding environment.  The CET at transitional space A is 87°F and 94°F at 

transitional space B.  This index combines the effect of air temperature, solar radiation 

and wind speed. 

 

Fig. 19: Collecting wind speed (left) and CET required data (right) 
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The rate of heat exchange is directly related to the surface area of the people 

walking on campus.  Where in both locations the people are facing directly south 

therefore, there total body area is exposed to heat exchange through, radiation, 

convection or body heat evaporation.  Conduction only transfers heat from the surface 

area of the feet that is in direct contact with the pavement.   

 

An estimation of the physiological facial changes is experimented through several 

strategies described in the following section in attempt to relate to the documented heart 

rate measured in both locations.  This section is considered as a pilot study to identify the 

most effective strategy to pursue an IRB approval for. 

 

5.3.1. Digital Single-Lens Reflex (DSLR) Camera Setup 

 

Fig. 20: A DSLR camera was placed 9’ away from volunteer participant to capture images used for facial 

expression analysis 

Images captured will be used in future research using custom software written in 

MATLAB (The Mathworks, Inc.) and Local Evidence Aggression for Regression Based 

Facial Point Detection (LEAR). 
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5.3.2. Affectiva Software 

Cropped images were captured using Affectiva software to monitor and capture 

changes in facial expressions predicting cognitive stress non-obtrusively.   Locations of 

the 30 landmark points automatically labeled using the Nevenvision tracker (McDuff et 

al, 2013, pp. 881-888).  Data from the Affectiva Software has not been used, but the 

automated landmark points have been used to draw the illustrations below. 

 

Fig. 21: Facial Point Detection 

(1st and 3rd image in shaded transitional space A, 2nd and 4th image in unshaded transitional space B) 

 

Images representing measurements of facial features at rest and under stress, 

where at rest was assumed to be under the shade and under stress directly facing sunlight.  

Both emotions that have been captured in the direct sunlight have been represented as 

anger through the points calculation.  The frowning of the eyebrows fosters aggressive 

feelings when sun-induced.  The interpretation of how the physical environment protects 

or lack thereof from extreme climatic conditions is merely subjective.  But is based on the 

fact that sun-induced frowning involves the same pattern of facial muscle activation as in 

the expression of anger (Marzoli et al, 2013, pp. 1513-1521).  The sample images 

captured support the prediction of frowning as translated to anger by the software when 

participants are facing the sun. 
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Fig. 22: Adapting environmental experimentation to human experience 

The images seem to support the logic behind facing the sun.  The light intensities 

recorded at each location have displayed 63% less direct light intensity in the face of 

participants where there is direct overhead shade consistent in the space.  The reflected 

light intensity is 17% of the direct light.  Studies conducted by Marzoli (2013) have 

concluded through a self-report that participants walking against the sun facilitates a body 

display that mimics congruent dissatisfied feelings.  Relating directly to solar exposure 

and light intensity, the shaded canopies diffuse direct sunlight, allowing even daylight 

distribution in the outdoor space. 

 

5.3.3. Apple Watch Series 1 Heart Rate Data 

With the new age of wireless wearable technologies and open access to 

developers.  Heart rate monitoring could provide easy access to designers aiming for 

healthier environments.  Non-obtrusive assessment of physiological responses and mood 

have the possibility of creating a new era of design.  In this section the Apple Watch 

Series 1 heart rate data was monitored and documented every ten minutes as the author 

experienced both locations facing south.  The goal of this section was not to be taken for 

granted as a direct relationship to the impacts of the built environment but rather 

investigate the immersive bridges between them for future large scale studies. 
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Fig. 23: Heart Rate Data Captured from Apple Watch Series 1; Transitional Space A (pink) and 

Transitional Space B (blue) 

The graph above displays the documented heart rate in pink as the experience in the 

shade under the tree canopy at transitional space A, and in blue under stress with no 

shading and full body surface area exposed to direct solar radiation facing south.  At a 

glance the blue indicators are higher than the pink, with the body exposed entirely to 

direct solar radiation, its system runs through a series of processes to exchange heat with 

the environment to maintain the local body temperature.  The blood flow to the skin 

increases when chances for heat loss to environment are restricted.  Once that portion of 

the process has peaked, water will be released from the sweat glands to evaporative cool 

the body (Roberts et al, 1997, pp. 133-137; Wyss et al. 1974, pp. 726-733).  The 

calculated CET for shaded transitional space A is considered a moderate temperature 

intensity where the body is able to function normally and is regulated by vascular change 

as seen in the figure above.  Unshaded transitional space B is in an uncomfortable range 
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of temperature intensity, where the body increases blood flow and utilizes sweating for 

temperature regulation.  A progressive change in temperature sensation is witnessed in 

the recorded heart rate data.  Mapping the associated dry bulb temperature against the 

relative humidity and air speed of each location creating a strong and continues 

stimulation of the body with its surrounding.  Causing increased thermal sensation and 

discomfort (Winslow et al, 1937, pp. 1-22; Nelson et al, 1947, pp. 626-652; Gagge et al, 

1965, pp. 431-435).  

 

6. DISCUSSION 

Overwhelmingly, evidence shows that health is directly correlated with the environment.  

People often opt to maintain a unique view whether it is oceanic or greenery.  With the 

understanding of the assessment executed in this research, transitional spaces can be 

implemented in a way that decrease stress levels and improve moods.  As well as creating 

spaces that that morph between the natural desert environment and the artificial built 

environment. 

The concept of adaptation is not just related to impacts of climate change (Julie et 

al, 2013, pp. 1830-1840). It’s the transformation of architecture and the role of designers 

in understanding the effects of spaces. There are measurable differences between the two 

transitional spaces.  Building and Human exposure to weather extremes is consistent 

throughout the overheated period of the day.  Based on the results gathered from the 

climate stations, high solar radiation, ambient temperature and material surface 

temperature was recorded in transitional space B, where there is no overhead shading.  

The space, materials, adjacent buildings and people are exposed to these harsh 
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conditions.  As a result, shading creates a significant decrease in both temperatures and 

direct solar radiation as well as increases the percentage of relative humidity in the air 

aiding in a thermally comfortable outdoor environment. 

Combining the relative humidity in the spaces between buildings and air flow, the 

buildings could experience the same sweating exercise as the human body does, where it 

loses its surface heat absorbed by the direct solar radiation through evaporation.  The sol-

air temperature was used to calculate and determine the total heat loss through its exterior 

surfaces, showing a 23% decrease in its surface loads, however negligible effect has been 

illustrated under shaded surfaces.  Reducing the buildings external loads will greatly 

contribute to the reduction of its energy demand and its reliance on fossil fuels to power 

its cooling loads during overheated periods. 

Table 1: Climatic conditions based off of highest heart rate documented and observed facial expression.

 

The calculated CET was documented 5oF underneath the 95oF criteria set for 

outdoor designs by ASHRAE (1981), where exposure over this set point for a long period 

of time could result in a heat stroke.  The physiological measurements made using the 

camera were highly correlated with the affective software and heart rate data generated 

through apple watch.  Figure 22 illustrates the relationship to exposing people to solar 

radiation and their heart rate.   

Table 1 illustrates the combined findings of transitional space A & B based off of 

the highest heart rate recorded and at the time when the observed facial expressions have 



 

207 

been documented in fig. 20.  Therefore to mitigate the adverse effects of Urban Heat 

Island caused by inefficient buildings leading to global warming and ultimately climate 

change, the ambient temperature of spaces between play a significant role in reducing its 

external climatic forces.  Not only does this strategy decrease this impact but also 

enhance human response to the built environment and promotes wellbeing. 

 

7. CONCLUSION AND FUTURE WORK 

The anthropogenic influences on our climate system has caused an unprecedented 

increase of carbon emissions amongst other greenhouse gases into our atmosphere 

resulting in radiative imbalances and observed positive feedbacks.  The goal of this 

research is to investigate the physiological impacts on humans as a result of these positive 

radiative feedbacks. With ground surface temperatures increasing, the outdoor 

environment is experiencing record breaking temperature highs, while the artificial 

indoor set points stay the same to counter that effect.  Through examination of this 

phenomenon and recommendations based on the findings, developers will be informed on 

how the built environment affects human behavior.  Decreasing the contribution of the 

built environment would not only decrease the chronic exposure of humans to these high 

contrasts but will pave the way to cautious practices. 

Indeed, human performance is influenced and changeable by the environment, 

and is results-driven and focused on achievements valued by individual performers and 

their respective organizations as a whole.  The approach and emphasis on transitional 

spaces emphasizes the need to determine, assess, and evaluate root causes.  Drawing an 

evidence based relationship across disciplines is a fairly complex process.  Three separate 
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tests were executed to two transitional spaces on the University of Arizona Campus that 

are regularly used.   The natural, built, and human environment were all investigated.   

Transitional spaces can have a significant effect on decreasing external loads and 

tempering the indoor temperature, ultimately significantly reducing energy consumption 

and demand.  These environments create an opportunity to decrease indoor activities and 

increase human contact with nature.  Vegetation greatly contributes to the modification of 

the microclimates investigated, increasing the relative humidity, and decreasing the dry 

bulb temperature and absorbed solar radiation.  

There are several elements of space that can stress, and elements of space that can 

calm, ultimately affecting your health (Sternberg, 2013).  The studies in both locations 

displayed a direct correlation between temperature/solar radiation and heart rate.  Full 

exposure to sunlight on a complete surface area of people triggers their stress response, as 

shown in fig. 20.  The elevated heart rate doesn’t necessarily mean stress but could lead 

to through chronic exposure.  Within the urban built environment in Tucson, Arizona, 

buildings and people are subjected to extreme hot and dry conditions that experience very 

high temperature wings.  

Optimizing the built environment extends beyond the focus of strategies that not 

only mitigate the UHI, but also implement specific strategies that provide energy 

efficiency, human thermal and visual comfort, and, optimizing human performance.  

Optimum design must not only address how individual perceive spaces, but also maintain 

flexibility to realize the effectiveness of the designs through their health and wellbeing. 

This research approach will provide guidance on how to strategically manipulate the 

environmental factors that can benefit human health. 
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The significance of combining spatial design with health parameters, designers are able 

to make decisions that will reduce energy consumption, decrease the impact on climate 

change; ultimately protect the natural world and support future life.  The actions taken in 

response to this study will not only decrease the direct impact of large temperature 

differences that trigger stress responses in humans, but will also reduce the emission of 

anthropogenic greenhouse gases. 

In the future an Institutional Review Board (IRB) approval will be sought to test a 

larger cohort, n=100 human subjects and measure their physiological changes based on 

their location and interaction with the built environment.  Instant access AlivCOR ECG 

KARDIA EKG Mobile Device will be used to access an electrocardiogram of subject’s 

Heart Rate and indicate instantaneous Heart Rate Variability, to more accurately and 

sensitively measure the stress and relaxation responses in different spaces.  MathWorks 

MATLAB will be used to import data from instruments and external software generating 

large data sets in an efficient manner.  Graphical interpretations of data sets will be 

generated to create a user-friendly dissemination of the findings informing designers of 

the by-products of their decisions. 
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A Human-Centered Climatic Design Methodology for Transitional Spaces in 
Hot-Arid Regions 

ABSTRACT 

With the fast growing urbanization rate, the built environment is shifting from a 

natural space, to one that is man-made and artificially controls its microclimatic forces.  

Encompassing both buildings and open space the urban fabric is impacted by the 

thermodynamic properties specific to that location as influenced by the immediate 

surrounding context.  Defined as the microclimate, its influences occur as small as a foot 

from the ground to half a mile in the air.  The atmospheric conditions of the microclimate 

impact the built environment in three ways.  First, it imposes external climatic forces on 

the buildings’ envelop, and second, if not attended to it would create a high transitional 

contrast that forces a sudden physiological human response.  Third, creates 

uncomfortable transitional spaces between buildings that may radiate more heat or 

exposes the urban fabric to worse conditions.  

This paper presents a comprehensive human-centered climatic methodology that 

objectively measures the quality of transitional spaces.  Human-centered space 

components are explained identifying its type, the investigation of specific climatic forces 

of that transitional space and recording the consequent physiological human interactions 

and responses.  The instrumentations and tools required for these assessments will be 

listed with their required protocols. 

Finally, as a result of this investigation and informed process four main 

recommendations will illustrate the use of this methodology and the expected optimized 

transitional space.  
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I. INTRODUCTION 

Urbanization development has caused a drastic transformation of the natural land 

fabric in hot-arid regions to an artificial and thus poses a serious threat to our climate 

system (Kalnay et al., 2003).  The replacement of traditional materials and passive 

approaches with high energy demand active strategies has led to a disconnect between 

building users and their surrounding conditions (Moore, 2007).  The anthropogenic 

influences and energy consumption of the building industry has caused a positive 

radiative feedback increasing the trapping of long wave radiation and global warming 

(Friedlingstein et al., 2001).  As architecture is the basis of creating these built 

environments they must not only serve the people needs but also act in favor of them 

(Fitch, et al., 1999).  It is vital to create spaces that allow people prosper when they are 

thinking, working and in turn feel good about themselves and others.  Architecture’s 

objective is to maximize their living environments (Youssef, 2014).  The methodology 

presented in this paper will create opportunities for optimized transitional spaces, that 

may lead to less time spent indoors, and a gradual transition to outdoor spaces as well as 

comfortable outdoor environments.  The purpose of developing a human-centered 

climatic methodology is to illustrate a series of region sensitive strategies that will allow 

researchers and designers to incorporate climate, architecture, and human health in their 

approach to an urban environment of the future.  Hot-arid settings require a particular line 

of thought that creates comfortable outdoor environments in the dessert.  For an informed 

sustainable future, this paper puts forth on an innovate unique approach to harness the 

power of climate in design strategies that mitigate the conventional high demand for 

energy and create natural, and healthier human environments.  
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II. HUMAN-CENTERED SPACE COMPONENTS 

 The built environment, particularly transitional spaces, influence human 

interaction and responses towards them.  Driven by Human-centered spaces the definition 

of transitional spaces as identified by Youssef et al., (2018) is the comprehensive 

integration of climate, architecture, and human environment.   

 

Fig. 1: Shifting from a common definition of space to a redefined human-centered space integrating: 
climate, architecture, and the human environment (O. Youssef) 

  

Fig. 2: A sudden transition from an indoor to an outdoor space (or vice versa).  The dotted line 
represents the opportunity to create a gradual transition between the spaces or between buildings 

(O. Youssef) 
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II. 1. The transitional space 

 The first step to the success of this method is the proper identification of space.  

Space exists within many conditions, and not merely as a physical space. There are four 

categories of space; indoor (a), outdoor (b), urban canyon (c), and non-urban canyon (d).  

 

Fig. 3: Transitional space types (left to right: a, b, c, d) (O. Youssef) 

With this methodology now the conventional space as we previously understood it fosters 

a new approach to a redefined space that combines climate, architecture, and the human 

environment.  

The function of the space will be recognized based on its type, people in outdoor areas 

are expected to have a longer time of contact with the surroundings, and therefore the 

application of strategies will differ from people who are transitioning from one space to 

the next and differ from spaces between buildings.  Noting that the physiological 

responses of people and their levels of satisfactions are going to be variable based on 

their activity, clothing insulation values (CLO) and ethnicity, gender, etc (ASHRAE, 

1981).  Hence, the importance of passive applications that provide a range of comfort to 

its occupants rather than an artificially controlled high energy demand approach, that sets 

comfort levels at a static state and less likely to achieve a higher comfort and satisfaction 

rate among a higher population of users.  In addition, the physical properties of the space 
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need to be recorded, such as size, distance from adjacent structures, and overhead 

canopies.  Deciduous trees are a strong climate responsive strategy as they create large 

overhead canopies that provide shade in the summer, and evapotranspiration to keep 

people thermally comfortable, as well as shedding their leaves in the winter time to allow 

for the shortwave direct solar radiation to passively cooling the outdoors and transitional 

spaces. 

II. 2. Climatic forces factored in a transitional space 

With the known increasing levels of carbon emissions and climate stressors the 

world is experiencing, the applied knowledge of the factors that contribute to the 

environmental performance of space, could lead to an altered outcome, one that serves 

the climate in a way that preserves its finite resources and nourishes the livelihood of 

human experience (Stern, 2006).  Climate adaptive spaces are a fundamental part of 

identifying human-centered spaces.   

 

The assessment of the climatic environment is essential to the understanding and the 

investigation of space, enabling the designers to the identification of the atmospheric 

setting where the space resides.  This investigative process must be executed at each 

location and will be different at each façade of the building due to microclimatic 

interferences such as material change, adjacent properties, sky view factors, and the solar 

path.  The goal of this experiment is to measure the thermodynamic properties of air. 
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Fig 4: Human responses to microclimatic conditions (O. Youssef) 

The components of the built environment extended beyond the impact of the 

thermal and luminous environments on people.  The sonic environment is also one of the 

main stressors that impact both architecture and human responses and must also be 

investigated and not forgotten.  Due to the urban development noise levels have increased 

across livable spaces.  The benefits of the reduction of environmental stressors on the 

spaces between builds will extend further into the building and would require less energy 

demanding strategies. 

II. 3. Human responses in triggered in a transitional space  

 The urban built environment plays a major role in shaping the way people’s live, 

their productivity in the work place as well as their happiness the spaces they occupy 

(Jackson, 2003).  Several research studies that are based on human responses have relied 

on subjective questionnaires, while that is one form of assessment its value and accuracy 
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in assessing the impact of space on health is not as effective as objective.  Reliability and 

validity are two main concepts that are used to quantify the correlations of results yield 

from measurements or experimentation.  These conceptualizations are less useful when 

applied to measures of subjective outcomes because they do not convey other influences 

that “drive” correlation coefficients.  Due to the flexibility and perceptual mechanisms, 

the body is able to adapt itself to a fairly wide range of changes within the environment.  

To yield an objective and quantitative outcome the heart rate, and facial expressions of 

space users must be recorded to understand the impact of space on their responses. 

III. INSTRUMENTATION AND TOOLS 

In order to record the microclimatic conditions of a space, the placement of a 

climate station at the center of the space is required (Chalfoun, 2001).  Data collected 

should be recorded using an automated data logger at a 20 min interval and needs to be 

placed inside a solar radiation shield to protect from direct sunlight are: air movements, 

solar radiation, dry-bulb temperature, relative humidity, globe temperature, and surface 

temperature.  Non-contact infrared thermometers are required to measure surface 

temperatures at a 6” parallel distance from all surrounding material types, or ones that 

exist in different conditions (shaded and unshaded). 

 

Fig. 5: Surface temperature of different materials at 6” distance (O. Youssef) 
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A subject qualitative assessment of the space is also required to record how participants 

would rate the thermal comfort feeling of the space using the Predicted Mean Vote 

(PMV) method.  The PMV should be predicted and recorded from a scale of -5 to +5. 

 

Fig. 6: Climate Station set up illustrating attached apparatus (O. Youssef) 

 

Fig. 7: Photometer and Pyranometer placed once at 6” from the ground facing downwards and once at 3’ 
from the ground facing upwards (O. Youssef) 

 

 

Fig. 8: House Energy Doctor Climate Station (left sketch by Chalfoun, N.) equipped with a Solar Radiation 
Shield and a HOBO data logger 
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Fig. 9: Climate Station attached instrumentation for data recording (O. Youssef) 

 

The photometer and pyranometer are both placed once at 6” from the ground facing 

downwards to measure the solar radiation and light intensity reflectivity from ground 

surfaces, and once at 3’ from the ground level to record the direct light intensity and solar 

radiation received at the particular location.  The globe temperature measure from the 

sensor placed inside the black copper globe with the dry-bulb temperature (Tdb) to 

calculate the ASHRAE Corrected Effective Temperature (CET) which incorporates the 

record air speed recorded at current location.  

Table 1: Required Thermodynamic Properties for transitional spaces microclimate analysis 

 Property Tool/Instrument 

1 Dry Bulb Temperature HOBO Data Logger inside a Solar Radiation Shield 

2 Relative Humidity HOBO Data Logger inside a Solar Radiation Shield 

3 Air Speed Viewed via hemispherical cones, recorded by a hot-wire anomometer 

4 Globe Temperature Measured by a 6” black painted copper globe connected to HOBO Data 

Logger via an external probe (-60 to 122°F) 

5 Solar Radiation LI-185 B Quantum Pyranometer (direct and reflected) 

6 Surface Temperatures Non-contact infrared thermometer at 6” parallel to materials 

7 Light Intensity LI-210 Photometer (direct and reelected) 



 

225 

 In order to calculate the physiological comfort of the people that are using the 

space, the placement of people in the heart of the investigative process is crucial to 

understand the measured responses.  Heart rate data should be recorded using wearable 

technology such as the apple watch shown a 90% accuracy in recent research (El-

Amrawy et al., 2015).   

 

Fig. 10: Heart rate recorded using an apple watch for people in investigation of space (O. Youssef) 

Photoplethysmography is the technique used by the apple watch to non-invasively take 

heart rate measurements from the skin surface (Wallen, 2016).  Green LED lights are 

paired with light-sensitive photodiodes to detect the amount of blood flowing through the 

wrist at any given moment. 

 

Fig. 11: Measuring heart rate non-invasively using photoplethysmography (O. Youssef) 
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The second step is to conduct a remote cognitive detection to measure stress in 

transitional spaces.  Cognitive responses as a result of non-attended harsh climatic forces 

have an impact on breathing and heart rate variability (HRV).  Utilizing this method, 

stress could be captured to note facial video sequences at 9’using a Digital Single-Lens 

Reflex (DSLR) Camera with a 50mm lens (Mcduff, et al., 2014).   

 

Fig. 12: Capturing facial recognition at 9’ away from people in the pre-identified function of the 
space (O. Youssef) 

 

Affectiva Software – an emotion measurement software, was used to predict 

remote cognitive stress non-invasively to record the changes in facial features and 

illustrate physiological parameters during cognitive stress (Mcduff et al., 2013). 

 

Fig. 13: Sample of Affectiva software used on participants facing south and impacted by direct solar 
radiation (O. Youssef) 

The images captured the responses of the space inhabitants on an urban canyon facing 

south at noon, with the software recording “anger” as their facial expressions. 
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IV. APPLICATION OF HUMAN-CENTERED METHODOLOGY 

To demonstrate the application of human-centered method, the execution of the 

prior sections must be conducted; identifying the space and tailoring the climatic strategy.  

The method used for space assessment has been specifically designed to incorporate the 

climate, architecture, and human environments.  This method must be implemented more 

importantly in areas where there are harsh climatic conditions and the building is exposed 

to high external forces and people are not encouraged to spend time outside in untreated 

spaces.  Analyzing the physical aspects of the space and the climatic forces imposed on it 

with the expected the human responses is a new method to the application of optimized 

transitional spaces.  The first step in the experiment is to identify the type of space being 

investigated; indoor, outdoor, transitional, space between buildings.  Step 2 is to record 

and analyze the thermodynamic properties of air including solar radiation, surface 

temperatures, and light intensity listed in table 1.  Step 3 is to record the heart rate of 

people using the space, depending on the identity of the space its function will provide 

insight on how much time of contact people will have with the transitional space.  Very 

short periods of time will not allow for the body to physically adapt and that must be 

noted as it will provide insight to creating a specifically designed transitional zone to 

reduce the sudden change in environment conditions that people are exposed to.  

Recording a sequence of facial expressions adds an immediate assessment of space 

perception and identify major contributing stressors.  This technique could also be used to 

assess sound and smell perceptions.  The final step is to utilize that data to generate a set 

of recommendations informed by the previous steps. 

 



 

228 

 A transitional space has been selected in the University of Arizona, in Tucson, AZ 

part of the arid region belt.  The steps listed in the human-centered climatic design 

method will be executed an examples demonstrating recommendations will be produced 

as a result. 

 

Fig. 14: Selection of a transitional space adjacent to the College of Architecture, planning, and Landscape 
Architecture building at the University of Arizona, Tucson, AZ. 

 

Step 1 in the method requires the identification of the transitional space, which has been 

noted to be a non-urban canyon with a building on one side, and a sudden transition from 

the indoors to the outdoors at the location illustrated in the image above.  The access 

point (door) located on the west façade is only used for exit, and does not allow for entry 

from that side of the building and therefore the experience only exists when inside the 

building and existing through the west door.  This transitional space is only used as a 

walkway for access from Speedway the main street north of the building and as an exist 

to head south towards campus or west across campus.  This is one of the main exists to 

the building and is a clear demonstration of a sudden transition. 
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Fig. 15: illustrating the sudden transition from indoor to the outdoor on the west façade of the building 
 

A framework developed by Youssef et al., (2018) displays a selection of 16 variables that 

have a direct impact on this space, identified under the three main environments that 

represent space in this paper.   

 

Fig. 16: Human-centered climatic design components  
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Each of the components from the above framework will be investigated with its 

corresponding image that explains the condition and a measured impact area using the 

instrumentations and tools illustrated in section III.  

 

Fig. 17: Transitional space has very low spatial function and is only designed as an exit path, the opening to 

the building prior is the only entrance accessible from the west façade of the building. 

 

Fig. 18: Very high temperature ranges on the west façade absorbing high solar radiation, the surface 

temperature of the metal door was recorded at 184°F. 
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Fig. 19: Due to the sudden transition from the indoor to the outdoor glare is one of the major performance 

impact areas noted at this location 

 

Fig. 20: Due to the close proximity to the main street the noise levels were recorded at 96 dB while the 

indoor was recorded at 24 dB.  
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Fig. 21: There is currently no shading devices employed in that area protecting inhabitants or the building 

from the harsh outdoor temperatures recorded within this microclimate.  Further south a shading device has 

been newly constructed becoming the selection of outdoor use for people. 

 

 

Fig. 22: Due to the minimum opportunity for outdoor use there have been no fans applied within this 

transitional space.  However, this is a missed opportunity which could be utilized to address that criteria 

together with the employment of solar panels can protect the building as well as provide a clean source of 

energy for a portion of its operation. 
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Fig. 23: The high solar intensity recorded in this transitional space has been documented with high heart 

rate readings for people spending time in this space.  The high recorded was 90bpm and the low was at 

88bpm minimizing the HRV. 

 

Fig. 24: Light intensity indoors was recorded at 300 lux while the outdoors was recorded at 22,000 lux 

causing a sudden contraction to the pupil in a one second time frame.  This may lead to stress and 

migraines. 
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Fig. 25: With limited and uncomfortable seating, the activity is minimized in this transitional space. 

 

 

Fig. 26: The Corrected Effective Temperature (CET) has been empirically calculated using the ASHRAE 

CET Chart, coupling the measured wind speed in the air with the recorded dry bulb temperature to identify 

the corrected temperature.  The CET has illustrated an expected 95°F which is an undesirable condition and 

space inhabitants are likely going to feel physiological discomfort.  
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Fig. 27: The Mean Radiant Temperature (MRT) has been calculcated using the MRT software by Chalfoun 

et al., (1991) estimating a high MRT 

 

Fig. 28: Availability of water surfaces in transitional spaces can lead to cooling by evapotranspiration, 

however the placement of surface water in hot-arid regions is not recommended.  With that said, water 

could be harvested and filtered from the roof tops and stored in this location to aid in its cooling. 
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Fig. 29: There is minimum ground vegetation or overhead canopies produced by trees to aid in cooling the 

transitional space or to establish a well shaded outdoor seating area.  There is a single tree north from the 

transitional space, shown in the far left of the image. 

 

Fig. 30: Soil moisture is very low, the soil and gravel in the area may aid in water percolation that may lead 

to a cooler microclimate. 
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After the rigorous and comprehensive analysis illustrated the conditions will now be 

plotted onto the human-centered framework to visualize the data collected.  A five-point 

scale has been developed by the authors to resemble the Predicted Mean Vote subjective 

index developed by ASHRAE (1981), where each performance impact area has been 

scaled from least desirable to most desirable with the goal to design transitional spaces to 

become more desirable spaces influenced by the architectured microclimatic conditions 

and designed around human physiological responses. 

 
Fig. 31: Five-point rating scale 

 
Table 2: Five-point rating scale with corresponding performance impact area 
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Fig. 32: Plotting the rating scale onto the framework 

After plotting the rating scale points based on the investigation of the microclimate of the 

transitional space, the physical aspects designed by its architecture, and the sudden 

physiological human responses that occur, this transitional space is least desirable.  

Therefore, not only does it expose the building’s façade to high external loads, but it also 

does not encourage its use and failed its function.  As a result, the building will be 

required to demand more energy for two reasons.  First, due to its exposure to the harsh 

arid climate, the building will require more energy for its HVAC systems and artificial 

cooling.  Second, due to the minimum functional ability to consume the space as a 

desirable outdoor space, there are no activities that could migrate from the indoors to the 

outdoors and thus consuming more energy for building operation.   
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V. RECOMMENDATIONS 

 Based on the findings of the investigation it is clear that there is a required 

architecture intervention, one that is enforced through the microclimatic conditions and 

serves the function of the building and transitional space inhabitants.  The authors have 

suggested four applications to mitigate this harsh condition.  First, mitigate solar access 

by providing shading, that will create a gradual transition space, provide opportunity for 

inhabitants to use the outside space, as well as minimize the external loads on the 

building façade.  Second, increase moisture content in the space, place trees that would 

provide cooling through evapotranspiration, and/or by placing a water body such as a 

filtered open water harvesting tank.  Third, shade the walls and the hardscape, with the 

diurnal temperatures in the dessert, strategies must be considered during day, night, 

summer and winter.  Fourth, with the existing sunken court the application of a cool 

tower to provide a comfortable outdoor environment would be an optimum strategy for 

low prevailing wind speeds and high temperatures of hot-arid regions. 

 

Fig. 33: Recommended strategies (O. Youssef) 
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V.1. Simple Direct Solar Shading 

 

Fig. 34: Light weight structure summer shading (O. Youssef) 

This architectural section illustrates the opportunity of utilizing a simple light 

weight shading structure constructed from fabric and tension cables for immediate 

shading.  The reduction in surface temperatures of materials in the shade are likely to be 

30 – 40% lower than that in the sun.  The exit door now is shaded and decreases the 

building’s west façade exposure to the harsh solar radiation, and protects transitional 

space inhabitants.  With adequate shaded seating with comfortable material people are 

more likely to use the space as it is functionally comfortable.  There will be sudden 

change in the microclimatic condition and people exiting the building will not be 

momentarily blinded by the outdoor light intensity.  This large translucent fabric will 

provide adequate shading during the summer time when the sun is higher in the sky, and 

will allow the lower winter sun to passively heat the space in the winter.  However, 

vertical fins on the far left are required to block the direct shortwave radiation and sun 

angle as they would be physiologically uncomfortable.  
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V.2. Evapotranspiration 

 

Fig. 35: Elaborate method for adding moisture in soil, and utilizing evapotranspiration from trees to cool 
transitional space (O. Youssef) 

 The impact of trees on improving the physiological comfort of transitional space 

inhabitants is very high.  From blocking direct solar radiation, to evapotranspiration and 

increasing the relative humidity of the site, it is providing great potential to interaction 

with natural, and to become more dominant than gray infrastructure.  In this strategy the 

collection of rain water harvesting was also applied, to water the trees and return the 

excess water to the groundwater as it percolates and infiltrates the soil increasing its 

moisture and reducing the reradiated heat.  Allowing for the ground surface temperatures 

to stay low, trees channel their latent energy through evapotranspiration. 

  



 

242 

V.3. High mass shading 

 

Fig. 36: Summer and Winter shading and night time radiation (O. Youssef) 

 

Fig. 37: Movable west fins 

track the suns motion to 

continuously block direct solar 

radiation. (O. Youssef) 

        A controlled microclimate is crucial to hot-arid 

regions specifically transitional spaces where opportunities 

for diurnal strategies as well as seasonal strategies are 

applicable encouraging the migration of indoor activities to 

the outside.  In this application movable shading devices 

were installed to allow the shading of water collection in 

pipes that are returned to the ground water and to allow for 

night time ventilation where all the long-wave radiation is 

released at night due to the high contrast of temperatures.  

This execution will allow for the trapping of heat during 

the winter time, creating conditions that are comfortable to 

inhabitants year round. 
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V.4. Cool Tower 

 

Fig. 38: Cool Tower Application (O. Youssef) 

 

Fig. 39: Side discharge (left) bottom discharge 

(right) (O. Youssef) 

    The application of a down draft cool 

tower is an optimum strategy for hot-

arid regions with slow dry air as it 

provides the maximum cooling, 

expected to reduce the air temperatures 

by 40% and increase occupant 

satisfaction.  With a high impact on the 

microclimatic condition this will 

decrease the building’s west façade 

exposure to direct solar gain, and thus 

reduce its required cooling load. 
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VI. SUMMARY 

Step 1: The transitional space 

Identify the type of space being investigated: 

indoor, outdoor, transitional, urban canyon, non-urban 

canyon. 

 
Step 2: Factored climatic forces 

Conduct a climate analysis investigation using a 

climate station apparatus placed in the specific 

location selected in step 1 

(thermodynamic properties are listed in table 1) 

 

Step 3: Triggered human responses 

Record heart rate of space inhabitants over selected 

time of day 9, 12, 3 for 30 mins where different 

climatic conditions are experienced 

 
Step 4: Recommendations based on the findings 

Based on the data from step 2 and step 3, the 

investigator should create a list of recommendations 

that would optimize the microclimatic condition of the 

space identified in step 1. 
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VII. CONCLUSION 

The understanding of physiological principles is essential in designing spaces that 

optimize the both the natural and human environments.  It is a mistake to solely rely on 

engineers to design the indoor environment, as it will be built on HVAC systems and the 

reliance of an artificially controlled environment.  Especially in hot-arid regions where 

climatic conditions are extreme, and the use of outdoor environments is minimal due to 

its reflectance and framing as a liability or threat to the urban fabric.  When physical, 

physiological, psychological, and behavioral explanations are inadequate, direct 

experimental evidence must supply the practical answers.  This paper illustrated an 

experiment that has been conducted to assess the impact of the natural and built 

environments on the human environment based on observational analysis.  The key 

contributing factors to a successful transitional space are green areas, primary and 

secondary seating or activities, optimal shading, night time access (light and security), 

creation of spaces that are visually appealing and encourage their use in activities or 

movement.  Necessary, optional, and social activities should be applicable in this area, 

where providing options to the users ensures the success of the space function. 
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APPENDIX D: 

Application of Selective WELL Building Standard Criteria 

(weaving architecture to human performance) 

The following section will highlight and illustrate the major factors the affect 

occupants in buildings within the Hot arid region of the southwest.  The goal is to 

creating an environment, where students thinking and focus has been optimized by 

infusing preventive medical intentions through the design.  Pushing the envelope beyond 

environmental sustainability and into human biological considerations into the building.  

Composed of seven concepts; air, water, nourishment, light, fitness, comfort and mind, 

WELL measures attributes of the building that impact occupant health. 

Air 

Clean air is a critical component to our health.  Air pollution is the number one 

environmental cause of premature mortality, contributing to 50,000 premature deaths 

annually in the United States and approximately 7 million, or one in eight premature 

deaths worldwide. 

The example below displays the magnitude of sources that must be avoided in 

order to enhance the indoor quality of buildings.  This condition is multiplied in hot-arid 

regions, as rough urban surfaces slow down the wind speed, and increases contact time 

with pollutants and contaminants in the air in addition to anthropogenic heat to delivered 

to buildings.   
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Example of sources that contribute to Indoor Air Pollution (O. Youssef) 

Occupants often track harmful contaminants indoors, including bacteria, heavy 

metals, lawn and agricultural pesticides, among other toxins.  In addition, as occupants 

walk through entry doors, potentially polluted air can enter the building.  Utilize 

permanent walk-off system to minimize or prevent the introduction of potentially harmful 

substances to indoor spaces.  Therefore, reducing indoor pollutants by unto 72%. 

 

Use of Displacement Ventilation (O. Youssef) 
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The use of displacement ventilation generally exceeds the benefits of 

environmental performance of the building.  This mechanical system supplies air at very 

low velocity levels at or near the floor level forms a cool air lake at the breathing zone, 

where ambient uniform cooling reduces the occurrence of Stale Air (also known as 

indoor air pollution).  As heat is naturally stratified in the space the stale air is exhausted 

to the return air path, and concentrates the pollutants near the ceiling.  Once there, the 

pollutants are out of the breathing zone and can be more easily removed.  This system 

works in contrast to the direct localized cooling by conventional mechanical systems.  

Where pollutants and stale air are mixed with the forced “new” air Indoor air quality can 

carry pollutants that aggravate illness.  Polluted air can cause respiratory irritation or 

breathing difficulties.  Short-term exposure may lead to coughing, chest tightness, and 

shortness of breath.   
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Water 

Dehydration and heat related illnesses are primary dangers in the extreme 

temperatures of desert regions within the Southwest.   

 

High temperatures of the dessert could cause heat stroke (O. Youssef adopted from Olgyay 1963) 

 

Access to clear, good-tasting water helps to promote proper hydration throughout 

the day.  Many otherwise healthy people unknowingly suffer from mild dehydration, a 

condition where there is less water and fluids in the body than there should be, which 

results in avoidable symptoms such as muscle cramps, dry skin and headaches.  Drinking 

plenty of water, especially at higher temperatures is essential to ensure good hydration.  

Improving the taste and appearance of tap water encourages increased water consumption 

and reduces reliance on bottled water.  Water regulates the body’s temperature, and will 

ensure that employees are not excessively hot, and compromise their productivity. 
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Nourishment 

Demanding work schedules and a lack of communal eating spaces can lead people 

to eat in isolation during meal breaks.  Nourishment requires the availability of fresh, 

wholesome foods, limits unhealthy ingredients and encourages better eating habits and 

food culture.  The intent is to create eating spaces for employees at work places.  Time 

spent in break areas can lead to better eating habits, encourage social interactions, and 

help reduce stress.   

 

 

Common eating space (O. Youssef) 

Fruits and vegetables are visually apparent; their regular consumption is the 

corner stone of a healthy diet.  Fresh fruits lower the risk of cancer, diabetes, heart 

disease and obesity – which is one of the top factors that lead to death worldwide.  

Research suggests that eating fruit in the workplace improves energy levels and boosts 

productivity.   
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Light 

The luminous environment does not only affect the visual performance but also 

human physiology and behavior, in particular the circadian rhythms, alertness, well-being 

and mood.  Non-visual receptors on the retina are involved in these effects.  In lighting 

design, it is necessary to account for luminous intensity as well as light’s spectral 

composition.  Non-visual photoreceptors are very sensitive to different wavelengths.  

Optimum lighting conditions will ensure optimum visual perception in a variety of tasks 

to avoid eyestrain and to minimize productivity losses and headaches.   

 

Solar Orientation (O. Youssef) 

Most buildings in the southwest suffer from the heat content of light, as their 

design may not differentiate between daylight and sunlight. Envelope design related to 

the sun movement is the main factors that contributed most to the energy consumption.  

Thus, shading the envelope is one of the most important strategies on energy savings and 

human thermal comfort. 

The main strategy to achieve this goal passively is solar orientation- elongating 

the long façade towards the east-west axis.  This orientation maximizes exposure of the 

north and south facades while minimizing surface area of the east and west facades.  This 

decreased surface area reduces the harsh effect of excessive solar gain. 
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The second strategy is to precisely design light shelves that reflect more natural daylight 

deep into the working spaces reducing the need for electric light.  These two strategies 

reduce heat gain thus minimizing the cooling load and reduce the house’s total electric 

consumption.  The light shelves are placed above eye-level to provide the astounding 

panoramic views of the surrounding landscape.   

 

Light Shelf Application (O. Youssef) 

Light shelfs provide secondary and tertiary lighting.  Side illumination could be balanced 

with the addition of reflective shelf diving a window.  They reflect light through the 

upper glazing, while acting as an overhang for the lower glazing, and shading from the 

direct solar gain.  Therefore, this strategy does not increase the indoor air temperature of 

the work environment.  Thus, with the use of diffused multiple sources of daylight – the 

space provides a condition of optimum thermal and visual comfort for the employees. 
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Fitness 

Fitness promotes the integration of physical activity into everyday life by 

providing the opportunities and support for an active lifestyle and discouraging sedentary 

behaviors. 

 

Integration of physical activity in the work place (O. Youssef) 

 

Comfort 

Built environments can harbor sounds that are distracting and disruptive to work 

or relaxation. Employee surveys show that acoustic problems are a leading source of 

dissatisfaction within the environmental conditions of an office. As acoustic comfort is 

determined in part by the physical properties and contents of environments, the WELL 

Building Standard aims to shape spaces to mitigate unwanted indoor noise levels and 

reduce exterior noise intrusion in order to enhance social interaction, learning, 

satisfaction and productivity. 
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Able to adopt policies, technologies and practices that ensure quieter acoustical environments and minimize our 

exposure to harmful and unnecessary sound (O. Youssef) 

 

Mind 

Dealing with physical constraints and opportunity to understand the influence of 

the built environment on the mind.  To implement this concept in a building in the 

southwest, the design process needs to be based from the inside to the outside.   

"Mind":  

1. "(In a human or other conscious being) the element, part, substance, or process 

that reasons, thinks, feels, wills, perceives, judges, etc.: the processes of the human mind. 

2. Psychology. The totality of conscious and unconscious mental processes and 

activities.  

3. Intellect or understanding, as distinguished from the faculties of feeling and 

willing; intelligence." 
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Design with Health and Awareness (O. Youssef) 

 

Health and wellness principles throughout the design (O. Youssef) 
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While mental and physical health are often conceptualized as separate domains, 

our minds and bodies are inextricably connected.  The diagrams above recognize the 

features of the built environment and identifies workplace policies that can be 

implemented to positively impact mood, sleep, stress levels and psychosocial status in 

order to promote and enable overall occupant health and well-being. 

As the scientific understanding of health continues to evolve, so does the ability to 

address complex issues of promoting wellness through the built environment.  

Architecture and neuroscience can no longer be considered as different disciplines.  

Recent discoveries in neuroscience have led to new insights in light’s impact on the 

human brain, opening the door for addressing sleep disruption through improvements in 

lighting design.  WELL creates the platform that allows project teams to innovate and 

transform the way buildings interact with the occupants whom utilize its spaces. 

The physical workplace is one of the top main factors affecting performance and 

job satisfaction.  Therefore, the need to incorporate strategies that optimize occupant 

performance is crucial.  A summary of the strategies that help achieve this condition are 

the supply of purified air, clean water fountains for drinking, optimized light conditions 

that do not disrupt the body’s circadian rhythm, flooring types that provide posture 

support, and even the extent of Electro Magnetic Field shielding behind the walls – 

blocking the harmful currents that run through the risers of the building.  

 


