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ABSTRACT 
In the context of the 21st century, which identifies anthropocentricism as a dominant reason for 
environmental impacts, a consensus is emerging for thinking critically about adaptation and 
developing necessary actions in response to emerging socio-ecological realities. Continuous 
processes of urbanization are constantly impacting natural environments, which are deeply 
interrelated with the aggravation of cumulative environmental, economic, and social problems. 
This combination results in a profound ecosystem crisis, including climate change, at the epicenter 
of which are cities and, inevitably, architecture. The natural and urban environments are 
undergoing a systemic change driven primarily by the evolving processes in culture, science, 
industry, and commerce. As a result, the architecture discipline seeks to overcome its own 
preconceptions and adapt to these enhanced understandings of ecological relationships. Therefore, 
this research focuses on developing a design solution in response to air pollution in arid regions, 
specifically in Nogales, Mexico. Air pollution is a macro-scale problem that is caused mainly by 
human activities. If designers integrate human agency with architectural design strategies, we 
might begin to adapt positively to climate crises like air pollution while increasing our awareness 
about the impacts of human activities.   

This research proposes a wearable weather station on a scale of a human body that 
equipped with climate sensors. The wearable weather station or human dust shelter will act like an 
urban element accessible to people when they face harmful air quality. The design process mainly 
focuses on the environmental data like air movement pattern, the impact of sun and radiation on 
different surfaces, Sand and Dust Storm (SDS) behavior.  The Plant and the adaptation systems in 
nature also play prominent role as a source of inspiration for learning the morphology and 
adaptation strategies.  

The evaluation of these natural systems for commonalities and differences through methodical 
and rigorous comparison of their flows and compositions reveals that adaptive systems have a 
strong relationship with context. Similar systems in varying contexts have different performance 
characteristics and different ways of responding because of the complex set of parameters within 
the context of evolutionary design. These adaptative systems in nature respond to a complex 
challenge, showing inherent traits that allow for adaptation to climate change, indicating that both 
material selection and design strategies need to be based on the specific ecological realities of a 
given context. 
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1 Introduction  

This research intends to understand the potentials for multiscalar design in response to climate 
change through mediating human agencies. The design proposal focuses on the intersections of 
architecture, environmental design, phenomenology, and materiality. It attempts to encompass a 
broad cross-section of literature to synthesize the elements and craft a new type of relationship 
between the role of human behavior, space, and the built environment. 

Chapter two explores the background literature surrounding the relationships between 
architectural design, space, and environment. The background studies focus on four primary 
environments such as urban, natural, and human. It starts by defining responsiveness, the layer of 
time and technology in creating adaptive spaces and understanding the main parameters in 
designing responsive and adaptive spaces on a different scale from buildings, urban environment, 
and the interrelationship of public health and urban planning. It continues by citing examples of 
different precedents associated with dynamic and responsive design in the scale of the human. 
Also, the environmental studies focused on climate change as a phenomenon that is altering or 
intensifying environmental parameters that significantly influence architectural design strategies. 
The climate context is hot and arid lands. Dust storms are analyzed as a climate crisis in an urban 
environment and how it affects public health. It concludes by claiming the importance of altering 
human behavior through multiscalar design. Natural studies reveal more of the interplay between 
nature and environment, the direct connection between the two, and how architecture can serve as 
an interface for this dynamic.  

Chapter three is analyzing and evaluating the background and literature information critically. 
The complex and invisible interrelationships of different phenomena in different environments 
were mapped and represented in an abstract way that helps to understand the research problem and 
develop the research hypothesis. 

Chapter four focused on presenting the research investigation on a different scale and studying 
different methods for developing the research proposal and responding to the research question. In 
this chapter, develop the research hypothesis collection and mapping the data were investigated to 
present the potential and limitation of the research and define a process for future studies. Except 
for the digital and existing environmental data, the real-time data were collected and tried to show 
how it can provide reliable information about the existing environment and its changing pattern. 
This part ends in how real-time data collection can increase citizens' awareness about the built 
environment and the impact of their behavior on the quality of space. These culminate into the 
definition of a responsive environment—the ideal interplay between humans, building, and 
environment.  

Chapter five starts from the macro scale in defining the potential for this interface and narrows 
down into the specifics of the exploration: The scale of the human body, human health in an 
environment, the mediated environment, human behavior, form, and interaction. It also outlines 
the design of physical proof of concept and its explorations. The final proof of concept is a 
prototype that attempts to encapsulate a snapshot of this theory and exercise it in practice as a 
physical manifestation of a possible approach. The prototype attempts to craft a new interface as 
a boundary that can protect humans and improve the awareness of humans about the environment. 
It concludes with the visualization of the assembly and future possibilities for its implementation.  
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The final chapter studies the potential for future studies in different scales that seem necessary 
for improving the quality of the design process in general. 
1.1 Framework 
The main subject in this research is responsive environments, which can be studied from different 
perspectives. The framework tried to explore all subjects that could be related to design responsive 
environments (Fig. 1.1). In this research, the priority is to focus on different scales of design in a 
different environment. This part tries to map the important subjects that could be important for this 
research process and the future studies.   

 
Figure 1.1 Framework 

1.2 Research process 
The research process starts to explore the influence of the climate change on borders in hot and 
arid region. The entanglement of climate change and borders is a perfect example of the difference 
between complex and complicated. It is undoubtedly a complicated issue, one that takes a great 
deal of thinking to understand. However, the true nature of climate change – and its relationship 
with border and migration issues – is a genuinely complex system. The two areas are inextricably 
intertwined. Every attempt at fortifying a border will inevitably disrupt a fragile ecosystem that 
has never seen a border where humans do, as in Teddy Cruz’s border drain crossing (Cruz 2017). 
Even when a border is conceptualized to fight the effects of a changing climate, like a sea wall, 
the environment will be disrupted, nonetheless. The earth is the ultimate complex system, 
characterized by self-organization and emergent properties (Moe 84). Earth’s climate determines 
weather patterns, which affect plant and animal life, and everything from plants respiration to 



 

11 
 

public health that can affect the climate. A genuinely complex aspect of the climate and border 
connection is the feedback loop that we have created with our construction. The “border industrial 
complex” is just one part of our massive construction industry (Cruz 2017), and every fortification 
against immigration (figuratively and literally) or climate change disrupts the environment further 
and adds more pollution, speeding up the process. 

These borders lie on a spectrum from porous and permeable to tight and rigidly defined. Even 
along the United States (US) and Mexico border, there is a myriad of different wall conditions. 
Some are mere fences on the desert sands, doing little to stop the migration of people and animals, 
and some are elaborate steel walls that stop even the natural environment (Rael 2012). More 
abstractly, these borders can be oppressive or libertarian, allowing the movement of things and 
people to different degrees. A border can be controlled but allow the free movement of people. A 
border can be guarded and anti-migrant in principle but be poorly maintained and permeable to 
humans and animals, as the US-Mexico border sometimes is. Thought has shifted towards a 
somewhat posthuman conceptualization of what a free and open border would mean, as well. 
Wildlife crossings, fish elevators, and other moves to break down a border in favor of the 
ecological are emblematic of a shift away from animals as part of an ‘other,’ nonhuman category 
(Braidotti 2003). Humans are part of the world, and in a transhuman mode of thinking, should be 
able to move across borders with all other parts of nature. In contrast, our current situation is almost 
anti-human, focusing on disrupting human movement and cutting through the routes and 
homelands of Native Americans and other locals to the border (Morejon 2009). As movement 
increases due to the accelerating change of our climate, these totalitarian conceptualizations of 
borders will have to fall. 

The dynamic relationship of the anthropic and the climate is accelerating and become more 
entangled. It will become essential to remember a few tenants about walls. All walls are temporary. 
All walls are common walls (Rael 2017,18-19). As the climate changes the geographic world and 
changes the climate, our borders will have to change to accommodate this. Humans are not 
necessarily separate from the rest of the ecological environment. Though human beliefs in statics 
and unmoving boundaries, they should deal with the movement of boundaries and invisible 
structure of the boundaries in nature that change constantly. Also, they must consider that whatever 
walls we make must be permeable to the natural environment, or we risk further disrupting the 
complex system of our world via infinitely complex feedback loops. 

The concept of an open border reminds an exclusive vegetation pattern in the desert biome. 
Mostly they are scattered to adapt to the harsh climate and have access to water resources. Though 
there is a natural boundary between all these plants, they are in constant collaboration to protect 
themselves and the whole ecosystem. In other words, unseen structure lies beneath the surface and 
flow in the air, preventing environmental issues like sand erosion, losing water sources, and 
increasing surface temperature. However, irregular industrial construction, which stems from 
consumerism, built destructive artificial borders between built environments and nature, making 
discontinuity in natural systems.  

This research focuses on air quality as a significant climate crisis in Hot and arid climates. 
Sand and dust storm in hot and arid regions. Air particles saturate the atmosphere with nearly 
imperceptible but transcontinental airborne geology. Particulate matter disturbed from geologic 
strata in the infinitesimal artifacts of anthropogenic intervention conspired to create an ever-
present material ecology suspended in cities and streets, deposited in homes and lung tissues. 
Acceleration transcontinental migration of airborne particulate in the US-Mexico borderland forge 
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new and binational territories that are fluidly permeating boundaries between otherwise distinct 
nation jurisdiction and bodies. The city of Nogales was studied in this research as an urban border 
condition in the Sonoran Desert. Nogales is a border city spanning between Sonora, Mexico and 
Arizona in the US. The bad air quality in Nogales is mainly rooted in drought, economic injustice, 
urbanization, and lack of infrastructure like unpaved roads. The binational desert of Nogales, 
increasingly divided by national security infrastructures, is joined by cross border atmosphere and 
the shared material carried in the dust. Dust seasons start as the monsoon season comes to an end 
in the Sonoran Desert. As the monsoon season gets shorter, the drought intensifies that affects the 
air quality. So, the seasons in this area are defined as much by dust as by temperature and rainfall. 

The purpose of this study is to determine the sources and movements of air pollutants as well 
as to assess their health impacts on residents of Nogales in the United States, and ultimately 
proposes an architectural solution to this issue. To accomplish this, four phases were identified in 
this study: 1) identifying study requirements and collecting meteorological data; 2) siting study for 
pollutant monitor locations and air movement pattern; 3) data mapping; and 4) proposing an 
architectural solution. The monitoring data collection phase started with long-term data collection 
with geographical information systems (GIS) data for air quality, wind pattern, drought, and 
temperature in Nogales, Arizona. 

The short-term monitoring campaign is going to be carried out by microclimate sensors 
(Feather board, Enviro + feather wing and PMS5003 Particulate Matter Sensor) in a sample 
study in Tucson which should be completed for data quality certainty procedures. Data provided 
within the short-term and long-term monitoring could find the relation between urban form, data, 
and functionalities. Tucson has been chosen as a field for study because of the similar climate 
feature and climate issues like annual dust storm. Dust storm in this city also rooted in drought and 
industrial facilities. Therefore, the process of collecting real data with microclimate sensors will 
be tested in Tucson. 

This study in  the last phase provides a Design proposal in response to air pollution and an 
unexpected dust storm in Nogales, US. Idealistically as it seems, a solution like covering the city 
or blocking air pollution may appear to be far-fetched, which as result, led to a more reasonably 
feasible solution like starting from a smaller scale, namely human body rather than larger ones. It 
is extremely challenging to provide an architectural solution for decreasing air pollution, which is 
considered as a transcontinental problem caused by natural forces or human behaviors 
incorporating countless number of factors such as economic, political, and social aspects. 

In this regard, a wearable weather station is proposed, which can engage residents in tracking 
the air pollution in an urban environment and protect them from breathing air particulate matter. 
The idea of dust shelter on the human body scale was inspired by different urban furniture like a 
public bicycle that people can rent by their smartphones. People can find this wearable weather 
station all over the city, even in residential neighborhoods. Sensing the air particulate matter with 
the help of human agencies could make the data more accurate and help the policymakers have 
access to the real air pollution conditions in each part of the city. The wearable weather station not 
only acts as a sensor, but also serves the function of a mask. Therefore, the healthy and light 
material properties are of paramount importance in the sense that the present research, to large 
extent, aimed at finding them.  

This research focuses on air quality as one of the major climate crises in desert climate. Which 
mostly rooted in drought, economic injustice, urbanization and lack of infrastructure. Air particle 
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saturates our atmosphere with nearly imperceptible, but transcontinental airborne geology. 
Particulate matter disturbed from geologic strata in the infinitesimal artifacts of anthropogenic 
intervention conspired to create an ever-present material ecology suspended in cities and streets, 
deposited in homes and lung tissues. Acceleration in transcontinental migration of airborne 
particulate in the Nogales, USA. borderland forges new and binational territories that fluidly 
permeate boundaries between two constitutionally enforced so-called separated nations.  

In the last decade, an anthropogenic source of air pollution (dust storm) has joined to other 
environmental problems. Dust season starts in winter season also the drought intensifies, affecting 
the air quality. Therefore, the seasons in this area are defined as much by dust as by temperature 
and rainfall. Wind flow from the southwest and the backdoor from north and northeast make the 
dry soil airborne from agricultural or unpaved land. It carries dust laden with fertilizer and 
pesticides, ranging from refineries as well as from military testing. Mountains surrounding a city 
create temperature inversions that trap particulate matter including an occultation of the horizon 
with dust from unpaved roads, industrial emission, and vehicle exhaust.  

 
Figure 1.2 Methodology 
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2 Literature Review 
2.1 Defining spatiality  
Space is the void of volume that invites occupancy. To many, it is a multi-dimensional 
manifestation of emptiness. It is the non-stuff, the everything that is not considered matter. But 
this is merely the quantitative perception that defines spatiality. Space is a relatively tricky concept 
to describe, because in truth, the conception of space cannot be accurately described as a concept 
of its own accord, but is in fact, inextricably linked to the understanding of boundary. The container 
describes the contained, and it is in the mental model of the barrier that space can be accurately 
described. Is the space tall? Is this space narrow? Is the space vast or is it small? Even in the 
language used to describe qualities of spatial volume, a boundary is assumed. Spatial experience 
is curated by the physical elements of the boundary, and this boundary is what is known as 
architecture (Pallasmaa 2014, 6-7). 
2.2 An architecture of the human  
Martin Heidegger’s understanding of the relationship between the human condition and space is 
that there is an existential connection between the two—a powerful connection between the acts 
of “building, dwelling and thinking.” (Pallasmaa 2014, 3) He believes that there is no separation 
between human and space, but instead, that they coexist as one another: “When we speak of man 
and space, it sounds as though man stood on one side, space on the other. Yet space is not 
something that faces man. It is neither an external object, nor an inner experience. It is not that 
there are men, and over and above them, space...” (Pallasmaa 2014, 6-7). The meaning of 
architecture emerges from this intersection between person and space (Fig. 2.1). The person’s 
sense of self shapes the spatial experience.3 And because of this, architecture is inherently human-
centric. It is through the first-person perspective that the mental model of place is generated 
through the “perceiving and experiencing self.” (Pallasmaa 2014, 6-7). The human is always at the 
center. 
2.3 Body and building  
This relationship between building and body is also extended beyond the human. It impacts the 
material of architecture itself. The mechanics of the body were used to shape the buildings that 
were constructed during the past. These buildings were only as big as the arms could handle (Fig. 
2.2). 

The body was often depicted with the symbol of the shell. It was believed that the body 
contained the soul. The shell served as an envelope that contained the creature’s body. Pallasmaa 
likened this relationship to the “pleasure of curling up...an unconscious association between the 
images of the room and the womb...” Just as the womb is a space of comfort and shelter that is 
shaped by the body, so too is the architectural shell (Pallasmaa 2014, 6-7). 
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Figure 2.1 Different scale of environment 

 
Figure 2.2 Process of human responses to a stimulus (redrawn by author based on Kiesler 1339) 
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2.4 History and theory 
Accepting the dynamic of buildings and cities can turn architectural change into an ecologically 
efficient process as well as a new urban experience (Van Hinte 2003). This chapter stems from my 
interest in multiscalar design strategies that can respond dynamically to changes in external and 
internal environment. Designers in different scale of design has different way to translate the 
concept of responsiveness into spatial volume. Some buildings are equipped with lots of sensors 
like huge robots to collect data and act autonomously and some are following or mimicking the 
natural systems and use natural potential like material to adapt to the built environment. The aim 
of this research in this part is to explore how different strategies were manifested and the idea of 
responsiveness were developed through the history. Finally, the following timeline (Fig. 2.3) 
shows a classification of this development through the history that started with theory and 
continued with integration of architecture, and different sciences (Van Hinte 2003). 

As the culture and technological context changes so do the meaning of space and shape in 
architecture. By studying the history of transformation of architecture and concept of design space 
we can see increasing interest in exploring the capacity of built environment to change to respond 
dynamically to environmental stimulus. Through the time different term has been used to define 
describe this architecture such as adaptive, dynamic, interactive, responsive (Kolarevic 2015, 4). 

In 1960 and early 1970 by growing the science of artificial intelligence and information 
technologies the theory of dynamic and responsive architecture was born for the first time by James 
Graham. He described an architecture as alive interface that can sense and learn from its occupants. 
Ron Heron in the same period of the time talked about responsiveness in larger scale of design 
such as cities and a giant mobile that can move based on their need to the infrastructure (Kolarevic 
2015, 5). In this era Negroponte and Eastman believes that integration and architecture make 
evolving spaces that provide new responsive spaces that provide a new opportunity for designers 
to think about integration of mechanical and computer sciences in architecture practice.  

After two decades developing theory of responsiveness and exploring the capacity of dynamic 
design the first adaptive façade was designed by jean Nouvel in 1989 that could adapt and 
control the energy from the environment  (Kolaveric 2009) 

By improving the contemporary technologies, the theory of responsive spaces explores more 
capacity of responsiveness such as the theory of Kas Oosterhuis that describe an E-motive house 
that can develop its own emotion (Kolarevic 2015, 10) 
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Figure 2.3 Timeline depicting classification of responsiveness in design (redrawn by author incorporating 

Menges 2012, 52-59; Al-Obaidi 2017, 1472-1491; Van Hinte 2003; Kolarevic 2015) 

2.5 Urban studies 
Urban area are systems that characterized by different natural and artificial components such as 
plants, free spaces, buildings volume and screens and designed infrastructures the mainly have a 
great influence on human health and well-being (Rebele 1994, 173-78). Different layers of 
information like communities and systems have interaction and overlap which is mainly defined 
and programmed by human (Maes 2015, 517-34). 

The urban area is a complex combination social and ecological systems that provides space for 
communities to evolve together with their change and adaptation (Lambin 2010, 108-18) 
Therefore, the adaptation and evolution of these complex spaces has strong relationship between 
social decisions, space, and life demands (Maggiore 2019, 253). The boundaries of urban spaces 
at different scale are not well defined and therefore studies these boundaries in this research 
analyzed as a multi scaled subject. Identifying new functions in urban spaces is the main focus of 
an adaptive approach which has to be a nonlinear dynamic process. Currently, design mainly in 
scale of urban has a top-down approach. A group of specialists develop a proposal and share it 
with others who are not usually the audience od that specific area which cause irresponsive design 
in future. 
2.5.1 Structure and design of open public spaces 
Public spaces were studied and classified based on the structure and different parameters of these 
spaces such as materials, green area accessibility and occupancy. Moreover, the top-down design 
process shows less consideration for climate issues. So, this study tried to start an investigation 
when and how the knowledge about the climate can be used in planning and design process which 
need multiscalar approach and multidisciplinary knowledge (Fig. 2.4).  
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Figure 2.4 Classification of urban public spaces 

2.6 Urban design adaptation & public health 
Throughout history, public health is known as a vital parameter in planning and designing an urban 
environment. These priorities have resulted in an environment that instead has severe negative 
impacts on our health today. Prioritizing the commodification of land and housing has led to 
unrestrained growth and ill health effects, particularly as the fields of public health and urban 
planning diverged (Corburn, 2007; Frumkin et al., 2004). The notion of engaging health in design 
decisions plays a significant role in reshaping the cities to respond to epidemic diseases. 

By shifting the economy during the industrial revolution, the influx of people and factories in 
the urban area increased significantly. Because of the lack of infrastructure for providing clean 
water and dumping sewage, the epidemic disease started in cities, which showed the strong relation 
of space and density of people in an environment (Melosi, 2008). Based on the concern about the 
health and environmental issues, sewer systems became the sign of health society in the united 
states. The sewer infrastructure was the first step for a civilized society and had the potential for 
economic, cultural, and social growth (Schultz 1978). Therefore, the clean water and sewer system 
became the prominent bone of the cities that formed streets, boulevards, and city blocks (Fig. 2.5). 

In this era, urban planners and landscape designers began to expand on how to increase the 
capacity of environmental design to accomplish public health. Moreover, we have seen the concept 
of nature as a healer that starts the creation of national park systems in cities. By creating a natural 
system in cities, all people could have access to nature and improve the environmental equity for 
all citizens. Meanwhile, the concept of public health appeared in all scales of design. It started 
from macro-scale such as urban planning and gradually changed the design of interior spaces. 
Architects found the technology and knowledge to deal with air quality, light, and wastewater in 
every building (Mathews, 1934). In the City of Tomorrow, and its Planning (1929), Le Corbusier 
applied these ideas about the compartmentalization of the environment to the urban scale, 
hypothesizing exact cubic meters of air, sunlight and open space needed per resident, and using 
these measures as a formula for town planning (Le Corbusier 1971).  

In the late 18th century, a different method of urban planning and concepts for designing a city 
were proposed, such as the Garden City by Ebenezer Howard or Radiant City by Le Corbusier, 
which had great concern for communities, human needs, and public health. Whereas the move to 
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the rural areas was without a doubt driven by wellbeing concerns, it is irrefutable that the key to 
the guarantee of the rural areas was intensely staked in its peaceful green gardens, security from 
urban crime and an evade from the blockage of the city. However, the explosive suburban growth 
of the mid-to late twentieth-century was also aided by government policy (Williamson, 2013). 
Comparable to the era when modernism was mutated by policy and economics to address the 
public housing problem, so were the ideals of the Garden City in order to form the suburbs we 
know today.  However, the diseases associated with the suburbs soon became physical as well as 
social. Over the past 40 years, the prevalent diseases in the United States have become chronic 
instead of infectious: first with the emergence of heart disease and cancer, and more recently by 
obesity-related diseases such as diabetes (Jackson 2011, Frumkin 2004, Lindheim1983). 

The New Urbanists developed the concept to form-centric in response to the suburb problems 
and ignores more diverse or complex issues of place and exacerbates economic inequalities (Ellis 
2002). New Urbanists have more recently made real strides in changing street standards to more 
pedestrian-oriented activity. Each era utilized technological improvements, to find the potential of 
environmental design and public health in different scale. All these movements were a strategy 
that tries through technological, ecological paradigms color or shape everyday behavior in 
response to human needs and health. 

 
Figure 2.5 Urban design and public health through the time (redrawn by author based on Carr 2014) 

2.7 Alternative dimensions 
Nicholas Negroponte predicted in 1995 that “being digital” would allow us to enter a field less 
restricted by the limitation of materiality of the world (Jason 2018). Twenty years later our 
everyday life is more integrated with computation and calculation though materiality of the world 
persists and reassert itself. Programmable matter, synthetic biology, 3D/4D printing and wearable 
technologies capture the attention of engineers, scientists and artists. Wearable technology is 
blurring the boundaries between technology and the human body, generating questions about 
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personhood, selfhood, and what it means to be human. As a result, scientists are looking at various 
versions of the body-machine interface and human-machine communication from many angles. 
From health-monitoring bracelets to computing eyewear to shoes that serve as vacuum cleaners, 
wearable technology is everywhere. Designers are incorporating electronics into clothing in ever-
increasing ways. Wearable technologies are designed to respond to different purposes, such as 
facilitating synthetic biological processes that might help humans adapt to all types of irresistible 
climates. Moreover, the new wearable technology could not only help humans but also our 
environment in many ways. Technologies in wearable industries could be categorized into 
different groups. Firstly, the Material technologies that are sustainable, degradable, or 
programmable can make the body cover more responsive to protect humans and the environment 
(Fig. 2.6). 

Figure 2.6 Glass-like algae dress (left) (Hitti 2020) and helmet made of hay and mycelium (right) 
(designboom 2015) 

Smart wearable textile’ becomes a major segment of electronic-textiles (e-textiles) along with 
smart clothing and information science (wearable computer). Wearable textiles can sense, react 
and adapt themselves accordingly to external conditions or stimuli and wearable textiles can be 
divided into active and passive smart wearable textiles which can be work with human brain with 
cognition, reasoning, activating capacity (Kunal 2019).  

Figure 2.7 Wearable sensing technology (Strohmeier 2016) and photoluminescent dresses (Gao 2016) 

The smart textile by Stohmeier that is designed with digital knitting and flexible PCB assembly 
processes, and all the sensors used are off-the-shelf components. The clothes designed by Ying 
Gao equipped with microclimate sensors made from photo luminescent thread and embedded eye 
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tracking technology that can interact with human emotion and the presence of people (Fig. 2.7). 
Fabrication methods has changed not only the architecture but also the wearable industries.  

Figure 2.8 Design the helmet with new fabrication methods and 3d printers (DZHUS 2015) 

Integration of body architecture with sensors that can collect data. Data from wearable devices 
can be combined with contextual data ranging from location and weather tracking to social media 
usage to ecological momentary assessments, which sample behaviors and experiences in real time 
(Fig. 2.8). 

Wearable monitors are changing the way scientists study air pollution. As well as feeding 
information from satellites or air quality monitoring stations into computer models, they can now 
also monitor an individual's exposure over time and location. Arvind Kumar highlighted the danger 
of increased exposure, such as cycling or jogging near cars, which increases the dose of air 
pollution. We are extremely careful about what we eat and drink and how we handle materials like 
soil, but when it comes to the air which is one of the sources of how pollutants can get into the 
body—we're extremely lax about it (Kumar 2015). 

Figure 2.9 Kinetic art mimicking nature (Curran 2020) 

Integration of body architecture and micro sensors explores both the status of the individual, 
whose physical contours are transformed by external interferences, and the garment’s function as 
a fragile transitional space (Fig. 2.10).  
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Figure 2.10 Autonomous clothing (Gao 2019) 

2.8 Environmental studies 
Architecture and Environmental Studies are natural companions. It is impossible to design 
sustainable buildings without understanding their relationship to natural systems. It is also 
impossible to understand the natural environment without knowing how human intervention 
affects it – both positively and negatively. 
2.8.1 History of dust storms and the impact of air quality on human health 
Sand and dust storms (SDS) occur when unchecked, strong or turbulent winds combine with 
exposed loose soil dry surfaces. These conditions are common in semi-arid and arid regions (Fig. 
2.11). Sandstorms occur relatively close to the ground surface, but finer dust particles may be lifted 
kilometers high into the atmosphere, where strong winds transport them long distances, even 
across continents. SDS have become of increasing concern among governments and the 
international community because of their damaging effects on human health, agricultural land, 
infrastructure, and transport (UNEP 2016). Some 40% of aerosols in the troposphere (the lowest 
layer of Earth’s atmosphere) are dust particles from wind erosion. The main sources of these 
mineral dusts are the arid regions of Northern Africa, the Arabian Peninsula, Central Asia and 
China. Comparatively, Australia, America and South Africa make minor, but still important, 
contributions. Global estimates of dust emissions, mainly derived from simulation models, vary 
between one and three gigatons per year (World Meteorological Organization 2021).  

Dust storms usually happen in open areas but can get any direction and hit the urban 
environment and cause lots of problems like reducing air quality, visibility also affect human 
health. Therefore, analyzing the wind behavior in urban environment seems important and help 
designer to have better understanding of how the natural phenomena can affect the quality of urban 
spaces.  

A sand or dust source activity depends on the fraction of surface winds exceeding the erosion 
threshold defined by the local surface properties. Most major dust sources are dominated by inland 
drainage basins in arid areas due to the wind-erodible nature of their surface materials, exacerbated 
by the dry conditions, and the limited vegetation due to aridity. Removal of vegetation, loss of 
biodiversity, and disturbance of the sediment or soil surface through destruction of biological 
crusts by vehicles will increase susceptibility to dust generation in these areas. Human-induced 
hydrological changes, often driven by demand for water in areas adjacent to natural sources, have 
led to desiccation of wet or ephemeral water bodies and increased SDS risk. Unsustainable land 
use and land degradation, especially in semiarid areas, pose a substantial risk for increased wind 



23 

erosion, damaging agricultural productivity even without producing SDS. Vegetation provides a 
protection mechanism by acting as a mechanical barrier, controlling wind flow and reducing 
surface shear stress at the ground surface, physical protection of the soil surface, and increasing 
soil stability through recycling organic matter. Any factors that lead to unsustainable land use and 
reduction of vegetation cover in susceptible areas increase SDS risk. Major dust bowl events in 
various parts of the world have occurred due to a combination of prolonged drought and 
unsustainable land management practices (UNEP 2016).  

Figure 2.11 Transcontinental movement of dust particles 

2.9 Impact of Sand and Dust Storm 
Dust deposition has both positive and negative environmental impacts. Dust affects the climate 
system, possibly changing the earth’s radiative balance and modifying tropical cyclones, which 
can cause drought intensification (UNEP 2016). On the other hand, dust can enhance precipitation 
by acting as droplet nuclei. Dust provides nutrients to terrestrial ecosystems and ocean surface 
waters and the seabed, boosting primary productivity, especially through relieving phosphorus 
limitation to nitrogen fixation, and through iron fixation, which boosts phytoplankton growth. On 
the other hand, dust from Africa and Asia may have harmful effects on coral reefs in the Americas. 
Dust causes numerous human health problems globally, but especially in arid and semi-arid 
regions. Inhalation of fine particles can cause or aggravate diseases such as asthma, bronchitis, 
emphysema (damage of the air sacs in lungs), and silicosis (lung fibrosis) (Fig. 2.12). Chronic 
exposure to fine dust is associated with premature death due to cardio-vascular and respiratory 
disease, lung cancer, and acute lower respiratory infections. Other common problems include eye 
infections, skin irritations, meningococcal meningitis, Valley fever, diseases associated with toxic 
algal blooms, and mortality and injuries related to transport accidents. In Sahelian countries there 
is a strong correlation between dust loads from the Sahara and meningitis outbreaks. 
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Figure 2.12 Impacts of ppm on human respiratory systems (redrawn based on UNEP 2016); breathing 
pattern (right) (Gannet 2021) 

2.10 Natural systems 
Nature and learning from natural systems in our environment can help designers understand the 
capacity of the environment and potential design strategies in response to various stimuli (Fig. 
2.13). 

Weiser illustrates this point by saying that “research about the organization and evolution of 
the born should be particularly concerned with questions such as: how do they cope with errors, 
with change, with control, with goals, and so forth. For instance, beehives were found not to follow 
a controlling head” (Muhlhauser 2008). Learn from nature lead architects to design not just based 
on aesthetic or material properties, but design with behavior in mind, and draw from the already 
existing systems found in nature. 

Figure 2.13 Relationship of different environment (Kiesler 1939, 60-75) 
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 Nature can teach designer the wide variety of existing potentials in Natural systems and 
behavior such as how an environment can physically morph to dynamically change in response to 
the environmental stimulus (Fig. 2.14). Like how natural systems respond to mechanical sensation 
(touch) or altering their growth patterns. In the wild, these patterns can be evinced by wind, 
raindrops, and rubbing by passing animals. This pattern is the changes in shape, structure and 
material properties that are produced in response to transient changes in environmental conditions 
(Marcelo 2011,161-64). Nature dynamically changes based on its internal and external structure, 
needs and context like sunflower that had an adaptive system to move based on light (Marcelo 
2011,161-64). These are all growth movements, slow adaptations to changes in specific 
conditions” (Marcelo 2011,161-64).  

John Frazer, a pioneer in applying technologies to architecture, argues that “architecture has 
become an essential part of the natural ecosystem and should therefore draw direct analogies from 
natural processes” (Frazer 2000). He continues by emphasizing that this approach should go 
beyond just formal similarities and start to engage in symbiosis with the human through focusing 
on nature’s “organic operating principles” (Abdullah 2019, 623-38). The potential for information 
material assemblies to produce interactions that start to mimic natural behavior is grand. Having 
building interfaces that mimic biological systems can produce new words for describing this 
behavior and replace the words that often describe current responsive interfaces, such as smart. 

Figure 2.14 Functional Convergence of Nature and human body 
2.11 Plant adaptation systems by environmental response 
Plant systems and materials that actuating in response to environmental stimuli became an 
important source of inspiration for the adaptive design. Actuated plant materials are a source of 
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inspiration for the design of adaptive materials and structures that are responsive to specific 
external stimuli. Hydro-responsive, metabolism-independent plant movements are particularly 
fascinating, because the extracted concepts are more amenable to transfer into engineering than 
those dependent on cellular activity (Harrington 2011, 1-7). Here we investigate the structural and 
compositional basis of a sophisticated plant movement mechanism—the hydration-dependent 
unfolding of ice plant seed capsules. This reversible origami-like folding pattern proceeds via a 
cooperative flexing-and-packing mechanism actuated by a swellable cellulose layer filling 
specialized plant cells. Swelling is translated into a bidirectional organ movement through simple 
geometric constraints embedded in the hierarchical architecture of the ice plant valves. Extracted 
principles from this reliable and reversible actuated movement have relevance to the emerging 
field of 'programmable matter' with applications as far-reaching as the design of satellites and 
artificial muscles (Harrington 2011, 1-7). 

The first group has a mechanical adaptation system and physically change in response to 
environmental stimuli (Fig 2.15). These plans grow in different climate and the environmental 
trigger of all of them is the presence of humidity. For example, the humidity causes the conifer 
cone close in wet weather and open in dry weather for fertilization (Steffen, Menges, and Correa 
2015, 50-69) 

Wheat: The complex structure of the actuating organ in the wheat awn is a hierarchical system 
optimized for its functions. The awns bend as they dry and straighten in a damp environment. This 
hygroscopic movement is explained by the orientation of the cellulose fibrils that build the cell 
wall, as follows.  

Pine conifer: Conifer cones are biological examples of moisture-actuated passive systems. For 
example, a spruce cone reacts to a decrease in moisture content by opening its scales, leading to 
the release of the seeds. Interestingly, here even the dead tissue is capable of repetitive opening 
and closing cycles as the humidity responsiveness is literally ingrained in the material itself 
(Menges 2012, 52-59). 

Ice plant: the valve in this plant has an origami pattern movement that actuate in response to 
humidity (Harrington 2011,1-7). 
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Figure 2.15 Physical adaptation: humidity responsive plant systems (Kahye 2015, 1-8, Harrington 2011, 
1-7, Yael 2012, 640-647, Krieg 2013, 272-279, Elbaum 2008, 101-7) 

The second group has a physiological adaptation system which is an internal body process that 
maintain to ensure their survival in their environment or habitat. Mangrove trees is an example for 
physiological adaption system. They developed unique adaptations to the harsh conditions of 
coastal environments (Fig 2.16). They survive high amounts of salinity either by excreting salt 
through their roots, or simply by keeping it within their tissues (Popp 1997, 217-24). 
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Figure 2.16 Physiological adaptation: water pollutant response mechanisms (Popp 1997, 217-24) 
The last category is about morphological adaptation. desert cacti develop specific 

morphologies (such as ridges, bristles, and spines) and shallow root systems to adapt to harsh 
climate conditions (Fig 2.17). Even in same climate the morphology of the cacti is different like 
the Tephra cacti which has no spine and special skin morphology and pattern (Mauseth 1999, 307-
15). 
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Figure 2.17 Morphological adaptation: temperature and light responsive cacti (Rosas 2017) 

3 Problem statement 

This chapter is a multiscalar study about environmental issues such as climate change and human 
behaviors. The data were mapped in an abstract way to present the interrelationship of 
environmental parameters and human behaviors in a critical thinking process. The data were 
classified into three main categories. First and the main group is ecology and society and the 
economy affected by environmental crisis and human behaviors. 
3.1 Interrelationships of issues 
Climate change is the major threat in our time. It is already happening, temperatures are rising, 
drought and wildfires are starting to occur more frequently, rainfall patterns are shifting, glaciers 
and snow are melting, and the global mean sea level is rising (Bernstein 2008). 

To improve understanding of the complex interactions of the climate system, ecosystems, and 
human activities and conditions, the research develops the interrelation scenario (Fig 3.1). This 
scenario provide plausible descriptions of how the future might unfold in several key areas, 
socioeconomic, technological and environmental conditions, emissions of greenhouse gases and 
aerosols, and climate. When applied in climate change research, scenarios help to evaluate 
uncertainty about human contributions to climate change, the response of the earth system to 
human activities, the impacts of a range of future climates, and the implications of different 
approaches to mitigation and adaptation actions that facilitate response to new climate conditions. 
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Figure 3.1 Interrelationships of issues 

Nature in deserts have exclusive patterns. Mostly they are scattered to adapt to the harsh 
climate and find access to water resources. The scattered vegetation pattern have a natural 
boundary between plants. Though there is a boundary between all these plants they are in a 
constant collaboration in order to protect their selves and the ecosystem. In other words, unseen 
structures and patterns that lie beneath the surface and flow in the air prevent many environmental 
issues like sand erosion, loss of water sources, increasing land surface temperatures, etc. So, the 
conceptual diagram which is a complex 3D dimensional mesh depicting the complex relation 
between plants in different layers that cause a continuity and unity (Fig 3.2). But irregular 
urbanization and construction activity which stem from consumerism, built lots of artificial border 
and disconnect the urban environment from nature and make discontinuity in natural systems. All 
these artificial boundaries that build without paying attention to the natural flows leads to lots of 
problems that in today’s world is known as global climate change. This diagrams specifically 
focuses sandstorms which affect all aspect of human life who lives in arid region. For example, 
urbanization and desertification can alter vegetation patterns that affect soil properties, human 
health, economy, water, and air quality. All these problems show that nature is not a separate entity 
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from human existence; human behaviors affect a system in constant flux, which evolves and 
transforms without prioritizing our species within it.  

Figure 3.2 The unseen structure of nature 

This project seeks to reveal modes in which human behaviors like urbanization, agriculture, 
trigged alteration in vegetation pattern in arid lands (Fig 3.3). All the drawing in this project 
focused on the forces that play significant role in severe desertification and land loss of arid lands. 
First diagram presents the classification of these parameters which were classified in four groups. 
Climate change is the main parameter that impact the society, economy and ecology. There are 
three other sublayers. One of these groups shows problems such as public health, sandstorm, and 
temperature rise. The other sublayer shows these problems like urbanization, desertification, 
agriculture. The last group shows the facts that exist in our environment and sometimes can 
intensify environmental issues like borders. The method for visualizing the abstract of the problem 
the 3D model generated in Rhino and Grasshopper. Each point shows a natural system that has 
unlimited connection with its environment. The unseen structure creates a responsive and flexible 
environment in relation with all-natural phenomena. 
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Figure 3.3 Urbanization and desertification affect the natural structure 

Sandstorm in our urban environment is one of the consequences of climate change (sand 
erosion, desertification, deforestation) that affect public health, air and water quality, and economy 
(Fig 3.4).  
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Figure 3.4 Abstract visualization of the impact of dust storm on urban environment 

Human behavior and the process of changing the environment rapidly is affecting the process 
of natural responsive systems which is intensifying the impact of climate change. The mapping 
tries to abstract and represent the impact of human behaviors, such as urbanization or 
desertification, upon natural systems which cause and intensify the impact of climate change (Fig 
3.5). 
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Figure 3.5 Abstract the natural structure and natural phenomena 

3.2 Air Pollution classification 
Air pollution is associated with heart and lung problems and premature death. Large pollutant 
particles in the air can cause irritation and discomfort, while small, fine pollutant particles from 
sources such as auto exhaust or power plants can penetrate deeply into lung tissue and enter the 
bloodstream (Fig.3.6). Exposure to fine particle air pollution has been linked to 
problems with respiratory and cardiovascular functions (EPA 2020). In order to control the air 
pollution, there are some agencies in the world who detecting the pollution source and define 
standards. The EPA is an Agency in United states where establish laws and regulation to control 
the air quality standards. The Clean Air Act is the comprehensive federal law that regulates air 
emissions from stationary and mobile sources. This law identifies two types of national ambient 
air quality standards. Primary standards provide public health protection, including protecting the 
health of sensitive" populations such as asthmatics, children, and the elderly. Secondary 
standards provide public welfare protection, including protection against decreased visibility and 
damage to animals, crops, vegetation, and buildings (EPA 2020). One of the most pervasive and 
worrisome of today’s air pollutants is particulate matter known as PM2.5. Less than 2.5 microns 
in diameter, these tiny particles are too small to see, but they can lodge deep within the lungs, 
causing health problems. 

The first step of this project is to understand pollution source, its path and condition which is 
provide a background of the research. The second step is to compare the air pollution data in local 
scale with drought and temperature and wind pattern in Nogales a selected site in Sonora desert. 
Nogales is one of the pollutant cities in Sonoran Desert. Further complicating the matter is the fact 
that neighboring Nogales is a rapidly growing industrial city with miles and miles of unpaved 

https://www.airnow.gov/air-quality-and-health/asthma-and-heart-disease/
https://ephtracking.cdc.gov/showAirHealth.action#ParticulateMatter
https://ephtracking.cdc.gov/showAirHealth.action#ParticulateMatter
https://doi.org/10.1056/NEJMsa0805646
https://doi.org/10.1056/NEJMsa0805646
https://doi.org/10.1056/NEJMsa0805646
https://ephtracking.cdc.gov/showAirHIA.action
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streets and other infrastructure issues that affect the air quality significantly. The analysis of the 
GIS data and daily air quality information shows that rising temperature as one of the important 
signs of climate change is the other reason for the polluted air in this city. Moreover, based on 
these analyses the movement of air pollution during a day is an important issue which seems could 
be related to topography of these city. Therefore, in next part of this research the topography and 
the urban pattern will be assessed in order to find the best solution in order to adapt to air pollution 
in urban scale. Finally, the specific plant Tephro cactus as a native plant in Sonoran Desert was 
analyzed in terms of skin pattern, form, and structure in order to better understand the adaptive 
mechanisms of a natural system in hot and arid climates. For the next step of this research this 
plant system will be analyzed in order to understand how this plant adapts itself to the harsh climate 
in this region. It would be helpful to make a relation between the micro- and macro-scale for 
responding to air pollution in Nogales. 

Figure 3.6 Dust deflation and entrainment processes (Pye 1987, 139-156) 

The following list describes the six most prevalent types of air pollution found in the urban 
environment: 

1) The presence of PM poses more danger to human health than that of ground-level ozone
and/or other common air pollutants (like carbon monoxide). The smaller a particle is, the
more deeply it will penetrate to deposit on the respiratory tract at an increasing rate. In
nasal-breathing, the cilia and the mucus act as a very effective filter for most particulates
exceeding 10 μm in diameter (EPA 2020).

2) CO is a colorless, odorless gas that can be harmful when inhaled in large amounts. CO is
released when something is burned. The greatest sources of CO to outdoor air are cars.
Breathing air with a high concentration of CO reduces the amount of oxygen that can be
transported in the blood stream to critical organs like the heart and brain (EPA 2020).
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3) Air containing ozone include people with asthma, children, older adults, and people who
are active outdoors, especially outdoor workers. Ozone affects sensitive vegetation and
ecosystems, including forests, parks, wildlife refuges and wilderness areas.  In particular,
ozone harms sensitive vegetation during the growing season (EPA 2020).

4) Lead distributes throughout the body in the blood and is accumulated in the bones. Lead
can adversely affect the nervous system, kidney function, immune system, reproductive
and developmental systems and the cardiovascular system, also affects the oxygen carrying
capacity of the blood.  The lead effects most commonly encountered in current populations
are neurological effects in children and cardiovascular effects (EPA 2020).

5) Short-term exposures to SO2 can harm the human respiratory system and make breathing
difficult. SOx can react with other compounds in the atmosphere to form small particles.
These particles contribute to particulate matter (PM) pollution (EPA 2020).

6) NO2 and other NOx interact with water, oxygen and other chemicals in the atmosphere to
form acid rain. Acid rain harms sensitive ecosystems such as lakes and forests (EPA 2020).

Based on the literature review and the research investigation in this research the main question 
is that What is the design process to respond to an environmental issue? And how interactive design 
can help designer to respond to a macro-climate crisis? The role of human agency was studied 
because it seems human behavior has an important influence on responding to its environment. 
What is the role of human agency in response to a crisis and how can humans respond to a macro-
scale problem? How can interactive design help improve the influence of human response to a 
climate crisis? One of the main hypotheses in this research is that the micro-scale strategies in 
design could be a solution in response to a macro-scale environmental crisis. I also hypothesize 
that design can alter human behavior and increase people’s awareness about the influence of their 
behavior in response to climate change. 

4 Research Investigation 

The research investigation developed based on the problems that were identified in previous 
chapters. Environmental real data were mapped to represent the relationships on find the important 
parameters for design proposal and future studies. 
4.1 Data mapping 
Drought occurs when a region has an imbalance between water supply and water demand over an 
extended period. Drought can have significant environmental, economic, and social consequences. 
Between 1980 and the present time, the cost of drought exceeded 100 billion dollars, making 
drought monitoring a critical factor in planning, preparedness, and mitigation efforts at all levels 
of government (Svoboda 2015, 274-286). 

The drought map is an analysis of the drought that has been hovering over the American 
Southeast (Fig. 4.1). It shows three months period of aggregated drought zones (drought perimeters 
of varying intensity, released weekly, collected from August to October of 2020). The United 
States Drought Monitor website is incredibly accommodating of GIS analysts. This map provides 
a general visual sense of drought accumulation and severity in different part of United States. 
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Figure 4.1 Drought in USA from August to October (ArcGIS 2015) 

4.2 Wind pattern & air particle matters 
The concentrations of suspended particulate matter can be analyzed in relation to the values of 
wind speed in a period. Among atmospheric pollutants, unfortunately, there are also particles of 
both PM10 and PM2.5 whose presence may have a negative impact on human health. It is known 
that even brief exposure to very fine particles of suspended particulate matter can lead to some 
adverse changes in the human body (XU 2019, 239-46, Cisneros 2014, 581-90). 

The GIS data were collected and mapped for wind movement and air pollution from August to 
October 2021in USA (3 month). The map shows the macroscale relationship of air pollution and 
air movement pattern in USA (Fig 4.2). As wind get stronger it can move all type of sand grains 
for hundreds of miles near the ground which means it can directly affect human health because it 
can move close to human height (Esri 2021). 

In the following part of this research, the GIS data were analyzed in the urban scale of Nogales. 
Because it is a city near the border, it has many issues with infrastructure such as unpaved roads 
or lots of industrial activities in the Mexican part that affect the air quality of this area.  
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Figure 4.2 Interrelation of wind pattern and air particles in USA (ArcGIS 2020) 

4.3 Drought, urban heat and air quality 
Dry conditions could cause air particle matter levels to rise because plants shrink their stomata to 
prevent water loss, reducing their ability to remove pollution. The drought map in Nogales shows 
how the drought grows from August to October, indicating the context where it is vulnerable to 
low air quality (Fig. 4.3).  
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Figure 4.3 Interrelation of drought and air quality in Nogales (ArcGIS 2020, AirNow 2020) 

The 3D model of the urban area was imported into Rhino and analyzed with the Ladybug 
plugin to generate the heat map based on the human activities in Nogales urban context. The map 
shows the interrelationship of human behavior and vulnerability of public health and the climate 
parameters (Fig. 4.4). The data shows how in this context where has a more potential for pedestrian 
presence is vulnerable to affected by climate issues. 

Figure 4.4 Figure Drought and urban heat in Nogales (ArcGIS 2020) 

4.4 Urban studies 
The urban studies focused on the urban context in Nogales close to the border of Mexico and the 
United States in Nogales. The site was studied based on the presence of pedestrians. The City on 
both sides is mainly auto centric except for the urban area close to the border where is a more 
walkable zone. People have to wait in this area for a while to pass the border. This area can attract 
the pedestrian to spend time such as shopping areas and green zones (Fig. 4.5). The pedestrian 
movement was analyzed to learn about the potential site for continuing the studies and localize the 
environmental studies on a smaller scale. 
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Figure 4.5 Pedestrian path & the potential zone (ArcGIS 2015) 

4.5 Environmental studies 
Environmental studies in this research are about relationship of urban context and the behavior of 
each climate parameters such as like air movement pattern, sun and radiation. These studies are 
important because the architecture and environment studies are natural companions. It is 
impossible to perceive the context and design adaptive without understanding the bond of this 
natural relationship. 

The first step of this studies started with analyzing the six different direction of air movement 
in the selected urban site in Nogales. The information air movement in each direction downloaded 
as an Energy Plus Weather (EPW) file and analyze the air movement with computational fluid 
dynamics (CFD) (Eddy3D a plugin in Grasshopper). 

The air movement studies in this urban context shows how low velocity of the air in this urban 
area. It is important to take into consideration that with this speed wind can move the air particle 
matters for hundreds of miles but with decreasing the air movement in urban area the air particle 
matters can stay for long time in that area in level of human height (Fig. 4.6). Therefore, the by 
ending the storm the hazardous influence of air particle matters remain in that contexts for a while 
(Cisneros 2014, 581-90).  
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Figure 4.6 Directional analyses of Urban air movement 

4.6 Air movement pattern analysis 
The environmental studies in the urban context of Nogales continue with analyzing the behavior 
of air movement with a human body in that area. The direction of air movement in this research is 
zero degrees, or wind coming from direct north. The air movement behavior around the building 
and human body were analyzed with Eddy 3D plugin in Grasshopper that contains weather data 
files of the closest place to Nogales. Eddy 3D can analyze the outdoor air movement behavior 
around existing volumes. The visualization presents the CFD analysis with gradient color from 
blue, the slowest airspeed, to red, the highest airspeed. (Fig. 4.7).  

Figure 4.7 Air movement pattern analysis in urban context 
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4.7 Natural systems 
The Thephro cactus is a plant endemic to the hot and arid climate. This research studies the 
behavior of the Thephro cactus under different environmental situations. The main reason for 
studying this plant is the similar morphology with the morphology with pine conifer, which grows 
in a different climate. Cactus in this climate is adapting to low humidity and high temperature. 
They develop a specific shape and strategies to store humidity and provide shading to protect from 
Radiation. This research focused on the influence of the different amounts of humidity on the 
behavior of the Thephro cactus. 

The cactus cross-section is kept in a room condition that shows the cactus's physical change 
after three months. Also, it shows the different structures of these cactus with other cacti in the 
Sonoran region. The scanning electron microscopy (SEM) images of the Thephro cactus describe 
the morphology of these plants at microscale resolution (Fig. 4.8). 

Figure 4.8 Morphological analysis of Thephro cactus 

The plant studies in this project focuses on analyzing the impact of humidity and temperature 
on the form, color, or any other physical change on this plant. Microclimate sensors collected the 
actual data in different situations with different humidity and temperature. The study started on 
December 1st until February 21st with three plant samples. One of the observations in a study is 
about changing the color of one of the cacti that remained in a transparent box under extreme 
humidity (Fig. 4.9). 
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Figure 4.9 Collecting real data and observing the behavior of cactus 

5 Design Proposal 

The design proposal is a multiscalar response to this research's main questions about how 
microscale strategies can be a solution to a macro-scale crisis like climate change that affects 
public health. This proposal focuses on human scale design that can be adaptive to the 
environment. The main reason for this proposal is to protect and improve public health by 
designing a face cover that can protect humans from climate crises like sand and dust storm. 
Natural systems like the air movement pattern and environmental parameters like the air movement 
pattern are the primary inspiration source for designing the form of the face cover.  
5.1 Sensing, computation, and actuation  
The concept of responsive spaces is dependent on the synthesis of various components such as 
computation, sensing, and actuation. In order to respond to stimuli, these components must be 
combined in a manner that is both predictable and non-destructive (Schleicher 2011). 

Humans use sensors to receive specific signals and send those signals to a processor, the human 
brain. Human-made sensors act in the same way, but in most cases, these components can only 
receive certain kinds of signals, such as audio and temperature. Human life has a strong bond with 
different types of sensors such as microphones or cameras, but with the integration of architecture 
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with science, especially with mechanical sciences, sensors can be seen in different aspects of 
human life. For example, the buildings equipped with sensors made the built environment giant 
robots that interact with its environment. This limitation with one-dimensional sensors brings up 
the concern to improve the sensors' potential to be more accurate and diverse.  

The processing of converting inputs to a desire answer or output is known as a computation 
process which works through different algorithms. Computation process can enable the system to 
implement the exact same actions regardless of the relationship between the inputs and the outputs. 
This model is referred to as a responsive system. By increasing the capacity of computational tool 
that can map all the signals process it through diversity of tools and methods have enabled 
architects enhance the design process and expanding the boundaries of design which provide 
potential of efficiency and adaptiveness  

A responsive space actuator is like a muscle. It is a physical manifestation of transformation, 
and it receives its information from its output. The concept of a responsive environment is often 
compared to a machine-systems model. This model refers to a space that has a processing system 
and a sensor system. It is considered a smart space that has intelligence. Today, the word "smart" 
has become synonymous with the word "computer." Instead of focusing on the computer, Mark 
Weiser argues that the ideal responsive environment should instead be focused on the human 
experience (Helal 2005, 50-60). 

In this vision, natural systems are represented by the separation of information and matter. The 
interfaces between these two are still very much separate (Helal 2005, 50-60). 
5.2 Changing places 
Architect Michelle Addington explained that static architecture is what makes it possible to enter 
this architectural state. It is a state of being static (Kretzer 2017, 56).  

The permanence of buildings is influenced by the Modern movement, which gave the architect 
complete control over their design. This gave them the ability to create a perfect image. “Inherent 
to the Modern movement is the German idea of gestalt — totality. It is Bauhaus. It is a terribly 
powerful word that was interpreted by architects as the power to determine every detail of the 
building. And you cannot touch anything once it’s there.” Architects of this persuasion want your 
light switches and toilet stalls, desks, and fire stairs to reflect the same pervasive aesthetic as the 
roof line and lobby. If your life is out of sync with that, too bad” (Brand 2012, 114-64). 

The second-fold effect of architecture during this time was that buildings became completed 
artifacts, which were not only considered finished but also functional. The preference for image 
over needs was the main factor that led to the privatization of architecture (Bachelard 1969, 116). 

“Architects think of a building as a complete thing, while builders think of it and know it as a 
sequence hole, then foundation, framing, roof, etc. The separation of design from making has 
resulted in a built environment that has no ‘flow’ to it you simply cannot design an improvisation 
or an adaptation” (Brand 2012, 114-64). 

Static spaces are easy—they are easily controlled. But the transition from a static to a process 
architecture means relinquishing full control from the architect and allowing for buildings to be 
shaped by external forces: “Buildings have lives of their own. It is a search for an architecture that 
is not finite upon completion but can be changed by context—an architecture of the human 
(Kretzer 2017, 54). 
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5.3 After static architecture 
Architect Kaser Oosterhuis believes that the built environment should be constantly evolving in 
response to the needs of people (Source). This concept is referred to as hyper bodies, which can 
become dynamically programmed to change their physical shape and content in real time. This 
approach considers the various factors that affect the dynamics of living, such as time and 
temperature. It then constructs a system that responds to these changes through its environment. 

A responsive environment is one that responds to changes in its environment. It can also trigger 
behavioral responses such as temperature and humidity. These spaces have different features and 
can physically change in repose to a stimulus or adapt to the social lives of human and evolve or 
transform its characteristics. This concept is referred to as responsive environments. They are 
systems that respond to the environment's changing state through their actions and behavior. 
5.4 Experimental studies on morphology 
Design process and mimicking the shape of the Thephro cactus, the form designed by capturing 
and 3D scanning the form of the Thephro cactus and projecting the pattern on a simple surface. 
This study is a process for understanding the morphology of a plant in a hot and arid region that 
develops a morphology to adapt to a harsh climate (Fig. 5.1). 

Figure 5.1 Process of mimicking the shape of Thephro cactus 

5.5 Environmental studies, sun and radiation analysis 
The second part of environmental studies in this research is about analyzing sun and radiation 
analysis. The simplified shape imported in Grasshopper to have sun and radiation analysis with 
Ladybug plugin based on the closest environmental information such as weather data (EPW file) 
around that urban area in 21st of March, June, September and December 2020 (Fig. 5.2). 
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Figure 5.2 Sun, radiation and air movement pattern analysis 

The radiation analysis compares forms in different time period in Nogales, AZ. The number of 
radiations on each surface in this time period shows that by increasing the noise of the pattern the 
surface receives more radiation and by decreasing the noise the surface receives less radiation even 
in comparison to the simple surface (Fig. 5.3). 

 
Figure 5.3 Air movement analysis on human body in urban context 
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5.6 Experimental studies on wearable morphology and the human body 
The environmental study in this step focuses on air movement patterns in an urban context with 
human and face cover presence. The wind speed domain is between 2 m/s to 35 m/s. The Dark 
blue around the objects presents the slowest speed of the wind and stagnation and circulation zone 
where the speed decrease significantly. The density of air particulate matter increases where the 
speed of sandstorms decreases. Based on this behavior, the smaller particulate matter remains at 
the human height level for a longer period. The CFD analysis presents the air movement speed 
with gradient color from blue (lower speed) to red (higher speed). Therefore, the blue area is more 
dangerous for the presence of human health (Fig. 5.4). 

 
Figure 5.4 Wind speed and air movement pattern analysis in the urban context 

5.7 Experimental studies 
The final design process continues to study the shape and morphology of the natural system in hot 
and arid regions on a human's scale. The design proposal focuses on the hot and arid climate and 
is inspired by the natural system in this biome. This research aims to protect humans from low air 
quality, especially in the Sand and Dust storms season in an urban context.  

Since the dust particle remains in the air at the height of the human level, people need to protect 
themselves by a temporary space with dynamic features—the face cover acts like a space designed 
for the human body. It is like a designed interior space in a building or public space in an urban 
context but in the scale of humans that change dynamically based on human need and 
environmental condition. The environmental situation, especially the quality of air, can change 
unexpectedly and affect human health. Therefore, space design can be dynamic and temporal, like 
the way that the weather change. 

The first step for designing the face cover was to learn the geometry and range of movement 
of the human's head. The base surface was designed to develop the face cover geometry based on 
natural systems and environmental studies in this process. The next step is to learn how to mimic 
and abstract the morphology of the Tephro cactus. The method for designing this surface is to 3D 
scan Thephro cactus's skin, simplify it based on simple surfaces, and project the simplified pattern 
on the external surface designed based on the human head and surface geometry. The physical 
model was fabricated with 3D Printing methods and polylactic acid (PLA) material (Fig. 5.5). 
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Figure 5.5 Study the morphology of the plants on human body 

5.8 Design process 
Designing the face cover tries to show the methods and process of designing for the human body 
scale. Environmental parameters like air movement patterns around the human face play an 
essential role in finding the form. The primary process is collecting data about environmental 
information and natural systems and the urban context (Fig. 5.6). The first step for finding the form 
this body covering follows the movement of the air around the body. The design process tries to 
understand how creating the form could be adapted to the environmental features like air 
movement and density of air particle matters to protect the human body from air pollution. 
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Figure 5.6 Design the wearable face cover based on the air movement 

The head cover was developed based on the geometry of human body, the range of movement 
of the human head. The integration of the microclimate sensors also play an important role in 
shaping the form of the head cover, which is considered in this design (Fig. 5.7). 

Figure 5.7 Developing the morphology based on the geometry of human body 
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Figure 5.8 Final face cover design 

5.9 Conclusion 
The wearable design proposal in this research is multiscalar in response to climate issues and an 
approach toward adaptive design. These technologies aim to present bottom-up and top-down 
strategies for future design on different scales. Human plays the central role in this proposal 
because humans are the prominent users of the built environment. Human behaviours and activities 
are one of the main reasons that cause environmental issues. In this era that we are facing climate 
issues usually designer responds to the result of human behaviour like air pollution, rising 
temperature, or sea level. However, this design proposal tries to respond to the source of the 
problem, which is human behaviour. Wearable technologies involve the human agencies for 
deciding for future design, improving the quality of life and social values.  

Technologies like microclimate sensors can help design the first variation of wearable 
technologies that can track and collect actual data, monitor the context situation, and provide 
helpful information for designers and planners. On the other hand, these data can help the evolution 
process of wearable technologies to be more efficient and make rational relation between human 
body, mind, and technologies which can improve the human and social life in all extend. 

In the future, wearable design is not just an interface for collecting data. However, it should 
have extended objectives and meaning that play valuable roles for social and individual life. Except 
collecting data that can be more accurate and diverse in the future, it becomes a more convenient 
part of our lives that can help us face spontaneous problems in the built environment. However, 
some obstacles must be overcome in design for wearable technologies to achieve their full 
potential. One of the obstacles for these human-scale technologies is the materiality of this 
wearable. Because it is a technology that should protect human health, the material should be 
soothing that only align with human health parameters but also be sustainable in the environment. 
Personal privacy about these data has become one of the essential concerns for people. Also, the 
accessibility of these designs could provide social and environmental equity.  Despite the above 
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challenges and obstacles, various studies on sustainable wearables will need to be carried out to 
solve the above issues. 

6 Future Research 

Based on all the multiscalar research and background studies this research finds out important 
subjects’ potential future studies that seems necessary for developing this research. The future 
studies are divided in three main categories such as urban, natural and environmental studies. 
6.1 Urban studies 
Urban studies help understand human values, development, and the interactions they have with 
their physical environment. One of the most important studies that can make this research more 
valuable and practical could be analyzing the urban context and finding the urban area's potential 
for pedestrians' presence and how the air helmet could work in an urban context (Fig. 6.1). 

Figure 6.1 Find potential zone for face cover stations 

The face cover could be part of the urban furniture that is accessible to all people, such as 
public transportation, public bicycles owned by an organization that provides different services for 
the citizens who want to use them. Therefore, designing and finding this face cover in a city could 
be a public element that is accessible to all people and could provide social and environmental 
equity for a society (Fig. 6.2). The most crucial question for studying the potential of the urban 
context is that who should own the face covers? How people can have quick access to this element, 
and what is the potential zone to have a station which is accessible to all people. 



52 

Figure 6.2 Face cover station in urban context 

6.2 Natural systems 
This research studied one of the endemic plants in hot and arid climates. This plant's morphology 
and behavior were studied in a controlled situation by considering the humidity as a variable. 
However, it is essential to study other environmental parameters such as the sun and radiation in a 
more controlled situation. Also, natural systems provide lots of information about the adaptive and 
accessible material in a region. Therefore, studying the materials are essential, and the central 
question in this regard could be how the material could shape the form of the face cover? 
Alternatively, how the material could help to protect human health. How the natural systems form 
the behaviors to physical feature could provide new strategies to design an adaptive buildings or 
urban environments. 

Design in the scale of a building can be based on the interscalar relationships. In nature, these 
adaptative plant systems respond to a complex challenge, showing inherent traits that allow for 
adaptation to climate change. It can present spatial form and geometry that is responsive to various 
thermodynamic criteria, the system scale in correspondence with morphological manifestations 
for metabolizing energy flows, and material scale conditions applicable to enable the intended 
modes of energy metabolisms. The design of urban environment can be inspired by desert nature 
that should be adapted to high temperature and less humidity. This space comes into existence by 
the interconnection of sub-courtyards which connect the lower floors and create a horizontal axis 
for the project. While shredding the scale with swollen/cut cubic volumes, it generates deep 
shadows and makes its middle open spaces livable and experiential (Fig. 6.3). 
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Figure 6.3 Multiscalar design based on natural systems 

One of the potentials for future studies is about improving the design of the face cover. The 
material, accessibility, and cleanability of material are among the most important subjects that 
should be considered essential parameters that shape the form of the face cover. This research 
focused on the influence of the air movement pattern on designing the face cover, but the 
integration of all environmental parameters seems vital in designing the face cover, which 
improves public health and provides more comfort for humans in an urban context (Fig. 6.4). 

 
Figure 6.4 Developing the morphology of the face cover  
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