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Abstract:
As climate change continues to increase, the way we are planning and building our cities

needs to be reexamined, especially in places that have been affected by it. One of these regions is
the southwest region of the United States which is considered one of the most affected regions by
climate change behind Alaska according to the National Climate Assessment (2013). The area
has been witnessing prolonged heat waves, drought, and wildfires. This thesis aims to study one
of the primary urban locations in Tucson, Arizona, Congress Street, in terms of how the urban
geometry affects the microclimate and thus affects the outdoor thermal comfort level. It also
compares how accurate simulation weather tools are to real-world field data.
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1.Introduction:
1.1. Problem statement

1.1.1. Climate change:
Climate change is the increase in global temperatures due to the high level of carbon

dioxide trapped in the atmosphere and that results from burning fossil fuels like coal, oil, and
gas. The global climate always had natural variability, but since the 1800s, human activities are
the primary reasons for the extreme shift in the normal changing pattern.The Earth is now about
2 °C warmer than in the late 1800s. Due to this shift, many natural phenomena are happening
including rising sea levels, floods, droughts, wildfires, and changes in the ecosystem. Figure 1
shows the changes that happen to the global temperature from the late 1800 to the 1970s and
2018. (Perkins, 2019).

Figure 1:  Nasa Images showing (Perkins, 2019. Global Temperature Anomalies from 1880’s to1970’s ,and 2018)

In the Paris agreement that took place in 2015 to address climate change, world leaders
had agreed to set a goal that global temperature for this century will not pass the 2°C with an
ambition to limit the increase to 1.5°C, by United Nations, 2015. This would help to avoid the
impact of climate change and keep the world safe in a livable climate. However, studies show
that based on the current situation of national climate plans, the earth temperature will reach
2.7°C by the end of the century.

Not only does climate change affect the natural environment, it also affects our health,
clean air, safe drinking, safety, and food, (World Health Organization, 2021). People around the
world are already more vulnerable to climate impacts.The people who live in small islands and
other developing countries in the global south are already facing big challenges, phenomena like
sea-level rise have caused whole communities to relocate. As the problem continues to rise, it is
expected that the number of “climate refugees” will rise in the future, (United Nations, 2020)
.

The United States (US) is not exempt from this problem. According to the National
Climate Assessment, the southwestern part of the United States has been witnessing the highest
increase in temperature in decades. US deserts show the largest temperature changes
(1901–2010) apart from Alaska. This increase is not only affecting wildlife, but many other areas
such as energy consumption and thermal comfort which is leading us to think about the built
environment and sustainability.
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A study looked at US Global Historical Climate Network archives to analyze the data
that was collected from twenty-five temperature stations with 68-year records (1950 to 2018) in
Las Vegas, Yuma, Phoenix, and Tucson. The results show that urban and rural sites show an
astounding rate per year change among sites ranging from −0.01 to 0.05 ◦C for maximum
temperatures and 0.01 to 0.11 ◦C for minimum temperatures (−0.8 to 3.2 ◦C, and 0.8 to 8.0 ◦C for
the entire period), Brazel (2019).

.

Figure 2: Map showing the stations that are used to collect data, Source: ( Brazel, 2019).

Figure 3: Tokyo skyscrapers view which is described as over urbanized by The Times. Source: (Michael, 2019)

1.1.2. Urbanization:
In general cities have been growing in the past two centuries, cities like New York,

Tokyo, and Seoul, (Figure 3).  In 2016, it was estimated that 54% of people live in urban
settlements, (The World’s Cities in 2016, UN). According to the United Nations, the world’s
population is expected to be 8.5 billion by 2030. With this growth and the connection between
climate change and urbanization, looking back at what we think of as cities should be
reconsidered. Urbanization is a term that is used to describe two things that are different but
related. The first thing it represents is the dense population who live in fixed places and engage
in non-agricultural activities. Secondly the term urbanization suggests the extreme changes that
happen to the natural environment. Things like flattening the land, managing the natural stream
channels and the deterioration of vegetation, Stewart, & Mills, G. (2021).
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1.1.3. Microclimate\ Urban heat island:
Microclimate is an important element of open spaces created by urban geometry, the

materials used, tree coverage, and human activity. With the rising problem of climate change, it
has become important to understand how geometry affects microclimate and to analyze how
thermal comfort is affected.

Urban heat island (UHI) is the result of global urbanization. “The UHI is characterized by
an island of warmer near-surface air temperature centered on urbanized landscapes and
surrounded by progressively cooler air over suburban or rural areas.”, ( Khan, Chatterjee, and
Weng, 2021).The difference between UHI and microclimate is that UHI is larger in terms of
coverage area and size while microclimate can be a component of the total UHI  and can exist
regardless of the urban heat island  as can be seen described in (Figure 4).

Studying the climate in such a small scale can help understand how the urban geometry
might affect the climate within a smaller scale that can be controlled, redesigned and improved.
It also will help understand how the occupants of that environment are doing in terms of health
and comfort which can range from causing them health issues to affecting their performance in
work.

Figure 4:  Showing the 4 different scales of  urban heat island / Microclimate. Source: El-Bardisy, Fahmy, G.F. El-Gohary, 2016)
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1.2. Area of Study:

Figure 5: Map showing Tucson, Arizona. Source:(“WIKINEWS

Tucson, Arizona, is located in the southwest of the US, close to the border with Mexico
(Figure 5). It is the second-largest metropolitan area in Arizona after its capital, Phoenix and the
largest in Southern Arizona, (Arizona demographics) The city’s population is estimated to be
around 545,987, and the metropolitan region is almost 1 million, (US Census, 2021). The
Southwest is the most arid region in the US, with most of its land part of the Sonoran Desert.

The city has witnessed increased growth in the last four decades Figure 6 and 7.. Tucson,
in the 1980’s had over half a million people (Bufkin, 1981). It is considered one of the top 40
populated cities in the United States, with 50% of people in Arizona living in Phoenix and
Tucson. The reason for this urban expansion is in part the automobile, that was first introduced in
1899, which shaped most of Tucson at that time, and still one of the causes of urban sprawl.

Figure 6: The  urban growth of the city between 1996 and 2011. Source: ( Urban Growth in Tucson, NASA, 2013)
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The urban growth of the city is primarily shaped by the automobile (Figure 7). However,
the city has been witnessing change in recent years and has more walkable infrastructure. The
city has also been trying to increase the green coverage, (Bufkin, 1981).

Figure 7: Images showing Tucson Urban growth in 1862 and 1883. Source: (Bufkin, 1981)

2. Literature Review:
In this section several studies were reviewed and summarized according to their topic,

findings, and methods.

2.1. Urban Form effect on microclimate case studies:
There are many elements that affect what urban form means. Figure 8 shows a study that

discusses that  urban areas create different microclimates due to four factors: vegetated surfaces,
human activity, heat storage, and canyons. In Osaki 2017, urban effect was caused by the
increase and decrease in air temperature values and the speed and direction of wind. Finally,
(Mutani, 2020), talks about the meteorological factors like wind speed direction, humidity and
cloud cover. Also, the city design such as density of built areas, aspect ratio, sky view factor and
construction materials.

Figure 8: Different factors that produce different  microclimates. Source: By (Osaki, 2018) and (Levermore & Cheug, 2012.)
visualized by the author.
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2.2. Oke model height and width:
The Oke model refers to a study conducted in 1981 to analyze the relationship between

urban geometry and microclimate. It analyzed the urban geometry based on the  height and the
width ratio. The study used a wood model with sensors with different variations in height and
width ratios. The results showed a connection between the two. However, this case was only an
experiment using wood models, (Oke, 1981). In another study by Nakat and C. L. De Souza,
2013, the H\W ratio model was used again to measure the effect of the nocturnal heat island
(NHI) in a real-life case study to find how the two are related. The results showed urban
geometry does have an effect on (NHI). The H\W  ratio can be divided into four variations
depending on the height of the near wall and width  between two walls 1.Height is double the
width 2.Height equal width 3. Height 2\3 the width and 4.Height twice the width.

2.3. The effect of urban form on microclimate and thermal comfort:
Case study 1: Building clusters and shading in urban canyons for hot dry climates
Location: ElOued, Algeria

This study compares two types of urban form in the city El Oued, Algeria which has a hot
arid climate. One site is traditional and the other is a contemporary site (Figure 9). The main goal
is to analyze the relationship between urban canyon geometry and direct solar radiation.
Specifically, the study looks at the effect of buildings height and streets width and the shading
caused by them on surfaces. To understand the solar radiation more, different orientations for the
canyons on site were chosen to be examined.

Figure 9: The image showing the Tradition site and contemporary site. Source: (Bourbia, & Awbi, 2004)
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Methodology:
Site study:

The two sites that were chosen, both for the traditional form and contemporary urban
form, were in residential areas. They were chosen to avoid the  heavy traffic that might affect the
results. Also there was no vegetation on the site since the study was focusing on the H\W ratio
and solar radiation. The surfaces and the air temperature
data were collected from places like
walls and different ground surfaces.
Results:

The most important characteristic of the built form
of the traditional site at El Oued, Algeria is that, at
at any given time, only a small proportion of the
buildings are exposed fully or directly to the
intense solar radiation during summer unlike the Figure 10: Showing the Sun arrays. Source: (Bourbia & Awbi, 2004)

contemporary site which is exposed to sun all day ( Figure 10).
Thus, there is a big correlation between the street geometry, sky view factor and surface
temperatures.

Case study 2: The Influence of Street Geometry on Building’s Energy Consumption
in Different Climate Zones.
Locatio n:China

This research studies the influence of different street geometry towards reducing the
energy consumption in buildings by utilizing building energy simulation software. This finding
determines that the optimum street geometry will be different in these climate zones. The
designers should consider such differences before doing architecture or urban planning
work. This research will also provide some suggestions and recommendations to the
energy-efficient community design based on the findings.

Methodology:
Site study:

In this research, the building energy simulation program eQUEST was used as the
simulation tool.  It is an interactive DOE-2 windows interface program. It has also an added
wizard and graphic displays. It has been used regularly in the development of U.S. energy
conservation standards by the Department of Energy (DOE). In addition to that the American
Society of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE) uses it too.

14



Results:
In different climate conditions, the different street geometry has a different influence on

building’s energy consumption. This influence is quantified in this research. It is found that in
three climate zones – Beijing, Shanghai and Guangzhou, the energy consumption of buildings
changes according to different H/W ratio of buildings (Figure 11 )(Wang & Elnimeiri, 2012).

Figure 11: The plan and elevation of the simulation models used in the study with different H\W ratio. Source: (Wang &
Elnimeiri, 2012)

Summary:
Urban geometry does have an effect on microclimate thus affecting outdoor thermal

comfort and energy consumption as the second case study conducted in china shows. Both case
studies used different sites to examine the effect on urban geometry.

2.4. Methodology Case studies:
Case study 1: Microclimate development in open urban spaces: The influence of
form and materials, 10 November 2014
Location: the city of Thessaloniki, in northern Greece

This study examines the influence of urban form and materials on the creation of
microclimate. The study was conducted in two stages in six different urban spaces such as parks,
squares and courtyards (Figures 12). The study also examined 10 different ground surface
materials which are asphalt, concrete, marble, granite, porous stone, cobblestone, ceramic tiles,
gravel, grass and water (figure 13).
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Figure 12: A map showing the location of the 6 six spots in the city of Thessaloniki, Greece. Source: (Chatzidimitriou &
Yannas, 2015).

Figure 13: A map showing the surfaces that were monitored in the study. Source: (Chatzidimitriou, & Yannas,, 2015).

Methodology:
To do the study, data calculation was divided into two stages. The first stage was an

exploratory measurement in the locations A, B, C, D, and E,  measurements were taken over a
period of 11 days in mid-summer ground surface materials, vegetation, water and shading
canopies. The second stage was an additional measurement that was done over 7 days in July and
August at locations A, B, C and F to confirm several preliminary observations.
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Results:
The measurements showed that there is a significant difference between the material

surface temperatures. The difference caused by material properties and the effects of vegetation
and shading. Materials did not vary significantly with the exception of shaded grass and
courtyard floors, which are partly shaded by surrounding buildings.

Case study 2: Effect of the surface temperature of surface materials on thermal
comfort: a case study of Iskenderun (Hatay, Turkey), January 2021
Location: Hatay, Turkey

This study examined the temperature surfaces of a park located in the urban area
Iskenderun of the coastal city Hatay, Turkey (Figure 14). The study was done over 3 stages in
July 2019 one of the hottest months of the year.

Methodology:
Three stages were taken to conduct the study.  The first stage was a review for studies

related to the subject. The second stage of the study, included points that needed to be measured,
these were selected and the surface temperature were measured. In this stage all the materials
used in the park’s ground were measured and processes were repeated several times. The
measurements were done on hard floors, a sitting unit (bench), a bridge, water surfaces, plant
surfaces (shrub, groundcover, and grass), and grass surfaces (group use and solitary use). The
measurements were done 5 times during July using an infrared thermometer (TFA
ScanTemp330). Collecting data was done between the hours of 12:00 and 13:00 three times from
a height of 150 cm from the surface.The final stage of the study is the stage in which the data
collected are evaluated. A map (GIS) using ArcGIS 10.5 software was created to show the
ground temperature and then modeled using the Kriging interpolation method.
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Figure 14: Image showing the study location. Source: (Bozdogan, Kaya, Adiguzel, Cetin, Gungor, Cetin, & Dinc, 2021).
.
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Figure 15: Showing the temperature of the different surfaces.  Source: (Bozdogan, Kaya, Adiguzel, Cetin, Gungor, Cetin, & Dinc,
2021).

Conclusion:
The study found that hard surfaces such as concrete, asphalt, and parquet reduce

thermal comfort. However, materials that are plastic-based surfaces coating such as rubber, cast
rubber, and artificial grass have a very high temperature. Trees, water surfaces, grass areas and
plant surfaces increase the thermal comfort in urban areas (Figure 15).

Case study 3:  An investigation of the influence of ground surface properties and shading
on outdoor thermal comfort in a high-altitude residential area, December 2020
Place: China

This research looks into how the outdoor thermal environment in  high-altitude plateau
climates is affected by the ground surfaces and shading properties. The data were collected
during the summer and winter in a residential area in Lhasa, Tibet. The study found a positive
correlation between sky-view factor (SVF) and physiological equivalent temperature (PET)
during winter. Where there is no natural shading such as trees, there is a negative correlation
during summer.

Methodology:
Data collection was done during sunny days in winter and summer. The winter date was

taken on December 26, 2018. The measuring time is 9:00 am to18:00 pm local time. The
summer data were taken on  6 and 7 August 2019. The measuring time is 9:00 am to19:00 pm.
Location 1 was selected as a control location. Location 1 had no shading and because the ground
surface of location 1 is similar to the ground surface of the shading locations 5-7. comparisons
between location 1 and locations 5-7 largely was avoiding the effects of different ground
materials (Figure 16).
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Conclusion:
In a high-altitude cold climate, PET in winter is mainly affected by air temperature. Both in
winter and summer solar radiation has a significant effect on people’s outdoor thermal comfort.
PET in winter is positively correlated with SVF, while PET in summer is negatively correlated
with SVF in locations without natural shading.

Figure 16: The site and the different spots in the location that were examined. Source: (Chen, Zhang, Han, & Li, 2021)

(Both studied used Field data collection to measure surface temperature and air temperature)
Summary for the to case studies:

From the literature reviews, Urban geometry has significant effects on microclimate and
outdoor thermal comfort. Also, the material surfaces and vegetation do contribute to
microclimate and outdoor thermal comfort. This leads us to the purpose of this study. With the
rise of climate change, How Tucson’s Downtown is doing in terms of microclimate and
outdoors comfort, and how much we really are using the right tool to design for both of them.
3.  Research quotations and hypothesis:
Q1: How does urban geometry affect the microclimates in Congress Street, downtown Tucson,
Arizona?
Q2 : How does Congress Street’s  microclimates affect the outdoor thermal comfort?
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Q3: Is there any difference between the field data vs computational simulations?

Hypothesis
1- Urban geometry has an effect on microclimate thus it does affect the outdoor thermal comfort.
1- There is a difference between the field data and computational simulations.

4. Field data
4.1. Congress street’s locations:

Figure 17: The 3 locations that are examined in congress street. Source: By the Author using Google Map Street view and
Mapbox.comm

To measure the relationship between urban geometry and microclimate that have an
effect on outdoor comfort, Congress Street was chosen. Congress is one of the most famous
streets in Tucson, Arizona. Three locations were selected on the street with different urban
geometries, (figure 17). These locations are on the same street, making the variables more
controlled. The road uses the same type of tree and the same coverage. It also has the same
surface materials. These facts make examining how urban geometry affects the microclimate and
outdoor thermal comfort more controlled. The following Figures (18, 19, and 20) show the
characteristics of the locations.
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Sky view factor: Taken using fisheye lens on I-phone 11 above 1.50 M. Location 1 has 70%
exposure to the sky. Location 2 has 80% exposure to the sky. Finally, location 3 has 40%
exposure to the sky.(Figure 18)

Figure 18: Sky view factor for each location taking bu eyefish lenses from a height of 1.50 CM

Activities: The street has several activities, mainly related to dining and walking. The figure
shows the activity for each location: Location 1 is a Cafe. Location 2 is primarily a pedestrian
walking area with some homeless in the shaded side, and finally, the third location is a
restaurant.(Figure 19)

Figure 19: Each location had a main activity as shown in the graph
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Surface material: Surface material was examined. There are several materials on the site but
the main are brick, concrete, and asphalt (on the street) (Figure 20).

Figure 20: The location had 3 main type of surfaces

4.3. Work Plan:
The data were collected in two periods. The diagram below shows the dates for each day and
time period (Figure 21).

Figure 21: The diagram showing the duration and dates of the two rounds
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4.3.1 Workflow:

Figure 22: Diagram showing the steps that are were taken in the study

1. The diagram shows how the data that were collected from the field measurement will be
presented. From the Kestrel 5400's, dry bulb and relative humidity will be used to show
the outdoor thermal comfort using a psychrometric chart. Also, the surface temperature
will be analyzed using Excel (Figure 22).

2. Outdoor thermal comfort using computational simulation was compared to the collected
data, Rhino Grasshopper’s LadyBug software was used for this. The tool references an
EPW file that has Tucson’s annual weather data (Figure 22).
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4.3.2 Tools:

Figure 23: The tools that was used to conduct the study

Figure 24: The surfaces that were examined in congress street

Figures 23 and 24 are showing the tools and the surfaces that were examined.
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TFio analyze the sky view factor, a fisheye lens was used. It is a small lens that can be attached
to an Iphone.

Figure 25: Image showing the locations of Kerstales where they stationed

5. Results for temperature surfaces measurement:
The collected data of the surface temperature were organized in Excel files and visualized in
charts. Each graph shows the three locations in terms of the type of material and whether it was
in the shade or the sun. Add to that; the data were collected in two rounds. ( 1:00 pm to 5:30 pm
and 9:00 am and 5:30 pm). ( Figures 26, 27 ,28, 29, 30, 31, 32, 33, 34, 35, and 36)

5.1. Round 1(1:00 pm to 5:30 pm)

Figure 26: Shows the Asphalt surface for round 1 in the sun          Figure 27, Shows the Asphalt surface for  round 1in the shade
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Figure 28: Shows the concrete surface for round 1in the sun        Figure 29: Shows the concrete  surface for round  in the shade

Figure 30: Shows the walls  surface for round 1in the sun           Figure 31: Shows the walls  surface for round 1in the shade

5.2. Round 2 (9:00 am to 5:30 pm)

Figure 32: Shows the Asphalt surface for round 2 in the sun        Figure 33:  Shows the Asphalt surface for  round 2 in the shade
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Figure 34, Shows concrete surface for round 2 in the sun           Figure 35, Shows the concrete surface for round 2 in the shade

Figure 36, Shows concrete surface for round 2 in the sun          Figure 37, shows the concrete surface for  round 2 in the shade

Summary:
Round 1 (1:00 pm to 5: 30 pm):
Location 1: Showed a high temperature of asphalt and concrete both in sun and shade, (Figures
26, 27, 28, and 29). The walls were also heightened due to increased exposure to solar radiation
and the high sky view factor Figure 30 and 31.
Location 2: Showed also high temperatures. In the first hour, it was higher even than location 1.
After that, however, the trends started to get lower compared to location 1.
Location 3: Location 3 was the lower of the three locations and remained with this trend all the
time in the three materials.
The temperature in asphalt and bricks reached 60 °C. It was unexpected to see bricks get this
high, especially in the second location where the materials were shaded with covered sidewalk.

Round 2 (9:00 am to 5: 30 pm):
Location 1:
Location 1 is missing some data in the first 1.5 hour. However, The data shows that all sites
started almost similar, and location 1 started getting higher in temperature for all the three
materials.
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Location 2: There is a different trend this time. It seems that location 2's temperature gets hotter
sometimes than the first location. This might be caused by the change in the person collecting
data in this round. One thing noticed in the data collection process is that different spots for the
same material can generate different temperatures. The digital temperature gun would have
multiple readings if it were pointed to a different spot.
Location 3: Location 3 in this round also showed cooler trends than the other locations.

6. Psychrometric charts:
To measure the comfort levels, the Psychrometric chart web app from the blog Andrew
Marsh.com https://drajmarsh.bitbucket.io/psychro-chart2d.html / was used. It’s an open website
where you can use Psychrometric charts in a simple way.The Psychrometric chart can visualize
physical and thermal properties of moist air in a graphical form. It is used to aid solutions to
greenhouse gases or environmental problems. (Figure 39 and 40)

Elements of the Psychrometric chart:

Figure 38:Psychrometric chart detail Source: by Practical Hvac,“Understanding the Psychrometric Chart”

29

https://drajmarsh.bitbucket.io/psychro-chart2d.html
http://andrewmarsh.com/software/psychro-chart-web/


The data that were used to draw the chart from the data collected are relative humidity and Dry
Bulb temperature. Figures 39 and 40 shows the screen ghost of the Web App and the data that
was used.

Figure 39: The image shows a screenshot of the website. Source: (Marsh, 2018)

Figure 40: The data that was used to create the charts. Source: This screenshot shots are taken from the website by the author from the
Web App

30



Round 1 Location1:

Figure 41: Comfortable levels for (Round 1 Location 1)from: (1 pm to 5:30 pm)

-Location one remains in the comfort zone throughout the time period from 1:00 pm to 5:30 pm
(Figure 41).
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Round 1 Location 2:

Figure 42: Comfortable levels for (Round 1 Location 2)from: (1 pm to 5:30 pm)

- Location 2 starts getting uncomfortable around  2:00 pm ( Figure 42).
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Round 1 Location 3:

Figure 43: Comfortable levels for (Round 1 Location 3)from: (1 pm to 5:30 pm)

- Location three remains in the comfort zone throughout the time period from 1:00 pm to 5:30
pm (Figure 43).
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Round 2 location 1,2,and 3:

Location 3                                                                                  Location 2                                                                         Location 1

Figure 44: Comfortable levels for (Round 2 Location 1, 2, and 3) from: (9:00 am  to 5:30 pm) Part 1
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Figure 44: Comfortable levels for (Round 2 Location 1, 2, and 3) from: (9:00 am  to 5:30 pm) part2

Conclusion:
Location 2 is missing some data from 9:00 am to 11:00 am. The three areas started with

being comfortable in the morning. At 11:00 am, you can start to see location 2 and location 1.
The red dots move outside the thermal comfort green zone to the red uncomfortable. This trend
continues until you see at 1:00 pm location3 starts getting uncomfortable. Finally, the three
locations start to get comfortable around 5: pm. However, location 3 is still on the critical line
(Figure 44).

The 3rd location has the longest comfortable hours. The second location and first location
showed similar rates of outdoor comfort ( Figure 44). However, the first location was a bit more
uncomfortable . This might be due to the effect of the covered walk side in the second location.
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7. Design suggestions
1- Superblocks, Barcelona

Superblocks is a design project by Barcelona City Council with the collaboration of the
Urban Ecology Agency. Their goal is to design sustainable mobility, public spaces, and a reduced
ecological footprint by reducing car usage and creating free space for walking and bicycling. The
idea is to reduce the roads and create a block where cars can’t be used (Figure 45). Applying this
concept to Congress Street would help reduce the asphalt. The street’s asphalt in the data
collections showed the highest temperature. This will help with the thermal comfort and make
the pedestrians and the people who eat outside more comfortable.

Figure 45: Superblocks model. Source: :(Barcelona Architecture Walks, 2016)

2- Shaded sidewalks:
From the results it showed how the second location which is close to the bus’s parking

performed better due to the shaded sidewalk. If there is an activity like the activities in Congress
Street,  cafes and restaurants, shaded sidewalks for outdoor setting would be better. An example
shown in the image below (Figure 46).

Figure 46: Atlanta, Georgia, Cafe Intermezzo nice shaded setting.  Source: eventective, Cafe Intermezzo.www.cafeintermezzo.com
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Design proposal:

Figure 47 :design suggestions made by the Author

The design suggestions for future urban design in Tucson, Arizona, that also could be
applied on Congress street based on the data results are shown in (Figure 47). Top right, the
closing off the street will create a Superblock that allows the users to enjoy their times without
the excessive high temperature that was recorded in the data coming from the asphalt. In the
study, asphalt was the highest in terms of the temperature levels Figure ( 26, 27, 32, and 33).
This will increase the thermal comfort and make people enjoy their time. Top right middle and
right last, Future urban design should have to consider designing narrower streets to reduce the
sun exposure. This and the Superblock model will reduce the outdoor thermal comfort. Finally,
designing more shaded outdoor sittings for commercial buildings will also positively affect
users.
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8. Field data vs Computational simulations:
This section compares the collected field data to one simulation method that is often used in
design school\field.

Literature review:
Case study 1: A comparison between real collected data, Ladybug and ENVI-met

Figure 48: a comparison between LadyBug tools and Envi met. Source:( Elwy, Ibrahim, Fahmy,  & Mahdy, 2018)

There are many different computational simulations out there that can be used to measure
the thermal comfort performances of urban form. Two of these tools that are widely used are the
hybrid work flow of Ladybug tools in Grasshopper and Envi- met. The study was conducted in a
hot arid climate in Cairo egypt. The study compares the performance of the two with field data
measured by the HOBO-U30 weather station.

Results:
The results of the comparison of four meteorological parameters have shown minor error

percentages with nearly 90% precision. The study found that Ladybug Tools have no less
significance than other fully-integrated microclimate simulation engines. particularly for
consuming less simulation time, and their appropriateness for the iterated design processes and
simulation (Figure 48).
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Case study 2: On the Optimisation of Urban form Design, Energy Consumption and Outdoor
Thermal Comfort Using a ParametricWorkflow in a Hot Arid Zone

Figure 49:Three-block typologies that were used in the study. Source: (brahim, Kershaw, Shepherd, & Cole, 2021).

This case  study was conducted also in Cairo, Egypt. In this study, a parameter workflow
using LadyBug tools was used to examine two areas: the effect of urban form on energy
consumption and the urban form on microclimate. Three-block typologies (scattered, linear and
courtyard) were used to investigate the impact of changing the morphological characteristics of
them (Figure 49).

Results:
Results have shown a statistically significant correlation between the design parameters

and the performance indicators
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To compare the results that were found in the field data collection vs computational
simulation, LadyBug (grasshopper) was used to simulate Congress Street in the same days the
data was collected.

Figure 50 :Simulation for the first round 1 Date: 09\30\2021)

(The result shows that 3rd location is doing better in term of thermal comfort, Figure 50)

Figure51:Simulation for the first round 1 Date: 10\03\2021)

(The result shows that 3rd location is doing better in term of thermal comfort, Figure 51)
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9. Conclusion and future work:

In summary, the study looks into how urban geometry affects microclimate and outdoor
thermal comfort. The study was conducted in Downtown Tucson, Arizona, Southwest of The
United state of America, which is considered one of the affected regions by climate change in the
states after Alaska. The study was conducted on a famous congress street in the city. Three
locations were chosen on the street with different urban geometries to analyze its effect on
microclimate and thermal comfort. In the study, data regarding surface temperature in the three
locations were collected over two rounds with different periods. The first round was on 30th
September and the second round was on 3th oct of the year 2021.

The results show that location 3 had the most prolonged outdoor thermal comfort hours in
both rounds as predicted. This is due to the low sky exposure caused by the high rise. However,
unexpected trends in location 2 were found regarding the thermal level. Thus more investigation
is needed to understand the results that cause the uncomfortable levels between location 1 and
location 2.

The Study showed that Urban geometry does affect microclimate; in turn, it affects
outdoor thermal comfort. Both location 1 and location 2 have a high sky view factor (low
exposure to the sun). This contributes to the high temperature in both locations. There might be a
connection between the shaded sidewalk and the lower temperature that has appeared
unpredictably in location 2. Finally, the computational simulation done on Congress Street using
parameter workflow by LadyBug tools to compare the real world conditions showed similar
trends (Figures 50 and 51). However, it was more general. There was no difference between the
location 2 and location 1 in terms of outdoor comfort, unlike how the collected data showed.

Future works
The Future work could be focused on different types of urban geometry that have greater

variation . Also, the work could look into how different users in congress street, not only
pedestrians, can be affected and what their thermal comfort performance depends on what type
of clothes they are wearing and the activity they are doing. Finally, different times of the year can
show how the street generates different microclimates.

Limitation
The study faced several limitations.It was difficult to do the data collection for a long

period of time due to not finding enough volunteers to help.Also, the study was done in relatively
cooler weather than was typical because of the time of the course.
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Thank you!
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