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Abstract 
 

Public spaces to be functional and be usable for the public users it needs to be comfortable 

especially in being thermally comfortable within the space. The study of microclimatic 

characteristics of a certain area is essential in creating a user friendly environment for the 

users. The same lack of focus is noticed on the case area of this study Meskel square which is 

located in the City of Addis Ababa, Ethiopia. In relation with the microclimatic characteristics 

of Meskel square area, the main problem identified in this research is the lack of shade on the 

site for better usability. As the square is located in a warm and temperate climate and with its 

spatial arrangement, the exposure to harsh sun is high throughout the year. The only difference 

is the solar intensity level in the four seasons experienced, which are Kiremt or Meher 

(summer)–with heavy rain falls, Tseday (spring), Bega (winter)–with dry season and Belg 

(autumn)–with occasional showers and is the hottest time of the year. Therefore in this study 

the climatic element that affect the microclimatic comfort of Meskel square like temperature, 

wind and humidity were analyzed and discussed by using different tools like Auto desk Revit 

architecture, ECOTECT and solar radiation analysis tool. So, based on the finding from these 

simulations, it was clear to see that the square is not thermally comfortable with its exposure 

to sun throughout the days and that most regular activities on the square such as exercising, 

sitting and public gatherings are highly affected by it. Therefore the study finding shows that 

it is essential to provide a shading envelop to create thermally comfortable space for users. At 

the end of the study, it is recommended that shading envelop that responds to the microclimatic 

behavior of the site is essential, therefore design options were introduced to improve the 

comfort level of Meskel square.  
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1 CHAPTER ONE 

            INTRODUCTION 

1.1. Background of the study 
 

A public space can be a gathering spot or part of a neighborhood, downtown, special district, 

waterfront or other areas within the public realm that helps promote social interaction and a 

sense of community. It may include green open spaces – such as green areas, public 

playgrounds and parks – or non-green public spaces – including squares and open areas of 

public facilities including public leisure building which can also be considered as a public space 

but has one or more functions in the building. This spaces are meant for recreational, aesthetical, 

and ecological purposes and that the public is entitled to have free access to them. They are 

often protected by law and cannot be occupied by infrastructural, residential or other 

development changes that are made in the city.  

The characteristics of any public space have much to do with its historical timeline, but its 

construction doesn’t always coincide with a single historical period. Overtime, squares, parks 

etc. develop in one way or another, layer upon layer. Therefore, the time or event that has 

generated, ordered or reformed them deserves special attention. Also other character is being 

enclosed by a wall, in order to define their scope and to differentiate amorphous spaces without 

a specific destination and mostly the defining factors are public buildings. Public spaces can 

be multifunctional for different activities like events, ceremonies, entertainment etc. are shared 

in this places.  

The other characteristics of a great Public Space include: Promotes human contact and social 

activities, comfortable, safe, welcoming, and accommodating for all users; it has design and 

architectural features that are visually interesting which promotes community involvement, 

reflects the local culture or history, relates well to bordering uses, it is well maintained and has 

a unique or special character. It is also credited with helping to activate the surrounding 

neighborhood by spurring redevelopment and drawing in restaurants, galleries, and shops. 

In the case of Addis Ababa, as cities became rapidly industrialized, public spaces also became 

gradually more diminutive. The only public spaces available are the streets, street joints, 

unplanned left-over spaces which are usually reserved for future building projects and few 

parks or squares which some don’t have free access. The low attitude towards open public 

space in the city, both in the public and private sector, has resulted in the diminishing of existing 

open spaces as well. With this, the main breathing spaces of the city are extinct. Even though 
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the city also needs proper urban open spaces and green parks that serve the public as an escape 

from there busy life in the city, the priority given to the issues around these space in the city is 

low.  

“The lack of designated public open space, with the exception of Jan Meda and Meskel Square, has 

also become a serious challenge for the city. The wellbeing of urban dwellers is dependent on open 

spaces that are reserved and designed for parks, sport activities and public meeting places. The open 

spaces that the city took for granted in the past are quickly disappearing. As city planners build higher 

buildings and density increases in the city, the need for green open spaces becomes more pertinent… 

this state of affairs will result in a city that looks developed but will not properly meet the needs of its 

people.” (F. Ghiorgies, December 2012). 

Addis Ababa being the capital city of Ethiopia, it consists the majority of the population with 

4,793,699 according to the population study on 2020 with annual growth rate of 4.37%. It is 

also a home for many public museums, national libraries and Historical places. Meskel square 

is one of the notified squares in the city. It is a place where different activities daily, 

occasionally and annually takes place and have historical functions. It can start from being a 

site for public gathering or for demonstrations and festivals also it is often used for other secular 

purposes. Concerts, parades, car races, and various other government and public events are 

held there including political parties often hold rallies in the square. Part of the public 

ceremonies surrounding the re-burial of Emperor Haile Selassie took place in the square as 

well. The annual "Great Ethiopian Run" passes through Meskel Square. The site behind the 

Meskel square is as important to the public as the square itself. It is a site which holds so many 

public functions such as the Addis Ababa Museum, St. Joseph school, the exhibition center, 

cafes, restaurants and hotels. 

Architecture and space 

Architecturally Meskel square can be categorized as an amorphous shaped design of space. It 

is largely open toward the north side facing the building in front of it and the newly built railway 

going from “Ayat” to “Torhayloch” and the other way around. The square has around 350+m 

long stepped amphitheater curve with 54 steps on the longer side, it incorporates pedestrian 

walkways. Also as shown on the Figure 1.1, there are curb stone seats, which were design 

during the imperial era with all the square design and were used as a seat for very important 

peoples or governors and the leader to sit on the urban podium building, which is located 

opposite side of the square across the street. 
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Figure 1.1; Spatial description of Meskel square 

The square is surrounded with differently categorized architecture that gives its own character 

to the place. It also have an effect on the view from the square since the user can see varieties 

of buildings in all directions. But majorly from all the building around the site Estifanos church 

and the urban podium have both the historical and visual connection with Meskel square. 

Figure 1.2 shows the surrounding buildings that surround the square. 

. 

Figure 1.2; Surrounding buildings around Meskel square 

3500+ cm 

20 cm 
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1.2. Statement of the problem 

Peoples tend to spend time outside doing varies activities, where landscape architects and urban 

designers strive to design places that encourage these kinds of activities, places where people 

want to spend their time. However, their designs often focus on such elements as physical 

attractiveness, functionality, and composition. These are all important, of course, but without 

one invisible, intriguing component of the landscape they are doomed to failure. Unless people 

are thermally comfortable in the space, they simply won’t use it. Although few people are even 

aware of the effects that design can have on the sun, wind, humidity, land air temperature in a 

space, a thermally comfortable microclimate is the very foundation of well-used outdoor places.  

The same problem is noticed in the case area of this study, Even though Meskel square is the 

only open space designed for its purpose and is the only place recognized by the city 

administration as plaza, it is not being utilized at its full potential. This is due to the lack of 

architectural features that should be included in open space design.  

As that being said, Figure 1.3 shows that, the major architectural issue that keep peoples from 

using the space on day time is its lack of shade. Here in Ethiopia there are more sunshine 

months in the year, which makes most of daytimes to be filled with harsh sunlight. And as this 

site being as open as it is, the chance of it being affected by harsh sun is high. This makes the 

space to be less used on day time and force users to not visit the site whenever they want.  

 

Figure 1.3; Illustration of factors affecting Meskel square  
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1.3. Objective of the research 

 

General objective: 

To increase the usability and functionality of Meskel square by introducing shade mechanism 

that doesn’t affect the visual connection of the square with its surrounding environment. Also 

show the benefit of such enhancement to formulate a different methods of design approaches 

to create space that is user friendly. By synergizing people’s needs, effectiveness and 

sustainability of open spaces with multiple architectural solutions.  

Specific objectives: 

1. To observe the effect of lack of shade on Meskel square and users thermal comfort. 

2. To help understand the value of providing shade mechanisms on the site. 

3. To determine a design approaches to solve issues related with harsh sun exposure. 

4. To propose a design option for shade envelops using Advanced Architectural solutions. 

1.4. Research Question 

Main questions 

What are the advanced and sustainable architectural approaches in creating comfortable 

outdoor environment in relation with harsh sun exposure? 

Specific questions 

1. What is the microclimatic comfort characteristics of Meskel square and its effect on 

the users and its functionality or usability?   

2. What are the considerations in designing shading envelopes for open spaces like 

Meskel square? 

3. How can shade envelop be designed and applied on Meskel square without affecting 

its architectural character? 

4. What are the design recommendations for microclimate responsive shading envelope 

design for Meskel square? 

 1.5. Scope  

As Meskel Square being the case area for this study, there are varies issues which needs 

enhancement that highly affect its functionality and fulfilment of users need. In this study, 

however, more emphasis is given for one of the major issues seen on the site which is the lack 

of shade. Also it focuses to understand the major design considerations in the site for 

accommodating proper and equitable representation of the different characteristics of Meskel 
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square in relation with time, season, users and function. The study for the research is limited to 

the architectural study on specific urban spaces. However extensive library research related to 

the topic which also includes theoretical foundation, others works on the topic, works on related 

topics and real world application of the topic is explored in order to build a general insight 

about the topic under study.  

1.6. Limitation  

In this paper mainly the financial and time limitations are expected constraints on this research. 

The time designated for this study is only one academic semester and the money allocated is 

very small compared with the amount of work that the research needs. 

1.7. Significance of the study  

The particular aim of the study is to improve the outdoor thermal conditions with the aid of the 

design having open spaces with a proper shades and thermally comfortable space for users, by 

means of comparing current, probable and proposed design status to adjust the planning and 

constructing measures. Also the paper’s intention is to enhance the understanding of outdoor 

human factors and microclimatic issues to be able to preserve and maintain well designed 

ancient areas in collaboration with adaptive design measures. 

1. To the people 

This research contributes to the knowledge of public open spaces and its value in having such 

space in the urban environment. Also it helps to create understanding about microclimatic 

comfort of open spaces design as it can fulfill the need of users in relation with shading and 

sun exposure. 

2. To the government  

It helps to understand how creative architectural solution can be a benefiting way of 

approaching open spaces in creating a better space. In which this can help the government to 

set guidelines for design criteria.   

3. To the academician or researchers 

The documentation and identification of microclimatic comfort through environmentally 

responsive open space shading envelope can trigger different ideologies and perspective to 

discover new gaps that need to be solved.  
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1.8. Organization of the thesis 

The thesis paper is mainly divided into six chapters. The first chapter focuses on the 

introduction of the study - This chapter gives a brief introduction to the issues of urban open 

space in the city of Addis Ababa. It describes the research objective, limitations and theoretical 

considerations for the study. The second chapter is about literature review - Where this chapter 

consists different previously done researches and help to find what has been reported on the 

case of the study. This can assist in refining the statement of the problem also help to provide 

with convincing arguments for why this particular research is needed. And the third chapter 

focuses on materials and methods – it highlights the methods used on this research to gather 

information and shows the ways of its interpretation in the study. The fourth chapter deals with 

results and discussion - This chapter presents different findings of the study area and these 

findings are discussed and analyzed. The last chapter is conclusion and recommendations - 

This chapter contains recommendations based on the findings of the study and concludes with 

suggestions for issues to be considered when planning and designing such facilities.  
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2 CHAPTER TWO 

            LITERATURE REVIEW 

This portion of the research helps to determine a theoretical or “quasi-theoretical”, Empirical 

and contextual base for the study. The conceptual framework is the discussion on theoretical 

base from which the study has evolved. It includes the basic, theoretical nature, and background 

of the topic. It discusses on different literatures which are related to the topic of this paper. It 

gives attention to the public spaces and different design approaches in creating a comfortable 

environment. Also the contextual part of this review deals with situation on the case area with 

the topic of the study basing on different literatures reviewed.  

2.1. Theoretical review   

Before going into theories around urban open space, the definition of the term and the use of it 

in this paper should first be established. The definition of an open space according to Hornby 

(1995) is “a large area especially of land not built on”. With this definition, any open space in 

an urban area could be considered as urban open space. Open space as part of a city can be 

seen through different perspectives. For the purpose of this paper, this chapter is defining a 

specific perspective of open space. This specific perspective of urban open space is the square. 

The study will try to discuss different ideas around the trend, utilization and design of squares 

and explore the different approaches to the subject. Hornby (1995) defines squares as an open 

area in a town, usually with four sides surrounded by buildings. “A square or plaza is both an 

area framed by buildings and an area designed to exhibit its buildings to the greatest advantage”. 

(Cliff, 2003) Both the above definitions are defining the square as an urban arena surrounded 

by buildings. This paper will be referring to squares in the same meaning.  

Therefore, as long as it possess one of the above mentioned qualities, Spreiregen argues that: 

“An urban space could be a poorly designed plaza or a complex road intersection, surrounded 

by a group of office buildings and its floor devoted entirely to traffic; or it can be a beautifully 

landscaped urban park which may lack entirely the peripheral building facades which are 

needed for a sense of enclosure. It can be also a particular place in the city which is a locale 

of an important activity while possessing neither physical enclosure nor appropriate floor. 

Times Square in New York is such an example.” (Spreiregen, 1972, p.121.)  

So, according to Width-to-length Ratio, Matthew Carmona et al. on their book ‘Public place, 

urban space’ categorizes public spaces in to three broad categories; Streets (for flow of peoples 

and cars), buildings (for defined structures) and Squares (refer as a bounded space by 
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buildings and act as a breathing space for city or environment). This space can include 

different types like plaza, piazza and parks. Plaza is any type of gathering space for different 

uses. Piazza is very similar with squares except of it size which is smaller and parks are a 

greenery open space in the city. 

 2.1.1. Qualities of public space  

Public places generally have physical and functional conditions, which favorably or 

unfavorably influence social interaction, people comfort and security, which attract people to 

the settings. Any well-designed public spaces must be qualitatively functional. It must provide 

a set of physical conditions, which can encourage participation, people use (livability) and 

public life. Studies have shown that’s public spaces that are dynamic and highly visited by 

peoples are settings where peoples are able to engage passively with the environment by 

looking at others, offer many sitting spaces, are thermally comfortable, are accessible for 

people, contain public art and natural features such as water fountains, waterfall, also food, 

retail activates and programed events to attract peoples. But also visibility increases the sense 

of security of public spaces which is highly preferred by peoples. (Whyte, 1980) These qualities 

also influence people’s behavior, experience and wellbeing in those public spaces.  

Therefore, the development of positive public space requires active community participation; 

a clear redesign program based on the need of the community and an appropriate management 

programs to coordinate attractive events and activities in the public space and active public 

uses in the surrounding area. (Pierce, 1978) 

According to PPS, as Figure 2.1 shows, places that are great for people have four key qualities: 

(1) sociability (2) uses and activities, (3) access and linkage and (4) comfort and image. 

Particularly access is related to the possibility of a place to be visible from far distances & up 

close of the context and which places are easy to get to. Circulation is easy, physical elements 

in the space are functional and safe for people. Favorable spaces provide access for the 

physically challenged, for children and the elderly, also have sufficient parking spaces and 

connection to public transportation systems. Comfort and image is related to how the public 

space is physically arranged and are also climatic responsive design by creating microclimatic 

environment which increases the functionality and usability of such spaces to the public, which 

this study mainly focuses on. Also good maintenance for example is considered a positive 

condition, which influences positivity over the perception of comfort and the image of security 

of the place. Subsequently, the character and charm of public places can be easily recognized 



10 
 

and attract greater amount of peoples to use the space. Generally these spaces provide choices 

for sitting or walking and provide a favorable image of community life.  

 

 

 

 

 

 

 

 

Figure 2.1; Diagram showing qualities of public spaces 

Generally, creating a successful public space to attract different individuals and groups requires 

the factors: Firstly providing territory, safety, integrated structure, continuation, likelihood of 

the space. Secondly having enough facilities in the space, responsibility, and environmental 

comfort. At third place making the space environmental informative, liveliness and excitement, 

self-expressive, variety and contradictive, identification, privacy and attachment in the space. 

And lastly at fourth creating a place that is has social interactions including factors such as to 

provide privacy, territory, legibility, safety on the undernourished aspect and some factors such 

as obtaining the awareness and environmental experiences on the space active aspect. (Lars 

Lerup, 1972) 

2.1.2. Architecture and public space  

For any space to be created there needs to be a boundary that’s define it to be as one. But to 

actually categorize it as a good space and not good space. Architectural design approach and 

understanding the design idea, design process and how the development is going plays a great 

role to help anyone decide.  

According to Bob Javis (urban environment and as visual art or social settings, 1980), discusses 

that the case of public open space design can be majorly done by using two ways: The visual 

aspect which basically focus on the aesthetics aspect of the design also it visual interaction 

with its surrounding and the second on is the societal aspect, focusing on how the space 
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designed can be at advance in increasing the interaction between peoples and the joy it bring 

to the user, not just with each other also with the design and material of construction.  

Based on the Bentley (manual for urban designer, 1985), designing open space should focus 

on environmental responsive design and architectural approach. Also it lists the ways to make 

this type of places responsive and it includes: Permeability, Variety, Legibility, Robustness, 

Visual appearance, Richness, Personalization, Resource efficiency, Cleanliness and Biotic 

support.  

The PPS also have studied thousands 

of public spaces and came up with 

four main qualities of a public space 

as seen in the Figure 2.2. 

 

 

Figure 2.2; Diagram of dimensions of 

urban public open spaces (Source: 

www.pps.org, 2015) 

 

2.1.3. Squares 

One of the most important elements of city design is the square or plaza. It is possibly the most 

important way of designing a good setting for public spaces in a city. This has led some writers 

to equate architectural grouping of buildings with, and identical to plaza design. A square or 

plaza is both an area framed by buildings and designed to exhibit its buildings to the greatest 

advantage which are mostly featured with hardscape materials and at the center there is often 

a fountain, well monument or statue.  

2.1.4. Architecture and Square 

As noted previously the quality of squares and having demonstrated that the scope and 

character of outdoor spaces are greatly influenced by the physical environment. Also it is 

usually normal to examine the extent which urban planning principles & architectural trends 

of different historical periods have influenced outdoor activities. 

As discussed earlier, the PPS study listed the major principle on open space design. 

Additionally they also gave a recommendation on public space guidelines which were 

http://www.pps.org/
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classified into different groups according to their size. Some of the guidelines given for a public 

squares are discussed below. 

Design considerations 

Multiple destinations should be provided. Squares should be made up of a series of smaller 

“places” that are each designed and managed to accommodate diverse activities that range from 

passive relaxation to active recreation. 

Recreational facilities should be multi-purpose. Complementary uses should be triangulated, 

or clustered together, rather than segregated from each other, and facilities should be designed 

for varieties of uses, where possible. Also clear sightlines and lighting should be provided 

throughout the square to enhance perceived and actual safety. Feelings of safety increase 

majorly if people can see what is ahead and around them and if other people are visible to them. 

Also Way finding and informational signage and maps are essential to directing people to the 

various areas within a space. These signs should be provided on roadways for motorists and on 

sidewalks and trails for pedestrians and bicyclists. 

Large urban squares should be designed and managed for use during all seasons. Special care 

needs to be given to developing a design plan that will allow people to use it in different weather 

conditions. This requires the strategic and thoughtful use of natural elements such as 

landscaping and water along with man-made elements such as shade structures, pavilions, 

seating, etc. A program for use during different seasons should be developed as part of a 

management plan that also addresses temporary events, exhibits and other activities that make 

the square an attraction at different times of the day, week and year. 

2.1.5. Microclimatic comfort and public spaces  

Climate is the long term behavior of the surroundings in a selected region, with specific features 

such as, temperature, pressure, wind, precipitation, cloud cowl and humidity. An urban area is 

an area with a high density of human created structures in comparison with the regions 

surrounding it (Mahgoub et al., 2013; El-Shimy et al., 2015). A microclimate is a local 

atmospheric region where the climate differs from the encircling area. The term may refer to 

areas as small as a few square meters or as large as many square kilometers (Erell et al., 2011). 

Microclimates exist, as an example, close bodies of water which may cool the local atmosphere, 

or in heavily urban regions where brick, concrete, and asphalt absorb the solar energy, heat up, 

and reradiate that warmness to the ambient air; the resulting urban heat island is a type of 
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microclimate. The two main parameters to define a microclimate within a certain area are 

temperature and humidity. As it is well defined in the practice-oriented literature urban 

microclimate relies upon the type of city in terms of size, geographical location, population 

size and density, and land use in addition to the street design features along with height of 

buildings, street widths and orientation, subdivision of the building masses, etc. Consequently; 

the urban design of each neighborhood in a city creates its own unique local climate (Mahgoub 

et al., 2013). 

There is a strong public interest in creating pleasant open spaces, and in this sense, thermal 

comfort is as important as acoustic or visual comfort. The liking and use of open spaces are 

influenced by the microclimatic conditions provided, whereas microclimate and thermal 

perception definitely depend on urban setup and show a high temporal and spatial variation. 

The outdoor thermal environment, in fact, is impacted by the built environment, through 

anthropogenic heat (Ichinose et al. 1999), ground surface covering (Lin et al. 2007), 

evaporation and evapotranspiration of plants (Robitu et al. 2006), and shading by trees or 

constructed objects such as shading envelops (Lin et al. 2010). Moreover, the climate of the 

urban outside space influences a city’s energy consumption, and the processes that create these 

climates are very complex. Therefore, the most precise way to calculate or assess the impact 

of changes is through numerical methods, although there already are several models that can 

deal with the complexity of urban structures and even take into account human thermal comfort. 

The numerical model uses a numerical procedure to solve the conservation equations that 

govern airflow and heat transfer in an open space. It is a very powerful and efficient 

methodology of investigating temperature, flow fields, and comfort indices in outdoor urban 

spaces where many parameters are involved. This complex thermal environment is relevant to 

human well-being and health due to a close relationship between thermoregulatory mechanism 

and circulatory system (Jendritzky et al. 1990). A complete application of thermal indices of 

the energy balance in the human body gives detailed information on the effect of the thermal 

environment on humans (VDI, 1998) 

The key elements that highly affect the climate and the design towards creating thermally 

comfortable urban open space are the Sun, Wind and Water. And from these elements different 

other components such as air temperature, solar radiation, humidity, precipitation (rain & 

snow), clouds and wind (speed &direction) can be drawn to examine the status of a certain 

open space thermal comfort level. 

https://en.wikipedia.org/wiki/Humidity
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The sun provides virtually all the energy that fuels the atmosphere. However, radiation from 

the sun passes through a clear sky almost as if it weren’t there. Only a very small portion of the 

radiation is absorbed or reflected by the air before it reaches the ground, and most of the 

absorbed radiation would be dangerous to humans if it were allowed through (like that absorbed 

by the ozone layer). Clouds in the sky intercepts and reflects a lot of solar radiation, but the 

key point here is that the sun does not heat the atmosphere directly. Instead, solar radiation falls 

on the earth, where some is absorbed by the molecules that make up the landscape. Darker 

colored surfaces absorbs more solar radiation than lighter-colored surfaces. This solar 

radiations that hit the earth consists three components: beam direct radiation, diffuse sky 

radiation and reflected radiation from the ground. Therefore, arrangement of any open space 

and the orientation of the sun are highly integrated in designing a space that achieves human 

thermal comfort. It can be studied using solar chart or sun path diagram to determine the angle 

of the sun.  

The other major factor in achieving microclimatic comfort is wind, as it is the bulk movement 

or flow of air. The level of wind pressure depends on the wind direction and wind speed. Air 

behaves roughly as a laminar (layered) airflow in well-defined paths. It is sufficient for an 

initial understanding of how air may move around in the space. For architectural purposes the 

most useful form of wind rose as shown in Figure 2.3, is an octagon, with 12 lines on each side, 

corresponding to the 12 months, from January to December in a clockwise direction. Therefore, 

in the case of open spaces and designing shading envelops, this two main factors needs to be 

considered to create the comfort level. 

  

Figure 2.3; solar chart and wind rose diagram representation (Source: Google image, 2018) 
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2.1.6. Public open space shading envelops 

A shading envelope is the physical barrier that help to cover or contain structure or layer a 

certain space. In a number of writings, some have also described the envelope in terms of 

performance and function. The envelope "experiences a variety of loads, including, but not 

limited to, structural loads, both static and dynamic, air, heat and moisture loads."  (Dr. Eric 

Burnett and Dr. John Straube)  

The enclosure must then support structural loads and control environmental loads, which 

include both long-term and short-term loads. The enclosure is also often used to carry and 

distribute services within a space. In addition, the envelope has several aesthetic attributes that 

can be summarized as finishes. Generally, the shading envelope is comprised of different 

components and systems that protect the space from the effects of the environment like 

radiation, precipitation, wind, temperature and humidity. 

2.1.7. Shade Structures for open Spaces 

In any successful architectural project, it is essential to provide users with a comfortable 

outdoor space. Figure 2.4, 2.5& 2.6 shows different shading options that at any time of the year, 

modular shade structures can create spaces to protect a space from wind, dust, sun, rain, snow, 

and noise in a light, flexible and in aesthetically pleasing way. 

 

 

 

Figure 2.4; shading envelop structures (Source: https://www.archdaily.com, 2017) 

An article from Arch daily written in 2019 state that, to create the comfort zone for the outdoor 

environment shading structure are one of the major approaches. And based on the article there 

are standards in choosing this shading structures that are suitable for the users. The first focus 

point states that the shade structure must effectively resist climatic conditions, a good structure 

should allow users to enjoy the outdoors in all weather conditions: resisting gusts of wind and 

precipitation, operate as a barrier against dust, dampen noise, and include UV protection, 

among others. Also the material have to be waterproof fabrics, UV stabilized high-density 

polyethylene fabrics, perimeter steel frames, stainless steel elements and accessories work very 

https://www.archdaily.com/
https://www.archdaily.com/906449/shade-structures-for-outdoor-spaces-6-tips-to-incorporate-into-your-next-project/5c3fe3d0284dd1bb1d00001c-shade-structures-for-outdoor-spaces-6-tips-to-incorporate-into-your-next-project-image
https://www.archdaily.com/906449/shade-structures-for-outdoor-spaces-6-tips-to-incorporate-into-your-next-project/5c407b98284dd15f580000cb-shade-structures-for-outdoor-spaces-6-tips-to-incorporate-into-your-next-project-image
https://www.archdaily.com/906449/shade-structures-for-outdoor-spaces-6-tips-to-incorporate-into-your-next-project/5bfc534d08a5e51c3500050f-shade-structures-for-outdoor-spaces-6-tips-to-incorporate-into-your-next-project-image
https://www.archdaily.com/906449/shade-structures-for-outdoor-spaces-6-tips-to-incorporate-into-your-next-project/5bfc52e808a5e51c3500050c-shade-structures-for-outdoor-spaces-6-tips-to-incorporate-into-your-next-project-image
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well to achieve these effects. The chosen color can also influence the level of protection against 

harmful UV rays. 

 

Figure 2.5; Shading options (Source: https://www.archdaily.com, 2015) 

The second point focuses that the shades must maximize the use of space according to the 

support points, shape, and the size of the shade structure. There are various options that allow 

shading the exterior without hindering or restricting the open space. Umbrellas of a square, 

rectangle, hexagonal, or octagonal shape - all with a single point of support - can effectively 

cover large areas by joining different units and distancing their pillars. Cantilever-type 

structures, on the other hand, rise through two support points and fly over the space so as to not 

interrupt the activities that take place underneath. They work very well in walkways, bus stop 

seating, bleachers and parking lots. 

The third point states the choice of flexible shade structures. If the outdoor space is designed 

to be used for various functions, it is recommend to choose mobile shade that is easy to open 

and close. Umbrella type shade structures can be quickly opened and retracted, and some 

include the option to pivot 360 degrees, orienting the shade when and where required.  

 

 

 

 
 

Figure 2.6; Flexibility of Shading envelop (Source: https://www.archdaily.com, 2015) 

The other fourth point that can highly affect this type of structure is its quality. The fabric of a 

shade structure is key, apart from determining the general aesthetic of the space, its surface 

directly receives the impact of the area's climatic conditions. This material have to resistant to 

fading, abrading, rotting, shrinkage and unraveling. In addition, the fabric breathes, allowing 

hot air to rise and escape, thus creating a cooler environment. 

https://www.archdaily.com/
https://www.archdaily.com/
https://www.archdaily.com/906449/shade-structures-for-outdoor-spaces-6-tips-to-incorporate-into-your-next-project/5bfc4c5608a5e51c35000500-shade-structures-for-outdoor-spaces-6-tips-to-incorporate-into-your-next-project-image
https://www.archdaily.com/906449/shade-structures-for-outdoor-spaces-6-tips-to-incorporate-into-your-next-project/5bfc4c5608a5e51c35000500-shade-structures-for-outdoor-spaces-6-tips-to-incorporate-into-your-next-project-image
https://www.archdaily.com/906449/shade-structures-for-outdoor-spaces-6-tips-to-incorporate-into-your-next-project/5bfc4c5608a5e51c35000500-shade-structures-for-outdoor-spaces-6-tips-to-incorporate-into-your-next-project-image
https://www.archdaily.com/906449/shade-structures-for-outdoor-spaces-6-tips-to-incorporate-into-your-next-project/5bfc4d8b08a5e51c35000501-shade-structures-for-outdoor-spaces-6-tips-to-incorporate-into-your-next-project-image
https://www.archdaily.com/906449/shade-structures-for-outdoor-spaces-6-tips-to-incorporate-into-your-next-project/5bfc4d8b08a5e51c35000501-shade-structures-for-outdoor-spaces-6-tips-to-incorporate-into-your-next-project-image
https://www.archdaily.com/906449/shade-structures-for-outdoor-spaces-6-tips-to-incorporate-into-your-next-project/5bfc4d8b08a5e51c35000501-shade-structures-for-outdoor-spaces-6-tips-to-incorporate-into-your-next-project-image
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The fifth point deals with the height of the shades which is essential when determining the 

character of the outdoor space. A lower height can generate a more intimate and sheltered space, 

while a higher one gives a more open and formal atmosphere. While there is a large variety of 

shade structure heights, the most common is between seven and twelve feet (2-4 meters). Also 

with triangular, hyperbolic, hexagonal, and square shapes, sail-like shades can be grouped to 

form dynamic and fun spaces, mixing different colors and varying in heights and arrangements. 
 

2.1.8. Design consideration of shading envelope 

In designing a shading envelopes, there are different factors that needs analysis and focus. 

Microclimate is not a particularly popular topic among designers, and it’s not clear why. 

Evolutionary psychology seems to be providing some insight into this. There are principles that 

can be used to communicate design ideas in a way that enables people to understand and 

appreciate their value. And as mentioned previously the major climatic elements needs deep 

analysis and understanding on how they operate. As the sun provides the main source of heating 

for objects in open spaces, it moves in a very predictable way through the sky. The amount of 

warming in various parts of a landscape can be changed through selection and placement of 

landscape elements, but it is much easier to reduce the input of warmth than to increase it. The 

other factor is the wind, which provides the main source of cooling for warm objects in space. 

It also moves in a somewhat predictable way through, and the amount of cooling in various 

parts of a landscape can be changed through selection and placement of shading elements, but 

it is easier to lessen the cooling than it is to increase it. But Air temperature and humidity cannot 

be modified very much by the landscape, except in specific circumstances. 

In summer, generally shading can have the biggest impact on the microclimate by reducing the 

solar radiation absorbed by an object or surface material of the space. In winter, typically can 

have the biggest impact by reducing the speed of the wind that blows on a warm environment. 

In spring and fall, solar radiation and wind are fairly similar in their effect, so it can have the 

biggest impact by reducing the wind while not reducing the solar radiation received. 

Understanding and modifying solar radiation 

The sun rises in the eastern sky, travels to its highest point in the southern sky, and then sets in 

the western sky, describing an arc. Its position can be readily determined for any time of the 

day and the year using charts or computer programs, and this information can be used to 

determine the length and position of shadows that shading envelop casts. 
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The arc of the sun is highest in the sky in summer and lowest in winter. In summer it rises in 

the northeast and sets in the northwest, while in winter it rises in the southeast and sets in the 

southwest. The sun is always due south midway through its arc, and the southern sun is highest 

in the sky in summer and lowest in the sky in winter. The difference in elevation of the 

noontime sun between winter and summer can be quite large. The more perpendicular the sun’s 

rays are to the surface of an object, the higher the intensity of radiation received by shading 

envelops. And the darker the color of a surface of shading, the more solar radiation is absorbs 

and, in general, the hotter it get and the less it reflect solar radiation onto other surfaces. 

Conversely, the lighter the color of a surface, the less it absorbs, the cooler it stays, and the 

more it reflect solar radiation onto other objects. During summer the sun moves faster through 

the sky than it does in winter. 

Also everything in the open space like surface material, shading object and landscape emits 

terrestrial radiation. In general, the higher the temperature of the object, the more radiation it 

gives off (with a few notable exceptions). 

Understanding and modifying wind 

Wind is generally the most effective tool for “cooling” objects in open spaces as it is exposed 

to sun. It can remove heat from objects until elements are the same temperature as the wind. 

The wind cannot make things cooler than it is itself. However, if an object is wet, evaporative 

cooling can lower its temperature to below air temperature. 

Wind is quite variable in open spaces as it can blow from any direction. However, there are 

often patterns that can be identified and used. Winds in any given region tends to blow from 

some directions more than from others (often called the prevailing winds). The prevailing wind 

often changes with the seasons. This type of wind can be slowed through strategic placement 

of elements in the landscape. Vegetation with about 50 percent porosity generally is the most 

effective windbreak in the landscape. Windbreaks that are less porous than this generates 

turbulent air, which adds to the cooling effect of the wind. 

2.1.9. Current design trend of shading envelope 

Throughout the world design approaches of shading envelopes are evolving and becoming 

more advanced. This design mechanisms are being supported with different technology aided 

tools and software. Also the choice of creative simpler covering materials are noticed in most 

designs. As technologies have advanced the design of shading envelops have exceled in 



19 
 

designing with the use of simulators and different algorithm based design principles. The 

algorithmic principle that is currently used in advance is parametric design.  

This type of design is a process based on algorithmic thinking that enables the expression of 

parameters and rules that, together, define, encode and clarify the relationship between design 

intent and design response. Parametric design is a paradigm in design where the relationship 

between elements is used to manipulate and inform the design of complex geometries and 

structures. The term parametric originates from mathematics (parametric equation) and refers 

to the use of certain parameters or variables that can be edited to manipulate or alter the end 

result of an equation or system. While today the term is used in reference to computational 

design systems, there are precedents for these modern systems in the field of architecture. 

2.2. Empirical review  

2.2.1 Case study (Kinetic shading Structure: Barahat Al Nouq central square) 

Qatar has recognized the need to establish a clear cultural identity expressed through adequate 

urban planning architecture. Msheireb Heart of Doha is one of the flagship projects designed 

by the architects Mossessian & Partners. It tries to achieve this by regenerating and at the same 

time preserving the historical center of Doha. Barahat Al Nouq central square is the main public 

space of this development and is designed as an urban room functioning as a multi-purpose 

meeting space that comprises nine mixed-use, residential, commercial and retail buildings 

surrounding a major public square at the heart of the Msheireb. It is conceived as the ‘urban 

majlis’ – a room where visitors to Msheireb are welcomed and received. 

In Doha, daytime temperatures easily rise to 50°C. The concept of Barahat Al Nouq is to limit 

temperatures to below 32°C. As shown in Figure 2.7, this is achieved by a shading combination 

of the retractable roof 30 m above ground together with conventional membrane canopies on 

the ground. 

 

Figure 2.7; shading membrane panels of Barahat Al Nouq central square (Source: Elsevier article, 2016) 
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Structure  

The moveable envelop consists of 1080 individual membrane covered frame modules 

suspended on 60 structural cables that span the rectangular 35 m wide square; the length of the 

square is 90 m. The cables are anchored in the roof area of the six buildings located at both 

ends of the square. The storage of the membrane elements are also located here. The elements 

are stored vertically and folded in packages.  

The membrane module itself is a rectangular shading element; outer dimensions are 

approximately 2.70 m x 1.40 m. It consists out of an aluminum profile that is double-sided and 

is covered with a PVC membrane. Each module is suspended from a moving beam, the so-

called “sliding trolley”, that runs along a pair of structural cables. Figure 2.8 shows this 

structural elements. 

Using electric driven winches, traction cables pull the first trolley along these structural cables 

towards the opposite side of the building. This leads to an “accordion like” un-folding of all 

membrane elements as the panels are hinged with each other. The membrane structure can now 

be placed above the square either aligned or in off-set, so called shifted position. Interacting 

with neighboring membrane elements, different ceiling patterns can be created. These depend 

mainly on the position of the sun. 

 

Figure 2.8; structural cables and suspended membrane panels (Source: Elsevier article, 2016) 

Construction Elements  

Figure 2.9 shows the entire system that consists of 26t of structural cables, 10.000m² of PVC 

membrane, 150t of steel, 58t of aluminum, 30 motors and 60 winches. Before any of these 
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elements could be installed, the whole system was checked using a “mock-up” in Memmingen, 

Germany. The success of this prototype was both a requirement and motivation for realizing 

the structure in the heart of Doha.  

 

Figure 2.9; Lifting and installation of membrane panels (Source: Elsevier article, 2016) 

Anchoring 

While the structural concrete works continued, Pfeifer monitored and surveyed the casting in 

of the steel tubes in the roof area. It was later used to attach an anchor system for cables taking 

forces up to 600kN. To achieve dimensional accuracy, four steel tubes with a diameter of 

100mm each were set into the 800 mm thick concrete walls. Threaded rods (M36) were then 

inserted into these empty tubes so that the anchoring base plates could be fixed to the structural 

steel. An installation accuracy of less than 5 mm was achieved because enough space for rod 

adjustment was allowed inside the bigger steel tubes. Such precision was an absolute 

prerequisite for the cable installation. Placing them in correct position was ensured that the 

cables were loaded precisely with the defined pretension values.  

Cables, springs and Catenaries 

Thirty pairs of horizontal cables are distributed along the entire length of the square spanning 

35 m from building roof to the opposite side of the square. They were designed using the 

properties of 35mm diameter fully locked cables applied with initial pre-stress of around 80kN. 
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This maintained the deflection of the cables, under the dead load of the panels, at 1000 mm at 

the centerline. The cables themselves were anchored to 6 independent buildings located on the 

north and south sides of the square. Between adjacent buildings on the same side of the plaza, 

the primary cables were supported by a catenary element connected to a compression strut that 

was pinned to each building. This allowed primary cable axis forces to be carried towards the 

building structure. 

Each of the structural cable was anchored to one of the above mentioned anchor plates. In 

addition, a secondary structural compression spring was installed on one end of the cable. This 

spring is necessary to limit the maximum forces in the cable, which in turn limits forces in the 

building. It protects the structure against high accidental force overload by allowing the 

primary cables to be extended. Adjustment of the length of the cable over its lifetime is also 

possible because of the effects of cable creep and concrete creep in the buildings. The stiffness 

of the compression spring is around 9kN/m.  

Flag Pole  

To prevent torsion in the cable so called “flag poles” were installed. The flag pole is located 

close to the compression spring inside the membrane panel garage. The pole is suspended 

vertically from the cable and is fixed to it by a steel clamp on its top side. The bottom part of 

the pole is hinged to the building roof to block the rotation of the cable around its own axis.  

Membrane Panels  

The primary construction of the membrane panels is made up of four aluminum profiles. The 

upper, horizontal frame profile and both vertical ones can be bolted together. The lower 

horizontal beam is a sliding element which is inserted between vertical ones from below. This 

way the membrane can be inserted and then tensioned easily. The downward facing membrane 

panel is a white colored PVDF coated polyester fabric - Ferrari 1002 Fluortop T. The same 

quality is used for the upper panel but in a golden color in order to maximize the solar reflection 

property of the entire roof system. In combination both membrane layers can reduce the light 

transmission to nearly zero. Upper and lower membrane panels were fabricated by Pfeifer 

Covertex, in our fabrication plant in Shanghai. On site they were pre-assembled with keder 

profiles on all of the edges so that they could be clipped into the main frame profile. Afterwards, 

the lower horizontal beam was screwed down into its final position. In this way pre-tension is 

introduced into the membrane panels and the flat membrane surfaces are stretched nicely and 
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wrinkle-free. The final step of the panel assembly was the fixing of corner reinforcement plates, 

an outer edge cover and the panel hinges for suspension.  

Sliding Trolleys  

The readily assembled membrane panels were lifted onto the roof of the buildings. The first 

panel was connected to the first sliding trolley spanning a pair of structural cables. These 

trolleys are equipped with a PTFE sliding surface that allows them to run along the structural 

cables. The second panel was connected to the adjacent trolley and hinged together with the 

first panel underneath. In this way, a pair of membrane panels was created that un-folds in a 

V-shape as it slides along the structural cables. Each axis of folding membrane panels consists 

of 18 V-shaped folds. The sliding trolleys are linked together with a set of stainless steel tie 

cables, limiting the distance to which one individual V-shaped fold can open. Figure 2.10 

visualizes these shading elements. 

 

Figure 2.10; Anchor plate with structural cable attached (Source: Elsevier article, 2016) 

Driving Mechanism  

Only the first trolley at each axis is connected with two drive cables. These cables are connected 

to “drive through” motor winches that are stored in the garage. They are also looped around a 

sheave on the opposite side of the square. By winding of the upper or lower drive cable winch, 

the membrane panels can either be retracted by pulling the first trolley and pushing the rest 
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backwards into the garage, or extended across the Barahat square by pulling the first trolley 

which then tows the other panels behind it. By using this mechanism, the panel patterns when 

open or closed can differ in order and design. When open, each axis is adjustable in “offset” or 

“aligned” roof shade position. Panels can also be “parked” in either flat, unfolded or in a V-

shaped half-folded. Due to the arrangement of the supporting buildings, there are 5 garages in 

total, positioned on both sides of the square storing the 1080 membrane elements. These are 

grouped into 30 lines, each line equipped with 36 panels.  

Driving Control  

Normally, the roof will be closed in the morning to give shade during daytime and opened 

during night time. The whole opening or closing process takes about 5 minutes, but this is 

subject to several conditions that are automatically checked by around 700 different sensors. 

These are for example, weather and temperature, the strength of the electric current, the 

position of membrane elements, fire detection or access control to the building roof and garages. 

Only if all sensors send trouble free signals can the roof be moved. With regard to wind, the 

following rules apply: 

 • The roof can only be extended manually if the wind speed is below 10m/s during the moving 

process. It can be manually retracted in a wind speed of up to 21m/s.  

• The roof automatically stored in the garage if the wind reaches speeds of 21m/s or more in 

gusts. Statistically this happens once a week.  

• No major damage will occur if the roof is accidentally exposed to wind gusts of 25m/s. 

statistically, this occurs once a month. 

 

 

 

 

 

 

 

Figure 2.11; folding process of the retractable roof (Source: Elsevier article, 2016) 
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2.2.2. Lesson learned 

Different studies concerning the envelop design and how to respond to the environment and 

the end users have been done. And moreover this research focus on the envelop design of open 

spaces such that the above studies are the different approaches to respond to the environment 

when designing envelops.  

From the above reviews the lesson drawn is that the design of envelops has advanced at a level 

where the design is aided with scientific values that are attained from different factors affecting 

the design. This factors are the parameters that are manipulated and altered with the 

consideration of design limitation and constrains from different components of the climatic 

elements. In such away parametric design in relation to the environment and end user are the 

new study sectors that are being explored in depth from different perspectives. From the above 

review different parameters such as climatic element like sun path, wind direction, wind speed, 

temperature, precipitation etc. have to be analyzed in creating environmental responsive 

envelops. 

2.2.3. Research Gaps 

After reviewing the literatures from different researches, which cover related study topic on 

previous times, this portion of the research deals with some of the topics that were not covered. 

This gaps are reviewed because they have essential value to help create a better understanding 

of what and how the square can be enhanced for a better open space to the community. 

Even though there are a lot of studies done on the case area by different researchers, most of 

the studies focus on the status of Meskel square in term of the societal benefit of the square, its 

accommodation capacity, its historical background and also its heritage value. However there 

is still is a gap as all the data gathered from other researches are mostly informative description 

of the case area, which doesn’t add much value in creating a better space for the community 

that helps to enhance the square.  Therefore this research focus on the needs in creating a quality 

open space that fits the list of criteria’s listed above, in regards to thermal comfort of such 

spaces. There aren’t many researches done in Ethiopia in response to the microclimate in 

relation to architectural design. The Figure below shows the effect it has on its usability. 

Figure 2.12; Regular 

activities on Meskel 

square (Source: site 

observation survey 

images) 
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2.3. Contextual review 
 

2.3.1. Urban open space in Addis Ababa 
 

Addis Ababa is found in the central part of Ethiopia at an elevation of 2440m above sea level. 

(Encarta 2008) and its total size is estimated to be around 520km2.   

The history of urban open spaces in Addis Ababa would begin from the recent past. The 

historical aspect of the city is described in the city development plan (ORAAMP, 2009), Addis 

Ababa means “new flower” according to the native language Amharic. This name was given 

to it when it was first founded by Empress Taitu, wife of Minilik II, in 1886.  

The development of urban open space of the city at that time took the same development trend 

as the city. It grew at three different cores which include the palace, church & market. The 

functions of the spaces differed accordingly as well.  

2.3.2. Development of Meskel square 

The site of the current location of the square was given to Ras Biru wolde Gabriel -War 

Minister of Menelik II- when the city was founded. As every other royal person, Ras Biru also 

lived at a higher level near this location. (Giorghis and Gerard, 2007) The place was owned by 

him. Thus, even at that time, the landscape had a potential to be changed in to the current shape 

of the square, a square with the shape of an Amphitheatre. The base for the foundation of the 

square was the construction of the Estifanos Church in 1958, which was built by Emperor 

Haileselasie. The previous church which was used by the Emperor was the St. George church.  

The square slowly started to get wider when the population using the space started to grow. Its 

current design was commissioned to C.K Polonyi, a Hungarian planning professor. Polonyi 

designed the square in to its current form of an amphitheater for the purpose of political, 

military parades and religious ceremonies. In 1975, the Revolutionary Square was inaugurated 

for the first time to celebrate the September 12 festival of the Derg Revolutionary day. (Addis 

Zemen 1975)  

In 1992 the Derg Military regime came to an end and EPRDF took power. With this 

development, the square got its name back and it was again named Meskel Square. The new 

government recognized the use of this space as a public place and main center of the city. 

Starting from this transitional period, the square hosted political, cultural and religious 

ceremonies.  
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Before Meskel square achieve the look and character that is visible today it passes through 

different progresses and evolutions, which some of them are related with the establishment and 

introduction of new churches and other governmental buildings and some strategic alignment 

of the streets. As it was discussed above, the shifting of the location of the celebration of the 

Meskel festival from St George church to Estifanos church by itself was one of the major and 

significant progress that dramatically shift the Estifanos square to an open public space which 

was majorly affected by the varieties of political systems in the city. And also not forgetting 

the huge amount of development and population growth around the south east of the city can 

also be the major factor for the shifting of the Meskel festivity from the start.  

Through time this spaces introduced by additional entrances, blind tall walls, public toilets and 

steel polls for hanging of flags and socialist slogans. Polony’s design also introduce new link 

that connect the square with the exhibition center with continuous stairs starting from the 

bottom of the ground of amphitheater to the entrance of the exhibition Centre. After the fall of 

the socialist regime the square, besides of its progress based on its function, the square by itself 

passes through different progresses which include the introduction of lighting systems, 

pavement treatments and some additional advertisement steel poles and sonic screen which 

most of the time served as a public entertainment. And some of the pervious toilets has been 

demolished for other construction purposes. This is constructed on the eastern part of the square. 

This progresses show there has been both additional design elements and subtracted design 

elements towards the original design of the Meskel square. 

2.3.3. Location and climate of Addis Ababa 

The case area of this study is located in Addis Ababa and the city is 2350m above sea level. In 

Addis Ababa, the climate of the city is a warm and temperate climate with precipitation varying 

considerably by the month, as it is warm and temperate. The summers are much rainier than 

the winters in Addis Ababa. This location is classified as Cwb by Köppen and Geiger. As 

shown in Figure 2.13 the average annual temperature in Addis Ababa is 15.6 °C | 60.0 °F. Its 

Precipitation is about 1874 mm | 73.8 inch per year. 
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Figure 2.13; climate graph & average temperature of Addis Ababa (Source: www.climate-date.org,2018) 

The driest month is December. There is 7 mm | 0.3 inch of precipitation in December. The 

greatest amount of precipitation occurs in August, with an average of 419 mm | 16.5 inch. With 

an average of 17.2 °C | 63.0 °F, April is the warmest month. The lowest average temperatures 

in the year occur in December, when it is around 14.4 °C | 58.0 °F. 

The city is positioned near the equator that means that the temperature from month to month 

doesn’t have a high range of difference. There are four seasons in Ethiopia, Addis Ababa which 

include Kiremt or Meher (summer) – June, July and August with heavy rain falls, Tseday 

(spring) – September, October and November, Bega (winter) – December, January and 

February with dry season and Belg (autumn) – March, April and May with occasional showers. 

This is the hottest time of the year.  

2.3.4. Microclimatic conditions in Addis Ababa 

As stated previously Addis Ababa’s climate is categorized under the warm and temperate 

climate where it is warm and temperate throughout the year with different season changes. 

Basing on this climatic characteristics, there are varieties of microclimatic conditions created 

in different part of the city. And this is highly affected with the urban setup of the city. For the 

case of the outdoor environments which can be either designed open spaces, streets or spaces 

near buildings have varieties of microclimatic conditions. Open spaces like Meskel square or 

other parks and gardens required high attention to create the thermal comfort since its exposure 

to sun light and radiation throughout the day. For such places shading objects or landscaping 

is essential to create the comfort level for the users. But for areas near buildings or huge 

structures the characteristics of its microclimate depend on the sun path and direction also the 

prevailing wind direction and speed. The shadow casted by the building and the effect of wind 

can change the microclimate behavior easily. In Addis Ababa based on the orientation of the 

http://www.climate-date.org/
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building the microclimate created under it varies in creating the needed thermal comfort in 

warm and temperate climate of the city. 

Considerations for shading envelop design in warm and temperate climate 

Direct solar radiation has the largest impact on the comfort in open spaces, the enormous energy 

of the sunlight can be useful in certain seasons and cold climates but is generally excessive and 

certainly unwanted in hot and arid climates. Sun shading, and sun protection, has been, and 

still is, the fundamental way to improve a public space bio-climatic behavior. Reducing the 

solar radiation that reaches the people or gets reflected by the ground, both by the means of 

vegetation or shading artifacts, is the most efficient way to reduce temperature and it is widely 

used at all latitudes from temperate areas to arid ones. 

Assessing a site for sun 

When assessing a site for sun, consider: 

1. The time during the day that the site receives sunlight 

2. The sun's path at different times of the day and year 

3. How the site’s shape, slope and orientation affect solar access 

4. How obstructions such as adjacent buildings, trees and landforms will impact on the 

site and the potential design 

Sun paths 

Assessing the passage of sun across a site is important. There are a number of locally-produced 

tools that can help, but a site visit is still necessary to identify site-specific conditions such as 

the impact of a large tree. 

Sun path diagrams provide a broader overview of sun on a site as they map the path of the sun 

across the sky at different times during the day throughout the year. They can help establish 

the position of the sun relative to a site and can be used to determine the effect of shadows cast 

by buildings, trees and landforms on and around the site. 

Altitude and azimuth 

The position of the sun with respect to an observer is commonly represented by two angles – 

altitude and azimuth. Altitude is the angle of the sun’s rays compared with the horizon. At 

sunrise and sunset, the altitude is zero, and in the southern hemisphere, the maximum altitude 

of the sun at any specific location occurs at solar noon on 21/22 December (longest days of the 

year). Azimuth (sometimes known as bearing) is the direction of the sun as shown on a compass. 
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Solar radiation 

Solar or ultraviolet (UV) radiation is the energy from the sun. The amount of solar radiation 

available on a site depends on the latitude and the sunlight hours received. 

Shading material durability 

UV radiation affects the durability of many materials. Colors fade, plastic-based materials may 

become brittle, timber moves and twists, and expansion and contraction from heating and 

cooling places stress on many materials, so the effect of UV radiation over a building’s lifetime 

must be considered. 

Materials such as paint on the north or west side of a building may not last as long as those on 

the south side because the north and west sides receive much more UV light. Selecting 

materials with a higher UV index number (when available) is important as they are more 

resistant to UV degradation (such as fading). 
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3 CHAPTER THREE 

            MATERIAL AND METHODS 

3.1 . Description of the study area  

The study area is located in Addis Ababa, which is located at the geographical center of the 

country. Its absolute location is between 8º55´ and 9º05´ North latitude, and 38º40´ and 38º50´ 

East longitude. The City was established in 1887 and has shown a great geographical expansion 

to the area of about 540km².  

The average maximum temperature in this area varies from 24.3°C in May to 20.3°C in August; 

the average minimum temperature varies from 11.8°C in May to7.7°C in December (Muschalla, 

2001, cited in Endale, 2013). Generally, the temperature varies less through the year. The city 

has Mean annual RF of 1200mm. 

The square is bordered by a 40 cm wide vehicle street on the northern side, two museums on 

the south eastern side, and an exhibition center on its southern side and a high school on its 

south western side. This place has a total area of 47790 m2. It has a total height of 8.1 meters 

from the ground level with 350+m long stepped amphitheater curve. Figure 3.1 shows the 

location map of the study are. 

 

Figure 3.1; Location map of the study area 
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3.2. Study parameters 

The identification of the level of discomfort and factors affecting microclimatic comfort is done 

by setting; constant and variable parameters. This parameters have been recognized as constant 

and variable based on the harsh sun effect on Meskel square and the resulting temperature rise 

of discomfort. As shown on the Table 3.1, the constant parameters include the study area 

location, its orientation, the climatic data, the solar aspect and its surface material. Whereas 

the variable parameters include Activities on the site, Shading envelop design, Shading material 

and System of shading. 

  Table 3.1; Study parameter description 

Parameters Description 

Constant  

Location To determining any comfort zone location of the space is very 

essential. Therefore Meskel square is located in Kirkos sub 

city, Addis Ababa   

Orientation The micro climatic character of a specific area changes with 

the change in its orientation which means that different 

orientation creates different type of weather or microclimate. 

Climatic data Climate variation is directly related to the change in weather 

and comfort level  

Solar aspect The path, direction and angle of the sun highly affects the 

microclimatic comfort since it can regulate the temperature 

level in the environment which also affect the thermal comfort, 

Surface material The physical property of material whether it is releasing heat 

gained from radiation quickly or slowly, it affect the comfort 

zone.   

Variable  

Shading envelop design The design of shading envelope is highly dependent on the 

climatic findings.  

Shading material The choice of material can vary based on the constant 

parameters. 

System of shading The design of this shading devices have to respect the existing 

urban form and geometry of the site with its design criteria.  
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3.3. Research design  

 

Figure 3.2; Research design structure 

3.4. Methods of information gathering 
 

The major data gathering method in this research paper, where it helped to understand the 

current situation of the study area regarding its functionality and usability throughout the day 

to day activities were obtained by different ways. One means of gathering method was site 

observation that has been collected using photography, site survey, and numerical data of users. 

The number of users on the case area, effect of the solar radiation on the site, zoning and time 

was used to classify the space functional activities. Also the path, direction and angle of the 

sun was studied using sun path diagram which highly affect the design consideration for 

shading envelop design recommendations.  
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In addition to the existing activity 

trend and the effect of microclimatic 

behavior especially solar intensity and 

radiation with wind speed and 

direction  on the site or the user was 

studied  for a week, every day at 6am, 

9am, 12am, 3pm & 6pm.  

 

 

 

Figure 3.3; Diagram showing the schedule 

for site survey for the research 

 

 

Table 3.2; Methods of data collection from Primary source 

Method                           Justification 

Site survey Is needed to actually see the existing Architectural character 

of the study area and to gage the effect of sun radiation. 

Observation/photography 

/videos 

To memorize data collected during site visit and direct 

observation also helps to show case the finding in the 

research 

Activity analysis Analysis on the day to day activities and understand the 

difference in functionality of the square in relation with the 

thermal comfort of users.   

 

In creating an understanding on the design considerations for envelop design and previous 

trends in approaching shading mechanism on Meskel square, data has been collected by using 

different published articles, books, researches and reports that are related to environmental 

responsive architecture in relation to microclimatic comfort zone. This data is helpful in 

gathering information to figure out how open spaces can be design up to its standard and 

qualities.  Below on the Table 3.3 are the main reasons why such type of methods were used, 
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Table 3.3; Methods of data collection from secondary source 

Method                                 Justification 

Achieves   It is used for referencing previously done researches on the 

topic and helps to understand the research gap that this research 

can cover.  

Books This method helps to get varieties of information regarding the 

research topic for background and helps to be able to see 

different perspectives.  

Reports / 

Journals 

To understand the basic nature of the project and target groups 

 

3.5. Data analysis  

After conducting all the necessary data for the research, all the data are analyzed and used to 

understand the effect of microclimate comfort in open space design. Data analysis and 

interpretation serves as the basis for developing conclusions and recommendations in a means 

of understanding the current status on case area and facilities, revise the main reasons why this 

space is not properly used and recognize factors that need improvement.  

Through the analysis the minimum, maximum and average values of the different thermal 

comfort parameters have been identified in relation to the shading envelop. Moreover with the 

use of computer simulators, the level of thermal comfort is analyzed. Chart, tables, graphs and 

percentages are used to represent the analyzed collected data. Real pictures that show the 

current situations of the square are used to enrich the study.  

Lack of shading 

As the nature of the research, the methods used to analyze the study and generate the findings 

in the selected case area Meskel square, used both quantitative and qualitative strategies. The 

key research tool used in finding the effect of lack of shading is supplemented by the literature 

review.  

Value of shading device 

The functional usability of shading envelop is analyzed using soft wares simulations that help 

to identify the intensity of climatic factors especially the location of the site is filled with high 

sunlight months. The data were analyzed by using Excel software, Revit solar radiation 

simulation and ECOTECT analysis.   
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Shading envelop design approach 

The data that can support the analysis has been collected through computer simulation tools 

after the case area has been modeled in Revit software to attain a statistical data about the 

current status of the case area. In addition, raw weather of the case area has been undertaken 

from metrology to explore and trace the climate in that area. This data is essential to identify 

the characteristics of the climate and determine the comfort and discomfort level of the space, 

which was interpreted in the design approach.   

Advanced architectural design approach 

After deep analysis of the finding of the study, shading design proposal is recommended that 

can increase the level of thermal comfort on Meskel square for its users.  For the design of the 

shading, proper analysis on the method of design is taken. Its focuses on simple and practical 

shading design approaches that are flexible with the climate change and the architectural 

characteristics of the square.   

 

3.6. Summary 

This chapter outlined and justify the methodologies used to analyze the study and generate the 

findings in the selected case area Meskel square analyzed in this paper. As the nature of the 

research required, the author used both quantitative and qualitative strategies. The key research 

tool used in this study are the survey analysis, simulation method, and most methods have 

supplemented by the literature review. The researcher has carefully targeted the users of this 

open space plaza. The data were analyzed by using Excel software, Revit, and ECOTECT 

analysis. 

Figure 3.4; Specific objective methodology 

Specific objective Data collection method Instrument & software 

Objective 1  

Effect of lack of 

shade in open spaces 

* Literature review 

* Site observation  

 

* published articles, books, journals 

and reports 

* Digital Hydrometer 

Objective 2 

Value of shading 

device 

* Simulation with software  

* On site measurement 

* published articles, books, journals 

and reports 
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Objective 3 

Analysis to determine 

shading design 

approach 

* Climatic data from the 

meteorology office  

* Energy required  

* Sun path diagram  

* Revit architecture 

* solar radiation analysis tool 

* ECOTECT 

* Excel charts 

Objective 4 

Design solution using 

advanced 

architectural 

solutions  

Parametric architecture  * Revit architecture 

* Shading envelop  
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4 CHAPTER FOUR 

             RESULT 

Meskel square as mentioned on the previous chapters lays on the amorphous type of squares 

design based on its design approach. This means that its design can’t be categorized as regular 

shaped space. Architecturally the design development of Meskel square was influenced by its 

topography, which helped to create the monumental stairs and flat plaza as the transitional plate 

form separating it with the adjacent road. Therefore, here in this chapter the necessary data 

gathered from different sources and simulation findings, which are related to climatic elements 

which affect the micro climatic comfort of Meskel square, is briefly identified and elaborated.  

4.1. Meskel square orientation  

Meskel square is one of the largest open space in the city of Addis Ababa located in Kirkos sub 

city.  As shown in the Figure 4.1, it is oriented (fronted) to northern side (NNW), where the 

amphitheatric seats overlook to that side. This site covers a large plaza plot area of 22,500 m2.  

 

 

 

Figure 4.1; Orientation of Meskel square (Source; Revit modeling, Google image, 2019) 

4.2. Microclimatic data of Meskel square 

This part of the study shows data of the micro climate with all the related thermal elements of 

the case area that comes along with it. The Meskel square climatic data has been collected from 

the satellite station of national meteorology agency. Therefore, data of relative humidity, wind 

speed and direction, rainfall and sunshine hours have been collected and are as shown below. 

4.2.1. Solar Intensity of Meskel square  

As mentioned previously, the study used 20 years raw data of Kirkos sub city were Meskel 

square is located in. So to analysis the solar intensity which fluctuate in each months (in the 
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four Ethiopia seasons), were as shown in the Figure below, summer “kiremt” season has the 

lower sun duration, that only takes 15.03% of the solar intensity in average throughout the year, 

when winter “Bega” season takes the highest 32.51% sun duration. Based on the analyzed data, 

the location gets 10 to 11 sunny hour per day in average, which shows that the location is 

exposed to rich solar light. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2; Annual sunshine hours of Kirkos Sub city (Source: National Meteorology Agency data) 

Addis Ababa, Kirkos Sunshine Hours 

Addis Ababa, Kirkos Sunshine Hours 
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Figure 4.3; Solar intensity of Meskel square per season 

4.2.2. Solar radiation on Meskel square 

As the data shows the location is exposed for solar radiation of 174.32 watt per meter square 

in average. As shown in the Figure 4.4, the solar radiation commonly change throughout the 

season in each months especially in summer “kiremt” the radiation gets lower, which only takes 

15.02% of the solar radiation throughout the year and winter “Bega” takes the highest percent 

with 27.06%. The analysis has shown that the location is exposed for sufficient sunlight 

throughout the year, even in a fluctuating solar radiation in seasons, the average performance 

showed that the location get high solar light (sunlight). 

 

Figure 4.4; Solar radiation of Meskel square per season 
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4.2.3. Temperature & Humidity 

From the data shown below, the annual temperature of the case area, were the maximum 

temperature varies between 19-28oc and the Minimum temperature ranges between 3-14oc 

throughout the year. The hottest months in the year lay between October to June, where the sun 

intensity is increasing and radiation from the sun with environmental objects reflection gets 

higher throughout the days in this months.    

 

 

Figure 4.5; Annual Temperature of Kirkos sub city (Source: National Meteorology Agency data) 

 

 

Addis Ababa, Kirkos Temperature 

Addis Ababa, Kirkos Temperature 
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On the other hand since humidity is inversely proportional with temperature, hottest months in 

the year have low humidity and the coolest on have higher humid days. Therefore, from the 

data gathered below, October to May have the lowest Humid air were the other months (June-

September) have the highest humidity in the air throughout the days.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6; Annual Humidity of Kirkos sub city (Source: National Meteorology Agency data) 

Addis Ababa, Kirkos Humidity 

Addis Ababa, Kirkos Humidity 
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4.2.4. Precipitation 

One of the major elements in microclimatic characteristics is the rainfall received in a particular 

area and therefore the data gathered shows that, Meskel square with its surrounding areas get 

the higher precipitation during summer “Kiremt” seasons where the months lays on June, July, 

August and September.   

Figure 4.7; Annual precipitation of Kirkos sub city (Source: National Meteorology Agency data) 

4.3. Sun path and direction on Meskel square 

As it is visible from the Figure below, Meskel square receives sun throughout the year with 

variation in intensity in each seasons. And since the site is open towards the northern direction 

without shading machanism, it is exposed to harsh sun during the daytime in both winter or 

Addis Ababa, Kirkos Precipitation 

Addis Ababa, Kirkos Precipitation 
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summer seasons. Therefore due to its sun exposure, the amount of sun radiation and surface 

material reflection, highly increases the temprature around the site. 

Figure 4.8; Sun path on Meskel square (Source: Autodesk Revit simulation) 

4.4. Sun path simulation on Meskel square  

As mentioned in the previous chapter different simulation methods were used to examine the 

sun behavior on the site and one of this method include software simulation tool of Autodesk 

Revit architecture software. By using this engine, the path and location of the sun and the 

shadow it casts throughout the seasons is shown. The simulation was obtained in the month of 

the four seasons since the climatic behavior changes on each one. Therefore, this help to clearly 

see places in Meskel square that faces direct angular sun radiation trough out this season based 

on its orientation. 

Table 4.1; solar simulation schedule 

Season Time of simulation simulator 

Spring “Tseday” 9:00AM, 12:00AM, 3:00PM, 

6:00PM 

Autodesk Revit  

Winter “Bega” 9:00AM, 12:00AM, 3:00PM, 

6:00PM 

Autodesk Revit 

Fall/Autumn “Belg” 9:00AM, 12:00AM, 3:00PM, 

6:00PM 

Autodesk Revit 

Summer “Kiremt or Meher” 9:00AM, 12:00AM, 3:00PM, 

6:00PM 

Autodesk Revit 
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For the solar study, 3D modeling of Meskel square was designed using Autodesk Revit 

software that was generated from the city Nortech line map. To gather all the necessary data 

about the sun light, proper location of the site was calculated so that the software can generated 

the solar characteristics on the square within the different seasons. This method also helped in 

figuring out the correct shadow cast location on the specified time and month.  

Here below are the data gathered from the sun radiation simulation tool of the above seasons 

which shows the sun path and orientation with its shadow cast. This data was taken four times 

a day meaning in the morning and afternoon time.  

Spring “Tseday” season 

Figure 4.9; solar simulation on Meskel square (spring Equinox) (Source: Autodesk Revit simulation) 
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Winter “Bega” season 

 

Figure 4.10; solar simulation on Meskel square (winter season) (Source: Autodesk Revit simulation) 

Fall /autumn “Belg” season 

 

Figure 4.11; solar simulation on Meskel square (Fall Equinox) (Source: Autodesk Revit simulation) 
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Summer “Kiremt or Meher” season 

Figure 4.12; solar simulation on Meskel square (summer season) (Source: Autodesk Revit simulation) 

 

As it is visible from the above solar simulation data, Meskel square is a site that receives high 

level of intensive solar radiation during the months of the examination. But also from the data 

gathered above winter season and fall equinox are even hotter months as the sun gets closer to 

the site and be allocated almost perpendicular to the site, which creates a microclimate on the 

square that is thermally discomforting as the entire late morning and afternoon is exposed to 

the harsh sun in the day. The seasonal solar simulation shows that, based on the orientation of 

Meskel square and since its design is fully open with no shading mechanisms, this makes the 

whole months to be filled with hot weather especially in fall and winter seasons.  

Also as seen on the Figure below, in the winter solstice the sun location shifts to the back side 

of the site but still since there are no shading mechanisms on the site the sun directly hits the 

surface in almost all seasons in the year. Also this effect is high on the summer solstice as the 

sun is located right in front of the square and it is exposed to tilted angular solar radiation where 

no places in the site have a shade during the harsh hours in a daytime sunlight. 
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Figure 4.13; Summer solstice sun angle (Source: Autodesk Revit simulation) 

 

Figure 4.14; Winter solstice sun angle (Source: Autodesk Revit simulation) 

4.5. Wind direction on Meskel square 

The wind path and direction of Meskel square and areas around it was studied by using the data 

gathered from the meteorology agency and as shown in the Figure below the area is filled with 

mainly 2-5 KN/HR wind speed. But on the direction of the Meskel square which is located at 

the NNW direction, the wind speed gets to >5 KN/HR with a frequency that lay between 15.5-

27%. From the data gathered the scale of wind speed and direction it move are very small 

compared to other highland area in the city. Therefore, with this level of wind speed, the design 

of shading envelop on Meskel square is exposed to light wind waves.    



49 
 

 

Figure 4.15; Wind direction on Meskel square (Source: National Meteorology Agency data) 

 

Figure 4.16; Wind chart - direction and speed (source: Autodesk ECOTECT weather data) 

4.6. Site observation survey 

The site observation/survey is done by dividing daily activities and time of occurrence on the 

square, which can be identified by the users and there activities on Meskel square. This helps 

to address the problem that takes place within the site regarding its microclimatic behavior, and 

then give solution that can upsurge the feature of the public space. From this findings the level 

of effect of microclimatic character of Meskel square have on the user and the functionality or 

usability of the space is obtained.  



50 
 

As mentioned on the research methodology, this survey was obtained for a week period of time, 

in seven days to observe the activities and user varieties within these days to clearly understand 

the effect of climatic elements on Meskel square usability. 

According to the finding, it shows that the late afternoon times have a better and similar usage 

the entire week and the midday time is found to be the lowest time to use the space. Also the 

weekdays have variation in number based on the time and weather condition. The highest 

number of user is recorded on a weekend morning hours (6:00 AM) where there are varieties 

of activities taking place on the site like exercise.   

The most preferred activity on the space where larger number of peoples use is exercising. Also 

during late morning and afternoon time, most people prefer sitting or slow walking around the 

stairs and on the flat plaza space. 
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5 CHAPTER FIVE 

            DISCUSSION 
 

This chapter briefly discusses on the above findings of the study and analyze them accordingly 

with their results on the case area. As mentioned in the previous section the data collection 

tools can be majorly classified into meteorology data, simulations and site observations, which 

were essential for primary data gathering. Informant interview questionnaire method was used 

to gage peoples understanding of the square and figure out the effect of the existing 

microclimate on the functionality of the space. Based on this analysis, identification of the 

needs and requirements of the public regarding Microclimatic comfort of Meskel square was 

deeply analyzed. Therefore, this chapter deals with the result achieved in the study with 

occupancy analysis and discussion on each findings. 

 5.1. Meteorology result and analysis 

For the data gathered from the meteorology agency, the climatic elements for a specific 

microclimate is fully covered and it shows that Meskel square is categorized under the warm 

and temperate climatic zone, which is characterized of having temperatures that vary regularly 

and throughout the year, reaching an average temperature of 25º C and above when rising, 

while in colder months the average is -3º to 18º C. A very important point is that the existence 

of this type of climate, determines the presence of four clearly defined seasons (summer, 

autumn, winter and spring). The temperate climate groups share certain characteristics in a 

general way, within which it can be said that there are precipitations that oscillate annually 

between 500mm and 1000mm. 

In the case of Meskel square, as figure 5.1 shows the data that indicate the maximum average 

temperature is attained on March with 25.7°C numerical value and the minimum average 

temperature is attained on December with 7.4°C numerical value.  From the raw data gathered 

the hottest month observed are on March, April and May and the months with minimum 

temperature is observed on November, December and January. 

 

 

 

 



52 
 

 

 

 

 

 

 

 

 

 

Figure 5.1; Max. & Min, temperature of Meskel square (Source: National Meteorology Agency data) 

Identifying the average value of temperature is a means to identify the warm months and cold 

months while the raw data is a method to identify the highest and lowest temperature it could 

get. This data is needed to be considered when designing shading envelops for Meskel square. 

In such a way the warmest months solar heat gain is calculated using Hourly Analysis program 

to study the amount of heat the shading envelop is exposed too and how it should respond to it. 

Also is essential in the design and choice of material for the envelop design. Since this research 

focus on the thermal discomfort in relation to temperature rise and responsive envelop design, 

the three months with the warmest temperature solar radiation and intensity are analyzed.  

Therefore, Figure 5.2 shows in the case area, the month with the most daily hours of sunshine 

is March with an average of 9.94 hours of sunshine, which in total there are 298.29 hours of 

sunshine throughout March. Also the other months with high solar intensity are April and May. 

And the month with the fewest daily hours of sunshine is January with an average of 9.3 hours 

of sunshine a day, which in total there are 279 hours of sunshine in January. Around 3114.25 

hours of sunshine are counted throughout the year. On average there are 102.5 hours of 

sunshine per month.  

 

Addis Ababa, Kirkos average Max. & Min Temperature 

Min Temperature Max Temperature 
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Figure 5.2; solar intensity of the hottest months (Source: National Meteorology Agency data) 

Solar intensity for March 

Solar intensity for April 

Solar intensity for May 
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5.2. Site observation analysis 

To understand the effect of the climatic behavior of Meskel square, a site survey was done. 

This is a deep analysis of the microclimatic comfort or discomfort of the site in relation with 

activities on the square and the need of user regarding thermal comfort of Meskel square 

throughout the day and different weather conditions. And from the previous findings, the site 

experience four different seasonal changes, which also affect the characteristics of the site and 

its usability. Therefore to address these climatic effects on the site, observation analysis is 

obtained.  

5.2.1. User experience at Meskel square 

Based on the finding on questionnaire given to volunteers the most preferred type of activities 

are exercising, sitting, standing and also slow walking where 45% stated that they would visit 

the square for exercising reason and 25% of them stated that sitting is their preferred activity. 

Also the 10% chose walking activities. The rest visits the site either for occasional cases or 

commercial activities for vendors at exhibition center.  

During the site observation it was seen that the use of the square by people is affected by 

seasonality, time of day and the prevailing weather and light condition. For instance by 

observing over the course of the days, it became possible to watch the changes in the uses and 

activities. To help the situation that was the result seen from the questionnaire filled by 

volunteers. 70% of them stated that morning hour is there preferable time to use the square and 

30% chose afternoon hours but all there reason was the weather during midday is not suitable 

since there is no amenity provision in the space. 

In addition, beyond its role as a destination area, people used it as a short cut route between 

their neighborhoods and the city center. After class hours students from the adjacent school 

also use it as a waiting area until their parents came and pick them up, which is mainly a result 

of lack of thermally comfortable environment where the users would love to stay in longer than 

they are staying currently. The zooning of these activities are shown on Figure 5.3. 
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. 

Figure 5.3; Illustration of User's activity analysis (Source: Nortech line map) 

Also to see the use of the space deep observations were conducted on the different parts of the 

square. These include: the central part of the square .i.e. the semicircle shaped flat surface 

area(Plaza) where different activities are held and vehicle parking is visible (section “A”) and 

the grass amphitheater (section “B”), where; people sit or stand to watch the different activities 

that are taking place in the extensive tarmac area in front, and also many people used it as a 

running, exercising also slow walking area; and this also include the southern edge of the square 

particularly near the peripheral wall adjacent to Addis Ababa museum, exhibition center & St. 

Joseph school. Below Figure 5.4 shows this areas of the square. 

 

 

 

 

Figure 5.4; Illustration of 

sectioning areas on Meskel square 

for analysis (Source: Nortech line 

map) 

Section “A” – The flat asphalt area 

This is the most important part of the square whereby different uses for different activities is 

observed. It acts as an open air stage for various city wide events and ceremonies, such as: 

Meskel celebration; the great Ethiopian run; political demonstrations; and different music 

festivals and socio-cultural events.  
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On the figure below, it is visible to see that on this section of the square depending on the type 

of day there is a variation of activities. The site observation of the ordinary uses on the site, 

day to day activities with time variation are seen, which helps to understand the activity 

difference in each section of the space. The red shade shows portion of the section in section 

view. 

Figure 5.5; Illustration of activities on section "A" on regular weekdays  

As discussed on the above description the above figure shows activities variation based on each 

time interval of weekdays. On the early morning it is rare to see people who come for the 

purpose of using the space except small number of boys that come from near neighborhood 

places to plays some football. Then as the time passes this space will start to be filled with cars 

which can be private vehicles, taxis and public transportation buses or cross country buses that 

take peoples to different part of the country. Therefore after 9AM the space is going to be 

completely transformed into a parking area. Based on the site observation findings, the time of 

the day where there are highest number of parking hours are from 9AM to 6PM and the lowest 

days for vehicle parking records lays under Monday to Wednesday.  
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Figure 5.6; Illustration of activities on section "A" on regular weekends 

On the other hand, on weekends unlike the weekdays large number of users are at high during 

the early morning hours. The major activities seen can include group exercises, footballs, bike 

riding, running and walking. This activities can go far till 9AM or 10AM. Then around midday 

different vehicle start to park either for longer or shorter amount of time, this is where high 

number of parking is spotted. At this hour it was seen that peoples prefer to stand around the 

space in groups or sit on the edges of the space. This is mainly because the harsh sun hours are 

highly observed by the cars and surface material which makes the space to be high in 

temperature and it is not thermally comfortable for the user to keep their morning activities or 

visit the site during midday, people tend to wait till the late afternoon when the sun starts to set.  

Section “B” – The grass amphitheater (Monumental stairs) 

Another important part of Meskel square where different uses and activities take place is the 

grass amphitheater (section “B”). This specific area was designed in response to the natural 

topography of the site and in such a way that to accommodate a large number of people who 

needed clear, uninterrupted view of the activities that takes place on the semi-circle shaped 

plaza below also its surrounding environments. The primary use of this space is to serve as a 

venue for a large number of spectators, who come to the square whenever there are big events. 

Apart from this, currently it was observed that during the different hours of a day (both on 

weekdays and weekends) the space is used by different groups of users for various activities. 

The major ones are: running exercises, sitting and watching and sleeping. 
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Figure 5.7; Illustration of activities on section "B" on weekdays 

Figure 5.7 shows the site observation findings that during weekday, number of users on this 

section of the square is higher at early morning and late afternoon time in relation with midday 

hours. Since there is harsh sun covering the whole site, it makes it hard to be used throughout 

the day which is also one of the findings on the questionnaire from the users.   

 

Figure 5.8; Illustration of activities on section "B" on regular weekends 

Unlike its usage on weekdays the stairs on weekends are filled with peoples that visit the site 

for different purposes listed in the above description. Starting from the early morning apart 

from the group and individual exercising program on the flat area, individual runners use the 

stairs as a track also peoples in a small group do different exercises on the wide entrance of 
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exhibition center. Just like the space usage on the flat surface the sport can last till 10AM. Then 

as seen on Figure 5.8, during midday the space is bare, where the lowest usage is noticed. But 

in the late afternoon the number of user slightly increase as the space is mainly used for sitting 

either in small group or just individually.  

Also one of the major built part is the tall stone and concrete peripheral wall in the rare side. 

Group of young people mostly of two or three people or homeless one, congregated there. Its 

elevated position gave a good view of the square as well as the city; from here people could 

see everything that is going on the square and though in a very distance space, they could 

nevertheless be relatively private.  The advertisement boards hanged nearby and the trees in St. 

Joseph school provide different microclimate in that area by creating shade from the harsh 

afternoon sun. As Figure 5.9 shows the 8m high peripheral wall, shades areas around it having 

a longer coverage during winter season as the sun is located at the back of the site tilting away 

from the wall, which create shade during the harsh hours in the day. During the survey, it was 

observed that in the afternoon times, it was often the only space people use in the square other 

than the rest of spaces in the square.  

 

Figure 5.9; shadow casted by peripheral wall (Source: Autodesk Revit for shadow cast simulation) 
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Not only just the wall and the open design approach of Meskel square that affects the 

microclimatic character on the site, the low or zero height surroundings buildings around the 

site also play a great role in creating a thermally discomfort able space. As stated on the first 

chapter, the surrounding building especially those that are very close to the square which are 

the exhibition center, the red terror martyrs memorial museum and the St. joseph high school 

can be listed. Based on the above discussion on the seasonal solar effect on the site, not having 

a taller building that bound Meskel square and act as a shading mechanism, made the space to 

be bare, exposing more to the harsh hours which the location of the site is covered with 

throughout the year. the effect of this matter is shown on Figure 5.10. 

 

Figure 5.10; Effect of solar radiation by absence of surrounding shade 

The above analysis can be summarized as the space being a city center public space and a venue 

for physical exercise most people engage themselves on moving and sitting based activities. 

During the morning times most people highly participate in moving activities and on the other 

hand during the late afternoon time the number of people that are part of the sitting activities 

usually excides, which have influence on the space having very low occupancy during the late 

morning and midday than the late afternoon time and this is the result of lack natural or man-

made shades throughout the site and most of the day time it affects the thermal comfort of user. 

Also regarding number of vehicle that increases starting from the midday till the night time, 

many private and governmental owned vehicles used the space as a parking plot. Also public 

transportation buses especially those who are used to travel from Addis Ababa to other cities 

use this space as their starting and destiny point. This parking usage also affect the spaces 

microclimate as the sun radiate toward the vehicle and the orientation of the parking positions 
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increases the reflection of sunlight into the space which is additional element in creating a hot 

environment that is thermally discomforting. All of the above observations difficulties in 

creating a comfortable environment is the lack of appropriate shading throughout the square.        

5.2.2. Climate responsiveness of Meskel square  

One of the main architectural design characteristics of Meskel square that be identified easily 

is its openness to its surrounding. This helped users to have a clear view to the surrounding 

without any distraction from within the site, also it is one of the reasons why peoples visit the 

square as it increased its integration with the environment also made it easier to be flexible 

based on the need of space. Regardless to the positive attribute of this characteristics of the site, 

there are also some difficulties in relation with creating microclimatic comfort for the user 

which is one of the main design criteria in open space design.  

Therefore, from the site observation survey finding, it was clear to see the effect of the seasonal 

changes on climate and daily weather has on Meskel square functionality. The open design of 

the square made it hard to be used at majority hour of the day as it was exposed to harsh sun 

during day time. As seen in the Figure 5.10, especially in summer solstice seasons since the 

sun orientation moves to the northern side and the square is open to that direction, direct angular 

solar radiation hits the site. And as the intensity of the sun is getting higher though out the day 

its usability is highly affected. 

Because of this reasons, it was clear to see that the site is almost bare and out of use by the 

users on those harsh radiation times and which is mainly a result that there are no effective 

shading structure or mechanisms installed on the Meskel square.  
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Figure 5.11; Effect of sun radiation in summer solstice (source: Autodesk Revit simulation) 

On the other hand Figure 5.11 shows, during wet season such as “Kiremt”, where high amount 

of precipitation is recorded, Meskel square as a public gathering area is hard to be usable by 

users. This is mainly because again the lack of provision for shading envelops on this site 

resulted in creating a non-comfortable space since the seating areas (monumental stair) have 

mud as a surface material which have a physical characteristics to withhold excess rain water 

around the seating area. In addition the other main function on this area of the square is physical 

exercise and this activities are highly interrupted with the muddy surface during rainy seasons.   

 

 

 

 

 

 

Figure 5.12; Monumental stairs seasonal characteristics (Wet season) (Source: Google image, 2018) 

5.3. Simulation result and analysis 

The simulation result was design to clearly understand the effect of solar exposure on Meskel 

square throughout the year. As mentioned on the research methodology, the space was modeled 

using Autodesk Revit software and ECOTECT with solar radiation analysis tool for simulating 

the solar study. During this process the parameters were the four different seasons and the 
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microclimate experienced in this particular space. Therefore, below are detailed descriptions 

and discussions made from this result.   

Spring Equinox “Tsedey” – September, October and November  

As seen from Figure 5.12, the simulation result shows that majority part of the site is exposed 

to harsh solar radiation thought out the spring season. Where the yellow shade being labeled as 

the highest level of solar exposure, it is clear so see that the months within this season is filled 

with sunny days. This shows that the square functionality is highly affected by this type of 

climatic characteristics as stated previously that there are no amenities that help to create 

thermally comfortable environment.  

 

Figure 5.13; Seasonal solar study of Meskel square, spring Equinox (source: Autodesk Revit simulation) 

Winter “Bega” - December, January and February  

During the winter season, where there are hot temperature records that are shown from the 

meteorology data, same is noticed on the simulation. Similar to the previous season majority 

part of the square is also exposed to a sunny months. But there are some portion of the 

monumental stairs that receives relatively cooler days or weeks as it is shown on the Figure 

below (Figure 5.13).   
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Figure 5.14; Seasonal solar study of Meskel square, winter solstice (source: Autodesk Revit simulation) 

Fall /autumn “Belg” - March, April and May  

The season of fall contain the months that were listed as the hottest months around Kirkos sub 

city where the case area is located in. Also based on the Figure 5.14, the site shows the same 

results, where the entire space is shaded with yellow that explains the site is again expose to 

heavy radiation and solar intensity as the sun during this season is located perpendicularly upon 

the Meskel square. And since the space is covered with no shading, the reflection from surface 

material, vehicles parking on the site and mainly from the sun radiation itself, where all this 

factors makes the space to not be used during these harsh hours in the day. 

 

Figure 5.15; Seasonal solar study of Meskel square, fall equinox (source: Autodesk Revit simulation) 
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Summer “Kiremt or Meher”- June, July and August  

This season in Addis Ababa in general is when there is cool temperature in most days of the 

months with high number of precipitation ratio though out the year. As shown in the Figure 

5.15, the simulation shows that there are sunny hours or days in this months but the solar 

intensity is lowered by half, meaning from 4 being the highest range of solar radiation study, 

to 2. This simply shows that the radiations during this season is not as harsh as it is within the 

other seasons which can be due to high amount of cloud coverage though out the days.   

 

Figure 5.16; Seasonal solar study of Meskel square, summer solstice (source: Autodesk Revit simulation) 

Based on the discussion above from different findings, there are comfort difficulties which 

were visible concerns that affects the proper functionality of the space that must be kept as 

Meskel square being a landmark in the city. The site observation, questionnaire, informal 

interview and simulation findings show that the site is exposed to solar radiation that affect the 

regular activities on the site which may include sitting, running, exercising and vehicle parking. 

Since the square is located in a warm and temperate climate, the highest effect seen on the site 

is from solar intensity compared to wind and humidity. 

Therefore, from architectural point of view, incorporating shading envelops without 

obstruction of the clear view can make the space be microclimate responsive and user friendly. 
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6 CHAPTER SIX 

         CONCLUSION AND RECOMMENDATION 

6.1 Conclusion  

The study made in this paper covered aspects of the case area as it is the only open space 

designed for its purpose, the historical background, usability, thermal comfort and other 

features of Meskel square were discussed. Additional to these, architectural characteristics of 

the original design of the square and the challenges that came with it were analyzed. To achieve 

these, site observation survey, questionnaire, literature study, site analysis, urban analysis, and 

simulation study were critically applied. Therefore, from the findings of the study, the 

following conclusions are drawn; 

 Also every public space design should be a universal design that fulfills the basic design 

criteria and requirements. Similarly it should responds to its context, activities on the 

space and the four climatic season including “Tseday”, “Bega”, “Belg” and “Kiremt”. 

 

 The spatial orientation of Meskel square & Its open design without any amenity like 

natural or human made shade resulted a thermally discomforting space for the user.  

 

 Finding from meteorology data gathered shows that the solar intensity observed on the 

site goes throughout the year with a lower solar intensity compared with the other three 

seasons in the area is “Kiremt”.  

 

 Also this data shows that the site gets 10 to 11 hours sunlight in a day, which explains 

that the location is exposed to rich solar light. The analysis shows that the location is 

exposed for sufficient sunlight throughout the year, even in a fluctuating solar radiation 

in seasons, the average performance showed that the location gets high solar light.  

 

 From this solar exposure the annual temperature of the Meskel square where the 

maximum temperature varies between 19-28oc in a year and the hottest months 

identified are fall seasons that include March, April and May. 

 

 Also the data identified which is the main element in a Climatic feature of an area is 

humidity and the finding shows that summer “Kiremt” season where only four months 

in a year have higher humidity in the air. Also based on the meteorology data, 

precipitation is high during this season. 
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 From the solar radiation simulation findings show that the sun orientation and directions 

changes from season to season but all seasons sun radiates on Meskel square where on 

winter “Bega” season the sun is located on the rare side of the square and it angular 

tilted sunlight reaches the square. On this season the peripheral wall gives shade 

underneath it that created different microclimate from the rest of the site. 

 

 On the other hand based on the findings of the solar simulations, on spring “Tesday” 

seasons and fall “Belg”, the sun orientation and direction are perpendicular on to the 

site which creates a thermally uncomfortable environment to be used during the day 

time of these months. But on summer “Kiremt” season even though the solar intensity 

is lower than the rest, the site is still exposed to solar radiation. 

 

 Therefore from the above data, it is clear to see that Meskel square is exposed to harsh 

sun in the daytime and the microclimate seen on the site is not thermally comfortable 

for the users to use the space at any time of the day or season. 

 

 The other major finding on this study is the site observations which shows that the 

number of users highly fluctuates throughout the days because of the weather related 

issue that is mostly covered with harsh sun in day time.  And that weekend are the 

highest number of users seen on the site coming for varieties of activities on the site 

including exercising, sitting and walking.  

 

 Also during the observation the activities that is mostly preferred by the users is 

exercising which is active during early morning hours. On the rest of hours during the 

day sitting and walking activities are noticed on the site but later on the morning vehicle 

start to park on the plaza of the site. This change in activities are highly affected by the 

sun radiation also the increase in temperature as the sun orientation moves on top of the 

site.  

 

 Based on the data gathered from National meteorology agency and simulation findings, 

the wind speed are direction on Meskel square shows that the site is exposed to >5 

KN/HR with a frequency that lay between 15.5-27%. From the data gathered the scale 

of wind speed and direction it move are very small compared to other highland area in 

the city.    
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 The solar radiation analysis tool finding also shows similar results as Meskel square is 

highly affected by intensive sun light and temperature level in the different seasons. 

 

 In general, a public space design consideration in microclimatic comfort, has the power 

to humanize cities by attracting people to outdoor activities as long as it responds to the 

thermal comfort level of users.  

 

 Therefore, from the above finding analysis, it is clear that Meskel Square have to be 

thermally comfortable space since it is the only open space designed for its purpose and 

so the study concludes that introducing environmentally friendly shading envelops that 

can help sustain the microclimatic comfort on the site. 

6.2 Recommendation 

Therefore, based on the study and as discussed previously, Meskel square current design is not 

at benefit in creating micro climatically comfortable space that can be functional at any season 

and time of the day. So, in order to improve these difficulties related with these factors, some 

recommendation were drawn in this study that are listed below: 

 As a public space and a venue for religious, socio-cultural, political and economic 

activities Meskel square should offer a comfortable and friendly environment that 

responds to its context, climate, and community and mainly blends with the existing 

character of the site. 

 

 To respond to the microclimatic character of the area, shading envelops should be 

provided that can create a comfortable environment that can increase the usability of 

Meskel square during the harsh hours that were discussed previously. 

 

 Also since most peoples engage themselves mainly on moving and sitting based 

activities, providing man-made shades are important so that people can use the space 

not only during the late afternoon and morning time but also during the day time.  

 

 Any additional features on Meskel square should keep the identity and history of the 

area while enhancing comfort level of the space. 
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 It should give a great emphasis on physical attributes and visual lines, which are 

essential to attract users to the site more often. Also it should focus on the varieties of 

experiences that the place offers to the public. 

 

 It should always responds to the impacts from the different direction of the site for 

example fluctuating number of users depending on time and seasons, which require 

physical enhancements such as shading elements. 

 

 Meskel square should become a public space that meets the needs of people on a daily 

basis, as well as for visitors, gatherings, and celebrations. 

 

 The shading envelop design needs to respect the architectural characteristics of the site 

that needs preservations by keeping this main features and give more emphasis.  

 

 While designing the shading envelop for the square, clear understanding of the seasonal 

conditions of the area need to be clearly understood and approach it as a response to the 

finding on this study. Mainly the solar path, direction and location with the status of 

annual precipitation. 

 

 Also in response to the climatic behavior is the four seasons studied in this study, the 

envelop shape, design, material choice and size of the envelope need to be deeply 

studied and designed. 

 

 In addition, to the design aspect of the shade, structural support in regarding in 

withstanding the effect of wind or actual weight of envelops, percentage of shade 

coverage in regarding the angle of the sun and location. 

 

6.3 Shading envelope design proposal 

Then finally, based on the finding of this study, it is clear to conclude that Meskel square lack 

of shade have a huge effect on the full functionally and usage of the square, therefore, the 

researcher provided shading envelop design approaches that can actually solve the difficulties 

raised with the exposure to sun and be a thermally comfortable space for the users. The design 

of the shading envelop considers all the climatic findings and recommendation in creating a 

sustainable and environmentally friendly shade that don’t affect the architectural characteristics 

of Meskel square. 



70 
 

One of the main things the design of this envelop focused on is keeping one of the major 

characteristics of the square, which is its openness. When designing a shade for space like this, 

it is very important to keep its openness, since that is one of the main architectural feature that 

differentiate it from the indoor space. Therefore to apply this concept, the design used 

parametric origami shading envelop design method.  

Origami design is a method that involves the three-dimensional reproduction on various scales, 

using cut-out or folding. It is an old Japanese art of folding papers into decorative forms and 

figures. This folding on the case of this specific design is parametric where each portion of 

envelop is repetitive patterns in the entire shade. The type of origami used is the star shade, 

where the plate of the shade is retractable in counterclockwise direction changing into a small 

flower like shaped pull in version. This method of shading design was used because, covering 

Meskel square fully by shading envelope, can make the square loss its sense of openness as 

stated previously which is also one of the pulling factor for users.  

As shown in the Figure 6.1, this retractable origami shading envelopes are distributed all over 

the monumental stairs of the square. These envelops are designed with a 3m radius plates with 

a structural support at the center to with stand external load line prevailing wind.   

 

Figure 6.1; Site plan of shading envelop proposal 

The shade is almost a circular shaped envelope that has 16 sides that are separated by folds to 

create the retractable effect of the shade. As shown in the figure below, these envelopes are 

pillared with the same base offset, so that the height of the shade at the lower part of the stairs 
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don’t disrupt the visual contact with the surrounding. They are installed 6m away from one 

other with a shade plates connected to each other to with stand the expected prevailing wind.  

The other main feature of this shading is that it can be compressed to the ground level and act 

as if there is nothing installed on the monumental stairs. Based on the finding of this study, it 

was seen that the square is exposed to harsh sun almost throughout the year, therefore shading 

is needed at most times of the day in different seasons but as that aim of this envelop design is 

to also keep the openness of Meskel square. So, by using sensible elements on the envelope the 

shades retract and expand depending on the solar intensity. During the harsh hours meaning 

based on the finding above, it is around 9:00am – 6pm, the envelope expand and gives shade 

to the space and at the other hours the shade retracts and shrink back to the ground level. The 

detailed description is stated at the structural system part below.  

  

 

 

 

 

 

 

Figure 6.2; shading envelop elevation, section and 3d perspective 

I. Shading envelop design detail (origami star shade retract ability)  

As mentions previously the main aim of the design proposal is to create a thermally comfortable 

open space that can also keep the architectural feature of Meskel square. In doing so, the 

origami concept of this shading envelope design is practical as shown in the figure below. This 

shade is a retractable, light weight and simple in regards to the design approach. It consists two 
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type of folds which are also used as a physical support of the spirals on the shade, this folds are 

mountain and valley fold, were the mountain is used for upper folding and valley for the lower 

folding.  

The process of folding works by rotating the upper part of the pillar support in 360 degrees till 

it is fully unfolded. Just like the concept of umbrella, both folding lines are connected with the 

support pillar by a steel bar for physical stability.  

 

Figure 6.3; shading envelop retracting system detail (source: grasshopper 3D) 

II. Structural system 

The main structural support of the envelope is a 20cm straight steel bar pillar that is connected 

to the central part of the shade. This pillar consist four main functional parts that help on a 

successful retracting process. The first one is the envelop rotator which is found at the top 

portion were the envelope spirals are connected and rotates on as it is shown on the Figure 6.4. 

The second two parts are the retracting parts on the pillar. As mentioned earlier the shading 

envelop shrinks to the ground level when shading is not needed based on the microclimatic 

behavior. As shown in the Figure 6.5, this works just like the way a simple handy umbrella 

works, it retracts downward by inserting each parts of the pillar into one other until it reaches 

to the height of retracted envelop and be fitted in the ground with a cover on top for a good 

maintenance. The last and fourth part is the container that collects all envelop physical elements 

and keep it safe and contained, this box is made of concrete and its base is bolted with bottom 

of the pillar. On top of the container there is a sliding covers that shields the shading envelop. 
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Also to withstand the prevailing wind, tracker support steel bar is installed underneath the 

envelop that gives strength to the flat envelop. The Figure below shows the practicality of the 

above description. 

 

Figure 6.4; Shading envelop and pillar retract ability 

 

Figure 6.5; shading envelope extending track steel bar and rotator 

The other consideration taken on this design is the location of the pillar base that can minimize 

the distraction on width of monumental stairs, therefore, as the Figure 6.6 shows the pillars are 

adjusted in the seating corner of the stairs protruding 50cm from each side of the width leaving 

70cm free space for regular activities to take place like running, walking or standing. Also since 

this pillars are located 6m away from each other along the seating corner and 6.8m away along 
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the monumental stair, there are large spaces left in the space to keep the regular activities 

without major distraction.  

 

Figure 6.6; location of shading envelope pillars 

III. Shading envelop material  

The choice of material for envelop is Vinyl-coated polyester. This material is very sturdy that 

resists moisture and corrosion. Also it is stain less than some woven fabrics. Since its 

combination of fabric and vinyl, it is a flexible material with makes it both strong and low 

maintenance. The choice of material color is light grey as it reflects solar radiation easily and 

the material can be cool throughout the hot months without observing heat from sun or the 

surrounding. 

 

Figure 6.7, shading envelope material (Vinyl-coated polyester) (source: Google image, 2019) 
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IV. Microclimatic comfort of the shading design 

Dry season 

Since the shade covers almost all the major areas of the stair, during the sunny seasons envelop 

shades the space perfectly. But as it is visible from the Figure below, there are shadow casts 

underneath the shades and that cools down the space by keeping the intensive solar radiations. 

Also it is there are open areas in between the envelopes and they are used as air transmitter in 

addition to the side openings also it is good for the visual aspect to keep the enclosed feeling 

by users to a minimum.  

 

 

Figure 6.8; shading envelope at harsh sun times and air movement system 
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Wet season 

During wet summer or any rainy moments the design also tried to be function, the method used 

was to use the pillar as a downpipe so that the rain water flows in it and go to the transmission 

tube which is located underneath the monumental stairs. The 20cm diameter pillar is hollow 

inside and it is suitable to transmit rain water to keep the shading functionality of envelops. 

Also as mentioned previously the material choice is a great fit for such season as it moisture 

resistance and helps with the quick flow of rain water to the hollow pillar. As the Figure below 

shows when the rain starts falling, the track supports that are located under the shade, 

automatically gets pulled down to bring the top rotator along with it so that the center of the  

shading envelop move slightly downward to increase rain water flow, which creates a “V” 

shaped shade.  

 

Figure 6.9; rain water transmission process on shading envelop 

In addition to the shading envelop design proposal, the study also recommends other 

mechanism to provide shading on the site. This methods helps in solving the bare surroundings 

of the site by proposing high-rise building introduction near the periphery wall of Meskel 

square.  
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Figure 6.10, shadow casting effectiveness of the proposal 

As seen on the figure above (Figure 6.10), filling the empty space with high-rise buildings can 

create a shade throughout the date in majority parts of the monumental stairs. Since the location 

on these buildings is at the rear side of the square visual obstruction is not an issue and also 

during hot climate seasons it acts as a shading mechanism by providing longer shadow 

coverage. Also existing buildings height range between 0 -7 story structures, even though 

Meskel Square is located adjacent to the main road, the proposed buildings near the periphery 

wall can be taller than that to the level of high rise which is more than 15 story building. But 

the study recommends to design the buildings that is up to 10 story, which is enough for a long 

enough shadow coverage on Meskel square. 
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APPENDIX 
 

Site observation form 
 

Type of day         Regular 

        Holiday/Occasion  

Remark 

Day of week         Weekday 

        Weekend 

Date ____/____/_____  

Time of day 6 am 9 am 12 am 3 pm 6 pm  

Number of 

Users 

        -       

        -       

Type of 

activity 

Exercising       

Standing       

Sitting       

walking       

Vehicle 

parking 

Public        

Private       

Solar Intensity Low/Cool       

Average       

High/Hot       

Sun location -       

Temperature -       

Wind speed -       

Humidity  -       
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Questionnaire for users of the square 

 

1. How do you see Meskel square? 

 

                      Bad                                        Good                                  No answer 
                        

                      Average                                 Very good 

 

2. What do you think about solar exposure of the square? 

 

                      Low/Cool                              Average                            High/Harsh 

 

3. What is your time preference to use the space? And, why? 

 

                      Morning                               Midday                              Late afternoon 

 

_____________________________________________________________________             
               

4. Is there any space in the square that can be used during harsh sun hours in 

daytime? 

 

                     Yes, around the wall             No, nowhere            
                           

  

5. What activities do you prefer when visiting Meskel square? 

 

                      Exercising                             Walking                            Sitting 
                           

                      Commercial activities           Occasional activities                                      

 

6. Do you believe the space is comfortable to use at every seasonal conditions? If no, 

why? 

 

                     Yes                                         No 

 

_____________________________________________________________________

_____________________________________________________________________ 

 

7. What do you think is the reason behind Meskel square not being micro climatically 

comfortable? 

                          Design aspect                        Orientation of the site         Bareness 

                           

8. Do you believe Meskel square needs enhancement in creating micro climatically 

comfortable environment? 

 

                     Yes                                        No 
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Informant interview Questionnaire for Professional                          

1. How do you see the design aspect of the space? 

 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

 

2. As a professional, do you think the space is functional for the seasonal and weather 

changes in the area? If No, why? 

 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

 

3. Do you believe Meskel square needs enhancement in creating a thermally 

comfortable environment? 

 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

 

4. In your perspective what are the things that require enhancement on the square 

for microclimatic comfort?  

 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

 

5. What is the best way to provide shading envelop design on Meskel square? 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

 

6. If you were assigned design these envelop on the square, what design 

methodologies/approaches will you use? 

 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 
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