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1-Introduction 
Contemporary urban spaces in hot climate regions of the world often turn into heat islands due to intense 

solar radiation and high air temperature. Shading of urban spaces is one of the most important measures 

to improve pedestrian’s thermal comfort in order to activate public social and economic activities 

 One cannot generalize a unified solution for all hot regions in the world, because each has its own local 

climatic features. This research addresses the shading effects on the urban spaces in Muscat Region in 

the Sultanate of Oman.The climate of Muscat region is maritime desert type that combines high 

temperatures, with alternating humid and dry conditions dusty conditions, and very little rain. It is 

characterized by long overheated period all year round, with a short comfort period. It is; therefore, 

necessary to shade urban spaces throughout the year. 

 

2-Shading of external surfaces 

 Exposed surfaces get heated due to the combination of air 

 Temperature and solar radiation as shown below: 

Tsa = Ta + Ts 

Tsa: sol-air temp 

Ta: air temp 

Ts: Equivalent temperature rise due to solar radiating  

 

  Site measurement indicated that when the surface temperature in the shade (Ta) is 40 o C, the exposed 

surface temperature (Tsa) could be 65 0 C. This extra 25 0C could add considerable thermal load .The 

purpose of shading is to remove (Tsa) and restore surface temperature to (Ta). 
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Fig.1 Surface shading 
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3-The concept of Sky Aperture  
The amount of shadow offered by the configuration surrounding the urban space floor is related the 
amount of the sky dome seen by the urban space floor (Sky Aperture).It can be seen in Fig.2. That a flat 
surface sees a 100%sky aperture. The sky aperture is reduced to 64% by two walls, and further reduced 
to 42% by the combination of walls and canopies. The shading effects of various objects such walls, 

covered walkways, and  trees is related to how much they obstructs of the sky dome as shown in Fig.3. 
 

 

 
 

 

 

 
Sky aperture 

and sky mask 

 

 

Walls and canopies 

 

 

 

 

 

4- Urban space shading geometry  

The shadow length and direction of the Pole (a-a1) of the 3D frame in Fig-3a is shown in Fig-3a. The total 

shadow of the total frame is the combination of the shadows of poles and beams. The shadow patterns of 

the four walls and those of a canopy were developed from the 3D frame Fig.4. 

 

Fig.3 Comparative shading by vertical and horizontal elements 

Fig.2 Variations of sky apertures 
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5-Plotting shading patterns 

The shading chart was used to plot the shadow patterns in the urban spaces. Similarly the shading 

patterns of hovering canopy above an urban space are shown in Fig-5. 

 

6- Calculation of shading efficiencies  
An urban space is as an enclosure surrounded by building blocks. For the purpose of this research, it 

was abstracted, into a hypothetical box bound by a floor (F) and several walls (W1, W2, W3).  

Representing the elevations of the surrounding buildings. The box form was described proportion (PRP): 

PRP= height/ (width x length)                                                           (1) 

The typologies of the proportions of urban spaces were classified from; deep (PRP ≥1 /(1x1)) to shallow 

(PRP ≤1 /(2x2)). Shading Efficiency due to surrounding walls (SEFW) is given by: 

SEFW = (shaded floor area/ total floor area)                                         (2) 

Shading performance of trees within the urban space was obtained by dividing the urban space into 

square modules, with the tree at the center of each. The shading efficiency of a single tree (SEFT) is: 

SEFT= module shaded area of the module / module total area           (3)                      

7-Shading elements 

The major shading of the urban space is obtained by the surrounding building blocks. But that is not 

sufficient in regions with h.gh solar altitudes, thus supplementary shading should be provided by trees, 

tents, and covered walkways. 

Fig.5 Plots of shading patterns of walls and canopies 

Fig-4 Shadow patterns of walls and canopies 
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7.1-Surrounding buildings blocks 

The basic shade of the urban space is obtained from the surrounding buildings, and affected by their 

relative heights Fig.6. 

 

7.2-Trees Canopies  

The shading capabilities of trees are affected by their geometric forms which are classified into: cylindrical, 

spherical, and umbrella typologies Fig.7. 

Palm tree is best suited for urban space shading; as it does not take up much space due to its slim vertical 

trunk. Its branches are concentrated on the top like an umbrella, which is ideal for shading from high 

altitude sun rays Fig.8. 

cylindrical              umbrella                   spherical   

Fig.7 Geometric classification of trees 

Fig.6 Shading by building blocks 

 

Fig.8 Shading by palm trees 
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7.3- Tents Canopies 
Further shading could be obtained by tents Fig.9. It is important to check canvas manufacturer’s 
specifications for maximum durability and longer life span. 

 
 
 8-Thermal performance of landscape surfaces 
Hard landscape surfaces get overheated by absorption of solar radiation absorption. Green surfaces, on 

the other hand stay cool because they can dissipate the absorbed solar heat by evaporative and 

photosynthesis processes as shown in Fig.10.  Oversized green are difficult to keep, due to scarcity of 

water, and difficult soil. Therefore a critical balance has to be attained between minimum green and 

larger hard surfaces of tiles, cobble stone, or natural earth. But hard surfaces must shaded by trees and 

tents as shown in Fig.10. 

 

 
9-Case studies 
Field survey was conducted on the performances of urban spaces at Sultan Qaboos University. Two 
case studies are illustrated here to compare the performances of deep and shallow urban spaces. 
1-DeepUrban space at the Science College 
It has proportion (0.9x3.6x1.0) and is surrounded by the teaching blocks. The shading patterns and the 
graph of shading efficiencies are shown in Fig-11. 

Fig.9 Shading by tents 

Figure 10: Performances of hard and soft landscape surfaces 
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It achieves high shading efficiency (72 %≤ SFW ≤ 98%). The floor is mostly shaded hard landscape with 

flower beds and trees, and it attracted students’ activities throughout the day. 

 
2- Shallow urban space at the Administration Buildings 
It has proportion (6.2x3.0x1.0) and is surrounded by three sides. The shading patterns and the graph of 

shading efficiencies are shown in Fig-12. It achieves low shading efficiency (22%≤SFW ≤ 55%), and the 

floor is mostly none shaded and is deserted throughout the day.  

 

10- Discussion of results 

-Shading of urban spaces is one of the most important measures to achieve thermal comfort, and it was 

shown that that Muscat Region  climate is overheated require continious shading throughout the year. 

-Field survey was conducted on the performances of urban spaces at Sultan Qaboos University, and two 

cases were illustrated here to compare the shading characteristics of deep and shallow urban spaces. 

-The horizontal canopies throw larger shade on the urban space floor than surrounding walls due to high 

solar altitudes in Muscat.  

- A sample plot of shading efficiencies in Fig-13 indicated that the shading efficiencies of the surrounding 

walls deteriorate form morning to midday hours then increased at afternoon hours. 

- The horizontal canopies, on the other hand, had the highest efficiencies at midday. 

Fig-12. Shallow urban space 
 

Fig.11 Deep urban space 
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- Canopies should therefore be utilized to provide supplementary shade in the urban space during                  

mid- day hours. 

  
11-Conclusions and recommendations 

The typologies of the proportions of urban spaces were classified from; deep ( PRP ≥1 /(1x1)) to shallow 

(PRP ≤1 /(2x2)). Shading Efficiency (SEFW) is achieved by: 

• Increasing heights of surrounding buildings relative to the floor that such that ( PRP ≥1 /(1x1)) 

• Designing the urban space in a rectangular shape extending in the north/south axis. 

• The buildings blocks adjacent to the urban space from the southeast, south and southwest should 

higher than the adjacent buildings at the northeast, east, west and northwest. 

-The shallow urban spaces, with proportion (PRP ≤1 /(2x2)) have low shading efficiency, so it is necessary 

to provide complementary shading by means of trees, gazebos, and tents. 

-It is difficult to maintain large public green areas due to the scarcity of irrigation water and the difficulty of 

the soil. It is therefore necessary to reduce them and increase the solid areas. But they must be shaded 

by trees and tents to reduce their exposure to solar radiation. 

-Palm tree is best suited for urban space shading; as it does not take up much space due to its slim 

vertical trunk. Its branches are concentrated on the top like an umbrella, which is ideal for shading from 

high altitude sun rays. 

Acknowledgment: The author gratefully acknowledges the support of the College of Engineering, Sultan 

Qaboos University for providing laboratory and computer facilities to carry out this research.  
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Figure 13: Comparing shading efficiencies of surrounding walls with canopies 
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Questions & Answers / by Hardy Zangana, LEED AP BD+C 
 

1- What is Diversity factor in buildings HVAC systems? 

Diversity in HVAC systems within medium to large scale developments acknowledges that it is unlikely 

the maximum demand of all individual users of the system will arise concurrently. The total demand in a 

building is likely to be lower than the maximum or peak demand at various points in the network. 

2- How it effect the selection of the HVAC system equipment size and capacity? 

Diversity has a substantial impact on the peak heating and cooling load and design conditions of a 

HVAC system. Accurate diversity calculation prevents oversizing of HVAC systems that leads to energy 

inefficiencies and increased running costs in buildings. It also helps provide an effective system design 

that can reduce the capital cost of a HVAC solution and provide improved thermal comfort to 

occupants. 

3- What factors effect the calculation of Diversity factor? 

The load patterns of a HVAC system should be anticipated to help estimate the diversity in the system. 

The diversity in commercial and large residential buildings is impacted by fluctuations in occupancy in 

the apartments, or in the case of a commercial building occupancy of various zones. 

Where HVAC controls are installed in separate rooms or zones this further diversifies the load 

distribution, therefore the loads in each zone or individual apartment are a sum of all spaces in that 

particular area.  

To obtain a total peak load diversity, systems should be calculated separately: 

   – Space heating 

   – Space cooling 

   – Hot water provision, including diversity in electric load if immersion heaters are installed 

Diversity calculation takes into account the heat gains and losses through a building envelope. The 

recent improvements in the thermal efficiency of building envelopes mean that diversity calculation 

must be more attentive to the internal gains within a building and heat exchanges between zones, 

occupied and unoccupied apartments, or apartments and communal spaces.  

4- What is the impact of Diversity factor on sizing and designing the HVAC systems? 

The dynamic nature of diversity calls for effective application of adequate data gathered from similar 

existing buildings over a set time period and recorded at regular intervals. This comparison method can 

provide valuable guidance for HVAC system diversity calculation in a new building.  

Diversity in a HVAC system can be influenced by informed changes in building design, for example 

where spaces with similar usage and thermal profile are grouped in the same zone.  
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This can often be observed in office buildings where operationally similar spaces will be positioned in 

one area of a building. 

More commonly, diversity informs the design of a HVAC system to maximize energy efficiency by 

reducing the overall system flow without impacting the peak flow thus retaining the required output of 

the system. The application of diversity also allows for better use of controls to balance a HVAC system 

leading to a reduction in specified equipment and decrease in capital and maintenance costs. 
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Blockchain

 

https://www.youtube.com/watch?v=89J4BQz3TX

 

 

4- 

 

 https://us02web.zoom.us/j/89005115212?pwd=QmZTMUZtTVY3aDQ2M1U5WWtSVU9sdz09  
Meeting ID#  890 0511 5212  Passcode: ala79 

 

5-Oman Sustainability Week Will be held on 12-16 March, Muscat Oman. 
-To meet leading local and international exhibiting companies demonstrating a range of innovative 
technologies and solutions driving the green energy transformation. 
-To get first-hand updates on the future of energy as industry leaders, policy makers and technical experts 
share insights. 
-To attend top level conferences and practical workshop sessions to stay updated with the rapidly evolving 
trends shaping the current landscape of energy transition. 
-To connect with suppliers, innovators, and industry professionals to establish partnerships and facilitate 
knowledge exchange 
  

https://www.youtube.com/watch?v=89J4BQz3TX

