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The traditional buildings, especially in Mukalla city used local 
materials that characterized with thermal comfort and natural ventilation, 
while the urban layout has a compact layout with dense buildings that 
provides shade. This study is conducted to identify the advantage of using 
a courtyard with narrow streets in urban layout and its impact to thermal 
comfort to the traditional buildings. The study applied ECOTECT® and 
DesignBuilder® as simulation software at several building orientations 
and onsite experiment using anemometer to measure the air temperature 
of the building, courtyard and narrow street. This aimed to produce the 
proper orientation, which explains that the courtyard has more effects 
than narrow street as a result of its shading percentage. The study found 
that narrow street and outside courtyard are able to provide lower air 
temperature due to good shading percentage. However, they give small 
changes in natural ventilation. But it is important to increase the wind 
velocity make breezing way for it between courtyard and narrow street. 

 
© 2017 INT TRANS J ENG MANAG SCI TECH. 

1. Introduction 
The outside courtyard, the narrow streets and the building form as well as the site orientation 

create an impact to the urban layout for vernacular architecture in Mukalla city. The study focuses 
on the site orientation which stands as the most important parameter to find out the direct solar 
radiation amount which absorbed by the building walls. 

2. Literature Review 
Recently many studies have tackled the courtyard and its influence on the environment. 

Muhaisen study (2006) explores some matters of shading and different climatic regions. In it, he 
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reported that the condition of internal shading in courtyard depends on the altitude of location, 
form, proportions and the condition of the climate that available on location (Muhaisen, 2006).  
Drawing on the same issue, Muhaisen and Gadi (2006) conducted another study in which they 
explored the considerable influence of the proportions of the courtyard need for heating and 
cooling(Muhaisen & Gadi, 2006).  Al-Dawoud (2008), explained the better energy performance that 
normally can get into the building’s open courtyard especially in hot-humid and dry climates 
(Aldawoud, 2008). 

Orientation does have great impact on buildings. Its effects on indoor thermal comfort by 
control the way of usual wind direction and the amount of solar radiation that received for the 
building (Abraham et al., 1996; Al-Obaidi & Woods, 2006; Szokolay, 2008). 

The present urban layout and traditional architecture are connected with theories and equations 
that explain methods and strategies used in the design. Accordingly, the current study aspires to 
explain the strategy of the design. 

2.1 Mukalla City 
The city of Al-Mukalla is located in the coastal region, at an altitude of 14° 5′ north and a 

longitude of 49° 20′ east, and it enjoys a pretty Yemeni-like climate, very similar to other coastal 
towns in Hadhramout. 

2.1.1 Temperature 
In the summer, the day temperature reaches 32 °C and while relative humidity might increase 

to more than 80%.  Average values of monthly air temperatures from 2010 to 2013 are plotted in 
Figure 1. 

Table 1: Average Temperature during 2010 – 2013 (Celsius). 
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. 
24.0  26.0  28.0  26.0  30.0  32.0  32.0  30.0  32.0  28.0  28.0  29.0  

Source: Archives of weather at the airport (Al Rayan) Mukalla 

2.1.2 Wind 
Wind speed functions as parameter, though unstable, to control thermal comfort. Generally, the 

wind direction is dictated by temperature differences during daytime and nighttime. The prevailing 
wind directions in Mukalla is southeast and north with speeds of between 5 to 8 m/s. Table 2 below 
shows how the wind in Mukalla blows the southeast direction all over the year. 

2.2 Outside Courtyard 
The courtyard has got different shapes to allow more ventilation and therefore help in reducing 

the outer air temperature. The most once used in Mukalla city are rectangular courtyard, so the self-
shading of the courtyard works on reducing the need for cooling by an average about 4% (Muhaisen 
& Gadi, 2006). 
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As a comparison between warm-humid and hot-arid climate, the urban structure is compact, 
crowd and it becomes open to enhance the air movement between buildings (Edwards, 2006). 

 
Table 2: Wind Speed (m/s) and Directions in Al-Mukalla City 

Wind 2010 2011 2012 
Month Wind Speed (m/s) Direction Wind Speed (m/s) Direction Wind Speed (m/s) Direction 

Jan 6.8 NW 6.3 E 6 N 
Feb 5.9 N 5.7 SE 6.5 SE 
Mar 5.5 SE 6.0 NW 6.1 N 
Apr 5.6 SE 6.8 E 6.2 SE 
May 6.4 SE 6.4 SE 6.3 SE 
Jun 7.5 N 6.9 SE 8.2 SE 
Jul 7.6 S 7.8 E-NE 7.6 E 
Aug 7.9 NE-E 8.1 N-NE 7.5 SE 
Sep 6.7 E 7.0 S 7.3 E 
Oct 5.5 E-SE 5.7 SE 5.8 N 
Nov 5.4 NW 6.2 SE 5.7 N 
Dec 5.9 NW 6.6 N 5.9 N 

Mean 6.4 … 6.6 … 6.6 … 
Source: Civil Aviation & Meteorology Authority-Yemen 

2.3 Parameters 
The surrounding building and the climatic properties of the outside courtyard depend on the 

length, height and width proportion. So that, Koch Nielson recommended to using the x to 3x as 
courtyard width, where x is  equal to width, and 3x is equal to the courtyard height (Koch-Nielsen, 
2013). 

 
Edward noted that, the proportions of width to length ratios that most commonly used: 1:1.8 

and 1:3.6, based mainly on the path of the sun (Edwards, 2006). While Wadah (2006, p. 156) 
showed that the courtyard area to the build area ratio must be ranged between 1.5 to 2.7, and that to 
avoid the environmental effect to be too large or too small. However, according to (Reynolds, 2002) 
should be enough with minimally 25% of the plot to make sky open and using the following to 
describe the affection of two main parameter factors on courtyard: 

 
a. Aspect Ratio (AR): explain the openness to sky degree, which concentrate on the biggest 

aspect ratio and that makes the courtyard exposed. Therefore, to provide good daylight that 
factor had been considered in architectural designing and calculated with the following 
equation: 

Aspect Ratio = (area of courtyard′sfloor)(m)2

(average height of walls)(𝑚𝑚)2 
        (1) 

b. The Solar Shadow Index (SSI): that compatible with exposure to winter sun (Reynolds, 2002). 
It is concentrated on the maximum solar shadow index and the deep wall that formed the 
courtyard and reduce the winter sun that could be reached to the south wall or floor. 

Solar Shadow Index = South wall height (m)
North−South floor width (m)

       (2) 
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Continuously, the aspect ratio will be high when the courtyard is shallow and wide, which as 
similar as sun collector, while in low aspect ratio the courtyard be deep and narrow as similar as sun 
protector. 

2.4 Corridors and Shading 
That could be described as a contact between closed spaces of the building and opened spaces, 

where it would be provided an area with outdoor pressure zone to transfer indoor environment 
through detailed design that integrated with passive elements of building (Siew et al., 2011). 

2.5 Effects of Outdoor Spaces on the Building Performance 
The integration between natural ventilation and the orientation of the building would become a 

challenge, especially for the designers and need to study the effect of wind and its direction in 
addition to the area of building that exposed to the wind and all that to obtain the optimum effect of 
ventilation on buildings (Cardinale et al., 2003). The site details and its feasibility should be studied 
to ensure the strategy of cooling that could be applied (Anselm, 2006), (Omer, 2008). 

2.6 Thermal Comfort 
To design a suitable passive system, Yemenis need to recognize the thermal comfort 

expectations (Sayigh & Marafia, 1998). Thermal comfort, it is argued, depends on the people's 
thoughts and attitudes towards the environment.  Comfort normally happen when the body of 
temperature is being held during a narrow range, low moisture in the skin and reduce the effort of 
the physiological regulation.  Macpherson (1962) explains the factors that affect on the sensation of 
thermal. These physical variables include: 

1. Air temperature  

2. Air velocity  

3. Relative humidity  

4. Mean radiant of temperature 

(Personal variables): 

5. The insulation of cloth. 

 
De Dear & Brager (2001) noted that  the standards and models of thermals comforts could be 

applied to all types of  buildings, ventilation and climate region.  Thermal comfort is also 
considered as a parameter key for productive workplace and provide a healthy environment (Taylor 
et al., 2008) and (Wagner et al., 2007). 

3. Research Design 
The case study of research takes residential area in Mukalla city that located along the west 

coast in latitude (14.33) north of the equator with Longitude (49.13) east of Greenwich at the 
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coastline of Hadhramout governorate, with hot climate in summer and moderate in winter.  The 
research design has an experiment divided into the following stages: 

3.1 Onsite measurement 
After measuring the outside courtyard and narrow street, then measure the residential building 

spaces to determine the number and style of openings, doors and windows in one room. Also 
measure the velocity of airflow indoor the building with one meter as height from the floor level at 
the middle and near the window. 

 
The survey was conducted from the 1st to 15 of July in 2014 for 15 days consecutively. The 

reason is that this period time one of the hottest of the year according to the average of 5 years 
meteorological data from the nearest station of the weather. There are three types of climatic factors 
were measured indoor and outdoor which are air temperature, wind speed and direction. The device 
which was used is the Anemometer. The indoor measurements of the temperature and movement 
of air were taken in the middle of all spaces at the high of 1.2m from the floor level, while outdoors 
at the high of 1.8 m from ground level (Krüger & Givoni, 2008). 

3.2 Simulation 
The simulation makes model for building to compare between the results and measure the 

percentage of error before taking it to next stage.  Use ECOTECT® and DesignBuilder® to 
establish the model and make sure of the result. While the data used was driven from the 
experiment which was hourly-measured from 1st July to 15 July in 2014 from 6:00 am to 12:00 pm 
for air temperature and wind velocity, as base line data to construct virtual environment with 
simulation weather data and compare between them to minimize the differences.  And by use 
DesignBuilder® change the independent variables to recognize the relationship between courtyard, 
narrow street and get the proper orientation with low air temperature value. 

3.3 Changes in independent variables 

3.3.1 The relation between the outside courtyard and the Narrow Street 
To find out the effect of outside courtyard and the narrow street on air temperature and to 

identify the optimal ratio, there is a great need to illustrate a case study with its surroundings.  The 
analysis of existing location started on 1st July with concentration on air temperature, shading and 
sun movement, which is the same time of starting the practical experiment on the case study. 

 
The effect of outer courtyard and the narrow street on air temperature and its relation was 

measured by simulation software. Then, the aspect ratio has been changed to be equal 0.2, 0.5, and 
0.7, and the best aspect ratio has chosen according to Muhaisen (2006) research.  Finally, the results 
of air temperature and shading percentage have been compared with the results of aspect ratio. 
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3.3.2 Effect of orientation 
It is impact on the air temperature of indoor building could be fined to identify the optimal 

orientation, consider all the building models but concentrate on the room 1 as it has windows were 
facing one direction more than other rooms which have windows facing three directions. First, the 
real existing orientation was analysed. Then, the model was rotated site in steps of 270° especially 
the long façade to investigate the effect of different orientations starting from 0° and 270° North-
South and East-West respectively (Figure 1). 

 
Figure 1: Model rotate 

 
After that, calculate the differences between orientations in air temperature and natural 

ventilation and then make a comparison between 0 and 270 orientations. 

4. Result of the Analysis 

4.1 The effect of orientation on temperature 
The effect of orientation between 0 and 270 degree causes small changes to the building 

temperature with only 2°C. The building temperature at 0 degree is higher than 270 degrees, 
reaching its maximum increase at 16:00 with 1°C as shown in Figure 2. 

 

 
Figure 2: Difference between orientations. 

 
As the whole site had been rotated from 0 to 270 degree, Table 1 shows that the temperature 

had increased gradually to approximately 2°C from 10:00 am to 12:00 pm, while the natural 
ventilation had changed at the 0 degree with 0.01 m/s from 10:00 am to 12:00 pm compared with 
270 degree. 
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Table 3: Differences in orientation. 
Orientation 0 270  

Zone 

  

1 

Air Temperature (°C) 30.5 33.2 31.5 34.9 --- 
Radiant Temperature (°C) 29.1 31.58 30.75 32.87 --- 
Natural ventilation (m/s) 0.68 0.69 0.68 0.68 --- 
Time 10:00 am – 12:00 pm 10:00 am – 12:00 pm 2H. 
 

4.2 Outside Courtyard and Narrow Street 
The changes between R3 and R2 aspect ratio of outside courtyard and narrow street in air 

temperature decreased at 8:00 am and reached 33°C in outside courtyard and 33.12°C in narrow 
street, and increased at 10:00 am and reached 34.22°C and 35.03°C, respectively, while reached its 
maximum at 12:00 pm. Also, the changes in R1 aspect ratio of outside courtyard and narrow street 
decreased at 10:00 am and reached 32.41°C and 33.22°C, respectively while reached its maximum 
at 10:00 am as shown in Figure 3. 

 
 

 
Figure 3: The air temperature of outside courtyard and narrow street (North-South). 

 
 
 

It should be noted that the original case study has come up with decreased results in air 
temperature compared with outside courtyard and the narrow street where the changing aspect ratio 
less than 1°C in air temperature. Also, the shade percentage has increased in the outside courtyard 
compared with the narrow street, as shown in Table 2. 

 

Then change the orientation to the west-east (270) and repeat the same aspect ratio. The 
changes appeared in used R2 on the narrow street when the comparison between two orientations in 
the decrease at 16:00 reached to 2F as shown in Figure 4.  While the shading percentage decrease in 
the narrow street compare with the North-South orientation to 0.03% as shown in Table 3. 
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Table 4: Difference between outside courtyard, narrow street aspect ratio. 
 Outside Courtyard Narrow street Hours 
Aspect Ratio(R1*) R1 R1  
Aspect Ratio (R2**) --- R2  
Aspect Ratio (R3***) R3 ---  
Air Temperature  34.13 34.22 33.61 35.03 35.46 34.51  
Air temperature (R1*) 33.96 33.38 33.02 34.52 33.88 34.82  
Shade Percentage 
(R2**&R3***) , (R1*) 

 
28 -50 % 

 
25 % 

 

Time 10:00 AM – 12:00PM 10:00 AM – 12:00PM 2 H. 
*R1=0.2, **R2=0.5, ***R3=0.7  

 
 
 

 
Figure 4: Air temperature of outside courtyard and narrow street (West-East) 

 
 

Table 5: Difference between outside courtyard, narrow street aspect ratio (East-West) 
 Outside Courtyard Narrow street Hours 

Aspect Ratio(R1*) R3 R2  
Air Temperature  33.61 33.55 33.5 34.47 34.75 34.85  
Shade Percentage  50 % 24.47 %  
Time 10:00 AM – 12:00PM 10:00 AM – 12:00PM 2 H. 

                  **R2=0.5, ***R3=0.7  

5. Discussion 
The orientation between 0 to 270 degrees have affective results even with radiant temperature 

that use mean of the heat transferred from surrounding walls compared with air temperature that use 
the average of air surrounding temperature.  While the orientation between 90 to 180 degrees 
neglected as a result of high values of air temperature and uncomfortable environment that 
produced direct sun for more than 4 hours. 

 
The First aspect ratio (R1= 0.2) has used the minimum width comparing to height and that 

makes the outer courtyard deep such as narrow street, but the outer courtyard width is higher than 
the original narrow street. While in the second and third aspect ratio (R2 = 0.5 & R3= 0.7) were 
near to the equations of Koch with the effection. 

 
The simulation software helps to know the proper aspect ratio especially when using more than 
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two aspect ratio R1, R2 and R3 to obtain the optimum one that suitable with the climate and allow 
to increase the shaded area as shown in Table 4. 

 
The effect of the rectangular outside courtyard aspect ratio that ranged (0.5 to 0.7) appeared in 

choosing its heights and storeys and increasing in the shading percentage. So, the height difference 
from one storey to three storeys was tested and showed high result in the shading with the height of 
level floors as shown in Table 5. 

 
Table 6: Aspect ratio to shading percentage of courtyard and narrow street 

Location Optimum ratio Shade percentage 

Outside courtyard R2=0.5 28% 
R3=0.7 50% 

Narrow street R1=0.2 25% 
 
 

Table 7: Minimum shading percentage 
Number of storeys Minimum shading percentage 

1 = 3 M 18% 
3 =10 M 28% 

 

While the shading percentage of the area in the courtyard especially in the summer could be 
increased by making it deeper, where it was determined the optimum ratio according to the equality 
for heating and cooling energy requirements. 

 
As shown in Figure 5 the outside courtyard has two orientations north-south and east-west and 

all of them were monitored for 15 days from hot summer period with concentrate on the relative 
humidity, air temperature, shading percentage and the wind direction and ventilation.  Whereas, the 
buildings surrounding the courtyard characterized with no openings contact between courtyard and 
narrow street from first to second floor and just variation in heights of buildings which prevent wind 
speed and breezing.  

 
Figure 5: North-south and east-west courtyard and wind direction 

 
After monitoring the percentage of internal shading for both of north-south and east-west 
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courtyard, it was noted an increase in the direct radiation of the sun that faced from the morning to 

late afternoon the east-west courtyard and narrow street, compare with north-south one as shown in 

Figures 6 and 7.  However, it is observed that even though the high effect of the courtyard, narrow 

street and orientation on decreasing the thermal behaviour of the building, but still there is an 

overheating especially in the summer daytime and that because of the radiation that trapped inside 

the building envelope and the shortage in the ventilation. 

 
Figure 6: The courtyard shading in west and south orientation 

 
 

 
Figure 7: Area to shade total percentage 

 

6. Conclusion 
The urban context in Mukalla city have their characteristics in passive design, especially in the 

east side. Also, the space for building construction is found to be small with vertical extension while 

the remaining used for narrow street and outside courtyard to control the air temperature and 

shading percentage by increase wind velocity outside courtyard and narrow street which are 

integrated into the building's structure. But as a result of no direct openings in the first and second 

floor of the building envelope that contact between courtyard and narrow street, get increased wind 

speed with 0.68-0.69 m/s.  The outside courtyard and the narrow street provided little changes in 

natural ventilation and kept the temperature harmonized especially in the increase and decrease 
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points, compared with the south-north orientation. So that the north-south orientation was the 

perfect orientation compared with the east-west orientation in providing better natural ventilation. 

Also, the orientation of the building was affected by the direction of prevailing winds which control 

the natural ventilation and air temperature. 
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