











CHAPTER TWO
BACKGROUND STUDY OF YEMEN

2.1 Climate and Comfort Zones
2.1.1 Location of Yemen

The Republic of Yemen is located in the southwest of Asia, in the
southern part of the Arabian Peninsula. Its neighbors are the Sultanate of Oman
in the east and Saudi Arabia to the north. On the western border is the Red Sea
while in the south lie the Indian Ocean. Yemen is located between latitude 12°
to 20°N and between longitudes 42° to 54°E. The total area of the country is
approximately 523,000 km2. The southern coast of Yemen extends a distance
of more than 1200 km in length while the western coast is about 700 km long.
There are numerous islands of Yemen'’s coast, the biggest of which is Socotra,

situated south of Yemen. Figure 2.1 represents the map of Yemen.

Figure 2.1: Location of Yemen in the Arabian Peninsula
Resources: Country profile: Asia
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2.1.2 Regions and the Topography of Yemen

Yemen was formed through the multi-combination of trans-formable
rocks. The topography varies from high mountains, desert areas, long coastal
areas and deep valleys. There is a great difference in elevation as the Yemeni
landscape rises from sea level to nearly 3700 m. The nation is divided into five
geographical regions i.e. Figure 2.2 shows these regions in Yemen the Coastal
region, the Plateau region, the Mountainous region, the Desert region and the

Islands. (Statistical Year-Book 2003)

el gl F

—
_ ) .,:'”‘"1 I

#5 )
i

Figure 2.2: Map of Republic of Yemen Showing Each Region
Resources: World Atlas
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Geographically Hadhramout governorate is situated between latitude 14°
to 20°N and between longitude 47° to 51°E. Hadhramout is situated almost
halfway between Aden and eastern borders with Oman. The southern part of
the Hadhramout lies on the coastal region covered to the west with sand dunes,
the middle part of Hadhramout lies on the plateaus region and the northern part

of the Hadhramout lies on the desert region.

The history of Hadhramout as a trading centre dated back over 3000
years. Marco Polo and Ibn Batuta visited Al-Mukalla city in the 11th and 12th
centuries. Al-Mukalla was often visited by traders and as a stop over from China
and India. In the 1800's Al-Mukalla grew as a ship fuelling port, holding stocks

of coal and water supplies for the early steamers.

Al-Mukalla is the capital of Hadhramout governorate now, located off the
southeast tip of Yemen and at the south of the Arab Peninsula. Al-Mukalla is
one of the Yemeni ports on the Arabian Sea. Fishermen were the first to settle
in Al-Mukalla having emigrated from adjacent regions. Al-Mukalla is the capital
of the Qua’iti Sultanate in 1877. The economy of Al-Mukalla is based on fishing

industry.

2.1.2.1 The Coastal Region

The coastal strip lies between the Red Sea and the Arabian Sea and is
1900 km long. It includes the western plain (Zabid, Rima) and the Southern
plain (Ahwar, Hajer and Mayfa'a). The western plain lies between the Red Sea

and the Western Escapement with an altitude of up to 300 m. It is 420 km long
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and has a width of between 20 to 40 km. The southern plain lies between the
Arabian Sea and the southern escapement with the altitude rising to about 200

to 500 m high. It is between 10 to 60 km wide.

2.1.2.2 The Plateaus Region

The eastern plateaus are dissected in particular by, the north
Hadhramout and its tributaries. The climate in general is hot and dry; with
annual rainfall below 10 mm. The eastern plateaus include both low and high

mountains ranges. Altitude varies between 1000 m to 1700 m above sea level.

2.1.2.3 The Mountainous Region

The High lands tower up to 1800 m above the plains of Saada and
Sana'a. This area lies to the east and north of the mountainous region, which
has hills in parallel with the hills facing the Rub Al-Khali (Desert of Empty
Quarter). The altitude ranges from 1800 to 3760 m above sea level. The climate
varies from hot at lower elevations to cool at the highest altitudes and average

rainfall is from 300 to 2000 mm.

2.1.2.4 The Desert Region

The desert region covers large areas of Al-Jawf, Mareb, Shabuwa and
part of Hadhramout and elevation drops gradually from 1000 m towards the
north east to less than 500 m in the desert. Rainfall and vegetation are nearly
absent. In the north, lies the Empty Quarter Desert (Rub’ Al-Khali), which
extends into Saudi Arabia and is approximately 500,000 kmz in area. This sandy

desert is one of the most desolate regions of the world.
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2.1.2.5 The Islands

The Republic of Yemen has more than 120 islands. The most important
of all is Socotra with its unique biodiversity of flora and fauna unlike that of any
other region in Yemen. Socotra is the biggest island in Yemen. It is situated

south of Yemen and has an area of 3100 kmz.

The physical and geographical barriers of high mountains, large deserts,
deep valleys and extensive coastal areas have naturally divided the country into
three urban zones. Each zone has a different climate and traditional heritage.
The zones are: the Coastal Region, the Plateau Region and the Mountainous

Region. (Leipzig, 1996)

2.1.3 General Climate of Yemen

The climate in Yemen varies according to its different topography. The
country could be divided into three urbanized zones, each of which has very
different climatic conditions. There are no distinct variations between the
seasons. Generally, there are two main seasons, hamely, summer and winter.
The climate of the coastal region during the summer is hot with the air
temperature of about 35 °C and humidity as high as 80 %. The mean
temperature in winter is around 22 °C. The average annual rainfall varies from
less than 50 mm to 255 mm. The coastal region includes the low coastal plains
facing the Red Sea, the Gulf of Aden and the Arabian Sea. It consist a coastal
strip extending from the Omani border in the east towards the Gulf of Aden in

the southwest and towards the Saudi border in the north.
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The plateau region covers the northern boundary of Yemen. The
mountains zone to the west, the coastal plains to the south and the Empty
Quarter desert to the north border of this region. The climate here is generally
whether air temperature at about 32 °C and humidity at about 30 %. The
average rainfall in this region is generally below 200 mm. This region is
subdivided into the northern zone, the southern zone, Hadhramout and the Al-
Ghadydah basin. It contains basin expanses of sand desert and dissected

plateaus with altitudes ranging from 500 m to 800 m in the north and south.

The Mountainous region of this area consists of the western mountain
range that dominates a large part of the country. Elevation rises from 500 m at
the foothills at its southern sections to 3700 m in the western section. Rainfall is
related to elevation and generally ranges between 300 - 1000mm. This region is
divided into three main catchments zones i.e., the western zone sloping towards
the Red Sea, the southern zone sloping towards the Gulf of Aden and the north
eastern zone sloping towards the desert of Empty Quarter. Temperate is
moderate in summer 24.7 °C and cool in winter 4.6 °C. Tables 2.1 to 2.5 show
the air temperatures, wind direction, rainfall and sun path in the major cities of
all regions. The location of these major cities is shown in Figure 2.3. These
tables provide details of the maximum and minimum temperatures, the angle of
the sun, the mean speed and direction of wind during each month as well as

monthly rainfall levels.
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Figure 2.3: Map of Governorates in Yemen
Resources: World Atlas

Table 2.1: Temperatures and Rainfall at Different Altitude

Zone Altitude Mean min - max Relative Rainfall
Temperature °C Humidity % mm
Coastal region <500 22-35 80 50
Mountain region >1700 4.6 - 24.7 50 260
plateau region 1000.1700 18 - 32 30 400

Resources: Leipzig, Yemen (1996)

Table 2.2: Minimum, Maximum and Mean Temperature °C

City

Sanaa

Aden

Taizz

Al-Mukalla

Socotra Island

Month

Max

Min

Mean

Max

Min

Mean

Max

Min

Mean

Max

Min

Mean

Max

Min

Mean

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

26.7
29.8
28.6
30
31
32
33.1
32.1
31
28
26
28.2

-2.5
-1.8
6
6.8
11.4
12
13
12.5
9.6
54
2
15

12.9
16.5
17.4
19.5
21.9
22.7
23.2
22.4
21
18
14.4
14.8

30.7
29.5
31.2
33.4
41.8
40.5
38.7
39.5
38.2
35.2
33.6
32.2

17.6
16.8
22.6
21
25.2
26.1
24
26.9
24.7
23.6
20.4
21

25.4
24.9
27.1
28.6
31.8
32.5
31.8
32
30.9
29.5
26.7
26.5

27
32.6
31.8
34.6
35.2

37
35.5

34
34.5

33
31.6
29.4

6.2
6.4
10.8
13
15
17
15
14.6
12.4
12.6
9.4
10

16.7
19
20.9
23.1
24.1
25.5
24.7
23.8
22.9
22.1
19
18.7

32.2
30.7
31.7
34.4
36.8
36
34.6
35
34.3
33.4
34.2
315

13
11.8
14.3
154
24.8
23.2
21.8
21.6
22.8
20.6
16.8
19.5

22.5
22
24.4
26.2
30.4
30.7
29.6
29
28.8
28.3
25.8
25.6

28.4
29.5
31.7
37
37.7
35.6
35.5
34
34.8
33.5
32.4
30.3

17.6
17
15.2
20.3
23.7
25.2
22.5
22
22.6
21.5
18
20

23.7
23.1
25.2
27.6
30.7
29.6
28.1
27.9
28.9
27.1
25.5
25.9

Mean

29.7

6.3

18.7

35.4

22.5

28.9

33.0

11.9

21.7

33.7

18.8

26.9

33.4

20.5

28.5

Resources: Statistical Year-Book (2003)
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Table 2.3: The Angles of the Sun in Summer and Winter over the Major Cites of

Yemen.
City Latitude | Longitude Solar Day Solar Position
Azimuth | Month
65.65° 21
N
Jun Sunset Sunrise
Sana'a 15.3° N 44.1° E 18:32 5:37
114.39° 21 Sunset Sunrise
Dec 17:34 6:28
65.96° 21 \
Jun Sunset Sunrise
Aden 12.5° N 45° E 18:23 5:39
114.08° 21 Sunset Sunrise
Dec 17:35 6:19
65.88° 21 N
Jun Sunset Sunrise
Taez 13.3°N 44° E 18:29 5:42
114.16° 21 Sunset Sunrise
Dec 17:38 6:25
21
65.74° Jun N
Sunset Sunrise
Al-Mukalla| 14.5°N 49.2°E 18:10 5:19
114.3° 21 Sunset Sunrise
Dec 17:15 6:06
65.96° 21 N
Socotra Jun Sunset Sunrise
Island 12.5° N 54° E 1741 5:03
114.08° 21 Sunset Sunrise
Dec 16:59 5:43
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Table 2.4: Wind Speed and Directions

City Sanaa Aden Taizz Al-Mukalla |Socotra Island
Monthjm/s| Direction | m/s | Direction| m/s | Direction | m/s | Direction | m/s | Direction
Jan |4.9 N 4.4 E 3.2 S 4 SE 8.7 E
Feb (4.8 N 4.9 E 34 S 3.9 SE 8.2 E
Mar | 5 SW 5.8 E 3.8 S 4.2 SE 6.3 NE
Apr |4.2 NE 4.8 E 3.6 S 4.2 SE 5.2 NE
May |4.6 NE 3.8 E 3.3 W 4.1 SE 7.4 S
Jun (4.9 N 3.2 SE 4.7 NW 3.7 SE 12.7 S
Jul |5.9 W 4.7 SW 54 NW 3.6 SE 14 S
Aug |4.5 N 6.7 SW 5.3 NW 34 SE 13.2 S
Sep 4.9 NE 4.9 SE 3.8 S 3.8 E 8.7 S
Oct |4.3 NE 4.4 E 4.2 S 3.9 E 5.8 NE
Nov |4.5 N 5.6 SE 4.2 S 3.8 SE 4.9 NE
Dec |9.1 N 6 E 4.2 S 4.8 SE 6.5 NE
Mean|5.1 - 4.9 - 4.1 - 3.9 - 8.5 -
Resources: Statistical Year-Book (2003)
Table 2.5: Rainfall (mm)

City Sanaa Aden Taizz | Al-Mukalla Socotra

Month Island

Jan 0 3.1 0 0 14.6

Feb 0.7 0 0 0 0

Mar 95.7 0 74.3 0 0.5

Apr 24.9 0 32.2 0 0

May 5.9 4.5 2334 0 4.4

Jun 0 0 90 0 0

Jul 96.6 0 138.6 0 0

Aug 74.6 6.3 107.3 0 0

Sep 34 0 101.2 4.2 7.3

Oct 0 0 325 0 18.8

Nov 0 0 0 0 0

Dec 0.4 0 1.4 8.3 7

Total 302.2 13.9 810.9 12.5 52.6

Resources: Statistical Year-Book (2003)

2.1.4 Climate in Hadhramout

The climate in Hadhramout is hot and humid in summer and moderate in

winter. Temperatures reach 40 °C in the plateau region, where a dry tropical

climate prevails. In coastal region, the temperature is 36 °C due to high humidity

of 80 %. In the winter temperature tends to be moderate, between 20 °C to 24

°C in the coastal region and 17 °C to 20 °C in the plateau region.
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2.1.4.1 Sunshine and Solar Radiation

The sun is the source of all forms of energy on earth and is the
fundamental source of global weather patterns. It is also the most important
element for heat gains in a building as its orientation and global position will
determine a building’s exposure to solar heat. 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. The Sun Path Diagram for given latitude can be used to determine the

sun’s position in terms of altitude and azimuth for any hour of the year.

The Sun Path diagram for the city of Al-Mukalla is presented in Table
2.3. This table shows the position of sun in the summer months as of June 21
and in the winter months as of December 21. Based on its location, Al-Mukalla
receives 8 to 10 hours of sunshine for eight months from October to May and 5
to 6 hours during the remaining four months. It should be noted that solar

radiation intensity is closely related to the duration of sunshine hours.

2.1.4.2 Temperature

As coastal Hadhramout is bordered by the eastern plateau in the north
and the Arabian Sea in the south, with no lakes or rivers, its local day
temperatures tend to be high with a very high humidity. In the summer months,
the day temperature reaches 40 °C and the relative humidity may increase to
more than 90 %. The air temperature and relative humidity values from 1999 to

2004 are plotted in Figures 2.4, 2.5 and 2.6.
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Maximum Temperature
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Figure 2.4: Maximum Daily Temperatures for Al-Mukalla City
Resources: Statistical Year-Book (1999-2004)

Minimum Temperature
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Figure 2.5: Minimum Daily Temperatures for Al-Mukalla City

Resources: Statistical Year-Book (1999-2004)

20




Mean Temperature
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Figure 2.6: Mean Daily Temperatures for Al-Mukalla City
Resources: Statistical Year-Book (1999-2004)

2.1.4.3 Relative Humidity

Almost all regions in Yemen are situated at a considerable height above
sea level. Thus relative humidity generally varies from region to region on a
monthly basis except for the coastal region where high relative humidity is
common. The mean monthly relative humidity in coastal Hadhramout is about
60 to 80 % Figure 2.7. In the most humid month, relative humidity ranges
between 78 to 82 %. Generally in this region, humidity increases in April just
before the southwest monsoon starts and drops in the cooler months of
November and December. The relative humidity is normally at its minimum
values from November to January and at its maximum values from May to
September. Therefore, the summer weather in the coastal region can be

considered to be very hot.

21



[o¢]
ol

[00]
o

~
1
|

»
($1

Relative Humidity
\‘
o

o2}
o

(3]
($1

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

‘ —4—1999 ——2000 —— 2001 —*—2002 ——2003 —=—2004

Figure 2.7: Mean Relative Humidity for Al-Mukalla City
Resources: Statistical Year-Book (1999-2004)

2.1.4.4 Wind

Wind speed is used to control thermal comfort but it is a very unstable
parameter. The direction of wind constantly fluctuates due to driving sand
storms and dust or rain in the region. Generally, the wind direction is dictated by
temperature differences during daytime and nighttime. The prevailing wind
directions in coastal Hadhramout are southeast with speeds of between 2 to 4
m/s. From Table 2.6, it is clear that most of the wind in Al-Mukalla throughout

the year comes from the southeast direction.
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Table 2.6: Wind Speed and Directions in Al-Mukalla City

Wind 1999 2000 2001 2002 2003

Month | m/s | Dir-n | m/s | Dir-n | m/s | Dir-n | m/s | Dir-n | m/s | Dir-n
Jan 2.7 SE 22| SE |41 | SE | 45| SE | 48| SE
Feb 2.8 SE | 23| SE (39| SE |47 | SE |46 | SE
Mar 2.5 SE | 23| SE (42| SE |46 | SE |46 | SE
Apr 24| SE | 25| SE |42 | SE (43| SE | 46 | SE
May 2.5 E 25| SE | 41| SE 4 SE | 45| SE
Jun 3.1 | SE 28| SE | 37| SE | 39| SE | 4.7 S
Jul 36| SW (33| SW | 36| SE | 45| SE | 4.8 S
Aug 4.1 SE [36 ]| SE (34| SE | 35 E 41| SE
Sep 3.8 NE | 2.4 E 3.8 E 46 | SE | 34 E
Oct 2.5 SE | 22| SE | 3.9 E 43| SE | 46 | SE
Nov 2 SE | 22| SE (38| SE | 43| SE |46 | SE
Dec 2.7 SE 22| SE |48 | SE | 35 E 48 | SE

Mean | 2.9 - 2.5 - 3.9 - 4.2 - 4.5 -
Resources: Statistical Year-Book (1999-2003)

2.1.4.5 Precipitation

There are two rainy seasons in the coastal region of Hadhramout. The
first is during February, March and May, and the second stretching from
September to November. The average annual rainfall varies from less than 12.5
mm in the coastal areas of Yemen to 2 mm in the desert of Empty Quarter. Rain
is very scarce in the Empty Quarter desert, which is located in the north of
Hadhramout. Rainfall in any region could influence the design of houses
especially the shape of their roofs. Generally, houses in Hadhramout use flat
roofs which are suitable in low rainfall conditions. Table 2.7 shows the quantity

of monthly rainfall (mm) in Al-Mukalla from 1999 to 2003.
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Table 2.7: Rainfall (mm) in Al-Mukalla City from 1999 to 2003.

1999 2000 2001 2002 2003
Jan 0 0 0 1 0
Feb 5.3 0 0 4.1 1
Mar 0.4 0 0 7.8 0
Apr 0 0 0 63 0
May 11.8 0.5 0 0 0
Jun 0 0 0 0 0
Jul 0 0 0 0.2 0
Aug 0 0 0 0.1 1.2
Sep 0 0 4.2 0 0
Oct 1 5 0 0 0
Nov 0 11.5 0 0 0.2
Dec 0 1 8.3 9 1.1
Total 18.5 18 12.5 85.2 3.4
Mean 1.5 1.5 1.0 7.1 0.3

Resources: Statistical Year-Book (1999-2003)

2.1.5 Thermal Comfort Requirements

The Yemeni external climate can be summarised as being hot and humid
in the coastal area and hot and dry in the highlands. In order to design a proper
passive system, it is important to know the Yemenis thermal comfort
expectation. Sayigh (1998) argued that thermal comfort depends the mind’s
attitude towards the environment. The comfort zone is defined as the range of
climate conditions within which the majority of people would not feel thermal
discomfort, either hot or cold. Koenigsberger et al. (1974) observed that a
comfort zone varies from individual to another depending on age, sex, clothing

worn, type of activity performed and geographical location.

Figure 2.8 shows the monthly daily average mean dry bulb temperature
and relative humidity readings for 10 years (1980 - 1990) in Al-Mukalla
(Meteorological Service). The monthly lines on the chart show that only 6

months cross the ASHRAE standard comfort zone. In other words, the monthly
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