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Abstract. This study is an attempt to analyse the influence of the expansion of the national economy of the
Gulf States on traditional house design. Some urban centers representing different climatic types from
Saudi Arabia and Sudan shall be selected as case studies. The study shall be conducted in two stages, the
first one which is presented in this paper shall deal with examples representing the hot-dry climate. The
second stage will deal with examples representing the hot-humid climate and shall be presented in the sec-
ond paper. The climate of the selected case studies shall be analysed and its influence on traditional house
design shall be discussed. A brief socioeconomic analysis for Saudi Arabia and Sudan will be conducted
in an attempt to point out its influence on modem house design.

Introduction

The building industry is usually by far the biggest single enterprise in any country,
and its decisions on planning, design and methods of construction often require accu-
rate information on weather and climate. This applies particularly to the detailed
design of buildings in order to provide an adequate indoor climate. Buildings must
also be structurally sound and last for a reasonable period with these climatic condi-
tions. Detailed information on the climate is, therefore, needed in a great variety of
forms.

This study attempts to analyse socioeconomic influence in the design of houses
in the main climatic regions of the Kingdom of Saudi Arabia and Sudan. The King-
dom of Saudi Arabia and Sudan were selected as case studies because of the
similarities in the climatic conditions of their hot-dry and hot-humid regions and the
significant differences in their socioeconomic structure. The study is carried out in
two parts. The first part is presented in this paper and deals with the hot-dry regions,
while the second part shall be presented in a separate paper and shall deal with the
hot-humid regions.

The study begins with the climatic analysis of the selected locations representing
the hot-dry climate, Riyadh, the capital of the Kingdom of Saudi Arabia and Khar-
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toum, the capital of Sudan. The approach used in the analysis is based on the Bioc-
limatic  Chart, the Psychrometric  Chart and the Effective Temperature Isopleth
Chart. The main climatic features of the selected locations are defined, also
similarities and differences are pointed out. The analysis reveals that there are strong
similarities during the hot periods and some minor differences during the cold
periods. The summers of both locations are characterized by very high temperatures
and very low relative humidity. During this season thermal comfort is experienced
for short periods in the evening and for long periods at nights. The major difference
was found to exist during the cold season. Khartoum has a short cold winter, while
the winter of Riyadh is relatively colder and longer. Therefore, mechanical cooling
and heating are required for both locations to provide adequate thermal environ-
ment. However, the socioeconomic analysis reveals that the means of mechanical
cooling and heating, such as electrical energy and air-conditioning equipment, are
rarely available and beyond the economic ability of the majority of the urban popula-
tion of Sudan, while these means are abundantly available in the Kingdom of Saudi
Arabia and they are within the economic ability of the majority of the urban popula-
tion. Therefore, air-conditioning is widely used in the hot-dry region of the Kingdom
of Saudi Arabia. Hence, the indiginous climatic solutions which are reflected by the
traditional architecture of this region are overlooked by most designers and
architects. The courtyard house built of thick mud walls, with small external windows
is being replaced by European housing types such as the western villa style and blocks
of apartments. In fact, the availability of cheap energy encouraged people living in
the Kingdom of Saudi Arabia to spend most of their time indoors within a mechani-
cally controlled environment. On the other hand, air-conditioning is rarely used in
Sudan because of the high cost of electrical energy, the high cost of mechanical
equipment and the low income of the majority of the urban population. Therefore,
the traditional passive solutions for thermal comfort are still dominant. The cour-
tyard house built of thick mud walls, small external openings and thatch roofs
remains the typical housing pattern. The traditional pattern of space use which was
developed to suit the climatic conditions still.exists.  People use the indoor space dur-
ing the daytime of the hot season, when the outdoor air temperature and the solar
radiation are considerably high. The open courtyard is used for living and sleeping at
night under the cool clear skies. During the winter the problem is much easier due to
the fact that the air temperature is not very cold and the duration is not very long.
Generally, people depend on heavy clothing, use woollen blankets at night and
spend most of the daytime under the sun in the open spaces.

Procedure

The procedure which is selected for the climatic analysis is based on the Bioc-
limatic  Chart [l,  pp. 314-3191,  which was later modified [2, pp. 33-371, and the Effec-
tive Temperature Isopleth Chart [3, pp. 27-281. Briefly, the Bioclimatic Chart [4],
which is shown in Fig. 1 is divided into four main zones as follows :
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The Comfort Zone
The comfort zone could be divided into two main parts. The first part which is

indicated in Fig. 1 by la is the range where thermal comfort is experienced by seden -
tary subjects in the shade. The second part which is indicated in Fig. 1 by lb is the
range characterized by high relative humidity, which suggests a need for dehumidifi-
cation and/or adequate ventilation.

Zone  of Passive Cooling
These are the extension parts of the comfort zone in the hot climate and are indi-

cated in Fig. 1 by 2a, 2b,  and 2c. There are three strategies which could be used alone
or in combination with each other to achieve comfortable conditions. These
strategies are based on the use of thick walls or ventilation and/or evaporative cool-
ing.

Zune  of Active Cooling and Dehumidification
This zone could be divided into two parts. For the first part, which is indicated

in Fig. 1 by 3a, heat must be removed from the air to achieve comfortable conditions.
For the second part, which is indicated in Fig . 1 by 3b,  both heat and humidity must
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be removed from the air to achieve comfortable conditions. Mechanical cooling sys-
tem or absorption air-conditioning system are required to achieve comfortable con-
ditions.

Heating Zone
The heating zone which is characterized by low air temperature values, could be

divided into five parts. The first part, which is indicated in Fig. 1 by 4a requires  r&-
tively little heat gain from active or passive solar heating to achieve comfortable con-
ditions. For the other four parts indicated in Fig . 1 by 4b,  4c, 4d,  and 4e active heating
is essential to achieve comfortable conditions.

The Psychrometric Charts of Riyadh and Khartoum are then computed using
relevant climatic data. Then by superimposing the “Bioclimatic Chart” over the
Psychrometric Charts of Riyadh and Khartoum some very useful findings are
reached. The same climatic data represented in the two Psychrometric Charts is plot-
ted in the Effective Temperature Isopleth Charts. The main advantage of the Effec-
tive Temperature Isopleth Chart is that it defines the time and duration of the differ-
ent climatic divisions.

Climatic Conditions of Riyadh and Khartoum

Climate  of Riyadb
Riyadh, the capital city of Saudi Arabia, is situated in Najd Plateau, Latitude 24”

42’ N, Longitude 46” 44’E, Elevation 624 m., with a total population of over one mil -
lion. Meteorological data for Riyadh [5]  recorded for sixteen years (1966-1981) is
analysed. During the period extending from June to September, the average
minimum temperature ranges from 21.5 to 24S”C, the average mean temperature
ranges from 32.5 to 35.O”C and the average maximum temperature for the same
period ranges from 42.0 to 45.O”C. On the other hand, for the same period, i.e., June
to September, the average maximum relative humidity ranges from 33.5 to 39.0%,
the average mean relative humidity ranges from 14.4 to 16.5% and the average
minimum relative humidity ranges from 5.0 to 6.0%. Generally, in the hot-dry reg-
ion of Saudi Arabia the maximum air temperature coincides with the minimum rela-
tive humidity and their combined effect is an extreme hot-dry air which is known as
“Samoom”. In fact the aridity of this climate is accompanied by several characteris-
tics of great importance to the built environment. Direct solar radiation is intense,
ranging from 813929 w/m* on the horizontal surface in addition to the reflected and
diffused components.

Convection currents due to intensive heating of the air near the ground cause
frequent dust and sandstorms especially in the afternoon. The low humidity and the
absence of cloud result in a very wide temperature range. During the summer season,
the direct solar radiation falling on the earth surface raises its temperature up to 70°C
at mid-day, while at night the heat loss due to the longwave  radiation towards the
cool blue sky reduces this surface temperature to about 15°C. The ranges in air tem-
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peratures are much smaller, but nevertheless a diurnal range of 20°C is not uncom-
mon. Rainfall is very scarce and takes place during the cold winter, reaching its
maximum level, which is 29.9 mm in December.

Climate of Khartoum
Khartoum, the capital city of Sudan, is composed of three towns; these are

Khartoum, Khartoum North, and Omdurman situated around the confluence of the
Blue Nile and the White Nile at latitude 15” 36’N and longitude 32” 31’E and an aver-
age altitude of 3SOm.  Khartoum is situated in the margin of the Sahara Desert [6,  pp.
26-461  and thus its climate is described as “tropical continental” type of climate. It is
dominated by two temperature maxima when the sun is overhead both in May and
October. There is a short rainy season from July to September. The total amount of
rainfall is 164 mm, most of which is apparently lost through evaporation and transpi -
ration because of excessive heating. Temperatures of 32 to 38°C are common
throughout the year, with extremes of 47.7, and 6°C which are usually recorded in
June and December respectively. High temperatures and little rainfall have pro-
duced a thin cover of vegetation which is even absent in most urban areas. The sea-
sonal climatic variations are largely due to the apparent movement of the sun and the
direction of the prevailing winds. During the winter season Khartoum experiences a
cool, dry, cloudless refreshing weather with a mean daily temperature of 23.9”C  in
January, which is the coldest month of the year, with relatively low values of humid-
ity and direct solar intensity ranging from 121 w/m2 at 7:00 a.m. to 1067 w/m2 at 12:00
noon. The summer season is characterized by intensive heating which usually takes
place between 10.00 and 16.00 hours local time when the temperature of air in
shaded areas is about 45°C. The direct solar intensity during the summer ranges from
335 w/m2  at 7:00 a.m. to 1334 w/m2 at 12:00 noon. The relative humidity at the begin -
ning of the summer season is very low reaching 13% and 12% at 2:00 p.m. in March
and April respectively. Sandstorms are frequently experienced during this season.
The rainy season extends from the middle of July to the middle of September. 90%
of the total annual rainfall of 164 mm falls in the three months of July, August and
September with 45% falling during August. From the point of view of human ther-
mal comfort, the rainy season is more favourable than the hot dry summer, this is due
to the fact that the air temperature values are somewhat less than those experienced
during the summer. The daily mean temperatures for July and August range from
30.4 to 31.8”C.,  while the short summer extends from October to the middle of
November with a mean daily air temperature of over 32°C. In general the Khartoum
climate is rather unpleasant throughout most of the year because of its high temper-
atures, low relative humidity and the occurrence of duststorms. However, the cool,
dry, pleasant weather which is experienced during December and January is most
refreshing.

Climatic Analysis
The Psychrometric  Chart for Riyadh, shown in Fig . 2, is computed using clima -

tic data provided by the Ministry of Defense and Aviation [5].  The chart reflects that
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the climate of Riyadh covers the four zones defined by the Bioclimatic Chart shown
in Fig. 1. The Riyadh climate ranges from the very cold zone indicated in the Bioo
limatic  Chart Fig. 1 by 4a, 4b,  4c, 4d,  and 4e to the very hot zone indicated by3a.  This
implies that, to achieve comfortable conditions in Riyadh, heating is required during
the cold period, while cooling is required during the hot period.

Similarly, the Psychrometric Chart for Khartoum, shown in Fig . 3, is computed
using climatic data recorded in Sudan Notes and Records [7].  The chart reflects that
the climate of Khartoum extends from the end of the first upper part of the cold zone
indicated in the Bioclimatic Chart Fig. 1 by 4a to the very hot zone indicated by 3a
and 3b. This implies that, to achieve comfortable conditions in Khartoum, very little
heating is required during the cold period while cooling is required during the hot
period. It is clear that the relative humidity in Khartoum is generally higher than in
Riyadh. This may be because of the influences of the Blue Nile and the White Nile,

Effective Temperature Isopleth Charts for Riyadh and Khartoum shown in Fig.
4 and Fig. 5 are computed from the same data represented in the two Psychrometric
Charts shown in Fig. 2 and Fig. 3. The information given by the Effective Tempera -
ture Isopleth Charts is summarised in Fig. 6.

This indicates that comfortable conditions for Riyadh occur for about 43.7% of
the total hours of the year, while for Khartoum comfortable conditions occur for
43% of the total hours of the year . The hot periods which require active and /or pass-
ive cooling for Riyadh are about 12.5% of the total hours of the year and about 18%
for Khartoum. On the other hand, the hot periods for which active cooling is essen-
tial are about 7% of the total hours of the year for Riyadh and about 10.5% for Khar-
toum. The periods which require active and /or passive heating are 36.8% of the total
hours of the year for Riyadh and 28.5% for Khartoum. For both locations cooling
and heating are required but there are some variations in their magnitude and time
duration. For Khartoum active cooling is essential for the period extending from
May to September, from 12.00 noon to 16.00 p.m., reaching its maximum level in
July from 10.00 p.m. to 18.00 p.m. For Riyadh active cooling is essential for the
period extending from May to September, from 13.00 p,m.  to 15.00 p.m., reaching
its maximum level in July from 11 .OO a.m. to 17.00 p.m. The most significant climatic
variation between the two locations which can be concluded from both the Psyc-
hrometric Charts and the Effective Temperature Isopleth Charts, exists during the
cold periods. Khartoum climate is characterized by a relatively short cold season
which extends from December to February. Direct solar radiation during the day
may help in achieving comfortable conditions together with heavy clothing and blan-
kets at night. On the other hand, Riyadh is much colder during the winter which is
relatively longer extending from November to March. Active heating is essential to
achieve comfortable conditions during most of the cold period in Riyadh and would
be desirable for the shorter cold season in Khartoum.
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!Socioeconomic  Analysis

The economic growth has two distinct and interacting implications. These are
economic development which results in economic changes, and social changes which
influence people’s attitudes, anticipations and behaviour. The influence of the
economic growth on the pattern of living is best reflected by the Gulf States. Rapid
changes in the economic base experienced by the Kingdom of Saudi Arabia [8, p. 711
moving from an economy based on agriculture, pasturing and Hajj taxes to one based
on abundant oil revenues, has sparked’numerous economic, social, political and cul-
tural changes towards modernization. The modernization in the Kingdom of Saudi
Arabia has been accompanied by many evident social changes; general Europeaniza-
tion, a wide variety of consumer goods and services, increased personal mobility,
some abandoment of traditional values, the modification of personal family relation-
ships and regional occupational specifications. In contrast, the Sudanese economy
faced a lot of difficulties which was clearly reflected by the deterioration of all the ser-
vices and public utilities. According to the International Monetary Fund (IMF)
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statistical report [9, p. 102-1121,  as shown in Table 1,  the GDP per capita of the King-
dom of Saudi Arabia was 623.6 US Dollars in 1971 and it increased considerably in
ten years to reach 15593.7 US Dollars in 1980. According to the same report and as
shown in Table 2, the GDP per capita of Sudan was 143.0 US Dollars in 1971 and
over the same ten years period it reached 436.0 US Dollars.

The expansion of the Saudi economy is reflected by the improvement of many
services and facilities such as housing, industry, health, transportation, electricity,
education.. .etc. Housing in the Kingdom of Saudi Arabia has improved considerably
during the last twenty years to meet the housing needs of the Saudi population and
the labour force recruited from abroad. This improvement is due to a number of fac-
tors such as the importation of huge quantities of building materials, the expansion
in the Saudi building industry, the housing projects constructed by different minis-
tries and organizations for their staff, the significant financial support provided by
the Real Estate Development Fund., .etc. The Real Estate Development Fund [ 10,
p.231 provided 41.027 loans in 1975/76  at a total cost of 8,197,000,000  Saudi Riyals
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(2,322,096,300  US Dollars). As shown in Table 3 the financial support by the Real
Estate Development Fund continued over the years and it reached 42,430 loans in
1982/83  at a total cost of 7,617,&lO,ooO  Saudi Riyals (2,179,399,100  US Dollars). In
contrast, the housing sector in Sudan experienced a significant deterioration. The
increase in population, the migration from rural areas to urban centres and the influx
of refugees from neighbouring countries made the housing situation even worse.
This is clearly reflected by the growth of squatters in and around Khartoum. The gov-
ernment failed to provide the substantial financial support required to solve the
housing problems. As a result, most houses are built by self-help and/or private
owner limited savings. In most cases these houses lack the essential services such as
electricity, water supply and drainage system. According to a statistical report [ll,
pp. 206-2071 the Estate Bank of Sudan offered its maximum financial support in
1976/77  to build 1211 housing unit at a total cost of 2,456,OCKl  Pounds Sudanese
(7,052,659  US Dollars). The number of loans and the amount of money varied over
the years, as shown in Table 3.
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Table 2. The main featnres  of Sudanese economy

Year 1970 1971 1972 1973 1974 197.5 1976 1977 1978 1979 1980 1981 1982 1983 1984
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(Million)
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Table 3. Electrical energy consumption and housing loans in tbe Kingdom of Saudi Arabii  and
SOdall.

Saudi  Arab& SlIdtUB

YepIt Total amount Totalamount
Elect. energy Number (Mllllon  Saudi Elect. energy Number (ThOUSMdS

prod. mega  WH of loans Rlyals) prod. mega  WH  ofloans Sud. Pounds)

19775t76 4.270.146 41.027
1976i77 6.388.999 56.346
l977i78 7.262.996 4.598
197w79 9.713.334 41.288
1979180 15470.085 39.828
1980/81 18.908.838 34.312
1981/82 25.061.449 37.360
1982/83 31.014.329 42.430

8.197 628.000 -
13.536 683.ooo 1.211 2.456
0.955 738.alO 78 131
8.690 863.000 1.263 2.598
8.185 935.000 512 2.233
6.956 979.000 403 1.646
9.438 1.010.000 -
7.617

Electrical energy consumed in buildings and the number of air-conditioning
equipments in the two countries may reflect the extent of mechanical control of the
indoor climate. A summary of the statistical data of electrical energy consumption in
Sudan [ 11, p. 1321  and in the Kingdom of Saudi Arabia [ 12, p. 3151  is given in Table
3. As shown in the table, the production of electricity in Sudan in 1975/76  was 628,000
MWH, while in the Kingdom of Saudi Arabia it was 4,270,146  MWH. Over a six
years period i.e., in 1981/82  the production of electricity in Sudan reached 1 ,OlO,OOO
MWH while in the Kingdom of Saudi Arabia it reached 25,061,444  MWH. No accu-
rate data is given for electricity consumption for air-conditioning in the two coun-
tries. But nevertheless there are some rough estimates which are reasonably reliable
for the sake of comparison. According to a statistical report [12,  p. 131],40% of the
electrical energy produced in Sudan is consumed in buildings. As for the Kingdom of
Saudi Arabia it is reported [13] that about 66% of the total energy generated is con-
sumed by residential and commercial buildings. The analysis of the data available
shows that 65% of this electrical energy is consumed in air -conditioning of buildings.
Therefore the electrical energy consumed in buildings is estimated as 404,000 MWH
in Sudan and 16,540,553  MWH in the Kingdom of Saudi Arabia.

Regarding the availability of air-conditioning equipment, the statistical data
reflects the big difference between the two countries. According to a report [14, pp.
336-3391  in 1984 there are eleven factories in the Kingdom of Saudi Arabia producing
air-conditioning equipment. The total production of these eleven factories in 1984
was estimated as 469,550 air-conditioning and air-cooling units and 28,300 units for
central air-conditioning. However, it seems that the local production does not satisfy
the demand and hence extra equipment is imported from abroad. The General
Department of Statistics reported [15, p. 1371  that during the second half of 1985 the
Kingdom of Saudi Arabia imported 17909,8981,1163,177562 and 585 air-condition-
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ing units from USA, France, U.K., Japan and West Germany respectively. On the
other hand according to the statistical report [12, pp. 104-1251,  there are no factories
producing air-conditioning equipments in Sudan. However, according to personal
observations, there is a small workshop for the assembly of air-coolers. This work-
shop imports most of the essential parts from abroad. The output of this workshop
is so small that it is not recorded anywhere. According to the statistical data given in
an annual report [16, pp. 128-1291 of the Bank of Sudan, the total number of air-con-
ditioning units imported from abroad was 709,341,631,871  and 775 units during the
years 1977, 1978,1979,1980 and 1981 respectively.

From the above analysis, it is clear that the means for controlling the indoor
environment are within easy access to the majority of the urban population in the
Kingdom of Saudi Arabia. This encouraged people to spend most of their time within
a mechanically controlled environment. As a result, the traditional passive solutions
which were developed over the years to suit the hot-dry climate were overlooked by
most designers and architects. Consequently, the traditional courtyard house, Fig. 7
and Fig. 8 was replaced by a western villa type, see Fig. 9 and Fig. 10. The villa is
characterized by relatively thin external walls from reinforced concrete, large glazed
openings to the outside facing different directions and exposed open spaces which

Fig. 7. A traditional courtyard house; Riyadh
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neither suit the climatic conditions nor the social requirements of a Moslem society,
As for Sudan, since there are no significant changes in the economic situation there
are hardly any changes in the pattern of living. Because of the fact that the majority
of the population could not afford the high cost of air-conditioning, most houses still
depend on their natural thermal performance. As shown in Fig. 11 the courtyard
house built of thick mud walls, with small openings and thatch roofs remains the
dominant feature of urban centres in the hot-dry regions of Sudan. The traditional
pattern of space use, that is the use of indoor space during the daytime and the open
courtyard during the late afternoon and at night still exists.

Conclusions

The climates of Riyadh and Khartoum are characterized by very high tempera-
tures and very low relative humidity during the long summer seasons. To achieve
adequate thermal comfort, active cooling is essential especially during daytime due
to the high termperature values and the intense solar radiation. At night the air tem-
perature falls considerably and a duirnal range of 20°C is quite common. The winter
of Riyadh is somewhat cooler and longer than that of Khartoum. Active Cooling is
essential in Riyadh and desirable in Khartoum.

Over the years a number of indigenous traditional passive alternatives were
developed to suit the hot-dry climate. Some of these alternatives were successfully
implemented in’Riyadh and Khartoum and they could be classified into three main
categories. These are the physical pattern, the pattern of space use, and the clothing
type as follows:

i-The most important features of the physical pattern are the courtyard design,
the thick mud walls, the small openings, the use of plants, trees and/or water surface
to benefit from evaporative cooling.

ii- Traditionally, people’s attitude towards space use was well organized to tak
the maximum advantage of the variations and characteristics of the hot-dry climate.
The indoor space is usually used during the day while the open courtyard is used for
living during the evening and for sleeping at night.

iii- The clothing types in both locations are selected to suit the climatic condi-
tions and its variations during different seasons. In summer, people wear light roomy
clothing usually white in colour.  This provides a reasonable cooling effect as a result
of sweat evaporation due to air movement over the skin and minimizes the heat gain
from the direct solar radiation. During the winter people wear heavy dark clothing
made of wool to minimize heat loss from the body and to maximize heat gain from
the direct solar radiation.

As a result of the huge oil revenues, the Kingdom of Saudi Arabia has experi-
enced significant economic, social and cultural changes towards modernization. The
sudden increase in the national income and the per capita income together with the
availability of cheap electrical energy and a variety of air-conditioning equipment
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