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ABSTRACT

The climate of.Saudi Arabia has not been studied in any'detéil and
this thesis is an attempt to analyse the gsneral climatic conditions
of the country.

. Chapter I comments on the difficulties that are manixegt in

climatic studies of the area and also refers“to work that has been
carried out on some parts of the country. .Specifically, the chapﬁer_is
concerned with the needs for more detailed and comprehensive climatic
reéearch on Saudi Arabia.

A number of geographical factors are considered, in chapter II,
to affect.tﬁe distribution of the climatic eiements:-

the latitude, the geographical location relative to the land

masses, the position relative to the waterbodies and the

]

Chapter IIT is a briefl description of the zoﬁ%raphy of the
study areé. Subdivision into tapographic units of Saudi Arabia is
made on the basis of variat‘ons in elevations and type of landscage.

Air masses and fronts and the pressure systems that dominate the
country in winter and summer, are discussed in some detail in chapter IV.
Some references to the winter and summer debressions are also made in this

chapter. ’

Bl

In chapter V an atteﬁpt is made to describe the velocity and
direction of winds. According to their directions, they are classified
into three types - the north-west, the south-east moAsoon and the
south-west monsoon. Special consideration is placed on the phenomenon
;of.sand and Qust storms as a2 climatic factor affecting visibility.

In-chapters VI and VII air temperatures and precipitation have

" been considered in scme detail but, unfortunately a full treatment 1s



not possible due to lack of data. However, while inter-seasonal
variations in temperature were fouﬁd to be large, intra-seasonal
conditions seem to be comparatively uniform. Most of rainfa.l,
althoﬁgh low, occurs in the winter season. It is very variable from
one year, to another and also varies in incidence spatially. JThe only
area which receives relatively high constant precipitaticn is the
high land of the south-west region of Saudi Arabia.

The stuay concludes in chapter VIII by classifying Saudi Arabia
into climatic regions on the basis of Kcppen's system. While a
major part of the country is classified as'an extremely arid region,
limited areas in the mountainous south-west exhibit considerable

climatic variations. I
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CHAPTER I
INTRODUCTION

Saudi Arabia is mainly an arid country, though it is
affected in the south by the south west monsoon during the period
June to August,'and by the Mediterranean depressions from the north
during the period October to May which bring some rain. While there
are areas which experience rainfall each year, there are many areas
which do not record rainfall for several consecutive years. Climatic
stations in the north of the country generally do not experience
rainfall during the period june to September, while oihers in the
south west have the main rainy season during the period April to
August.

Though the country can be taken genefally as an arid zecne,
there are the high mountains of Asir which exhibit a range'of
climatic types; the mountainous climate on the high peaks, the
steppe regions on the lower peaks of the escarpment, and the arid
conditions which cover the low slopes. However, the arid climate
which composes the major part of tﬁe country can be classified as
a hot desert type.

The climate of Saudi Arabia is, in fact, more complex
than this simplification would suggest, for parts may be affected
by polar air masses which may be dry or humid, while others way be
affected by dry or humid tropical air masses. These air masses
vie for supremacy, either over the country or over the surrounding
regions, and thus give very variable weather conditions from year
to year. Because of this complexity and the lack of long term
climagic records one cannot, at prcsent, study the climate of this

country without encountering some difficulties.



The climate of Saudi Arabia has not yet been studied in
any detail. 1Indeed, in a report (Baumer, 1964) it is emphasised

"smooth overall

that a knowledge of climate is essential to
development, especially to that of agriculture and satisfactory
hygiene; it does not merely consist in recording rain, wind and
temperature measurements, but also in interpreting them as well as

a whole series of phenomena such as intensity of evaporation,

duration and rhythm of insolation, evapotranspiration, frosts,

sand storms, length of potential growth period for each plant species,
rate of growth of plant, etc....."

However, the climatic conditions which exist and the factors
which control or affect tﬁem ﬁave not been expounded cleariy or
properly. The present study reprvesents the first attempt to summarise
the climatic conditions of the country. It discusses the regional
differences and the geographical distribution of the elimatic elements
and describes the factors which control the climaie.

A study of this type brings to light major difficulties:
the available data are not of a long term nature and rarely commence
at the same time. Different distinct short term periods may also
be represented. Some stations have records for fifteen or twenty
.years while others only cover three to five years. Hence, they may
fail to show abnormalities and camnnet be relied upon as an accurate
indication of long term features. The stations are not of sufficient
number to cover such a wide country as Saudi Arabia and their records
do not give good results for climatic study due to their poor
~ geographical distribution {(Figure 1(I) ). They are mostly concentrated
in the central and south-western rcgions, are fewer in the ncrthern
and eastern regicns, and are ahseunt in the Impty Quarter. Turthermore,

a large proportion of the climatic staticns have solely recorded rainfall
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vhile othevs omit measuremeni of other important climatic elements
such as wind velocities or evaporation. The locations of the
stations are not selected for national climatic studles but for
aviation, defence and agricultural projects. A full list of
meteorological stations is found in Appendix I.

There are three institutions which operate and run the
climatic statione, tﬁe General Directorate of Meteorology,
Ministry of Defence, the Department of Water Resources Development,
Hydrology Division, Ministyy of Agriculture and Water, and Aramco,
Neither of the first two crganisations have provided any climatic
analyses but have only issued montﬁly and annual publications which
include climatic data. Aramco.installed climatic stations in the
eastern and northern regions along the cil pipe iine, but again have
not issued any climatic reports, . .

The lecation of the stations of the Ministvy of Defence
are related to the distributicn of airports and therefore are not
found except in well populated areas, which exist on the low ground
rather than in the mountainous areas. The stations of the Ministry
of Agriculture are located iu particular areas wherc there is some
agricultural potential or where hydrological data are required,
such as the large valleys and the oases. Considerable emphasis
is placed on the highland atreas which receive the greatest amounts
of rainfall.

The cfficials who serve and examing the stations and record
the climatic data are not well trained. Most of them can only read
and write, so the data are vot always accurate and there may be

periods when there are gaps in the climatic data. In fact, comments

such as "data ave nci availsable" or “daia ara missing' are commen in

the tables cf the reports of these agencies.



The instrumentation from one station to ancther and from
one agency to another varies, so that the units of the climatic data
are not strictly comparable. For example, the wind speeds in the
Ministry of Defence data are measured in units of knots while the
Ministry of Agriculture use the units of metres and kilometres.

In addition to the stations installed by these agencies
there are other ‘stations which are established by consultant
companies. The data recorded by these stations are only for very
short periods because they are only installed temporarily for carrying
-outlagricultural projects in particular places; some of them are
even installed in vehicles and move frem locality to locality.

The installaticn and maintenance of an effective nation-
wide network of climatic stqtions encouniers local and logistical
problems. Vast regions of the country are composed cf expanses of
sand or rugged rocky 2reas where the road communications are pont ar
insufficient. Furthermore, the numbers of trained staff nscessary
for servicing the climatic stations are not at present available,
The nomadic peoples are unaware of scientific development, and
automatic stations installed in the remote and unpopulated areas
will most probably be destroyed by these nomads. There has been
a lack of appreciation of the pﬁysical enviromwent and this has caunsed
problems: the consultaut companies, during the course of their
investigation, found some of their climatic stations buried under a
metre of drifting sand. The installation of effective staticns to
.record evaporation in & dvy country requires the transportation of

water for refilling the pans recording evaporation.




Before 1952 the only stations installed were at Dhahran
and Ras Tanura which were established by the American Army in 1948.
After 1958 Dhahran station became the property of the Saudi Arabian
Ministry of Defence. Averages of some of the climatic data from
1948 to 1957 have not yet been worked out. Since 1952 the Ministry
of Defence has installed two stations in Jeddah and Riyadh. Another
two stations hav; also been installed since 1960 in Madenah and Taif.
These five stations are the only ones which have relatively reliable
averages of recordings.

In 1955 the Ministry of Agriculture and Water installed
a small number of rainfall stations in some places of agricultural
importance. During 1966 tﬁe Ministry instituted the Hydrology
Division which has since installed a wide network of climatic statioms.
Most of these stations do not record all the climatic elements but
record only rainfall. A list of operating stations, numbering over
150, are listed in Appendix I, along with the date of their estahlishment
and the type of data recorded.

It should not be inferred from the feregoing description
that there is a complete lack of climatic information on Saudi Arabia.
.There is available a considerable amount of material on the country,
collected and prepared by various authorities. During the past ten
years the Ministry of Agriculture and Vlater has divided the country
into hydrological areas (Figure 1 (I1) ). Most of these areas have
now been studied by consultant companies and climatic studies have
formed an important part of the investigations. These investigations
had the objective of assessing the matural rescurces of the areas and
consequently the climatic studies have formed a useful stop gap until
more detailed analyzes can be made. Every ohsarvation, or set of

2

observations, can have its value as long as the existinp iimitations
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are understood. Every study, however. incomplete, is a step forward

towards completion and unless the existing irregular data are not

coordinated and brought together in a systematic way, no progress can

be made in a scientific investigaticn even when more information

becomes available,

The aim of the present study is threefold:

To make an attempt to £ill the gap that at present
exists in the climatology of the Middle East as
far as Saudi Arabia is concerned.

To provide a clearer picture of the general
climatic conditions over Saudi Arabia with respect
to the main climatic elements.

An attempt to analyse some of the data which, up
to now, have never been presented except in "raw"

form.

The data on which the present study is basedwere chtained

from the Ministry of Agriculture and Water, Department of Water

Resources Development, Hydrology Division and the Ministry of Defence,

General Directorate of Meteorology. They fall into nine categories

as follows:

Monthly and annual average temperature.
Monthly and annual average absolute maximum
and minimum air tcmperature.

Monthly absolute maximum and minimum air

temperature.



4. Monthly and annual average rainfall.

5. Monthly and annual average relative ﬁumidity.

6. Monthly and annual average absolute maximum
and minimum relative humidity.

7. Monthly absolute maximum and minimum relative
humidity.

8. Mbﬁthly wind speeds and directions:

9. Monthly and annual averages sand and dust

storms.

Déspite the large number of climatic stations operated and
run by these two agencies, records were, in a number of cases,
incomplete or of short duration. When tﬁe data for all the . stations
had been tabulated it was found that data from less than half the

stations were suitable, even for a broad study such as this.




CHAPTER II
FACTORS AFFECTING THE CLIMATE OF SAUDPI ARABIA

Saudi Arabia is a vast country, some 2.2 million sq km
in extent, bounded by extensive land masses, namely North Africa
to the west and éouthern Asia to the east. They are usually
favourable for the development of specific air masses which are
normally dry due to their continental nature. Since the water
bodies which separate the country from tﬁese land masses are very
narrow, little modification can occur when the air blows from the
Sahara across the Red Sea or from Soﬁthern Asia across the Arsabian
Gulf. The nearest large water bodies are the Mediterranean Sea in
the ngrth and the Arabian Sea to the south, and both do cause fome
maritime influence. The country, on the other hand, has a consideralle
range gf elevation, particularly in the western part whezre the high
lands of Asir and Hejaz occur. The modest plateau of Najd and the
low plains of the Red Sea and the Arabian Culf, on the cther hand,
provide a distinct contrast. Furthermore, the country is located
in the tropical and the subtropical zome and, hence, the continental
climate, which is characterised by seasonal extrewmes of temperature,
with low rainfall and humidity, dominates most of Saudi Arabia.

Three main factors affect the climate of Saudi Arabia and

may be summarised as follows:

l. The latitudinal location.
2. The geographical position relative to:
the land nasses and water bodies.

3. The altitude.

These Tac: . -
5¢ lactors are shown on Figure 3{1).



1. The Latitudinal Location

By and large, the country lies in the tropical and
subtropical zone, lying between latitude 32°N and latitude 16°N.
As a result of this location the number of hours of daylight during
the summer months is considerable. The length of the day time on
the 21st of June'ranges from 14 ﬁours in the north of the country to
13 hours in the south, but during winter the length of the day is
considerably less. In January it ranges from 10 hours Z4 minutes
in the north to 11 hours 14 minutes in the south. Because of the
long periods of daylight during the summer months and a marked lack
of cloud cover, the solar radiation during the day and the ground
radiation during the night are very intense. Consequently the
summer months are very hot and a large range of air temperatures
“occurs between day and night, particularly in the regions which are
not affected by maritime influences.

During the winter months the length of night is longer
although the length of day is still sufficient to supply enough
solar radiation to keep the air temperatures relatively high.
As a result of the clear skies and the dry air, temperatures at night
often fall below zero centigrade in the regions away from the coastal
lgwlands and may drop to -10°C in the-northern territories. In spite
of the tropical and subtropical location, frost is not unknown duriﬁg

the winter months.
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2. (a) The Geographical Position Relative to the Surrounding

Land Masses

Saudi Arabia is located between, and close to, vast
expanses of land masses, namely South Asia and Saharan Africa.
These two extensive land masses affect the country with their
prevailing weath;r conditions. During winter the Asian land
mass becomes colder and dry air blows out over surrounding areas.
This cold, dry air affects Saudi Arabia and is little modified en
route due to the short distance it travels. It causes low air
temperatures and the occurrence cf frost particularly during the
nights.  The mcdest vegetation and the small areas of cultivation
may be severely affected, people suffer from chest couplaints, colds
etc., and some of them may die, particularly these wie have little
shelter. Furthermore, the high pressure system that develops in
winter over the continental regions may expand and extend over the
country and cause the developmeut of a high pressure cell, This
situation normally prevents the maritime air from the Mediterranaan
moving southwards over Saudi Arabia.

A similar but less intense climatic process ohtains with
the build up of cool and dry air over the Saharan Africa which also
affects Saudi Arabia during the cool months. This air always blows
eastward but usually only affects the western regions., Because of
the presence of the Red Sea, the blowing air may recharge with
moisture in the lower layers and cause light sheowers in the western

highlands. However, the commwn effect of the Saharawn air is that
the blowing air usually causes sand and dust storms in the north
west regions of Saudi Avabia, especially duwing the passage of the

Mediterranean deprecsions over, or to the wnorth of, the country.
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During the summer montﬁs the adjacent regions develop

into areas of hot and dry air. This air usually moves to cover
most of the country, causing hot, dry and stable weather conditions.
Consequently, most of the country beccmes favourable for the
development of low pressure. In summer the whole area of north
west India, southern Iran and Arabia comes under the influence of
this low pressuré. It has been suggested that this area contains
the lowest known low pressures (Banerji, 1931). The low pressure
region draws in the trade winds south of the eqdator to the southern
areas of the Arabian Peninsula as strong and steady south-westerly
winds. Ihe south west air stream appears to advance regularly
‘during the period of June to August over the south west of the country
as far north as Taif and as far east as Bishah every y=zax, though
there are unusual advances of the disturbances associated with the
south west monsoon winds up to a latitude of zbout 25°N. The
advances of these disturbances occasionally rcsult in light showers

preceded by dust storms.

2. (b) 'The Geographical Position Relative to the Water Rodies

Saudi Arabia is bounded to the west Ly the Red Sea and
tq the east by the Arabian Gulf, Doth are very nmarrow and, hence,
have only weak effects cn the climate except within a short distance
frqm the coastline. Furthermore, the prevailing winds do not appear
to transfer the maritime influences far into the country. In the
Arabian Gulf area the prevailing winds are the north-westerly winds
which blow cff the land towards the Gulf. In the Red Sea the

o s . ~ . O..
prevailing winds to the north of latitude 20°N are the north-north-



esterly winds, while to the south of latitude .20°N the prevailing

winds are the soutﬁ—soutﬁ~wester1y winds with a westerly component.
yhen these types of winds blow onto the coastal plain, they do not
appear to penetrate far into the country since the high scarp of
the western mountains prevents the damp air from escaping toward
the interior.

The imbortance of tﬁe two water bodies is that, during
the cool months, they may create two low troughs tﬁrough which the
moist air, either from the Mediterranean or from the Arabian Sea,
sweeps towards the Arabian Peninsula, causing development of
disturbances and a build up of clouds and the occurrence of rain.

The other water bodies which affect the climate of Saudi
Arabla are: the Mediterranean and the Arabian Seas.  The Mediterr-
anean Sea is of particular climatic importsnce to the weather
conditions during the period October to May. Atlantic depressions
move eastwards over the Mediterranean while others may .develop over
this sea. They track eastwards or southeastwards due te the high
pressure that exists over the Asian continent and affect Saudi Arabia,
causing variable weather conditions, dust or sand storms, mild and
cool winds: or sometimes thunderstorms and rain. Cold polar air
flqwing from Eurasia during tﬁe cool season also passes over the
Mediterranean Sea, becomes warmer, gains moisture, and occasionally
sweeps southwards along the'Red Sea trench, or trends to the southeast
towards the country, and yields rain. Development of disturbances
as a result of the invasion of this air is not uncommon over Saudi

Arabia, particularly during the mid-winter (Bamerji, 1931).
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The Arabian Sea is also of climatic importance to
Saudi Arabia. From this water body two types of monsoon winds
normally blow over the country. The first type is the
southeast monsoon, which blows from October until May, though
more steady and persistent during the period of November to April.
The south-easterly monsoon winds originate from the Asian anti-
cyclone. When the north east monsoon enters the Arabian Sea
it recurves in a clockwise path and blows toward Arabia as south-
easterly winds (Kreeton, 1928). The south-easterly winds cause
tropical disturbances to invade major parts of southern Saudi Arabia
during the cool season, but these disturhances rarely approach the
northern regions of the country (Flobn, 1963).

The second type 1s the south west mensoon of the summer
months which deminates the Asir highlands and southern Hejaz.

This type of wind originates in the Indian Oceon and blows into the
Arabian Sea during the period of June to August. During the period
of the maximum effect of the south west monsoon during July and
August, tropical depressions normally form in the Arabian Sea, and

a number of them track towards the north west via the Red Sea, and
cause thunderstorms, rain and hail (Pedgley, 1969).

The tropical cyclenes, an intense form of the depressions,
fqrm over the south eastern quadrant of tlie Arabian Sea and move west-
ngrth—west toward Arabia, then they recurve to the north or north east
toward north west India and Pakistan. About one in three moves into
the western Arabian Sea, apprcaching the coast of Arabia. They
approach, or occasionally cross, the coast of Arabia once in three
years on average. Rarely do they enter the Gulf of Aden or the
Gulf of Oman (Pedgley, 1962). VYrom the availablc data concerning

Saudi Arabia, these cvclones uarely move inte the country, though
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they are not unknown in the south-eastern and eastern regions
during the summer months where they may cause dust or sand storms,

rather than giving rainfall.

3. The Altitude

Over a.large part of Saudi Arabia the absence of high
mountains causes little modification to the climatic conditions.
Over the eastern half of the country the only hill areas which
seem to have sligﬁt effects on rainfall distribution are the

parallel escarpments of Tuwayq and Aruma. The increase in rainfall

amounts is proportionate to the height of tﬁe escarpment, even
though the elevations of tﬁe two cﬁains rarely exceed 200 metres
over the surrounding areas. Toward the western highlands the
elevation increases gradually, but from the available data it does
nqt appear that there is a considerable increase in rainfzxll. For
instance, the annual average rainfall at Riyadk, for the period
1966-70, was 109.2 mm. Toward the west at Dawadmi., the annual
average rainfall decreases. At Afif, which is lccated to the west
of Dawadmi, and at the same altitude (940 m), the annual average
rainfall, for tﬁe same period, was in the order of 384 nm. At
Dafinah, which lies to the east of Harrat Kashab, and at an
elevation of 1000 metres, the annual average rainfall, for the
beriod of 1966-70, is 56.6 mm (Figure 2(I) ). There thus appears
to be a distinct rain shadow to the east of the western uplands.
The major changes in climatic conditions appear to take
place in the western highlands. There are nc iastalled stations

on the high peaks of the Madian and the northern section of the
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Hejaz mountains to sﬁow the climatic cﬁanges. From the scanty
available data on the areca it seems that the western mountains
north of latitude 22°N cause slight increases in the amount of
rainfall, but are probably not sufficient to cause significant
changes in the climatic conditions. Arid conditions prevail here
just as in the desert areas of the interior regions.

It appkars that tﬁe main changes in the climatic
conditions occur in the Asir higihlands and the southern Hejaz
mountains. The region has a unique climate among the surrounding
areas. In fact, this is not only because of its height, but also
as a result of its location. In the western highlands north of
latitude 22°N, the elevation is about 2000 metres, while the annual
nfall is rarely more than 100 . Iu Asir, while some winor
mountain ranges have elevations of less than 1000 metres, others
exceed 3000 metres, and the annual rainfall usually exceeds 500 mm.
The mountains to the nortﬁ of latitude 22°N ave, during the cool
season, under the influences of the attenuated Mediterranean
depressions, while during the hot season they are undes the effects
of extremely hot, dry air. In tﬁe highlandz, to the south of
latitude 22°N, the atmospﬁere throughout the year is usually moist,
due to the Mediterranean air in tﬁe winter months which accumulates
moisture during its movement southwards along the Red Sea trench.
The south west monsoon affects the mountains of Asir in the late
summer also, causing moist conditions to develop and providing the
major component of rainfall.

Altitude has also considerable effects on the temperature
distribution over the western parts of Saudi Avabia. The Asir and
southern Hejaz highlands, with elevations of 3000 metres and even

more, introduce remerlkable decrecas2s in aiy temperature znd appear
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to obscure the effects of tﬁe decreases of latitude toward the
southern parts of the country. They also create temperature
gradients from the high ranges toward tﬁe inland, and from the
western slopes of the escarpment toward tﬁe Red Sea coastal plain.
In general, because of the increases of altitude of these regionms,
the air temperature conditions are temperate tﬁrqughout the year

and even during Eﬁe summer montﬁs wﬁen the ailr temperature at some
stations located in the low areas reaches or exceeds 50°C.  Outside
these highlands the effect of altitude is not found to create local
temperature conditions and the factor which controls the temperature

distribution is mostly the latitude.
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CHAPTER III

TOPOGRAPHY OF SAUDI ARABIA

Arabia is generally a vast quadrangular peninsula,

2.2 million sq km in extent, lying between the Arabian Gulf and

the Gulf of Oman'to the east, the Red Sea to the west, and the

Arabian Sea to the south. In the north it is bounded by Kuwait,

Iraq and Jordan.

It has a leongitudinal extent of about 2400 km

and a widtﬁ of about 8800 kwm.

The country can be divided into eight topographical units

(Holm, 1953; Brown, 1960} as follows:

a.

Tﬁe Red Sea éoastal Plain

The Western Eighlands

Najd Pediplain

The Sedimentary Najd Frovince

The Sand Dune Zones

As-Summan and Ad-Dibdibah Plateaux
The Arebian Gulf Coastal Plain

The Northern Province

These topographical units are shown on Figure 3(I).

a. ‘The Red Sea Coastal Plain (Tihama)

The flat strip of low land bordering ihe Red Sea fiom

Agaba to the Yemen borders is a well defined topegraphical unit
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known as Tihama. 1 The width of this plain varics from almost
nii, as in the Duba area, to 40 km, as in the Jazan distriét. The
width of this coastal strip generally increases from north to soutl.
From the Red Sea shore toward the mountains in the east it rises
from sea level up to 60 metres, though in some areas it rises to
about 150 metres.

In the northern section of this strip, particularly to the
north of Jeddah, spurs from tﬁe mountains terminate in bluffs and
promontories. The plain close to the seaz consiste mainly of recent
coralline and evaporite deposits affected by sand, while further
eastwards it rises gradualily and foyms a pediment of Tertiary
sedimentary beds or crystalline rocks. Raised beaches are prominent.
The heavy occasional razinstorms coupled with the steepress of the
slopes of the highlands cause violent floods in the velleys and
erosion of the slopes, the sediments being depesited on the ccastal

|
|
%_ plain.  These deposits in some parts occur as ailuvial cones, whil

.
©

in other parts they form alluvial terraces.

b. The Western Highlands

-, These higlilands extend north-northwest to south-southeast
from Aqaba to the Yemen borders, running parallel to the Red Sea

coastal plain for about 2020 km. They are known as a whole as

As-Sarat, but have different names in different places. Iu the

vl bdlb e

Tihama 15 an Arebic word meaning a2 region whose weather is
het and damp.
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northern section, from Al Aqaba to Al Wajﬁ, they are known as
Jebal Madian, between Al Wajh and Taif, they are known as Jebal
Al-Hejaz, while in the southern region between Taif and the Yemen
borders they are known as jebal Asir,

The width of these highlands varies from 220 to 240 km;
the widest section lies between latitudes 24 and 26°N.  These
highlands are not, in fact, a distinct single range and are very
heterogeneous, dissected by valleys and plains of variocus widths
and depths. The elevation of tﬁese uplands ranges from 1000 to
2300 metres with few summits reaching or exceeding 300C metres
in the Asir region, sucﬁ as As—Sawdah near Abﬁa. Scme depressions,
typified by the area around Mecca, are of low elevation and rarely
exceed 300 metres.,

Most of this geomorphological unit consiste mainly of
Precambrian basement complex rocks, covered in some pilaces by basalt
flows of varying ages, particularly in the northern section. Vrom
Taif southwards, where the ranges tend to be higher and closer
together, basalt flows are smaller and less frequent. ¥rom west
to east, these uplands can be subdivided into: the escarpment,

the highlands, and the western plateaux.

The Escarpment:

The escarpment is particularly marked to the south of Taif,
flanking the highlands of Asir. The belt varies in width from
40 to 60 km, with an elevation of 650 to 850 metres. The mountains
have been split up here into fault blocks, associated with the

formation of the Red S8za Rift. The sedimentary beds within the
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escarpment which form the lower blocks ﬁave gradually been eroded
and have given rise to some plains of reasonably exteusive areas
now covered by alluvial deposits. Typical egamples of these plains
are Khulays-~Usfan and Sﬁumaysi plains in the Jeddah, Mecca and Taif
area. Basalt flows cover some parts of the escarpment, such as
Harrat Ar-Rahah, nortﬁ—nortﬁ-east of Jeddah, and the area around
Harrat An-near, east of Umm Laji. ,

The drainage of this belt runs mostly toward the Red Sea
coastal plain, but wadi flows rarely reach tﬁe seda. The drainage
pattern is clearly affected by a series of faults, since some major
valleys lie along the most marked structural lines. Examples of
this type can he seen in the course of Wadi Asugah in Usfanm, the

course of Wadi Fatimah, and the course of Wadi Al Yumaniyyah

(Italconsultant, 196%A)-
The Highlands:

Tﬁis subprovince lies between tﬁe escarpment and the western
plateaux. The escarpment is not well defined to the north of Taif,
and the topography consists of small ranges, though of no considerable
elevation. The width of the ﬁighlands ranges from 20 km in Jebal
Asir, to over 50 km in Jebal Hejaz. The elevation varics considerably
- in Jebal Madian it does not often exceed 2000 metres, while in Jebal
Asir it exceeds 3000 metres in some places. Moreover, the highlands
have much more gradual slopes in the north, while they slope abruptly
in the south. Like the escarpment, the highiands have been affected
by orientated faults now occupied by upper courses of the valleys,

and ferm in some places gaps which give rise to easier accessibility
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from one place to another in the higﬁlands tﬁemselves, and from
the interior to the Red Sea coastal plain. They also provide
sultable areas for ﬁuman settlements. Taken as a whole, this
region includes numerous wadis running along the broken ranges
to the Red Sea. However, the drainage of some wadis does not
reach the sea, particularly when rainfall is insufficient for a
1arge run-off, -

These imposing highlands represent the main watershed
in Saudi Arabia from which wadis flow both eastward and westward.
Many of the cultivated, and cultivable lands are found within
these wadis. Elscewhere, human ingenuity has overcome physical
difficulties as in Jebal Asir where there are intensely cultivated
man-made terraces. The function of tﬁesc terraces is to reduce the
run-off, thus facilitating infiltration of the vain water in order
to prevent erosion of the slopes and to give more area for utilisatiom.

The highlands consict mainly of igneous and metamorphic
rocks, granite or schists, which belong tb the Precambrian basement
complex, though there are extensive outcrops cof basalts of different
ages. Recent formation of sand stones and accumulations of aeolian
deposits are found in the depressions and on the lower slopes within
the ranges. The aeolian deposits are less in tﬂe southern section
than in the northern part. In fact, south of Taif, the mountains
are in the shape of close, continuous ranges of considerable
elevation and this part experiences a remarkably humid climate during

most of the year.
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The Western Plateaux:

This subprovince includes the land situated to the east
of the highlands and parallel to them from Najran to the Jordan
borders. It can be subdivided intec the Asir plateau and Al-Hisma
plateau, though the former contains two distinct plateau areas.

The Asir plateau extends south of Harrat Al-Bugum to the
Yemeni borders, running parallel to the Asiy mountains. The Asir
mountains, which are composed of an uplifted block, decrease in
elevation inland along a series of faults on the eastern edge.
Thic plateau was, in fact, tﬁe lower eastern slopes of this block,
but ii was eroded and cut oft by the Bishah and Tathlith velleys
so that it now appears as two separated plateaux regions.

The two plateauy appear to contain two subprovinces having
somewhat different morphological features defined according to
differences in the drainage system. In the northern part, the
principal drainags system drains towards the north-north-east,

whilst in the south the direcction is due east. Moreover, the

southern section has an extremely rough outline, so it is difficult
to draw a clear cut distinction between the highlands and the plateau.
This can only be done on the basis of elevation. In the northern
section the valleys are broader, with more alluvial deposits. At
times their slopes are more gentle and the ridges de not rise zbove
the valley btottoms by more than 200 to 300 metres.

To the north of these two plateaux, the Harrats extend
northwards. They are located between Al llisma plateau in the north,
Asir plateau in the south, snd the righlands in the west, while the

Najd paediplain bounds themr oun tie east. Yumercus basalt flows cover



many places in this area. These basalt flows cover vast areas
separated from each other by gaps often occupied by oases.

Almost all of these Harrats feature a flattish surface
with scattered and small volcanic cones. They consist of masses
of blocks formed by extensive faulting. Most of the edges of these
masses form small scarps with heigﬁts varying from a few metres to
more than a hundred metres.

Each Harrat slopes gently in all directions from a central
dome so that the drainage pattern tends to be radial. The contemporary
valleys are not generally entrenched in the basalt flows since this
type of rock is fairly resistant to ereosion. It is only at the
edges of the Harrats that the valleys manage te cut into the
thickness of the lava, down to the underlying rocks of the Basewent
compléx. Numerous tongues of basalt extend from the Harrats and
follow old drainage lines for many kilometres and have sides standing
above the old valley bottoms where the preseut vallays do not
coempletely fill these old valleys.  Typical examples of the latter
type can be seen east-north-east of Turabah where the bassalt flow,

- at least 2 km wide, runs norEHWards for 40 km following what was

once the valley of Wadi Karah. An example of the former type can

be seen at Kashim Shayil, 25 km southwest of Ranyah where Wadi Ranyah
runs along the basalt flow, but does not cut completely through it.
The elevation of these Harrats is not the same, but they generally
range from 1000 to 1500 metres.

Al-Hisma is the northernmost plateau, bounded on the west
by Jebal Madian and on the north by Tubeg hills, while to the south
it is bounded by Harrat Rahah. It dips gently eastward and forms a
featureless plateau, due te the effects of erosicn, in the form of a

pediplain rising to an elevation of about 8C0 to 1000 merves.
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The Tubeg hills and Al Hismé have been affected by the
northwesterly winds which have removed debris from the erosicn of
sandstone formations and deposited them as unstable sand dunes
in a wide depression which lies to tﬁe soutﬁ and east and is kncwn

as An—-Nafud Al-Kabir.

c. The Najd Pediplain

The area which extends from the western plateau and the
Harrats eastward as far as the first outcrop of the sedimentary
series, northward to the southern limits of An-Nafud Al Kabir and

southwards to the western limits of Nafud Ad Nohi, Forme the

"

Iad i

pediplain. It is generaily flat and featurzless, with a pre-

dominantly eastward slope from sligﬁtly over 1000 metres in tha west
to an elevation ranging between 600 and 800 metres in the east. The
main topographical features are small ranges end ingselbergs which
rise to about 300 metres above the surrounding country. The major
ranges in this area are Jabal Aja and the slightly smaller Jabal
Salma, which are together called Jebal Shammer. Both are granitic.
quever, the ranges and tﬁe Eills occur as scattered groups,
separated from each other by vast plains, some being covered by
alluvial or aeclian deposits.

Practically the whole area is underlain by ignecus and
metamorphic rocks of the Precambrian crystalline baseuent overlzin
in the extreme east by large areas of Tertiary and Quaternary
formations.

The pediplain is crossed by the largest five valleys in
the country. Wadi Turabah, Wadi Bisﬁah and Wadi Tathlith

eventually unite te form one waid ~ Wedi Ad=-Dawasir - in the south,



while Wadi Ar-Remmah is the northermmost wadi. Wadi Ar—Remmah
originates on the western Highlands in the basalts of Harrat Khayber
at an altitude of abouqiloo metres before crossing Najd sedimentary
province.  Around Unayzaﬁ it is found at an altitude of about

600 metres. Probably an ancient north—eastward extension, before
its course was affected and cut off by tﬁe Quaternary aeolian sands
of Nafud Ad—Daﬁnh and Nafud Athuwayrat, it may be traced toward the

Arabian Gulf as Wadi Al-Batin.

d. The Sedimentary Najd Province

This province lies immediately to the east of ths Hajd
pediplain and extends eastward to the western Limits of Ad Dahna
sand dunes. The remarkable geomorphological fuatu.eslhere are
the large arcuate cuestas wﬂicﬁ consist of limestone in the form
of escarpments wi.th tﬁeir west—facing fronts paralleling the
crescentic shape of the Arabian shield.

The geomorphological province is composed of a number of

topographical units:

1. The Wajid plateau is found in the south and is
bordered in the west by Asir plateau and in the nortﬁwest by Najd
pediplain. The landscape ﬁere is in tﬁe form of frequent masses
and hills of cousiderable height along the western edge, but these
diminish toward the north and east. Alluvial plains and deposits
are infrequent because the drainage system of the western highlands

runs to the ncrth and to the south of this plateau.
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2. Trans-Tuwayq is an irregular plain whose elevation
ranges between 600 and 700 metres lying to the west of the Tuwayq
mountain escarpment. It is a very persistent morphological unit,
characterised by mature erosion Qurfaces. The relief is further
smoothed by the presence of alluvial deposits which are in the form
of thin layers of gravel with only rare outcrops of bedrock. Some
accumulations of'recent acolian sands cover the surface and have
modified the lanascape. The drainage is not well developed except
in the strip along the Tuwayq mountain escarpment. This stxip
ranges in width from 2 to 4 km. Well-developed active wadis run
from north te south in the southern part and from south to north
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3. The Tuwayq mcuntains forim a multiple arcuate cuesta
trending north-north-west in the northern section and south-scuth-
west in the southern part. This escarpment is tbe most impecsing
feature interrupting the eastward dip of this provipce. The
Tuwayq mpuntains are a typical escarpment landscape formed probably
by tectonic movements during the Tertiary period.  They can be
followed for 1200 km and it is possible that they extended farther
northwards and southwards in the past, but because of erosion and
accumulations of extensive sands they appear now to have less extent
than formerly. The valleys have dissected the mountains, forming
deep gorges typified in the Ad Dawasir valley in As-Sulayyil area
and in Wadi Nesah to the southwest of Riyadh. These features may
have been caused by a greater volume of run—off and floods in the
past, protably during a pluvial period. Along the margins of the
Tuwayq mountains, where the upper Jurassic anhydrite and gypsums
outcrop, karst laudscapes have been formed by the dissolution of the
sulphate layers and the colluanae of the overlying Lower Cretaceous

limestone.
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Because of the eastward slope of the mountain, most of
the wadis flow from west to east and tﬁen they run into tﬁe
piedmont valleys, collecting their water and trenching towards
the north or towards the soutﬁ, aﬁcording to the gradient directions
of the land. Numerous villages ﬁave utilised the alluvial water
tables of these valleys.

While éhe general elevation of Jebal Tuwayq varies
between 750 and 850 metres, the higher points on the western side
rise to about 1100 metres wﬁere the escarpment lies about 300 to
500 metres above the western low land, |

‘The hills are composed of Jurassic sand stone, capped by
assic and Cretacevus limestones. The topographic gradient
eastwards varies betwean 4 and 7.5 metres per kilometre
(ItatonSUItant, T96%4).

4, Eastwards of Tuwayq there are other escarpments of
lesser height and smaller in extent, known as Aruma and Layad.

i eieniidet Aupet

They are separated from Tuwayq by low land which represente the
drainage area of the valleys wﬁich flow towards the east from Tuwayq.
Aruma consists of upper Cretaceous limestones dipping gently eastwards
and affected by locally entrenched wadis. The elevations of Chese
escarpments range from 700 metres on the western side to 550 metres
at the base of the dip slope. Tﬁe Bayad is less well developed and
forms a broad plain vith gentle relief and a poorly developed drainage
system. While quartz gravel derived from the Lower and Upper
Cretaceous sandstones coverﬂthis plain, some resistant intercalations

of dolomite and quartzite form rare benches and low escarpments.

Alluvial depositcs are rare, occurring only at the outlet of major
drainage systams ¢{ the Tuwayq mountains. The elevation of Bayad
is between 650 to &0U wetres. All these escarpmenis are knowvn, as

a whole, by the name of Jebal-al-aAvid.
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e. The Sand Dune Zones

These extensive arecas include all tﬁe large accumulations
of aeolian sands in tﬁe country. Tﬁe different areas are known as
follows: Ar-Rub' Al—Kﬁali {the Empty Quarter), An-Nafud Al-Kabir
(the Great Sand Dunes), and tﬁe narrow belt of sand linking the two:
Ad-Dahna. Ar-Rub' Al-Kﬁali is a vast area of sand dunes occupying
the southern part of the country from the coast of the Arabian Gulf
in the east to the nortﬁern and eastern siopes of Hadramaut, Dhafar
and Yemen in the west. It has an area of about 400,000 sq km, with
a length of about 1200 km, and a width of about 640 k. It consists
of large accumulations of drifting aeolian sands. much of which is
mobile today. These deposits of sand form enormous wandering dunes
lying parallel ENE-WSW lines almost masking the feakures of some -
earlier land forms. Tﬁe sﬁapes of tﬁe sand dunez are wainly
dictated by the predominant nortﬂwest and southeast winds, Berween
the elongated dunes there are usually leng, gravel fleored flats
about 2-3 km wide. The general elevations of the area decrease
from 800 metres in tﬁe west, to less than 100 metres in the east.

In the eastern part there are groups of craters possibly formed by
the impact of meteorites on the desert sand. The craters lie at
Al-Hadid (50° 40'E 21°29'N), and the diameter of some reaches

90 metres.

The southern part of the Arabian Peninsula was probably
a wide depression surrounded on three sides by ramparts of mountains.
The Asir and Yemen hig-lands in tﬁe west, the Hadramaut and Dhafar
mountains in the south, and the Oman mountains in the east, while
the changing size and shape of tha Arabiav Culf alsc contributed

considerable material. Thic depression has been filled wiih

acolian sands as well as somz alluvial ovigin.
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An-Nafud Al-Kabir: To the north of Jebal Shammar large
accumulations of sand dunes cover an area of about 32,200 sq km
in the form of a large triangle. Tﬁese sand dunes have probably
been deposited by the prevailing NNW and NNE winds in a depression
bounded by higher land which gave this area its shape as a triangle.
Since the directions of the prevailing winds are generally from the
northern quarter, the sand dunes in tﬁe southern part tend to have
formed on a surface at a ﬁigﬁer elevation, about 1000 metres,
compared to about 600 metres in tﬁe nortﬁ.

Ad-Dahna: Ar-Rub' Al“Kﬁali is separated from An-Nafud
Al-Kabir by a long band of sand dunes called Ad-Dahna. It runs
for about 1280km, forming an arcuate crescent parallel to the
Aruma—-Bayad escarpments in the west and to the As-Summan plateau
in the east. This sand.dune belt is widest in its middle porticn,
about 80 km wide, and it is probable that it has been formed by
northvesterly winds along the marked escarpment fzcing the west.
The width of Ad-Dahna ranges from 32 to 80 km and the area comsisis
of a series of crescent-shaped sand dunes of high elevation, pink
in colour, mostly because of a higﬁer percentage of iron oxide stain
in its composition. Tﬁe elevation of Ad—Daﬁna varies considerably
from one part to another. In the northern section, the height may
reach 500 metres, while in the soutﬁern part it rarely exceeds
200 metres. In the intermediate section the ﬁgight ranges between

350 and 400 metres,

f. As-Summan and Ad-Dibdibab Plateaux

Takern ac a single unit these piateaux are smocth areas

sloping gradually eastwards and north eastwawrds,  While As--Sunman
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consists of more rolling relief, Ad-Dibdibah is in the form of a
flat pediplain covered with gravels and sloping eastward to the
Arabian Gulf and north-eastward towards Mesopotamia. It is
dissected by a large, wide valley, Wadi Al-Batin, formed by either
one or two actions: tectonic movements or, more likely, rainfall
and run-off during a pluvial period.

The mo;phology of As-Summan is characterised by slightly
rolling landforms and by karst phenomena. In the eastern margins
Karst phenomena occur and appear to have been formed at various
periods by the termination of drainage networks where the water
accumulated in sligﬁt depressions similar to dolines, and then
infiitzated. Hence the solution of gypsum layers and circular
collapse of tﬁe structures occur.

The drainage network is characterised by chort lengths
of very random pattern tﬁat tend to follow the treund of the solid
outcrops though thay get lost in the superficial gravels. The
largest wadi which runs in this area is Wadi As-Sahba which runs
to the south of the railroad for some distance and then treunds to
the south east, to ba later masked by tﬁe sand dunes of Al-Jafurah,
The valley-beds of As—Saﬁba and Al-Batin are flat and gravelly, and
probably were the source of the alluvial deposits wﬁicﬁ now form the

surface of the plateaux.

g. The Coastal Plain of the Arabian Gulf

This plain is a strip of low land extending along the
coast from Ras Mish'ab in the north to the southern point of

Dohat~Galwa in the south, ‘The tcpograpby is relatively flat with
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land-form rarely exceeding a height of 60 metres, but despite this,
there are some points which have altitudes of more than 100 metres.
Close to the Gulf there are widespread areas of coarse detritus and
sand cover, the latter, in some areas, due to northern extensions
of the Rub'al Kahli, but elsevhera due to raised shorelines of

the éulf.

Along the Arabian Gulf, and for some kilometres inland,
there are wide areas of Sabkah. Tﬁese are shallow, flat
depressions, covered by salt crust. They are located along the
Gulf, but they are also found inland on a large scale just to the

east of the Ghawar anticline. The rain water and the run-off

jla

coumulate in these to the hign rate of

(o

evaporarion, salt accumulates on the surface, forming a crust a
few centimetres thick. Tn the majority of cases they represent
former shore-lines of the Gulf for lagoons along the Arabian. Gulf
are currently being infilled and forming Sabkhak. The largest

of the Sabkhah is the Sabkhah Matei on the bonrders of Saudi Arabia

znd the Tnited Arab Emirates.

h. The Northern Province

This province comprises the area lying to the north of
An-Nafud Al-Kabir. It extends to the Jordan-Iraq bordeus.
This province consists of a variety of geological formations which
cause heterogeneity in the landscape. The topography mainly consists
of small hills standing on a wide plateau which is dissected by
innumerable valleys which trend east-novth-east. In the extireme
northwest of this province there is a depression, rossibly formed

by tectonic movements, new occupied by Wadi As-Sarhan.  Rastward



from this depression there is an extensive basalt flow of recent
age extending into Jordam, known as Al-Harrah. Al-Harrah has an
elevation of 300 metres above the bottom of Wadi As-Sarhan. The
wide plateau, which is known as Al-Hammad, lies mainly to the east
of Al-Harrah and has a gravel cover. Tﬁe elevations of this
province vary from 1000 metres in Al-Harrah to about 400 metres in
the extreme eastern section of the plateau.

From the foregoing description of the physiographic
regions in Saudi Arabia it can be found that these regions have
distinguishable weather conditions which in ope physiographic

region may differ from the others, especially the differences in
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the weather conditions between Naid sedimentary pl
pediplain and betwecn those areas and the Asir highlands, as will

be described in the next chapters. It can also be seen in tha next
chapters that there are considerable differences in thaz weather
conditions between the coastal plains of the Red Sea and the Arabian
Gulf,

The topographic variations between one region and another
naturally have considerable effects on both rainfall and temperature.
The Najd plateau, with an elevaiion of only 800 matres, shows a low
mean annual rainfall and high air temperature, while the Asir and
southern Hejaz highlands, with elevations exceeding 3000 metres,
show moderate temperature conditions and high mean annual rainfall.

The vast expanses of the lava fields in the western part
of Saudi Arabia mway have effects on both temperature and rainfall.
The dark coloured lava create local cells of high temperatuce which,
during winter, cause convectional activities and may lead to
marginal increases in the amcunts of rainfall, Furthermere, the

advected warm air, which ovxiginates cvar these dark lava, may tvansfer

the heat from cver these arcas to other surrounding regions.
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The distribution of the sand dunes also affects the

weather conditions in areas where they prevail.
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CHAPTER.IV
AIR MASSES, FRONTS AND PRESSURE SYSTEMS
1. Air Masses

The prédominant weather of Saudi Arabia can be explained
by the action of air masses. During the period October to May
the prevalent air masses are the Continental polar air mass which
develops over Central Asia  and the Iranian-Baluchistan plateau,
the Maritime polar air mass which develops over the Atlantic Ccean
and extends esgtwards over Europe
becomes modified during its passage across the Mcditerranean Basin,
and the Continental tropical air mass wﬁicﬁ builds up over the Jahara.
During the pericd Junme to September the prevalent air masses are the
Tropical air masses of thermal low pressure which cover an area
extending from worthwest India to north Africa through Arabiaz, and
the Maritime tropical air mass which originally develops over the

Indian QOcean and the Arabian Sea.

a. Winter Air Masses (Decembexr - February): Dry, cold
air, since it is continental and polar in origin, sweeps from the
Tranian-Baluchistan, plateau in winter into Saudi Arabia and
normally forms a ridge over the castern half of the country.

This ridge often breaks up and forms a high pressure cell over the
heart of Arabia. VWhile these cold, dry air conditions prevail,

the atmospheric conditions result in clear skies and relatively cold
and stzble aiy conditions. At this time, nighdair temperarures

may drop ccnsiderably helow G°C, though daily air temperatures tend
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to be around 10°C and the.prevalent weatﬁer conditions are usually
pleasant. However; air temperatures rarely drop beiow 0°C for
prolonged periods due to. medification imposed on the air by
latitudinal and adiabatic heating, since the air descends southward
from the Zagros mountains via the low lying areas of Mesopotamia
and the Arabian Gulf before reaching Saudi Arabia.

During temporary recessions of the Asian Anticyclone
this high pressure ridge does not develop over the country.
Consequently, occasional invasions of the maritime air from the
Maditerranean, and the associated depressions, may penetrate the
country, introducing maritime and modified polar air behind the
frontal passage of these depressions. The invasion of these
depressions depends mostly on large scale pressure patterns over
the European continent. When tﬁe northerly cold maritime or
continental air meets the warmer soutﬁerly air over the Mediterranean
area instability and convergence occur and there is increased
cyclonic activity, Consequently, the depressicns may retain
sufficient energy to travel southwards or south-eastwaids.
No attempt has been made to determine the tracks of thece depressions
toward the country. According to the scanty reports aund data
available concerning the depressions, it appears that these

disturbances often travel along the following tracks:

1. Palestine, Jordan and North Arabia to the
Arabian Gulf,

2, Palestine or MNorth Africa, Sinai to Northern
and Central Saudi Arabia.

3. DNorth Africa or Palestine via the Red Sea to

Southarn Saudi Avabia.

These tracks are shown oo Figuve 4(1j.



00¢

2109V, O gn
G NVIgEYYER) AR

b vIGYYY 10NYS 0L, LT B
mzommmum 130 NVYINVYILIQZIN  #iv3s sis.,m.@\,.f
40 SXOvH.. JLVIKIXOHddY AN N SR




The western depressions usually originate in tﬁe
Mediterranean Basin, but there are very rare depressions which
sometimes develop in the interior of Arabia (Banerji, 1931).

These tend to occur during mid-winter when the anticyclone over
Iran intensifies considerably and causes an outflow of cold aif
over the Arabian Gulf to Saudi Arabia which meets the air coming
into the country’from the Mediterranean (The Meteorological Office,
Great Britain, 1951). However, such disturbances tend to be very
weak.

Mediterranean type depressions in late autumn and early
winter tend to follow the first track to tﬁe northern and eastern
regions of the country. The second track appears to be follcoued
by depressions which develop over the soutﬁern coast of the
Mediterranean Sea. The efifects of tﬁese disturbances appear to -
occur throughout the cool season, tﬁough they are most frequent
during the period November - April. The third track ic that used
by depressions which develop in the eastern and southern Mediterranean,
The effects of the depressions following this track appear to te
largely confined to the western regions of the country.

In the cool season the country generally comes under the
effects of the activity of these depressions. They are vigorous
from Nevember to April, though they may occasionally affect the
country as early as October or as late as May. This is particularly
confined to the north of the country, though they rarely affect regions
further south or east before November. In spring they are often
frequent, but in May they rarely occur, due to the intense heat.
Rainfall during this month is caused by sharp tﬁunderstorms due to
cqnvectignal activities. Normally the western depressions move
along their wost southerly tracks in wid-April and then gradually

recede northwards.
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When a depression approaches, the normally prevailing
NNW winds change to between ESE and SSW. Gradually the air
becomes warmer and more humid, clouds increase and become lower,
temperature rises and light drizzle may occur. Rain may be
relatively heavy with the approach of the warm front and the
cloud and rain often persists for a more prolonged périod over
the hills. Small secondary depressions may appear in the warm
air in advance of the main cold front, giving rise to rapid falls
of air pressure, strong SE or SW winds, and some showers. When
the depression passes there is a return to fairer weather, winds
are replaced by cool winds from the NW witﬁ a fall in temperature
and humidity, some occurrences of squalls of gale force. sharp and
isolated thunderstorms, and sometimes dust or sand storms.

A fairly cool, dry air mass normally develops over the
Sahara during the winter months. The air may blow over northwest
Saudi Arabia from time to time, particularly during the passage
of western depression down the west of Saudi Arabia, causing sznd
or dust storms over the north west of the country. Because of the
limited width of the Red Sea, the Saharan air rarely recharges with
sufficient quantities of moisture and, hence, it does not usually
~glve rain over the Red Sea coastal plain, but it may produce increases
in relative humidity and may,_tﬁough rarely, give light showers on

the western mountains.

b. Spring Air Masses (March to early May): With the
onset of the spring season_tﬁe insolation becomes more intense
and, hence, the Asian anticyclone starts to becowe less active.
The ridge cf high pressure over Saudi Arabia begins to diminish

and becomes replaced by a low pressure cell cver the hecad of the
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Arabian Gulf and lower Iragq. Tﬁe Sudan monsoonal low is, during
this season, advancing from Central Africa towards the north-
eastern Sudan and Western Arabia across the Red Sea. During some
years the Sudan monsoonal low may extend north-eastward across
Saudi Arabia and cause the development of a trough towards the head
of the Arabian Gulf and lower Iraq. A high pressure area normally
develops over the Arabian Sea. In tﬁese circumstances tropical
maritime air masses may advance from the Arabian Sea and from the
Mediterranean.

The most important phenomenon during this season is the
occurrence of sﬁarp and isolated convectional thunderstorms
accompanied by very heavy sﬁowers- The saut&weast:rn mari
which blows from late October or early November, rnacﬁes ils maximum
flow in March and April. At the same time, the north-west maritime
air over Europe reaches its maximum flow towards the Mediterranean
and the cyclonic disturbances over tﬁ. Mediterranean reach their

highest frequency during March and April (¥rewartha, 1962).

c. Summer Air Masses (late May to the end of September):
In summer the air masses tend to be more static than in other seasons
with no significant day-to-day changes in weather conditions taking
place over the major part of Saudl Arabia. During this season,
south-west Asia is affected by a continental tropical air mass.
The cyclonic air flow, part of the Indian monsoon system, dominates
this region. This air is humid when it blows as a southwesterly air
stream over India. Because of the low pressure region existing over
north-west India and sovthern Iran, part of this air-stream is
deflected in an anti-clockwise direction as a south-casterly or aven

eagterly fiow and affects Zoaudi Arabia as an ecaterly or even north-
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easterly air-stream. Because of tﬁe distance travelled over land,
it is extremely dry. Wﬁen this air stream flows over the scuthern
" regions of the country during the hot season (late May -~ end of
September) it prevents the tropical maritime air of the south~west
monsoon from penetrating further north or east of Asir and southern
Hejaz mountains (Parsons Basil—éonsultant, 1968).

In the'soutﬁ-west region of the country the situation is
a result of a combination of three factors: tﬁe proximity to the
Red Sea, the orographic effects; and the oscillatory Inter-Tropical
Convergence Zone.

The Red Sea is a trench through which the maritime air
of the south~west monsaon and the associated denrezeicng normaily
flow and affect the Asir and southern Hejaz. ihen tﬁis type of
air flows over the southern section of tﬁe Red Sea rcosstzl plain,
the Tihama, it becomes forced to ascend rapidly over the mountains
to the east of this region towards the low pressure area over Arabia.
It becomes cooler, saturated adiabatically, and condensaticn of ihis
air wnormally results in rain and hail, particularly over the ravges
of the Asir highlands.

The Inter-Tropical Convergence Zcne (I.T.C.Z.) often
becomes convex towards the Red Sea in the form of tongue within which
the west to south-west monsoon reacﬁes the soutﬁ—west of Saudi Arabia
(El-Fandy, 1949). The region wﬁich is normally affected by the
south-west monsoon has not yet been defined accurately because of
the lack of sufficient data. According to the available data
concerning rainfall, the area which is often influenced by the south-
west monsoon exiends northwards to Al-Lith in tﬁc Red Sea coastal

plain and Taif ip tha western highlands. Houwever, it appears that
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there may be unusual penetrations of tﬁe tropical disturbances
during July or August which can cause light showers in the western
highlands north of the Taif area, jabal Shammer and Tuwayq mountains.
The tropical disturbances which give rain in summer come from the
west, probably from the Sudan, and give rain in the Madenah area

and Jabal Shammer, while those which give rain in Tuwayq and the
eastern regions tome from tﬁe soutﬁ-east; probably from the Arabian
Sea via the Gulf of Oman and tﬁe Arabian Gulf,

The origin of the soutﬁ-west monsoon air is of a
controversial nature. Some geograpﬁers (Aziz, 1971) suggest that
the humid air of the monsoon originates over the Gulf of Guinea from
which the maritime air flows acrouss Central Africa and ¥thiopia to
the south-west of Arabia. Otﬁer geographers (Fisher, 1971) suggest
that the air stream of the monsoon originally comes from the Indian
Ocean where it blows across tﬁe Arabian Sea to the southern arsas of
Arabia and the soutﬁern section of tﬁe Red Sea.

During the summer months two high pressures develop ovesr
the Indian and South Atlantic Oceans and extend into Central Africa
in the form of regions of high pressure. At this time the Sudan
low pressure is at its northernmost location and effectively forms
a continuation of the mairn Asiatic thermal low. From the ridges
of higﬁ pressure over Central Africa, maritime air advances from the
south~west while continental tropical air advances from the south-west
of Asia as a north-easterly air stream. The two air currents converge
in a zone that oscillates over the Red Sea énd southern Arabia.

Part of the south~west monsoon air blows from the high
pressure ridges over Central Africa as soutﬁ~easter]y winds, south

of the lquator, as the south—east trade, and then bkends to thz south-

7]

coriolis force.

west after crossing the Equator due to the deviating

-l
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Then it veers over the Ethiopian plateau in a west-north-west

to nortﬁ—west direction between latitude 8 and 15°N before it joins
the general south-west stream over the south-east of the plateau
(El-Fandy, 1949). However, it ﬁas been suggested (Sogreah, 1970 )
that the maritime air mass of tﬁe monsoon coimes solidly from the
Indian Ocean,pushed by the soutﬁ*east trade winds via tﬁe Arabian
Sea and the Red Sea. Tﬁe air, wﬁen it enters tﬁe Red Sea, becomes
deflected to the south-west of Arabia by the Ethiopian plateau.
Furthermore, it is suggested (Italconsultant, 1969A) that a part

of the moist monsoon blows from tﬁe Arabian Sea as a south—-easterly
air stream, but the ﬁigﬁ relief of the Yemen has a blocking effect.
The air stream arrives in the south-west region medifisd Ly
subsequent: orographic effects. Part of the south-west monsoon,

on the other hand, is cﬁannelled along tﬁe Red Sea trench from vhich

it is deviated either towards Sudan or Saudi Arzbia due to dirFferential

However, it appears from the available date on wind diiyecticn
in Jazan, Taif and Kamis-Mushait tﬁat the south-west monsoon winds are
coming from the Arabian Sea througﬂ the Red Sea trench. Tﬁey flow
over the soutﬁ-west region as westerly, south-westerly or southerly
air streams, as can be seen from Figure 5(1I) whicﬁ shows the wind

directions during the summer months in Saudi Arabia.

d. Autumn Air Masses (October - November): During the
start of this season the country is still under the effects of the
hot and dry air masses of tﬁe summer montﬁs, but in late October or
early November the intense hot and dry air masses agpear to be
replaced by slightlv moister and mcre temperate air as sclar

insolation declines. In liovember, bursts of mavitime ai appear
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to advance from the Mediterranean to cover substantial portions

of Saudi Arabia, particularly the northern regions of the country.
In late November this air may become prevalent over much of Saudi
Arabia and usually tﬁe rainfall of this period comes from these

air masses. The Mediterranean-type depressions often start to
invade the country as early as late October, but their rainfall

is normally restricted to the northern regions and tﬁe western
highlands, while the major part of the country is still under the
influence of dry air. The Mediterranean disturbances often draw
dry, tropical air into tﬁe warm sector of the cyclonic system.

The dry air is usually drawn from Nortﬁ—east Africa, or rrom Arabia
itself. Development of tronghs may ccecur during November, but this
is not as frequent nor as deep as in the spriag season. The
development of troughs during autumn appears to be restrictsd to
late November. For example, in November 1967, a ircugh developed
across Saudi Arabia from Etﬁiopia to the Arabian Gulf, causing the
outburst of moist tropical air to converge with the cocler, moist
air which had advanced from the Mediterranean Sea. Large amounts
of rainfall occurred over a period of two tc three days in the middle
of the montﬁ. This situation appeared to be centred over a belt
extending from Jeddah to Dhahran and from tﬁe southern Tuwayq to
Hail (Italconsultant, 1969A). Table 4(0) sﬁows the amount of rain
which fell in November 1967 within the area affected by this trough.
However, during the major part of tﬁis 5eason tﬁe air over Saudi
Arabia is warm and considerably dry and often laden with dust or

at least ﬁaze, due to rather strong winds and convection activities

within dry air.
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TARBLE 4(X)

Amounts of rainfall in November 1967

Total Novenmber

Station rainfall (mmn)
Jeddah 33.0
As-Sulayyil 11.5
Unayzah 88.0
Riyadh 16.0
Dhahran 6.1
Ras Tanura 35.8

2. Fronts

From time to time Saudi Arabia becomes influenced by
relatively active fronts. They usually develop due to the
convergence of two air masses different from each other in
characteristics, and accentuated by local effects. These

fronts can be classified as follows:

a. The Inter-Tropical Couvargence Zone which affects
Saudi Arabia during the summer season when it is active over the
south-west region and accentuated by the presence of Asir highlands

and the Red Sea.

b. The Transition Seasons' fronts which usually develop
in mid~spring and late autumn. These fronts wmay be the reasen why
Novewber and April have the maximom- rainfall at the majority of the

stations in Saudl Arabias.
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c. The Winter Season Front over the Arabian Gulf.
This front appears to develop over the eastern regions during

mid-winter.

d. The Red Sea Convergence Zone which develops during

the period of October to May over the Red Sea.

A, The Inter-Tropical Convergence Zone (I.T.C.Z.)

During the summer season the south-west region of Saudi

Arabia is under the influence of the Inter-Tropical Convergence Zone.

e
re
"
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It davelops as a vresult of the conver h-2azt aund south
east trade winds. It oscillates over the southiern regions of the
country during the hot season between latitudes 20" and 16%H. Tt
becomes convex toward the land in the form of a tongue within which
the WSW monsoon winds reach the south-western region of the country.
This zone of convergence suffers diurnal oscillatione in both north
and south directions. These oscillations of the convergence zone are
very variable (El1-Fandy, 1950B). During some years it may aifect the
central regions of the country up to 25°N, while during cther years it
does not advance far ta the north at all and, consequently, its effects
are restricted mostly to the south-western region. Its effects in
the interior areas are rarely in the form of rainfall, but usually ia

the form of increases in relative humidity and the formation of

high clouds. #*

The inhabitants of Naid area call these climatic phenomena of high
relative humidities and formation of clouds "Tabbakh Aic-Tamir"
vhich is an Arabic term meaning "the palm date cooker'.
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Table 4(2). represents the amounts of rainfall and the relative humidity at

Riyadh station - 24° 39'N 46° 43'E - in the interior of Saudi
Arabia during the northern oscillation of the I.T.C.Z. in late

July 1973.

TABLE 4(2)

Rainfall and relative humidity at Riyadh station

in late July 1973

Day 21 22 23 24 25 26 27 28 229 30

Rainfall (mm) nil nil 0.7 3.2 nil 0il nil nil nil nil

Relative Humidity (%) 27 25 47 48 49 33 33 286 28 36

The I.T.C.Z. is normally associated with rainfall of

relatively large amvunts over the highlauds ¢f Asir and southern Hejaz.

This area extends from Taif southwards. Distuibances Ilesading to
rainfall due to rapid oscillation &f the zong during the months of
July and August tend to be frequent in tﬁe éouth*western region,
Obviously, the rapid northern movement leads io large—scale flows
of the moist monsoon winds over the country. In general, these
conditions are superimposed by the orographic effect of the high
escarpment and shield area. Even the relatively low relief of

Tuwayq escarpment appears to be significant (ItJEonsultant, 1969A).

b. The Transition Seasons' Front

During the transition seasons the countyy is sometimes
under the effects of an active front, Thiz front usvally develops

- as a result of the convergence of two air masses; the maritime polax

31

nil
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air mass which advances from the north, and the warmer, moist air
mass from the tropics. In some years this front is relatively
intensive, and during otﬁers it is sﬁallow. This depends on the
local conditions and tﬁe scale of the flows of the two air masses,
and consequently on the intensity of the convergence and tﬁe
resultant disturbances. During some years a deep trough extends
from the Sudan low across Saudi Arabia to tﬁe Arabian Gulf, or
possibly to lower Iraq. The front usually inclines over Saudi
Arabia from NNE to SSW. It does not often affect tﬁe northern
regions of the country - north of latitude 29°N - or regions to the
south of the Bayadh escarpment towards the Empty Quarter. This
front often causes the development of groups of sharp and isolated
thunderstorms, characterised by their effect on limited areas.

These thunderstorms can cause torrential rainfall over a linited

pt

xr

area and violent flash floods. The amounts of rainfall are uszually

affected by relief, even hills of modest elevations. Thunderbolts
and hail usually acéompany these thunderstorms, killing people and

animals, and sometimes damaging buildings.

¢. The Winter Season Front Over the Arabian Gulf

This front develops in the eastern region of the country
during mid-winter due to the convergence cof two air masses; the
north—east air mass which is cold and dry and which reaches the
country from Iran, and the north-west air mass which is cool,
relatively moist and which accumulates more moisture from the Arabian
Gulf. This air is polar in origin, but as it travels southwards via
the Mediterrancan it becomes warmer (Meteorological Office, Great

Britain, 1951). Disturbances as a result of the flow and convergence
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of the two air masses develop and give the largest amounts of
rainfall in the year; The area affected by this front is usually
restricted to the eastern province, but sometimes it affects areas
as far west as Riyadh and causes large amounts of winter rain in
the interior regious.

In general, the two frontal systems in tﬁe winter and
transitional seasons may be deep and intense, causing large amounts
of rainfall during some successive year; while during other years
they may be shallow, or may not develop at all. This is what leads
to the suggestion of the occurrence of climatic periods, some being
humid while others are dry. Moreover, tﬁe regions which are under
the effects of these fronts are not usually affected by them, They
may affect regions further rorthwards or southwards, eastwards or

westwards.
d. The Red Sea Convergence Zone (R.S.C.Z.)

D. E. Pedgley (1966) has shown that during the period of
October to May there is a convergence zone in the Red Sea between
a northern air mass arrivivg from the Mediterranean via the northern
part of the Red Sea, while there is a tropical moist air mass comiug
from the south~cast through Bab Al-Mandeb in the southern part of the
sea. The two air masses convergas in an area whicﬁ oscillates from
the Jeddah-Port Sudan latitude in tﬁe north to the Massawa latitude
in the south. Disturbances leading to the formation of clouds and
rainfall occur frequently over the Red Sea and the escarpments
bordering the sea within this zone. Pedgley has menticned that
there i1s little chance for the moist tropical air and the disturbances

to rise over the escarpments tovards the interior of the mainland
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because of the stable vertical temperature structure of both
airstreams. This can explain the remarkable decrease of rainfall

towards the interior of the country beyond the Asir mountains.

3. Atmospheric Pressure

Information about the atmospﬁeric pressure over Saudi
Arabia is available from a small number of climatic stations.

Most of the stations wﬁich record atmospheric pressure have been
installed recently. The otﬁer stations, wﬁicﬁ installed equipment
a number of years ago, normally ﬁave interrupted data of the
atmospheric pressure. In fact, there is not any sin
which has a complete record of the atmospﬁeric pressurc for
consecutive years. In tﬁe present study of tﬁe atmenpheric pressur
over Saudi Arabia, the scanty data recorded at a small number of
stations in 1964 were utilised in an attempt to give a general
indication of the distribution of the atmospheric pressure over

the country.

During the summer months a tﬁermal low pressure region
develops over an area extending from Northwest India to Horth Africa.
In this season the Sudan low, at its northernmost extension, forms
part of the Asiatic thermal low region. The low pressurz region is
caused mainly by the low air density due to intense heat over the
land masses. The low pressure region is replaced at upper-levels
by high pressure due to the global subsident air of the general air
circulation in the Horse Latitudes within the subtropical belts.

The height of thz cyclonic circulations around the lows varies
according to the excess difference in air temperature relative to

the surrounding air. ~ Tn Tndia it is up to 3 km in hoight, whila
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over North Africa the cyclonic circulation is replaced by higﬁ
pressure at 4 km_(Soliman; 1949). During the hot season the
conditions over most of the country are cloudless skies and
intense insolation resulting in remarkable convectional activity
within a very dry air. In July 1964 the isobaric mean of 998
millibars passed westward over tﬁe Euphrates delta and bent back
southwards over the eastern region of the country around Dhahran
and over the Gulf of Oman. In the interior regions the isobaric
mean of 1000 millibars in July 1964 crossed from north to scuth,
while in the western regions the july mean (1964) of 1004 millibars
extended across the Jazan area, bent westwards to include the Sudan
low, and then bent back to cross tﬁe north-wect rcgion of the
country.

Over the whole country the atmospheric pressure icached
its lowest value during July when the mean value for 1964 was
about 998 mb. It rose to its ﬁigﬁeﬂ' value during January 1964,
vhen the mean of this month approached 1019 to 1020 mb. Thereafter
it gradually fell. The most rapid rise tecok place hetween September
and October (1964), and the most rapid fail occurred between May and
June (1964). During the periods September to November and March to
May, the pressure distribution was changing from one type tc another.
In winter, Decembar to February (1964), a region of high pressure was
developing over Central Asia and the Baluchistan—-Iran plateau, with
a high ridge extending into Arabia which broke off and formed a cell
of high pressure over the country. The semi-permanent Sudan low
was near the Lake Plateau of Central Africa during this season, with
a trough extending tc the Red Sea.

In the cool season pressure conditions are normally wore

variable duc to the oscillations of the Asiatic Anticyclone and tha
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invasions of the Mediterranean depressiéns, or as a result of the
development of local disturbances. In January, a high pressure
normally exists over most of Saudi Arabia. The January (1964)
isobaric mean of 1018 millibars intersected the country from north
to south, while a high cell of 1021 millibars developed over the
eastern half of Arabia. The january (1964) isobaric mean of
1016 millibars crossed the western regions.

The atmoséheric pressure in the western regions 1is
affected by the higﬁ altitudes of the Western mountains. At Taif,
(1395 metres) in the southern section of the escarpment of the -

Hejaz, the January and July (1964) isobaric means were 850 millibars

(]
ot
o

"
e

and 847 millibars respectively. In Kamis Mughait {105

ait { metres)

the scuthern section of the ﬁigﬁlands of Asir, the January and July
(1964) isobaric means were 800 and 790 miliibars.

During the spring season, which is essentially a short
period, the high pressure of Asia weakened. At the same time the
ridge of high prescure over the country wac dispiaced by low prassurs
though there appcared to be an area of high vressure stili over the
Arabian Sea. Trougﬁs may develop and extend across Arabia from the
Sudan low during this season and, while of a localised nature, they
do bring the last appreciable cloudiness and rainfall Gﬂho, W.E., 1965).

Autumn, like spring, is also a short period, and is
characterised by similar atmospheric pressurez conditions, though the
trends are reversed. The significant characters of the pressure
distribution during the transitional seasons over the area are the
existence of relatively low pressure over southern Iran which extends
eastward to cover the Arsbian Gulf and lower Irzq. The Sudan menscon
low is mormally centred over northern Ethiopia and extends eastward

to cover the Red Sea.
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CHAPTER V

:SURFACE WINDS AND RELATED PHENOMENA

Surface Winds

Information on wind directions and velocity is not
available for the great maiority of climatic stations of Saudi
Arabia. Most of the stations run by the Ministry of Agriculture
did not record wind diréctions until recently and, tﬁerefore,
the wind data used in the present study were recorded by the stations
run by the Ministry of NDefence. The available data on winds show
that there are three types of winds which can be classified as

follows:
1. The north-west winds (The Shamal)
2. The south—cast monsoon

3. The south-west monsoon

1. The North-west Winds (The Shamal)

Tﬁe nortﬁ—west winds are called, locally, the Shamal
(Figure 5(I) ). Tﬁey prevail over tﬁe w501e country, with the
exception of the Asir mountains and the southern section of tﬁe
Red Sea coastal plain, during the period June to September.
During the summer season a high pressure of the Azores normally
extends eastward to cover most of tﬁe Mediterranean area. Over

north-west India, on the other hand, a low pressure develops and.
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extends westward over soutﬁetn Iran and tﬁe“Arabian Gulf. Tﬁis
pressure pattern causes persistent nortﬁ~west winds to blow from
tﬁe Mediterranean and North Africa ﬁigﬁ pressure area in a south-
easterly direction towards the low pressure area.

Tﬂe direction and speed of tﬁe winds are affected by the
local topograpﬁy. In tﬁe west of tﬂe country the winds sweep from
the subtropi.cal anticyclone of the Azores and enter the Red Sea
trench as northerly winds. They blow parallel to its shores and
regularly blow as northerly to nortﬁ—westerly winds in tﬁe Jeddah
area and as westerly or westmnortﬁ-westerly winds in the Al~Wajh
and Jazan areas. Along the escarpment of tﬁe western highlands
the direction is mcre westerly, wﬁile tﬁe winds on tﬁq ragte
slopes are north-westerly. Wind speeds on the coasical plain during
the summer months are low, the average being about 8 Imwts, Cver
thce escarpment the wind speed is still low as the wind ascends the
mountains, the average at Taif being 9 knots. On the leeward side
of the mountains the wind speed increases slightly with the summer
average for Madenah being 10 knots. Generally, the western highlands
stand as a shelter to tﬁe Red Sea coastal plain from the north-easterly
and the south-easterly winds which ﬁave a éignificant component on
the eastern slopes of tﬁe mountains.

In tﬁe eastern regions of the country the north-vest
wvinds are rarely interrupted during the summer months. They are
continuous and persistent and vary in force. It is suggested
(Meteorolggical Office, Great Britain, 1951) that tﬁé remarkably
high, thqugh variazble, speed is a result of fluctuations in the
intensity qf the seasonal low pressure area over north-west India.

When the low pressure deepeus, tﬁc north-west winds (the Shamal)

may hecome sStrong and may blow with an average speed of 20 kuots,
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though at times reaching gale force. ﬁqwever,.tﬁe wind force
usually decreases gradually wheh'tﬁe 19w pressure area returns to
normal, a striking contrast with tﬁe squally Shamal of winter.
The mean of the wind speeds at Dhaﬁran in summer ranges between

9 and 13 knots.

During tﬁe periods of summer wﬁen tﬁe Sﬁamal is strong
it is often gusty and laden witﬁ dust or sand which reduces
visibility, but it is not associated witﬁ thunderstorms or sudden
squalls, the air being dry and hot, and the sky often cloudless.

It is suggested (Siraj, 1971) that the wind direction
in the eastern regions is affected by the topography of western
Iran. The Zagros mountains which trend novthwest south~cast,
roughly parallel to the eastern sﬁores of tﬁe Arvabian CGuif, d=flect
the westeriy winds whicﬁ blow from tﬁe extended Azores anticyclone
to a south-easterly direction;

In the nortﬁern region of the country the wind direction
is affected by tﬁe'proximity of the area to the Mediterranean Easin.
The wind direction thrqugﬁout the summer months is variable between
west and west-north-west, Sufficient data to show the wind velocities
are not available for the region, but from the available scanty data
the wind speed is comparatively high, rarely decreasing to less than
11 knots.  Further south, the west-northwest winds change direction
sligﬁtly tq nqrth-northnwest in the interior regions and the mean
wind velocity in the summer season decreases to 8 knots.

During the cool season - October to May - the wind direction
ic affected by the high pressure region over the Iran-Baluchistan
plateau and tﬁe high_pressure area over the Atlantic Ocean which in
mid-winter extends over Nowth Africa almost to the Red Sea. . Gwing

to the compavatively high temperature of the water bodies bounding
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Saudi Arabia, low pressure areas gften devélgp over the Red Sea,
tﬁe Arabian Gulf and the Arabian Sea. In these circumstances the
wind's direction is either north-easterly or north-westerly over
the major part of the country. If the Asian anticyclone is not
very intense, the wind direction will be west-north-westerly over
most of Saudi Arabia. These types of wind, either blowing from
ncrth-east or fr;m north-west, are known locally as the Shamal.
Comparing the wind velocity of tﬁe Shamal during the
cnol season to the Shamal of the summer months, it can be found
that the Shamal of the cool secason is less in speed, despi;e_the
fact that they may blow very strongly during the periode of the
passage of the Mediterranean depressions. During the periods of
undisturbed weather, the velocity of the Shamal of the cool season
ranges between 7 and 8 knots, while during the periods of the passage
of the Mediterranean depressions the speed may increase by wmore than
20 knots. When the Shamal winds blow strongly, they are normally

laden with dust or sand particles.

2. 'The Socuth=east Monsoon

This type of wind prevails during the period of November-
April though it may start to make its appearance as ecarly as October
and as late as May. It is a persistent wind, blowing from the
southerly quadrant over the southern regions of the country.
. Unfortunately, there are no installed climatic stations in the Rub-al-
Khali to show its velocity and directions, but according to the
available data on wind speed and directions recorded by stations

installed in the northern flanks of the Rub-al-Khali, this type of



- 55

wvind blows from either’ an easterly or a sgutﬁ—easterly direction.

These winds are in origin the north-east monsoon which blows toward

tﬁe Arabian Sea from the Asian anticyclone during the cool season.

When the north-east monsoon winds blow over the Arabian Sea they

recuive toward the west and nortﬁ—west and enter the southern

regions of tﬁe country as easterly and south-easterly winds.

This type of wind normally enters the Red Sea and flows towards

the north-west, causing persistent soutﬁerly to south-westerly

winds over the southern part of tﬁe Red Sea (Pedgley, 1969 and 1966).
The northern and western extent of tﬁe south—-east monsoon

has not yet been determined because of the lack of sufficient data

E

[V]

on wind directions. However, it would appear that the south-e
monsoon mAay penetrate into the interior regions c¢f the country and
flow over arcas as far nortﬁ as Hail and as far easi as As-Svlayyil,
as can be seen from Figure 5(II) wﬁicﬁ shows the wind direction from
November to April in Saudi Arabia.

The velocity of the south-east menscon normslly ranges
between 8 and 10 knots, thqugﬁ they may blow stroengly during the
period of the passage of the western depressionz. When they are
associated with the passage of the Mediterrancan depressions, they
are often laden with sand or dust particles. The south-east
monsoon winds, when they have these characteristics of high velocity
and sand or dust particles, are called by the natives in the Arabian
Gulf coastal plain as Al-Kaus.

Tables 5(1) and 5(2) show the number of days on which the
wind directions were from the nortﬁ (the Shamal) or from the S~ESE

(the SE Monsoon).
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TABLE 5(1)

NUMBER OF DAYS ON WHICH THE PREVAILING WINDS WERE
. ) *
FROM THE NORTH IN 1971 AT SELECTED STATIONS

Station J

Al-Wajh 6
Dhahran 23
Hail 12
Jazan 4
Jeddah 11
Qassim A.R. 9
Riyadh 16
Tabuk 22

NUMBER OF DAYS ON WHICH THE PREVAILING
FROM THE S,ESE AT SELECTED STATIONS

Station J
Dhahran 4
Hail 10
Madenah 18
Qassim A.R. 10
Riyadh

Tabuk 6
Taif 15

21
15

.11

13

11

12

15
11

20
16
11

10

OO0~

10
10
13
14
10

10
22

15 21
11

10
13 15

TABLLE 5(2)

A M J
lo o0 3
12 8 O

5 o0
8 4 x
11 1 1
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6 7 ¢

17
28
27
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22
27
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22 14
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Two different years were used as data from some of the

stations in Table 5(1) were unavailahble.
X Dafa art unavailxblr
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It sﬁould.be.realised tﬁat the winds, when blowing frqm
the south-east during summer, are not ;ﬁe south-east monsobn, but,
in fact, they are the soutﬁ—west monsoon of summer which enter
Arabia as south-westerly winds and then recurve to soutﬁ—easterly

inland of Saudi Arabia.

3. The South=West Monsoon

This type of wind prevails during the period.of June-
August over an area covering the Asir highlands and southern Hejaz
mountains and the southern section of the Red Sea coastal plain as

far north as Al-Gonfideh (Sog: L ) (Figuwe 53{7J.

The only climatic stations whicﬁ reccrd data on wind
direction in the area are three: jazan and Kamis-Mushait in the
eouthern part, and Taif in the nortﬁern section. The lack of
climatic stations recording wind speeds and directicr make it
impqssible, at present, to define how far this type of wind penetrates
into the sub-continent beyond the region.

During the summer months two higﬁ pressure areas develop
over the Indian and Atlantic oceans and extend into Central Africa
and the Arabian Sea. At the same time a thermal low pressure
develops over North-~west India and extends westwards over the
Arabian Gulf and Arabia (El Fandy, 1949). In these circumstances
the wind will blow over the area from a west to south-west directiocn.
The available data on wind direction have shown that this is the
case, thugh ig appears that the north-west winds show a significant
cgmpqnent in jazan and Taif statioms. Taif station is located at

the nerthern extremity of the area and hence it is in a position to

be aifected by the Shamal winds. Jazan station is lecated in the



southern part of the Red Sea coastal plain and appears to be
affected considerably by the south-west monsoot:, but since tﬁe
Shamal winds may extend from time to time during the summer season
to cover the Red Sea (Pedgely, 1966), they have a significant
component at Jazan. Kamis-Mushait, which is located in the eastern
slopes of ;he Asir mountains, shows persistent south-westerly winds
blgwing in July and August, thougﬂ an easterly component is in
evidence during early autumn. Table 5(3) shows the number of days
on which the wind directions were from W,SW during the period of

March - August of 1971 at stations located in this area.

NUMBER OF DAYS ON WHICH THE WIND RLOWS FROM W,SW

DURING MARCH-AUGUST 1971

Station M A M

iy
(4

A

Jazan 28 15 10 1 21 27
Kamis-Mushait 6 14 13 8 13 x

Taif 19 6 24 20 25 24

The wind speeds over Jazan area are normally gentle to
moderage, with the velocity ranging between ¢ and 13 knots, though
they may become strong during the advance or the passage of
depressions. During periods of depressions the winds blow from
the ngrth or the north-west and normally produce dust storms in

Jazan area.  The local inhabitants call this type of wind "Al-Gobreh'.
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The local people are optimistic wﬁen the dust storms afe.strqng,
since they predict that the rain will be Eeavy (Al-Akeeli, 1969),

The wind speeds along the escarpment are consistent
throughout the year. In tﬁe summer season tﬂe mean montﬁly wind
speed is between 12 and 18 knots, but tﬁis decreases eastward
away from the escarpment and mountain regions to a value of between
60-70Z of tﬁe speed recorded in tﬁe former regionms. In the
escarpment and mountain regions tﬁe average wind speeds are
sometimes sufficient to operate wind-mill type pumps (ftalconsultent,

19694).

Sand and Dust Storms

These phenomena, whicﬂ often cause restricted visibility,
prevail over most of the country throughout tﬁe year. Tﬁa max L
occurrence of these storms is in tﬁe easte.n regions cf the country
rather than any other area. Thcy are often caused by the strong
winds, normally coming from the nortﬁ (the Shamal). During the
summer mqnths the Shamal winds, transporting sand and dust, generally
occur between the hours of 1100 and 1700 local time. The onset
usually occurs when tﬁe surface inversion is broken up by insolation
and when the strong noxtherly gradient winds start to gust ai a

speed of abgut 30 to 35 knots, Blowing sand is rarely lifted to
more than 1000 metres, but dust may be lifted to 3000~5000 meires,
and forms the characteristic dust Haze of tﬁe summer months. The
summer dust haze has the effect of reducing the radiation trans-
mission constancy, and.a reduction in tﬁe amount of incoming
radiation during the pezk of occurrence cf severe stcrms is often

apparent. During these periods it has been observed that a net
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radiometer will record zero radiatign at apprqximately 14 ﬁqurs
before tﬁe sunset (Italconsultant, 1969B).

Tﬁe causes of tﬁe ﬁigﬁ frequency of occurrence of dust
and sand storms in the Eastern Province have not been fully
investigated. It is suggested (Siraj, 1971) that the topography
and the prevalent climate have an important influence. Tﬁe
Arabian Gulf extends from NW to SE from tﬁe mouth of tﬁe
Euphrates-Tigris rivers to tﬁe tip of Oman. Tﬁis extensiqn ié
about 750 km long. Along and near the west coast of the Gulf,
sand dunes stretch inland for more than 200 km. The topography
is compargtively featureless for a long distance in the area and

into the Ruphrates=Tigris pla

n of lower Irag. To the west, the

surface comprises a terrain of low rocky hille dicsected by shallow

~

valleys. The average altitude cf these hills is betweén 200 and
300 metres.  The Ruphrates-Tigris plain forms a low, flat depression
cgmposed of fine alluvial deposits. This plain, and the desert in
the west - Badiat Ash-sham, or the Syrian deseri — represent a
~ good source qf fine dust which is easily transported in a southerly
directign by the Shamal winds. In the east, the Zagros mountains
bqund the eastern coast of the Arabian Gulf and Mesopotamia and
extend ngrth, north-westward towards Turkey. They are precipitous
and high and appear to cause a cyclonic bending of the surface
isobars which tendsto augment the pre-existing strong pressure
~gradients of North Africa-Arabia and is believed to be one of the
main causes for the strong persistent summer Shamals (Siraj, 19648).
Generally, the sand and dust storms over much of Saudi

Arabia appear to be caused by the following reasons:



a.. The steep pressure gradients from the north-
.west towards tﬁe soutﬁ—éaét.

b.” The unconsolidated, dry soils.

c. The dry climate.

d. The existence of widespread sand dunes.

e. The intense heating in summer months,

£. 'The passages of depressions and trqugﬁs

in the cool season.

The visibility in the south-western region of the country
is normally between 500 and 1000 metres, improving to about 1000
metres in the afternoon.  However, this regioi way expzrience
duct and sand storms, particularly during tﬁe periods of the
advances of the I.T.C.Z. (Siraj, 1966), which cause the development
of a deepening trough and associated frontal activities across
southern Arabia. Unless there ﬁas heen rain, a windspeed of over
20 knots normally raises dust aloft,and deterioration of visibility
may prevail with wind speeds of 30 knots or more. The duct storm
in the Jazan area is called locally "Al-Gobreh". It blows from
the north during tﬁe summer months at the time of tﬁe approach of
a depression associated with the SW monsoon winds. Tt precedes
the occurrence of heavy rain in the plain and the adjacent hills
and mountains of Asir. It normally prevails in the forenoon and
dies out in the afternoon (Al-Akeeli, 1969). TFive to six day
dust storms may occur during the period of june-September, though
this can vary widely from year to year. Tﬁe following table
represents the annual and montﬁly mean of days with sand storms in

Jazan and Asir arcas.



TABLE 5(4)

ANNUAL AND MONTHLY MEAN OF DAYS WITH SAND
STORMS IN JAZAN AND ASIR AREAS (1967-1969)

. Annual
Station J F M A M J J A S O N D Mean

Jazan 0O 0 o0 0.71l.7 11..43.80.80.21.0 0 0 8.0

Kamis~
Mushait 1.9 0.5 1.01.7 1.01.7 2.01.0 O 0 0o 1.3 7.0

In general, the sand and dust storms ovesy the cocuntry
are related to the passage of tﬁe western depressions during the
cool season and to the invasion of the tropical disturbances
associated with the SW monsoon in the south-western region during
the summer moiiths. During the cool season the dust and sand storms
over the country are more intensive than those of summer due to the
fast movement of the cyclones, but tﬁeir duration is usually much
shorter than those in the summer. In tﬁe eastern half of the country
the summer season is the periced of maximum occurrence of sand and dust
storms. In this season the Shamal blows more persistently than in
the cool season.

During the summer months the sand and dust stoiuws are
persistent in sufficient quantities and duration to reduce visibiliiy
over the eastern province of Saudi Arabila. At Dhaﬁran, for example,
the number of days with sand or dust storms in 3une 1968 was 22 out
of 30, and in July 1961 there were 24 days out of 31 with sand or

dust sforms.



The factors .which are responsible for the pulsation of
the speeds of the'Sﬁamal winde during the summer montﬁs have not
yet been known exactly. it is possible tﬁat tﬁe increases of
the speeds of the Sﬁamal winds during tﬁe summer season are as
a result of tﬁe passage of tﬁe eastern cyclones (Meteorological
Office, Great Britain, 1951). These cyclones travel at times
in summer across’ India or Arabia on a nortﬁetly, north-westerly
track, passing into southerﬁ Iran and the Arabian Gulf area.

They normally do not give rain; but cause strong winds of the
hamal which raise sand or dust particles and cause a deterioraticn
in visibility, especially in tﬁe eastern province.

The local effects are also ruggested to be main factors
for the increases in the speeds of the Sﬁamal winds during the
summer montﬁs {Kuo, 1965). During this season the surface of
the Arabian Gulf is considerably cooler tﬁan the adjacent coastal
plains, causing air temperatures below 3000 to 4000 feet over the
wvater of the Gulf to be lower than those over the coastal plain.
Consequently, there is a remarkable area of discontinuity along
the coast of the Arabian Gulf. Tﬁe strong Shamal winds of summer
are, thus, set up in the zone of maximum discontinuity along the
coast at the gradient level. Over a period of days the wind speeds
wipe out the temperature discontinuity and remove the driviang force
behind the winds which become light again.

F. E. éoles (1938), in considering the dust and sand
storms over Iraq, has suggested that the strong north-westerly
winds and the increases in the frequency of the cccurrence of thé
sand and dust storms during the summer season is caused by the
ncrth-west, south-east steep pressure gradients frem the high
pressufe area of the Azecres to the low pressure region of Worth-

west India and southern Iran.



. However, according to tﬁe'available data, tﬁese
phenomena prevail over' the whole country with the minimum in the
western parts of tﬁe country and the'maximﬁm in the eastern
province. The strong Shamal winds which cause the high frequency
of tﬁe occurrence of sand and dust storms may be attributed to four
factors as follows:

a. The relatively steep pressure gradients during
the summer months from tﬁe high pressure area
over the Mediterranean Sea (tﬁe Azores High
Pressure) towards tﬁe low pressure zone over
Nortﬁ-west India and soutﬁern Iran.

b. The passages of the Mediterrancan depressions

or £ the

]
B

during the period of October-May owver
nortﬁ of, Saudi Arabia wﬁicﬁ, due te the fast
movement of tﬁe pressure system, cause Sstrong
winds normally laden with sand or dust panticles.

c. Tﬁe passages of the tropical depressicns which may
enter the Red Sea and invade the south-western
-region of the country during the period of June-
August and cause sand and dust sterms in Jazan
district.

d. The wide spread of sand dunes and fine particles
within a vast area of dry climate in Saudi Arabia

and the surrcunding regions.

Table 5(5) represents the mean monthly and annual days

with sand or dust storms at selected stations.



TABLE 5(3)

&

AN MONTHLY AND ANNUAL DAYS WITH SAND AND DUST STORMS

. Annual
Station J F M A M J J A S 0 N D Mean
Badana 1961-64 . 2.2 4.2 7.0 4.2 7.5 5.0 3.3 1.5 1.2 2.0 0.8 2.5 40.5
Dhahran - 1961-69 2.3 4.6 7.8 5.6- 7.8 12.6 13.6¢ 7.7 5.2 2.8 1.9 2.2 . 73.8
Jazan 1967-69 0.0 0.0 0.0 0.7 1.7 1.4 3.8 0.8 0.2 1.0 0.0 0.0 8.0
Jeddah 1961-69 4.5 2.8. 3.8 3.6 3.5 3.2 4.3 2.3 7.1 0.3 1.9 2.8 34.0

Qassim A.R. 1967-69 6.0 2.5 6.0 4.3 7.3 2.0 2.0 1.0 0.6 1.3 0.6 0.8 30.0

2 4,0 3.0 4.6 z.2 0.5 1.0 0.2 1.0 0.8 21.2
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Riyadh 1961-69 . 5.2 1.8 2.6 3.6 68.6
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This table provides examples of the characteristics of
these phenomena and it can be seen that the maximum frequency of
the occurrence of sand or dust storms is found to be recorded at
all stations located in tﬁe eastern parts of the country, sucﬁ as
Riyadh, Dhaﬁran and Badana. It can be also noticed tﬁat the
minimum number of days with sand or dust storms i.s recorded during
the autumn, whilé the maximum number of days with sand or dust
storms is recorded in spring and summer. From March to August
visibility normally becomes deteriorated over a considerably

large number of days in a major part of Saudi Arabia.
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CHAPTER VI

AIR TEMPERATURE

Introduction

;The primary climatic control of temperature in any part
of the world is latitude, for latitude determines the amount of
heat received directly from the sun in the form of radiant enengy.
It is therefore necessary to remember the latitudinal position of
Saudi Arabia on the earth's surface. This country is situated
wholly witiviu the tropical and subtropical belt. Tﬁe Trople of
Cancer intersects Arabia. Toward the south, the country extends
almost to 17°N latitude, while tﬁe northernmost portion of Saudi
Arabia territory extends into the Syrian desert at 32°N.

Next to latitude, elevation is probably the most
important coittrel in the distribution of temperature.  Alr
temperature decreases as elevation increases. Lt has already been
indicated that Saudi Arabia is almast a plateau country of modest
elevation in which the total area of tﬁe land below 800 metres of
altitude constitutes the major proportion of the total land surface
of the country. It cen be said that the High elevation is almost
limited to very narrow mountain chains in Asir and southern Hejaz.
Of the total surface area of Saudi Arabia, only about 3% has an
elevation exceeding 2000 mecres.

Water bodies are also considered important iu controlling
the temperature conditions of their surrounding areas. In the case
of Saudi Arabia, because of tﬁe narrowness of the water bodies
relative Lo the cxtensive land mass of Avabia, the prevailing wind

directions and the peculiar layout of the mountains aleng the Red
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Sea coastal plain, the influences of the seas are somewﬁat limited
to their immediate vicinity, and it is seldom that tﬁey play an
important part in tﬁe control of temperature of the country
beyond the narrow coastal strips.

There is one more fact that deserves special attention
in this brief survey of general temperature control in Saudi Arabia.
The country is éxposed to tﬁe movement of air masses that have
their origin in distant places and therefore of totally different
temperatures than those prevailing in the country. Such air
masses are likely to exert great influence on the pattern of
temperature distribution over the country, especially during the
winter szason when ihne local control by insolation is weak.
Imported temperature is therefore greatly responsible for producing
a somewhat peculiar distribution of temperature, particularily when

the country is invaded by cold air from Eurasia.

Characteristics of Air Témperatures

In studying the conditions of air temperature over
Saudi Arabia, the data concerning this climatic parameter covers
the period 1966~1972.,  All wean monthly, mean annuzl, and the
mean mexima and minima temperature mentioned in this chapter
are related to this period, unless otherwise stated.

During the winter months the air temperatures all over
the country are moderate, with maximum air temperature in the
coastal strips and minimum air temperature in the northern
regions.  The mean air temperature during tﬂe three wonths is

- o, . o, .
normally over .10°C, though it may drop te less than this value
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in .the norihernmmost areas and in.tﬁe Asir mountains. The

maritime influences of tﬁe Red Sea and tﬂe Arabian Gulf do not
appear to penetrate far inland since, in the case of the Arabian
Gulf, the wind direction is predominantly tﬁe éersistent north-west
winds which blow off the land. In the case of the Red Sea, the
western highlands prevent tﬁe modification by concentrating the
maritime effects in the coastal strips. However, the two water
bodies are narrow and the air, when it blows across them to Saudi
Arabia, does not have long to recharge with sufficient moisture to
modify air temperature, since the moisture diminishes beyond the

coastal plain toward the inland rapidly.

[&]
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During the hot season, air temperaturc all owver
Arabia is very higﬁ, with the maximum temperatures being recorded
by inland stations and tﬁe mininmum in the Asir highlands and the
northern regions. In the summer months, mean temperature is
normally over 30°C and tﬁe absolute maximum inland may exceed 507C,
though at night the absolute minimum may drop te less than 25%,
Thus, it is expected that diurnal and annual range is wide, though
in coastal areas both diurnal and annual ranges are sialler.

Increasing altitude generally modifies these character-~
istics and may obscure the latitudinal influence. In the western

highlands south of Taif the skies are cloudy throughout much of

]

the year, and the amounts of rainfall are relatively large. Thes
characteristics accentuate relative humidity and attenuate solar
insolation and air temperature,

In the mountain regions, north of Taif, the effects of
the aititude, though they exist, do not obscure the latitudinal

influence. This region, for the greater part of the year, is
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dominated by ﬁot and dry air, and continental cﬁaracteristics are
apparent. Air temperature recorded in this area is high, as
those recorded in the inland and diurnal and annual ranges are
also high.

However, the continental characteristics of air
temperature dominate all the country, the only exceptions being

the Asir and southérn Hejaz mountains and the narrow coastal

strips.

" 'Méan Annual Temperature

Mean annual tewperasiure has, in fact, little significance
and, indeed, may be misleading in a study of tewperature in this
type of climate. For exauple, Riyadﬁ, which lies in thea intergcr
of éhe country, shows a similar mean annual temperature to that
of Ras Tanura (25°C), which lies in the coastal strip of the
Arabian Gulf, while the annual warch of air temperature at the
two stations is different.

However, there are four factors wﬁich seem to control
the distribution of the mean annual temperature. The most
important factor is the latitude, where the mean annual temperatuve
decrecases over a majov part of the countiy from south toward the
north. In the southern region at As~Sulayyil - 20% 28'N - the
mean annual temperature is 26°C. Further to the north, the
mean annual temperature decreases at Al-Karj - 24° 10'N - to

o

24°C. The decreases in temperature continue northwards where

the mean annual temperature at Qurayyat - 31° 20'M - is enly 19°C.
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However, the northerly decreases of mean annual]are not the same
throughout the country. It appears that the decreases are gradual
in the southern part of the country and more rapid in the northern
part. For instance, the difference between the mean annual
temperature a¢ As-Sulayyil and Skakah - 29° 58"N - is only 4°c
over a latitudinal difference of 9° 30', while the difference in
mean annual temperature between Skakah and Qurayyat, both located
in the northern province, is 3°C over a latitudinal difference of
1° 62'. The elevations of these stations are substantizlly the
same (As—Sulayyil - 510m, Skakah - 574m, Qurayyat - 549m). It

seems that the only excuse is the different insolation between

1
e
v

summer and winter. In the northern province the diffevenc
insolation baiween the two seasons is large, while in the southern
part of the country the difference of insolation between summer
and winter is comparatively limited.

The water bodies are considered to have a major effect
on air temperatures over the land in close proximity to them
and most coastal areas remain hot throughout the year. The trend
of the coastal plains of the Red Sea and the Arabian Gulf is from
north-west to south-east. Consequently, there are constant
south—-ecast north-west gradients of mean annual air temperature as
a result cf thé effect of the latitudinal factor. Over thea Red
Sea coastal plain, for example, the mean annual temperature at
Jazan (17°N) is 30°C, at Jeddah (21° 30'N) is 280C, and at Al-Wajh
26° 13'w) is 24°c, Similarly, in proximity to the Arabian Gulf,
the mean annual temperature at Dhahran (26o 17'N) is 27°C, at

LR 0 . _ . * . .
Qatif (267 33'N) it 1is 2500, and at Ras-Saffaniyyah (ZSOH) it is 2

4

°c.

%
1967~72 mean of data
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Altitude is also an important factor and has a considerable
effect upon air temperature distribution. The elevation of the
surface in Saudi Arabia increases from the east toward the western
highlands, after which the ground dips down rapidly toward the
coastal plain of the Red Sea. There are thus two directions of
air temperature gradients. The major one, since it comprises
most of the couniry, is from east to the west. A second minor
one, occurring on the western slopes of the western highlands
from the west to east. These gradients are showmn on Figure 6(X).
An attempt has been made to compare the mean annual temperature
of stations located at approximately similar latitudes. The mean
annusl Lemperaiure at Al-Aflaj (53%m) is ZSOC, while at Taif
Airport (1.395m) the mean annual temperature is 22°C. At As~
Sulayyil (510m) the mean amnmual. temperature is 26°C, while at
Bishah (1040m) the mean annual temperature is 25°C.  Further .
westwards, the mean annual temperature at Baljurshi (2400m) in
the Asir highlands is 17°C only.

From east to west the temperature gradient is interrupted
by the Tuwayq mountains. For example, the mean annual temperature
for the period 1967-1968 at Riyadh (609m) is 25°C and at Shagra
(730m) is 25°C.  Between Riyadh and Shaqra the Tuwayq escarpment,
with an altitude of about 800 metres, has a slight effect upon
air temperature, for the mean annual temperature, for the same
period, at Dirab station, 25 km to the west of Riyadh, is 23°c.

The west-east temperature gradient from the coastal plain
of the Red Sea toward the western highlands can be seen by the
difference in temperature between Jeddah in the coastal plain and
Taif in the highlands of Hejaz. The mean annual temperature at
Jaddah is 28°C, while at Taif it decrcascs, as a result of the

. . . 40
inecrease in elevation, to 22 C.



In the north~west of Saudi Arabia there is high ground

forming the northern section of the Hejaz and Madian mountains.

In this area there are only four stations recording temperature,

but they do not provide adequate data since they are located in
depressions in the eastern part of the highlands. However, it

is expected that the mean annual temperature ranges between 19

and 20°C over the mountains where the elevation reaches 2000 metres.
At Tayma, to the east of the mountains, the elevation is 820 metres
and the mean annual temperature is 22°C. At Tabuk* (200m), which
is located in a depression between the western mountains and Al-
Hisma plateau, the mean annual temperature is 2106. To the south
of tabuk, Al-Ula station, located to the scuth-east of Harrat Al-
Uwayrid, has an elevation of aboul 1000 metres. The low elevatiou,
coupled with the effect of the dark coloured lava, results in
relatively high air temperatures of 22%.

Figure 6(T) shows the distribution of tﬁe mear: zunual
temperature over Saudi Arabia, The data on which this map is
constructed are considered sufficient to show most of the
characteristics of the distribution of the mean ammual air
temperatures. It can be easily noticed the north-south
temperature gradients as a result of the latitudinal factor, and
the east-west, west-east temperature gradients as a result of the

increases in elevation.

Annual Range of Temperature

The annual range of Ltemperature is dafined as the differcnce

" 1967-7% mean of data
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between the mean temperature of the warmest month and that of
the coldest month. The annual range of temperature increases
with the increases of latitude because of the greater difference
between winter and summer insolation as the distance from the
equator becomes greater, The distance from the bodies of water
ic another factor that influences the annual range of temperature.
As far as Saudi Arabia is concerned, the effect of both
the above-mentioned factors is clearly observed in Figure 6(II)
which shows the distribution of the mean annual range of temperature.
The lowest annual temperature range is found in the southern section
of the coastal plain of the Red Sea. This area is situated by the
position in the country. Here the
difference between the coldest (January) and the warmest (July)
months ranges bctween.s.ogc in Jazan district to 9.0°C in Jeddah
ared. In easterly and northerly directioms, the annusl range
increases either because the distance from the sea increases, or
because the  latitude becomes greater. At Abha, a mcuntainous
station to the northeast of Jazan, the annual range increases to
IOOC, while at Taif, another mountainous station to the east of
Jeddah and to the north of Abha, the annual range increases to-11°%.
Toward the north, the mean annual range of temperature increases
as the latitude increasec towards the northern part of the Red Sea
coastal plain, At Yanbu (24o 07'N), the differcnce of temperature
between January and July is 14°C, while at Al-Wajh, the most
northerly station recording tewperature in this coastal plain,
the mean annual range is 18°C.  The following figures show the
mean annual range of temperature at climaiic stations in the Red

Sea coastal plain from north to south:
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Al-Wajh
Jeddah
Sabya
Malaki

Jazan
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18°¢
9°¢
9°¢
9%¢

8°c

In the coastal plain of the Arabian Gulf the mean annual

range again increases from south-east toward the north-west as

the latitude become2s greater, and from the east, on the coast, to

the west inland, Within the area, the annual range is between

o, . .
16 °C in the southern section

e il

/D
rt
(=)

g L]
Qatif  sbout two hundred and

and on the coast, the annual

and 21°C in the northern part. At

1o the nooth uf Sulwa

range is 17°C, while at Hafuf, about

30 kilometres inland and shout a hundred kilomsttes to the notrth of

Salwa, the mean eznnual raunge

. o .
is 18°C. The south-east, north-vest

~gradients of the annuzl range in the coastal plain of the Arabian

Gulf reach maximum value at Ras-Saffaniyysh where the annual range

. [ . o
1s over 20 C. The following figures show the siean annual range

in the coastal plain of the Arabian Gulf:

As-Sarrar 21°C
Dhahran 20°¢
Hafuf 18%
Qatif 1967-72 17%

Yabrin 1967-72 18°¢
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Inland and in the northern province where the distance
from the water bodies is at a maximum, and the latitude increases,
the continental conditions become dominant. Here again there are
south-north gradients., At As-Sulayyil, the most southerly station
inland recording temperature, the annual range is 19°C, while at
Al-Karj, to the south-—east of the capital of the country (Riyadh),
the annual range increases slightly to 20°C.

In the nortﬁern province, the highest annual ranges are
recorded. In this area the annual range generally ranges between
20 and 22°C. At Linah, in the nortﬁ—east of the country, and
close to the political boundary of Saudi Arabia and Iraq, the
. At Skakah, in the

1

N

annual range is
. o, . " . .

anmual rcange is 21°C. The following figures show the anpual rauge

reccrded at selected stations in the north and north-west of Saudi

Arabia.

Al-Ula 20°¢
Hail 21°¢c
Tabarjal 21°%c
Tabuk 22%C
Shakah 21°%

Monthly Variations

There are two main seasons during which air temperatures
are very different; winter, which lasts from early December until
late February; and surmer, which covers the period from late May

tc the end of September. The winter season is nermally moderate
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and the prevailing weather conditions are pleasant. The summer
period is very hot over the major part of S5audi Arabia and the
dominant weather conditions are oppressive inland during the day
and throughout the summer montﬁs in the coastal plain of the

Red Sea and the Arabian Gulf as a result of the increases in
relative humidity. The night temperature conditions are bearable
in the interior of the country, especially when tﬁe prevailing wind
is the "Shamal".

Between the two main seasons there are two transitional
periods, spring and autumn. Both ave sﬁort ceasons and the
prevailing weather conditions have the characteristics of both
the winter months, where nights are temperate, and summer monihs,

where days are relatively warm.

Winter Conditions

The coldest month over 211 Saudi Arabiz is January,
though this country may experience during any month of the wiuter
season cold waves from Eastern Europe or Central Asia during which
the air temperature may drop to below freezing point for several
nights on end and frost may cccur, particularly in the northern
province and in the western highlands.  The pcople may suffer
from these cold waves if the air is coming from Central Asia.

The air flowing from this area to the country is dry and the
winds are persistently northerly. If the cold air comes from
Europe it is cold, but normally is accompanied by cloudiness and
rainfall, so the air temperature may not drop for any prclonged

period bclow freezing. Furthermove, the cool northerly winds do
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not persist since the winds normally change to southerly when the
depressions associated with these maritime northerly winds pass.
Descriptions of such as these cold waves, and the reasons,
have been summarised in the local newspapers in the country by the
meteorologists of the General Directorate of Meteorology. It is
desirable for some of these descriptions to be written down in the
present discussion of temperature. During the winter season of
1972 Saudi Arahbia experienced cold waves because of the invasion
of cold air masses from Europe. The air temperature over several
days dropped to below freezing and water in pipes froze. The

official meteorolcgist (Nweelati) of the General Directorate of

| S s

Mateorology wrote the

"As a result of the existence of extensive high
pressure over the Middle and Eastern Europe,
cold northerly winds Llew from Europe to the
eastern Mediterranean Sea and affected Saudi
Arabia. hese winds are in origin very cold,
but since they blow in a southerly direction
over the Mediterranean Sea, they become
slightly warmer and more moist™.

He added,

"The daily mean of air temporaturcs was 5°C
C at

s,
at Qassim Airport, 15 °c at Dhahran, g°
Riyadh, and 29C at Turaif'".

Further examples came from reports written by the consultant
companies during their investigations in Saudi Arabia in 1967-1968.
In January 19467, Saudi Arabia also came under the influence of
similar cold waves and the air temperature dropped below freezing
in the northern province and snowfall was reported from Madian

mountain arsis to the west of Tabuk (Parsons, Basil-Consultant, 1958).
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In 1968 frost and ice were observed during winter and as late as
April over the Asir highlands (Italconsultant, 1969A).

The coldest areas all over the country during the winter
months are the Asir highlands and the northern province.  The
mean monthly temperature of the winter months in these two cold
areas normally ranges between 4 and 12°C in Asir, and between
6 and 11°C in the noxrthern province. In both areas tﬁe minimum
temperature is normally recorded in January. Away from these
two regions the prevailing conditions are more temperate, though
a low temperafture of O or -2% may be recorded in tﬁe interior of
the country for three to five days during January or February.
¢h leads Lo luw femperatures
in Asir, is not operative.

Consequently, the main factors that control aix
temperature distribution are the latitude, the water bodies, and
the invasion of cold air masses. At Gurayyvat, in the northern
province, the mean monthly temperature of the winter monthé ranges
between 6°C in January and 8°C in December and ¥February. To the
south the mean temperature increases to 12°C in January and 14°¢
in both December and February at Az~Zilfi, The constant
southerly increases in the temperature continue toward the southern
part of the country where the mean temperature of the winter months
at As-Sulayyil, just to the north of the Rub-Al-Kali, ranges
between 16°C in January and 18%¢ in February.

Unfortunately, the available data on air temperature
are inSufficicnq to show the east-west temperature gradients toward
the western highlands.  However, the available scanty data show

that there is a zlight decrease in air temperature from Riyadh
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toward the Arabian shield area and further west toward thé
western highlands., Furtﬁer southwards from Riyadh there is a
remarkable decrease in temperature from As-Sulayyil in the Najd
sedimentary plain to Bishah in the Arabian shield area and also
further westwards at Baljurshi in the Asir mountains. Riyadh
and Dawadmi are located at the same latitude, but at different
altitudes. Ri&adh is located in the Najd sedimentary plain,
while Dawadmi is situated in the Arabian shield area. As-Sulayyil,
Bishah and Baljurshi are all located in approximately the same
latitude, but at different altitudes. The following figures
may show the east-west gradient from tﬁe Najd sedimentary plain

hlarde
11.ands.

to the Arabian shield and the western hi
TABLE 6(1)

EAST-WEST TEMPERATURE GRADIENT FROM NMAJD TU THE

WESTERN HIGHLANDS (°C)

Station Elevation (m) Latitude (N) Dec Jan Feb 1%66-72
Mean Mean Mean

Riyadh 1609 24° 421 15 14 16
Dawadmi 940 24° 29° 14 13 15
As-Sulayyil 510 20° 28! 18 18 20
Bishah 1040 20° 20 17 16 18

Baljurshi 2400 19° 52 13 12 12
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The warmest areas in Saudi Arabia during the winter
are the littoral regions along the Red Sea in the west and the
Arabian Gulf in the east. Since the littoral areas extend from
the south-east toward north-west, air temperaturcs decrease in
this direction. The mean temperature of the winter months is
constantly over 15°C at all the climatic stations located in
the coastal plaiﬁs. At Jazan, in the soutﬁernmost region of the
coastal plain of the Red Sea, the mean montﬁly air teﬁperature
during winter ranges between 23°C in January and 25°C in December.
Toward the north-west, along tﬁe Red Sea coastal plain, the mean
monthly temperature of winter decreases considerably as a result
the north of Jeddah, has a mean montﬁly temperature in the winter
months ranging between 19°C in 5anuary and 20°C in December.

In the coastal plain of the Avabian Culf there are
eight stations recording air temperature. Three of them arec
located close to each other on tﬁe coastal plain and other two
stations are located in the hinterland and seem to be affected
by the continental conditions that dominate the inland, rather
than being influenced by the maritime effects of the Arabian Gulf.
However, as the coastal plain of the Arabian Gulf extends from the
south=-cast toward the north-west, there is a temperature gradient
in this direction, though again data are very scanty.

The mean monthly temperature in winter over the Arabian
Gulf coastal plain is normally over 15°C, though it may drop to
less than this value in tﬁe northern part of the area. Along

. Lo ¥
the coast the mean monthly temperaturc of winter at Qatif ranges

© 1967-72 mean of data
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between 16°C in January and 17°C in February. At Ras—Suffaniyyah*=
about 40 kilometres to the north of Qatif, tﬁe mean monthly
temperature during winter decreases to 14°C in January and 15°C
in February.

In the hinterland the mean monthly air temperature
decreases since tﬁe distance from tﬁe Arabian Gulf increases.
Furthermore, there is a north-south temperature gradient, From

the north toward the south there are four well-distributed

stations, Qaysumah, As-Sarrar, in the nortﬁ, and Abqaiq, Al-Hafuf,
in the south, as shown on Figure 6(III). At Al-Hafuf the mean
monthly temperature of winter ranges between 16°C in January and
17°C in December. Toward the north the mean tempevature of
winter dacreases to 15°¢ in January and 16°C in February. Turther
northwards the decrease in temperature can be seen from thc mean
monthly temperature at As=Sarrayr and Qaysumaﬁ. At Ag-Sarrax the
; mean temperature ranges between 14°¢C in January and 15°¢ in
December, while at Qaysumah tﬁe mean menthly temperaturs of winter
ranges between 13°C in January and 15°C in December.

Figure 6(ITI) is a map showing the distribution of the
mean monthly temperature in the winter season. From this map it
is easy to recognise the temperature distribution and the north-
south gradient, as well as the east-west temperature gradients
toward the western highlands. It is also easy to notice the
warmest and coldest areas in Saudi Arabia during the winter season.
,Thé temperate conditions whicﬁ dominate the country during

winter can also be seen, where the air temperature during this

®
1967--72 mean of data
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season ranges between 14 and 20°C over the major part of Saudi

Arabia.

Spring Conditions

During the spring season no appreciable heating appears
to take place in'the Asir highlands and the northern province
before April, while in the interior regions the temperature remains
at a low level throughout winter until the end of February, after
which a relatively sharp increzse in spring carries air temperature
to that normally found in the hotter low regiocns. In the coastal
plains, the variations from month to month, and from season to
season, are small, There is a constant, but gradual, increase ia
air temperature from March. In gemeral, the mean monthly eir
temperature in the littoral regions is normally cver 20°¢ during

R S ‘. .
March and may apprvach or exceed 25 C during April. However,

this varies from part to part because of the difference in latitude.
The following table (6(2) ) shows the different conditicns of air
temperatures in the various regicns in Saudi Arabia in spring.

The smallest variations in air temperature occur in
Asir and southern Hejaz mountains. In these areas the effects
of elevatien on air temperature far outweigﬁ those of decreasing
latitude. Within these highlands the mean monthly zir temperature
of spring ranges at Abha - 18° 13'N - betweea 14°C in March and
18°%C in May, while at As-Sulayyil - 20° 28'N - to the north-east
of Abha and in the low desert areas, the mean monthly temperature
of spring is normally over 20°¢C. The difference between the two

stations reflects the influence of two factors: the altitude and
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TABLE 6(2)

MEAN MONTHLY TEMPERATURE DURING SPRING IN VARIOUS REGIONS

IN SAUDI ARABIA (°C)

March April May 1966-1972

Mean Mean Mean
Asir Type
An-Nimas 1967-72 11 12 15
Abha 14 15 18
Ealjurshi 15 17 20
"Northern.PtoQiﬂce'T&pé
.- Qurayyat (4967-72) 14 20 22
Skakals 16 23 25
Tabarjal 13 20 23
Red Sea Coastal Plain fﬁpé
Jazan 28 30 32
Jeddah 25 28 29
Al-Wajh 22 24 23
Arabian Gulf'Tyﬁe
Dhabran 22 25 31
Qatif 1967-72 22 25 28
Qaysumah (hinterland) 20 22 30
Interioc Type
Riyadh 20 24 30
Az-Zilfi 19 22 27

Unayzah 19 23 23
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the difference in humidity. Abha is situated at a height of
2190 metres, while As-Sulayyil is located in a minor gorge of
Wadi Dawasir within the Tuwayq escarpment and has an elevation
of only 510 metres. Abha also is affected for the major part of
the year by moist air, while As-Sulayyil is affected by dry air
during most of the year. Within this region the main factor
that controls tﬁe distribution of temperature is the elevation,
rather than the latitude.

To the north of Abha, some stations of considerable
elevation show low temperatures. At Belesmer (18° 47'N),
which has a heigﬁt of 2250 metres, tﬁe mean monthly temperature

o
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mountaincus area, air temperature increases in a west—east
direction inland and an east-west direction towards the coastal
plain of the Red Sea where the elevation decreases. Unfertunately,
the intensive network of climatic stations in this area records
rainfall only. The stations which record temperature are either
located on the high peaks of the escarpment or in the lew-lying
areas to the east and west of the slopes. Consequently, it is
impossible at this stage to investigate the lapse-rate of air
temperature along the whole region until intensive and well-
distributed stations with long~term records are available.

To the east from Abha, Kamis-Mushait Airport, at a height of 2060
metres and 25 km from Abha, ﬁas a mcan monthly temperature

during the spring season of between 17°C in March and 19°C in
April. To the west of the Asir escarpment, Sabya station,
located in the low-lying coasial plain of the Red Sea, is

situated at an elevation of 40 metres. The mean monthly
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temperature increases rapidly in short distance when one descends
the Asir escarpment to the coastal plain of tﬁe Red Sea where the
mean monthly temperature in spring at Sabya is 27°C in March and
31°¢C in April. As would be noticed, the increases of air
temperature are gradual when one descends the highland to the low
desert since the decreases of elevation are so gradual, but when
one descends the.escarpment toward tﬁe coastal plain of the Red Sea
the increases in air temperature are very great hecause of the
rapid decrease in elevation in this direction.

The other area which normally experiences relatively
cool springs is the northern province, as can be noticed from

mah1 A~
e T

ng spriung, the southern parts of the ccuntry

pede

6(2). Dur
come under the influence of relatively high insolation as a result
cf the northern movement of the sun, but at tﬁis time the northern
province is stiil under the effect of comparatively low solar
insolation as a result of the northern location. However, despite
the fact that this provinceshows low air temperature in winter,
spring is comparatively warm and there are sharp increases in March.
During late April relatively intense heating may carry air
temperature in this province to those levels found in the low hot
deserts., For instance, the mean air temperature at Qurayyat 1is
8%¢ in February, while in March it increases to a value of 1400,

or almost double that of winter. However, this considerable
increase in March is normally followed by remarkable increases

in April. For example, the mean monthly temperature at Skakah

in April is 7 degrees above tﬁat of March (23°C).

Toward the Rub—-Al-Kali, air temperature increases rapidly

as the distance from the equator decreases. In general, the
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mean monthly air temperature of the spring season is normally
over 20°C in the ncrtﬁern and interior regions, though the March
increase is not nearly so marked and fhe mean montﬁly temperature
of March is normally less tﬁan this level. From north to south
the air temperature increases and, thus, there is a temperature

gradient in this direction, as can be seen from Table 6(3).
TABLE 6(3)

MEAN MONTHLY TEMPERATURE (1966-1972) OF SPRING AT

STATIONS LOCATED FROM NORTH TO SOUTH (OC)

March April  May

Station Latitude (N) Mean Mean Mearn
Rafha 26° 39° 19 20 27
Shaqra 252 15! 19 22 28
Al-AF1aj 22° 17" 22 26 32
As-Sulayyil 20° 28° 23 27 32

In the littoral areas along the coastal plain of the
Red Sea the increases in air temperature arz very small. The
difiference between the mean temperature of late winter and
early spting in the southern section of the Red Sea coastal
strip is only-loc. During spring, the temperature difference
between March and April figures at both Jazan and Jeddah
increases, but ounly tec the extent of 2-3°C. Toward the north
in this plain there is a gradual decrease in mean temperature

of spring as a2 vesult of an increase of latitude, hut there also
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is an increase in the difference of the mean monthly temperature
between Marcﬁ and April. Tﬁere are only two stations to the
north of Jeddah which record temperature, located at the airports
at Yanbu and Al-Wajh. However, there is a temperature gradient
from south toward the north along this coastal plain where the
difference in insolation between winter and summer increases in
this direction. Table 6(4) sﬁows the mean monthly temperature
of spring at selected stations along the coastal plain of the

Red Sea.

TABLE 6(4)

MEAN MONTHLY TEMPERATURE (1966-1972) OF SPRING IN THE

COASTAL PIAIM OF THE RED SEA (OC)

March April May
Station Letitude (M) Mean Mean Mean
Al-Kajh 26° 13" 22 24 26
Jeddah 21° 30" 25 28 29
Jazan 17° 03! 28 30 32

As in tﬁe northern section of the Red Sea coastal plain,
warm veather conditions prevail in the Arabian Gulf area during
spring, and the variations from month to month are found to be
low. Furthermore, there is a south-north temperature gradient
where the temperature decreases in a northern direction. Dhahran -
26° 14'N - and Qatif - 26° 33'N - in the Arabian Gulf coastal

plain are located approximately at the same latitude as Al-Wajh -
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26° 16'N -~ in the Red Sea coastal plain. Thus, it is expected

that the temperature conditions in the two areas are similar, but
because of a lack of sufficient data concerning temperature in the
Red Sea coastal plain as a whole, and the southern section of the
Arabian Gulf area, the conformity in air temperature conditions
between the northern section of the coastal plain of the Red Sea

and the Arabian Gulf coastal plain cannot be discussed until
sufficient data from well-distributed stations are available.

The fact which can be mentioned at present is that the mean monthly
air temperature at Al-Wajh and Qatif is almost similar, though

the Arabian Gulf stations tend to record slightly higher temperatures.
The increases in air temperature at the stations in tﬁe Arabian CGulf
coastal plain may be attributed to leccal factors, ecpecially the
existence of vast areas of sand dunes. Table 6(5) shows the mean
monthly temperature at selected statioms in‘the coastal plain of

the Arabian Gulf.
TABLE 6(5)

MEAN MONTHLY TEMPERATURE (1966-1972) OF SPRING IN

THE COASTAL PLAIN OF THE ARABIAN GULF (nC)

Station Latitude (N) March April May

Mean Mean Mean
Kas-Saffaniyyah 1967-72  20° 0o' . 22 23 26
Qatif 1967-72 26° 33" 22 24 28
Dhahran 26° 17" 22 25 31
Al-Hafuf (hinterland) 25° 350 19 24 28

From this table it can ke ecasily deduced that there is

a south-north gradient along ihe coast of the Arabian Gulf.
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Al=Hafuf shows lower mean temperatures because it is located some
60 kilometres from the Arabian Gulf and, hence, it may experience
continental conditions that prevail inland, rather than the

maritime conditions that dominate the coast of the Arabian Gulf.

Summey Conditions

The hot season conditions start to dominate Saudi
Arabia in early June. At the beginning of this month the country
comes under the influence of hot and dry air. During the mid-
period of June the sun is at its northernmost movement and the
sun's mid-day rays are almost vertical over the whole eountry,

The cloudless skies over most of Saudi Arabia, coupled with the
dry air, the predominance of tlic contimentality, and the bhigh
solar insolation, cause air temperature to be very high during
the afternoon where tﬁe absolute maximuwm Cemperatures may exceed
50°c. Since the country is a vast land mass, and tha maritime
infiuences are limited to minor areas, the air temperature during
the night may drop to 30°C or less.

During the summner season July is the hottest month over
most of Saudi Arabia, though the highest absolute maximum may be
recorded in June or August. During this seascn the differences
in temperature between cne area and another are smaller than those
found during the cool sezson. In the littoral areas the wezther
is oppressive, due to high humidities, while only for short
distances from these littoral areas tﬁe heat is intense during the
day and the air temperature is high at night. The only area
which does nol normally experience the mertioned conditions is the

Asir and southern Hejaz lLighlands.
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In addition to the difference in the values of air
temperature between the cool season and the hot season, there
is a difference in the regime of temperature between the two
seasons. During the ccol season there are remarkable
fluctuations of temperature. Tﬁese considerable increases and
decreases of temperature in the cool season are mainly caused by
the sudden incursions of either cold polar air or hot, dry air.
During the hot season, air temperature all over Saudi Arabia is
persistently high, with maximum at day and minimum at night.

However, all over the whole country there is a
significant temperature gradient from the south toward the north
where air temperature again is lowest.  Mereover, there is an
east-west temperature gradient from Najd sedimentary plain toward
the Asir and southern Hejaz mountains. A west-easi temperature
gradient is found te occur from the coastal plain of the Red Sea
toward the escarpment of Asir and Hejaz.  Sufficient data on
air temperature to systematise all these three temperature
zradients are not available. The only air temperature gradient
that can be studied in detail is the south—north temperature
gradient. Some indications to the east-west and west—east
temperature gradient can be made. It has been found that there is
a gradual south-north temperature gradient from As-Sulayyil, the
southern station in the country, toward Qurayyat, the northern
station in Saudi Arabia, as can be seen from Figure 6(IV) which
shows the distribution of air temperature of summer., The
difference in air temperaturc of surmer between As-Sulayyil, just
to the northwest from the Rub-al-Kzli, and Qurayyat, in the noxthern

province and at the political bouudary ¢f Saudi Arabia and Jordan,
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is only 8°C. Table 6(6) shows the mean monthly temperature
of the summer months at selected stations located from north to

south.
TABLE 6(6)

NORTHjSOUTH TEMPERATURE GRADIENTS (1966-1972) IN THE

INTERTOR OF SAUDI ARABIA IN SUMMER (OC)

June July August September
Station Latitude (N) Mean Mean Mean Mean
Qurayyat 31° 20 26 27 27 26
Hail 27° 31° 29 31 31 29
Unayzah 26° 04" 30 32 32 30
Shaqra 25° 15° 33 33 33 31
As-Sulayyil 20° 28! 34 35 35 32

The east-west temperature gradient which exists from
Najd sedimentary plain to the wastern highlands can be seen from
Table 6(7) which shows the meas monthly temperature at selected
statiqns located from east to west at approximately the same

latitude.
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TABLE 6(7)

EAST-WEST TEMPERATURE GRADIENT IN SUMMER (1966-72) FROM NAJD

TO THE WESTERN HIGHLANDS (OC)

June July August September

Station Elevation(™) Mean Mean Mean Mean
Al-Aflaj 539 34 34 3% 31
Taif 1395 28 28 28 27
As-Sulayyil 510 34 35 35 32
Bishah 1040 30 31 a1 28
Baljurghi 2400 23 22 22 21

As one ascends the western higﬂlauds from the coastal
plain of the Red Sea one finds relatively low temperature
conditions where temperature decreascs rapidly from the low coastal
plain to the high escarpment of these highlends, as can be seen

from the following figures:
TABLE 6(8)

WEST~EAST TEMPERATURE GRANIENT IN SUMMER (1966-72) FROM THE

RED SEA COASTAL PLAIN TO THE WESTERN HIGHLANDS (OC)

Station Elevation(m) June July August September
Mean Mean Mean Mean
Sabya 40 34 34 33 32
Jeddah 1i 31 32 32 .31
Abha 2190 20 21 21 20

Belesmer: 2250 13 19 18 18
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In the eastern proviuce, where sand and dust storms
prevail dﬁring the hot season and reach tﬁeir maximum frequency
in July and August, the air temperature at stations such as
Dhahran, Aa—Sarraf and Qaysuimah is very ﬁigh and may be equal to,
or exceed, those temperatures recorded at stations in the southern
parts of the country. Table 6(9) sﬁows the summer temperatures

in the two areas:
TABLE 6(9)

COMPARISON OF TEMPERATURE IN THE EASTLRN PROVINCE (1966-72)

AND TN THE SCUTH OF SAUDI ARABIA (OC)

Station Latitede (W) June July August Sepiomber
Mean Mean Mean HMean

Eastern Province ‘Stations

As—Sarrax (approx)?.?O 00! 35 36 - 35 30

Dhahran 26° 17¢ 35 36 35 32

Abgaiq 25° 56! 35 36 36 32

Stations in the southern parts

Al=-Karj - 24° 10 32 34 33 30

Al-Aflaj 22° 17° 3% 34 33 31

As-Sulayyil 20° 28" 3L, 35 35 32

There is a gradual decrease in temperature frow south

2 north in the coastal plaine of the Red Sea and the Arabian Gulf,
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but when the summer temperature gradient is compared with that

of winter, it can be seen that the ﬁot season gradient is more
slack since the whole country during summer is under a relatively
similar intense heat and, thus, the difference in air temperature
between one station and another is small. The hottest area

during summer is the coastal plain of tﬁe Arabian Gulf and probably
the Rub-Al~-Kali.

As in the cool season, tﬁere is a decrease in air
temperature from the soutﬁ to the north in the coastzl plains of
the Arabian Gulf and the Red Sea, as can be seen from Table 6(1L0)
which shows the mean temperature of the summer months at selected

stations located from noith to south in both plains.
TABLE 6(10)

COMPARTISON OF AIR TEMPERATURE IN THE COASTAL PTAINS (1966-72)

OF THE RED SEA AND THE ARABIAN GULF IN SUMMER (OC)

June July August September

Station Latitude (M) Mean Mean Mean Mean
Ras-Satfaniyyah 28° 00'(Arabian 32 33 33 31
* o (Gulf

Qatif 26° 33'(plain 33 34 33 31

Al-Wajh 26° 13! 28 29 29 28
o (Red

Jeddah 21° 30" (Sea 31 32 . 32 31
o (plain

Jazan 177 03 35 34 33 32

1967-72 mean of data
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Autumn Conditions

During October sharp decreases carry air temperature to
those conditions normaily experienced in the cool season. All
the climatic stations throughout the country show a rapid drop
in temperature in the first half of tﬁis month,  Indeed,

October and cheﬁber represent a transition period between the

hot temperature conditions that prevail in the summer months and

the cool temperature tﬁat dominates Saudi Arabia in the winter
season. The weather phencmenon whicﬁ causes & sharp decrease

in air temperature is the incursion of cold air massas that
primarily develop either over Eurasia or over Trau. If the

air mass originates in Ilran, cold weather conditions dcminate

most of Saudi Arabia and a comparatively low air temperature

may bpe recorded from a major portion of tﬁe stations in the country.

This type of air mass arrives in the country very dry and Little
changes in the characteristics may take place, but because of the
proximity between Saudi Arabia and Iran, very little change can
occur.

If the air mass is in origin advancing from Furasia,
it is normally cold, but because it arrives in Saudi Arabia after
crossing the Mediterranean Sea, it becomes warmer and ioist and,
consequent:ly, air temperature is rarely low.

However, the littoral areas show a slight decrease in

alr temperature during October. The difference between the mean

temperature of September and Octeober in these areas is often 1 to

20, , . ' .
3°C only, At Jazan and Jaddah stations in the southern section

of the Red Sea coastal plain, the difference between the last menth
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of summer and the first month of Autumn is only 1°C at Jazan
and 2°C at Jeddah.

In the littoral area of the Arabian Gulf the decrease
of air temperature in October is comparatively higher than the
decrease of the temperature in the coastal plain of the Red Sea.
To explain the reason for the difference in temperature between
the two plains, the topography of the two areas has to be
considered. The Arabian Gulf coastal plain is directly exposed
to the effects of the cool air massas that develop eitﬁer over
the Iran plateau or over the interior of Arabia, while the Red
Sea coastal plain is almost sheltered by tﬁe highlands of Hejaz
and Asir-from tﬁe eifects of the ceol cir masses that normally
develop over tﬁe interior of the country. Table 6(11) shows the
mean temperature of October and November in the ccastal plaias of

the Red Sea and the Arabian Gulf.
TABLE 6(11)

TEMPERATURE CONDITIONS IN AUTUMN (1966-72) IN THE

COASTAL PLAINS OF THE RED SEA AND THE ARABIAN GULF (OC)

' October November
Station Mean Mean
Al-Wa jh ) 26 24

)
Jeddah ) Red Sea plain - 29 27
)
Jazan ) 31 28
Ras-Saffaniyyah ) ( 25 21
) 1967-72 (
Qatif ) ( 26 23
(Arabian
Dhahran (Gulf 28 23
{(plain

Abqaiq (hinterland) ( 27 21
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Coming out of the littoral areas toward the interior
regions of Saudi Arabia, tﬁe decreases of air temperature are
considerably larger as the distance from the sea increases.
Moreover, there is a sﬁarp decrease in air temperature from
south toward the north since the latitude increases. In general,
the differences between air temperature conditions of summer and
the autumnal temﬁerature conditions increase as one comes out of
the littoral areas and also as one goes from south to north.

Table 6(12) may serve in showing the decreases in temperature in
areas which do not experience considerable maritime influences

1n the autumn season.

TABLE 6(12)

NORTH-SOUTH TEMPERATURE GRADIENT (1966-72) IN THE

INTERIOR OF SAUDI ARABIA (OC)
October November
Station Latitude Mean Mean
Qurayyat (1967-72) 31° 20° 16 12
Hail 27° 21! 22 1%
Riyadh 24° 42¢ 25 19
As-Sulayyil 20° 28' 26 22

The warmest area during autumu is the southern section
of the coastal plain of the Red Sea in which the mean monthly
- - . . T o . . .
temperature of autumn is usually over 25 C. he high temperature,

conpl

-~

d witk high humidity, makes the weather conditions, which are
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relatively temperate over most of the country, oppressive even
in the autumn season.

The coldest .area, cn the other hand, is the Asir and
southern Hejaz highlands in which the mean temperature of the
autumn season is normally between 18 and 11°. High elevations
in these mountainous areas may make the temperature conditions
relatively cold,-particularly during November when air temperature
may drop to less than 5°C at nigﬁt. In these areas the large
differences which have been found in the interior regions de not
exlist, and the variations in air temperature bhetween summer and
autumn are normaliy small. At An-Nimas and Baljuishi. the
erence in aix temperalure between September and October is
only 2 to 3%. Table 6(13) shows the tenperature conditions in

the highlands of Asir.
TABLE 6(13)

TEMPERATURE CONDITIONS (1966-72) IN THE HIGHLANDS OF

ASIR DURING AUTUMN (°C)

Station Altitude (m) October November
Mean Mean
Baljurghi 2400 16 13
Abha 2190 17 14
Pelecmer 2250 16 13

An—~Nimas (1967-72) 2600 L, 11
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The Maximum and Minimum Temperatiire

The study of the mean and absclute exiremes cf temperature
is interesting from a climatological point of view because of the
fact that they give an idea of the average thermal conditions by
day and by night and, in addition, they furnish information in
regard to the daily range of temperature.

Monthly mean and absolute values of maximum and minimum
temperature were available for the present study in the case of
a great number of stations with temperature records. In the
course of computation of mean monthly and otﬂer averages,so far
used in the present study, attention was paid to the maximqm and
minimum data, and some reference may be made ﬁere to the results
obtained.

The higﬁest value in the mean monthly maximum temperature
naturally comes from the southern parts of the country. As-Sulayyil,
the southern station in the inland of the country records temperature,
and at a height of 510 metres has a mean monthly maximum temperature
of 44°C in July and August. The lowest value in this respect comes
from the Asir highlands where Abha, at an elevation of 2190 metres,
shows a mean monthly maximum temperature of 16°C in January. In
the mean monthly minimum temperature, the lowest value comes from
the northern province. In the southern part of the Red Sea coastal
plain, Jazan, which is influenced by the maritime influences and is
at a height of 4 mztres only, has recorded tﬁe highest mean monthly
minimum temperature, namely, 30°C in the summer wonths. 1In the
northern province of Saudi Arabia, the lowest figure for this
. value comes frgm Qurayyat which has a mean monthly minimum temperature

o, . . . )
of 6°C in the winter months.



More interesting than the mean extreme values of
temperature are the absolute extremes, i.e., the highest and the
lowest on record during the period of observation. They indicate
the extreme temperature conditions to which an area can be subjected
due to local conditions or under thé influence of external factors.
The available data concerning the absolute extremes cover a period
of seven years only.

The stories associated with terrific heat or intense
cold of the Middle East, often referred to in books written omn
this area, or even in the newspapers, arouse a great deal of
curiogity regarding the extreme conditions that may occur in this
part of the world. The foregoing description of the temperature
conditions of Saudi Arabia would clearly indicate that the country,
as a whole, can be subjected to abnormal hot or cold waves during
the summer or winter, and on such occasions unusually high or low
records may be made.

During the summer months of July and August, high
temperatures occur almost in all parts of Saudi Arabia, and the
intense heat pushes the mercury to high levels. The summer heat
is so great that extreme maxima of 49°C have been recorded at such
stations as Riyadh and As-Sulayyil on many occasions. Even at
stations influenced by maritime influences, such as Jeddah in the
coastal plain of the Red Sea, and Dhahran in the coastal plain of
the Arabian Gulf, extrem= maxima of 48°C are found to be recorded
in many cases during the summer montﬁs. In the northem province
of the country which shows the lowest minimum temperature in Saudi
Arabia, such intense heat may carry the extreme maxima to a high

level. At stations in this are=a, such az Qurayvat and Tabarjal,
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absolute maxima of 44°C have been recorded during the summer
monthe and as late as September.

The highest recorded temperature during the period used
for this study (1966-1972) comes from Riyadﬂ and As—-Sulayyil in
the inland of the country, where tﬁe mercury rose to 49°C in
June 1969 at Riyadh and in August 1969 at As-Sulayyil. At
As~Sarrar, in tﬁé hinterland of tﬂe Arabian Gulf and to the
north-west of Qatif, an absolute maximum temwperature of '50.5°C
was reccrded on the 15th cof July 1967 (Italconsultant, 1969B),
which is 7.3°C less than the world maximum of 57.8°C recorded
near Tripoli, and 6.2°C below the all-time high temperature of
5&

'TOI" o
[ 14

C

‘he United Staites in the Deatﬁ Valley.

The lowest temperature recorded during the period
1966-1972 was in the nortﬁeru province where in December 1972
a low absolute minimum temperature of -13.3°C was put on record
at Tabarjal. During this wenth unusuzlly low temperatures were
recorded at almost all tﬁe stations in the province where the
absolute minimum at Skakah was -8.5°C and at Qurayyat was -1z.8°¢C.
Next to the northern province is the interior region and the
Asir highlands where the absolute minimum temperature may drop
to -5°C. Statiuns such as Riyadﬁ, As~Sulayyil and Unayzah
normally show low temperature of sub-zero during the winter mouths.
Because of the high elevation of the Asir mountains, low temperature
of less than sub-zero may be recorded at stations such as Belesmer
and An-Nimas. FEven at stations located in the lowlying coastal
plain of the Arabian Gulf, low temperatures of -2°C were recorded

at stations such as As-Sarrar, Abqaiq and j)-Hafuf. During the winter
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months, sub—zero (centigrade) temperafture may occur in almost
o)
every part of the country, and -2°C has been recorded on many

occasions in the areas outside the littoral regions .at nights.
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CHAPTER VII

PRECIPITATION

Introduction

Rainfall over most of Saudi. Arabia is confined to the
cool months; the only exceptions are the mountains of Asir and
southern Hejaz, the southern shores of the Red Sea and possibly
the southern borders of the Rub-al-Kali which experience a monsoon
rainfall regime. Arid conditions persist over much of the country
with the mean annual rainfall being 85.5mm 1f the Asir and scuthern
Hejaz are omitted. This figure has been obtained from rainfall
data that have been recorded from 71 stations distributed over thé
arid regions of the country. In the mountain wmasses of Asir and
" southern Hejaz where the monsoon rainfall regime prevails in summer
and where the orographic rainfall associated witih W winds dominates
during the cool season, the mean annual rainfall is 319;2mm. This
figure was obtained from data recorded from 30 stations in the area.

During the winter months the eastern and north-eastern
regions cf Saudi Arabia may come under the influence of the Asiatic
anticyclone. In this case it is likely that a tongue of high
pressure dominates over the central deserts of Saudi Arabia. This
local centre of high pressure may block easy penetration of the
Mediterranean depressions into major parts of the country. However,
during the breakdown of this anéi—cyclone system, migrating
depressions from the Atlantic Ocean may travel along the lMediterranean

Low pressure trough and may invade the country during the period of
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October—-May. The number of the western depressions which invade
Saudi Arabia has not been investigated in detail, but over the
south~west of Asia in éeneral, the average is about 50 a year,
“mainly during the period of October—April.  About 30 of them
reach as far east as Afghanistan and India, while the remainder
pass through Mesopotamia to the Arabian Gulf (U.S. Army Air Force,
1945). The raigfall which occurs during the winter months is
obviously pfoduced by the depressions which invade Saudi Arabia
from the Mediterranean.

The Mediterranean type depressions normally follow a

west to east path across the northern region of the country in early

©

autumn, and the associated cold front may give rain in the northern
province as early as October, In November, when the Asian anti-
cyclone has not developed fully, and in early spring, as the anti-
cyclone recedes, frontal activity accompanied bv widespread rain
reaches its maximum.  However, the Mediterranean moist air leses
much of its moisture over land prior to reaching Saudi Arabiec

while its relative numidity is lowered by latitudinal heating as
the moist air moves southward.

During the summer season the belt of the depressions
shifts northward with the sun, the Mediterranean low pressure trough
disappears, and the rain-bearing winds from the Atlantic pass to the
north of the country. During this season the only part of Saudi
Arabia to receive appreciable amounts of moisture is the south--west
region which covers the Asir and southern Hejaz and the southern
section of the coastal plain of the Red Sea. This area, during
the summer, is dominated by a molst air coming in origin from the

Indian Ocean.
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Despite the fact that the summer rain is confined to the
southwest area of the country, light showers may occur in the
interior of the country and as far north as Riyadh and Qassim
districts. This summer rain no doubt comes from the Arabian Sea
through the Gulf of Oman and the Arabian Gulf, The random storms
which bring this rain during the summer months are not unknown in
the southern and eastern flanks of the Rub-al-Kali (Stevens, 19%0).
The I.T.C.Z. and the associated summer monsoon may penetrate the
country and bring light showers over the high ground of the Tuwayq
and the surrounding hills, but it has little effect due to rapid
evaporation.

Howaver, the main rainy season in
during the cool months, October to April, though rainfall may occur
in September and May, but over most of Saudi Arabia again it
evaporates in the atmosphere before reaching the ground as a result
of the intense heat. The rain occurs during the cool season either
as a result of the western depressions menticned previously or from
convectional activities within relatively moist air which can be
classified as polar air coming from the Atlantic Ocean via the
Mediterranean, and tropical air coming from the Indian Ocean via
the Arabian Sea.

The Mediterranean depressions occasionally retain
sufficient energy for their associated cold fronts of polar air to
have an effect, albeit attenuated, on the country, but the major
part of Saudi Arabia lies in a region of warm subsiding air as
previously indicated. The possibility of widespread winter rain
over a major part of the country is thcrefore greatly diminished
because the upper aix subsidence inhibits convection and causes

a reduction in rainfall.
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Mean Annual Precipitation

The map of mean annual precipitation in Saudi-Arabia
presented and discussed in this study is based upon one prepared
by the Ministry of Agriculture, Hydrology Division (Figure 7(I).
Some major modifications on this map were made to take account of
more data. Thi; map of mean annual precipitation was based upon
data from about 96 stations distributed over the country with the
exception of the Rub-al-Kali, about which no information is
available. The length of the period of the records of rainfall
renges between twenty and three years. Unfortunately, the major
propurtion of the stations have a record term of five to six years.
Consequently, the rainfall map, though showing the general
distribution of the amounts of rainfall, is an initial ﬁap on
rainfall of Saudi Arabia. Another fact to be added on the
circumstances of construction of the map is the lack of rainfall
stations on high ground in the north-west ¢f Saudi Arsbia and
tharefore the isohyets mainly show in this area the mean aunnual
rainfall of the lower areas : Al-Bid'a and Tabuk are situated
at low levels of less than 800 metres. Furthermore, they are
located in depressions within the northern Hejaz and Madian
mountains and are influenced by the rain shadow cf the high ranges
of the mountains.

For the purpose of analyzing the annual precipitaticn
of the country it is advisable to divide Saudi Arabia into
geographical regions, namely, the northern province which includes
Skakah, Tabarjal, Turaif, and Badana stations, the eastern province

which covers the Arabian Gulf coastal plain, and as far east as
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Qaysumah in the north and Yabrin in the south, the north-west
region and the northern section of the Red Sea coastal plain and
the southwestern region which covers the southern Hejaz mountains
and the Asir highlands, and also the southern section of the Red
Sea coastal plain (Figure 7(II).

The amount of the mean annual rainfall in the northern
province of Saud£ Arabia ranges between 69;7mm for the period
1955-1969.at Skakah and 29.2mm for the period 1961"69.at Badana,
which is less than the mean annual rainfall of the desert regions
of the country (85.5mm). The probable reascen for the low amount
of rainfall is that the depressions from the Mediterranean lose
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Joxdan escarpment before arriving in the area. However, aleng
the Jordan escarpment there is a decrease in precipitation from
north to south., This is due almost entirely to the synoptic
weather pattern associated with the Mediterranean depressions.

The strongest contrast between thc cold and warm air will be in
the north, Further south the contrast will decrease because of
the modification brought about bty the warmer air and the longer
southward track. The frontal activity tends to decrease as the
depression moves southward and, consequently, the amount of the
rainfall will decrease toward the south. It has been suggested
(Flohn, 1965) that the low rainfall amount in the nortﬂeru province
of Saudi Arabia is that the tropical disturbances which invade the
country from the south do not reach this area. However, within
the surrournding areas there are a number of marked topographical
features that, when considered in conjunction with the normal

synoptic weather during the cool season, suggest a possible rainfall
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distribution. The south-western part of the northern province

is in the immediate rainshadow of the Madian mountains that rise

to a height of over 2000 metres and also in the rain shadow of the
Sinai Peninsula which lies further westward. These barriers,
combined with the general decrease from falling off of precipitation
from the north-west to south-east, would suggest that precipitation
is likely to be v;ry low. The northern part of the province is
possibly in a less marked rain shadow of the Jordan escarpment.
Within the province there is some evidence to show that relatively
insignificant topographical features appear to exert some orographic

effects. Over the basalt area of the north-west, recorded data of

precipitaiion over this slightly elevated

ey

region is greater than that experieunced in the neighbouring lower
area where the mean annual precipitation at Qurayyat in the eastern
slopes of Al-Harrah is about double the mean annual rainfall at
Al-Isawiyah to the socuth, namely, 52mm for the period 1967—69 at
Qurayyat and 30.9ﬁm for the period 1966—69-at Al-Isawiyah. As this
area presents a large expanse of dark coloured rock, it is possible
that localized differential heating-may give rise to instabilit
sufficient to set up convection currents in a relatively moist
westerly air stream. On the other hand, it is possible that the
province represénts a lee wave region under the influence of the
Jordan escarpment. The effect of the Jordan escarpment can be
recognised from parallel lines of lenticularis cloud in the area
(Parsons Basil - Consultant, 1968). Owing to an adverse combination
of synoptic weather and topography, the area can rarely be invaded

by air sufficiently cool and moist to respond to orographic influences,

as these are nowhere very mavked,
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In the north-west of the country the Madian and northern
Hejaz mountains have a height of over 2000 wetres, but, as has
already been indicated, the stations installed in the area are
located on the low ground and consequently the amount of rainfall
in the mountain areas is expected to be relatively higher than what
is shown by the available data recorded at stations such as Tabuk
and Al-Bid'a. ﬁowever, the high mountains in the north-~west of
Saudi Arabia are limited to minor areas where most of the region
is of moderate elevation. The mean annual rainfall in the whole
region is normally 50mm and less. It is expected that the mean
annual rainfall over the high ranges of the mountains is about
10C0mm.

Table 7(1) may serve for showing the amcunts of the
~mean annual rairfall at selected statioms in nﬁe northern province

and in the north-west of the country.
TABLE 7(1)

Mean annual rainfall in the north and the north-west

of Saudi Arabia

Station and period gp Elevation Mean Annual Rainfall
utilised data (metres) (ram)
Al-Bid'a 1966-69 247 12.9
Qurayyat 1967-69 549 54.4
Tabuk 1967-69 773 32.0

Turaif 1966-69 830 29.0
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From this table it can be shown that the mean annual
rainfall in the northern province and the north-west region of the
country is normally less than 50mm., Despite the fact that the
received rainfall in these two regions is of small amounts, it is
necessary to emphasise that Al-Bid'a and Tabuk are located in the
rain shadow of the Madian and Hejaz mountains. Al-Bid'a is located
in the Afal Wadi'in the rain shadow of Jabal Al-Loz.

From the northern province toward the Najd plateau
the mean annual rainfall increeses from 50mm in the northern

province to 75 and 100mm in the Naid plateau where the 75 and 100mm

isohyets take the form of two closed circles on the top of Najd

[

plLateau. Furthermore, it can be noticed from the map of the mean

r}

annual rainfall that the Tuwayq escarpment promctes loeal precipit-

\,

ation vhere the mean annual rainfall incresses to 125mm on the Tuwayg

mountains, In general, there is an island of higher rainfall in
. . -0 . : . s o

Najd plateau from Hail - 27 31'N in the noxth, to Sabhah - 23~ 15'N

. X . na® ecta o . .

in the scuth, and from ALif - 23~ 55'N, 427 56'E - in the vest tc

the eastcrn slopes of the Tuwayq escarpment. Table 7(2) shows the

increases of rainfall in Najd plateau.
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TABLE 7(2)

Mean annual rainfall on the Najd plateau

Station and periodof Elevation Mean Annual Rainfall
utilised data (metres) (mm)
Dawadmi. 1966-69. 940 111.8
Hail 1966-69 914 156.1
Qurayn 1967—69 910 96.9.
Quwayiyah  1967-69 960 127.9
Nifi. 1967—69- 780 100.0
Sabhaly 1967-69 820 100.0
Shaqra 1966-69. 730 96.5
Unayzah 1966—69~ 650 118.2

It can be seen from this table that there is a ccnsiderable
increase in rainfall amounts on the Najd plateau., The mean annual
rainfall becomes remarkably higher when a station is located at a
higher elevation as in the case of Quwayiyah which is located on
As—-Sirk escarpment to the east ¢f Nafud As-Sir. The explanation
for the considerable increases in the mean annual rainfall on the
Najd plateau is the cowbined action of three factors : the first
is the increase in elevation, the second is the invasion of the
tropical disturbances from the Arabian Sea during the cool season
which are associated with the south-east mensoon windz and thirdly
the influences of the Mediterranean depressions of the winter

season.  Again there is a decrease in the mean annual rainfall
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from Najd plateau towzrd the Rub—Al-Kali, the Arabian Gulf and
toward the lower eastern slopes of the Asir and southern Hejaz
uplands. The decrease in the amounts of rainfall toward the
south is the result of the decrease of altitude towards the
Rub-al-Kali. The decrease toward the eastern province is also
as a result of the decrease in elevation toward the Arabian Gulf.
Toward the weste;n highlands from Najd plateau the amount of rainfall
decreases to a mean annual value of 50mm only, despitg the fact that
the elevation increases, Indeed, there is an elongated trough of
low rainfall extending from Tabuk in the north-west of Saudi Arabia
to As-Sulayyil, including Madenah, Tathlith and Fhammasin. The
ey ion for the decrease in the awounts of
this area experiences the air stream of Fohwn Lype where the moist
wind precipitates most of its moisture on the Asir and Hejaz
mountains and arrives in thie regicn as warm, dry winds when they
descend the eastern slopes. Table 7(3; shows the mean annual
rainfall at selected stations within the trough of least rainfall.

Jt can be seen that although the elevation at the staticne
within the trough of low rainfall is more than 1000 metres in a
number of cases, the mean annual rainfall, comparable with.the mean
annual rzinfall of Najd plateau, is small. 1In fact, the nature of the
configuration of the Najd plateau has an important role in increasing
rainfall amounts. The configuration cf the topography is in the form
of many escarpments facing the west, north-west and south-west, i.e.,
the directions of the moist air; hence, when the relatively humid

air stream ascends the modest escarpments, it becomes to some exteat

cooler, saturated, and precipitates some of its moisture.
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TABLE 7(3)

Mean annual rainfall in the rain-shadow of the western

highlands, 1966-69

Station Elevation Mean Annual Rainfall
(metres) (mm)
As-Sulayyil 510 39.5
Beni Hammim 1200 20.2
Khammasin 523 23.9
Madenah 672 47.6
Najran 1150 68.8

Tathl Lth 975 l»c'a_-. 6

In the south-western regicn of the country there is
a small island of comparatively large amounts of rainfali. Here
the mean annual rainfall ranges from 100 and 150mm on the Asirn
plateau and Harrat Nowasif and Al-Bugom, to 400mm at the top of
the Asir and southern Hejaz mountains, In this area the amount
of rainfall is superimposed by the orographic effects of the high
escarpment and shield area and the mass of Wajid Jabals, In
attempting a study of the rainfall amounts in this area one is
immediately faced with a complex problem which is difficult to
resolve without adequate long term records from well distributed
stations over both slopes ﬁf the highlands. The area comes under
the influence of two different air masses for the major part of the
yesar, the cool season, either singly or in combination, or following

each other, aud these in turn are conltrolled by the variation of the
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high relief topography. During the winter months, December-February,
rainfall is generally associated with weak influxes of moist~cool

air of the Mediterranean origin which, combined with the localised
effects of the Red Sea and the highlands, gives rise to rainfall

along the main crest of the escarpment, During the spring season

of March-May there is a strengthening of the monsoon type flow and

its consequent cénvergence with the weakening Mediterranean air.

This normally gives rise to rainfall amounts over wide areas of

the country, particularly in the Asir and southern Hejaz mountains,

and even the low relief of the Tuwayq escarpment, but rarely do

the southerly monsoon winds and the associated tropical disturbances

During the summer months the south-west monscon flow
predominates in the south-western region, giving rise to thunder-
storms along the escarpment and as fer north as the Taif area in
the Hejaz mountains. In the plateaux the summer thunderstorms
do not appear to develop tc the east or north of Bishah area.

The mean annual rainfall in the Asir highlands may range
at one station during two consecutive years between 700mm and 200mm.
The map of the mean annual rainfall does not show some minor areas
of high mean annual rainfall which are in the shape of "lobes"
within the Asir mountains. At stations within these lobes the
mean annual rainfall is normally over 500mm and may exceed 600mm.
These minor areas in the south-west region of Saudi Arabia
experience a humid climate. A fact has to be added asbout the
rainfall in the south-western region. It apbears from the available
data that rainfall increases to a particular elevation after which

rainfall begins to decline. As has already been indicated, there are
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no data of long duration recorded from stétions on both slopes
to enable investigations on the distribution of rainfall as a
result of the increases in elevation. Climatologists generally
agree that precipitation increases with altitude, although at
various rates, up to the level of about 2000 metres, after which
it shows signs of decline (Trewartha, 1954). In Asir and southern
Hejaz, the mean énnual rainfall at stations lecated at the first
ranges of the mountains exceeds 500mm, though the elevation does
not exceed 950 metres. At stations located on the high ranges
of the escarpment, the mean annual rainfall is normally less than
500mm although the elevations of thase stations are more tharn
It appears that the moist air precipitates Che
largest amounts of rainfall at the first mountainsus chains after
which the amounts of mo%sture decrease when the air stream penetrates
further eastward in the Asir and Hejaz bhighlands. Table 7{4) shows
the characteristics of the declination of rainfail in Tai{, Gamid
and Abha areas.

'It can be shown from the table that the amount of the
mean annual precipitation in the first lewer ranges of the highlands
of the south-west region is higher than the precipitation in the high
ranges, since the mean annual rainfall at Jabal Fayfa and Jabal Salzh,
to the east of Sabya, is 704mm and 514.4nm respectively, despite the
elevation of these stations being only 960 metres or less, At stations
on the high ranges, the mean annual rainfall is about 400mm and at

some of them it is even less than this value.
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TABLE 7 (4)

Mean annual rainfall in the highlands of Asir and southern Hejaz

Station and period Elevation Mean Annual Precipitation
of utilised data (metres) {rmm)
Abha 1966-69 2190 404.3
Al-Ain 1965-69 2300 212.0
Al-Amir 1966-69 2100 335.4
Al-Alayyah 1966-69. 1840 485.7
Al-Gorrah 1967-69I 2060 268.7
Al-Kam 1965-69 2200 451.6
Beni~Thavr 1966-69 2140 390.0
Baljurshi 1967-69 2400 452,5
Al-Abis ) 2350 250, 6
Al-Gadairin ; 1960 288.5
Jabal Fayfa ; 960 704.0
Jabal Salah ; 1966-69 860 5i4.4
Liyyah ; 1640 230.8
Taif Airport ; 1395 135.9
Thurayban ; 575 627.5

After a careful examination of the nature of the locaticns
of the stations on the high ranges it has been found that they are
located in minor rain shadows of higher ranges to the west of them.
Data recorded at recently installed stations have shown that
.precipitation is expected tec increase with the increase of elevation,

though the increase is slight. As has already been indicated, the
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stations with records of more than five years, such as Abha,
Baljurshi and Taif, are located in the rain shadow of the higher
ranges of the Asir and southern Hejaz mountains. However, As-Sawdah
station, which was installed recently, with an altitude of about
2820 metres, is located in a position exposed tc the moist south-—
west monsoon of summer, as well as to the moist north-west winds
of winter, Whén someone stands at this position he can see the
clouds approaching from the Red Sea below his level. Vegetation
of forest type covers the area and many perennial springs occur.
An-Nimas, midway between Abha and Baljurshi, with an altitude of
2600 metres, is also exposed to the moist winds, The stations in

A
T ana

socuthern Hejaz normally become exposed to the moist winds

Pl

As
when either they are situated at a high elevation or when they are
located looking over a major wadi or lcoking over the Red Sea
coastal plain.

It has been found preferable to divide the stations

located in the high ground of the south-west region of Saudi
Arabia into three groups; the first is the group which is located
in the foothills and the first ranges, the second group is that
found in the rain shadow in the eastern slopes of the highlards,
and the third is that which has locations on the high ranges and

is exposed to the moist winds. Comparison between them can be

made according to their total precipitation of 1972.
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TABLE 7(5)

Rainfall in 1972 in the Asir and southern Hejaz highlands

Station

Elevation
(metres)

Annual Total Precipitation 1972

(mm)

Group 1 : Stations located in the foothills and the first ranges

Al-Barig
Jabal Salah
Horub
Az-Zandi
Malaki

Mikhwa

Group 2 : Stations located in a rain shadow in the

Abha
Al-Abis
Beni-Thawr
Sarat—-Abidah

TalLf

390
860
519
420
178

364

2190
2350
2140
2400

1395

eastern slopes

456.9
395,0
188. 4
308.4

378.9

Group 3 : Stations located in exposed positions to the moist winds

Al-Aja‘edah
Al-Yazid
An.Nimas
As-Sawdah
Belesmer

Shafa (Taif area)

2330
2400
2600
2820

2250

641.3
754.4
632.0
688.4
554.3

462.0

It can be seen from the iirst group that the moist air

which dominates the area throughoul the year precipitates the
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largest amounts of rainfall on the first ranges, even on those
of modest elevation., Horub station, which is located in the
foothills at a height of 519 metres, received during the year

of 1972 precipitation amounting to 864.3mm. This staticn is
located in the foothills of Jabal Horub which has a height of
1292 metres and is exposed directly to the moist wind approaching
from the Red Sea. If there was a station on the summit of this
mountain, precipitation of 1000mm might be expected. Mikhwa
station, which is located in the foothills of southern Hejaz
mountains to the south-east of Jeddah and toc the south-west of
Taif, received during 19%2 a large amount of rainfall - 601, %mm
- although it 1s situated at a low elevation of 364 metres.,

This group generally represents the low westeirn sloge of the
escarpment.

The second group represents the eastern slope of the
Asir and southern Hejaz highlands. All these stations are located
in a minor rain shadow and thevefore the amounts of rginfall
decrease by about 20-25% from the rainfall veceived at the high
and exposed stations,

Group 3 represents the high or exposed ranges. The
stations located in these areas record large amounts of precipifation.
Within this area is Beni Malik (not mentioned in the table) which
is located at a height of 1996 metres to the uorth of Baljurshi.
The total rainfall received here during 19%2 was 679.7mm, which
is more than double the rainfall received at Taif stationm in the
rain shadow. This station is exposed to the meist winds,
especially the south-westerly ones which flow to this station

through Tayyah Wadi.  Again, Al-Yazid station, which is located
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at an elevation of 2400 metres to the south-east of Abha, is
exposed to the moist winds. This station is located on a high
range from which a steep funnel-like depression extends to the
south~west through which the moist air of summer and spring flows
persistently. The amount of precipitation received at this
station during 1952 was 754.4mm, When the three groups are
compared, the 1;rgest amount of precipitaticn was recorded,
during 19?2, at Horub station in the western slopes of the
escarpment where 864,3mmn was received. Moreover, when the first
group is compared with the third group, it can be noticed that the
stations of the latter group show consistently high amounts of
articularly those atations located to the west
and south~west of Abha.

However, when there are well-distributed statilons and
relatively reliable records of longer duration, west—east and
north-south rainfall gradients over the highlands of the south-
west region of the country will be even more apparent.

From Najd plateau the mean annual rainfall decreases
toward the eastern province. The isohyet of 50mm extends from
the northern province to the eastern flanks of the Najd plateau
toward the northern boundary of the Rub-al-Kali, showing an area
of low rainfall of about 150 kilowmetres broad, between the Najd
plateau and the coastal plain of the Arabian Gulf, then the mean
annual rainfall increases as a result of the proximity to.the
Arabian Gulf,

In the eastern province of Saudi Arabia the distribution
of rainfall is affected by the proximity to the Arabian Gulf.

Over the Arabian Guif shallow warm air sometimes covers the Gulf
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and Euphrates Delta region with an anti-clockwise circulation

around a low at the heart of Lhe Gulf, giving north-west winds

over the area and a line of convergence or boundary front between
this warm air and a cooler polar air in origin which advances

during the cool season from Iran. Either cyclonic rain or sporadic
shallow convectional rainfall along the boundary front may be
expected to occur in the province. Rainfall distribution is
normally linked with these conditions in the coastal plain of the
Arabian Gulf. In the hinterland of the Gulf, rainfall is low
because of a transition between extremely attenuated Mediterranean
type cold fronts and the localised inecrease in rainfall due to

the presecce of Lhe Arabian Gulf. The influence of the Gulf on
rainfail appears to cause an increase northward along the coast
between Dhahran and Kuwait. There are no mavked topographical
features in the area that would give rise to significant increases

in rainfall. In only one area, the Ghawar ridge running between
Ras—-Saffaniyah and Harad, does there appear to be a slight

marginal increase due to relief. In general, the rainfall decreases
from north toward the south in the province. In the northern section
of the coastal plain of the Arabian Gulf the isohyets of 100 and 75nm
extend from the ncrth-west to the south-east parallel to the coast

of the Gulf. Toward the southern section of the plain, the rainfall
decreases to a mean annual value ranging between 75 and 50mm.

Table 7(6) represents the mean annual precipitation at selected

stations in the eastern province.
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TABLE 7(6)

Mean annual rainfall in the eastern province of Saudi Arabia

1966-1969

Station Elevation Mean Annual Precipitation

. (metres) (mm)
Abqaiq 155 59.2
An-Nariyah 50 50.1
Dhahran 22 53.3
Al-Hafuf 160 59;2
Qatif 4 78.6
Qaysumah 360 44,7
Ras-Saffaniyyah 1967—69 5 123.5
Ras-Tanura 5 56G.5

SEASONAL DISTRIBUTION OF PRECIPITATION

The discussion of the seasonal distribution of precipitation
is based on the percentage of the proportion of the annual precipitation
occurring in each season of the year, and the aggregates of
precipitation of every season. It is hoped to be helvful in explaining

the seasonal distribution of the annual precipitation in Saudi Arabia.
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WINTER PRECIPITATION

It can be said without any hesitation that winter is
the main rainy season of Saudi Arabia for it is during this season
that the whole country receives precipitation, though there are
. some stations which show maxima rainfall in other seasons.
In other words,'despite the fact that some stations receive their
maxima in spring or autumn, it is during the winter months when
precipitation occurs over the largest area of the surface of
Sgudi Arabia. The percentage value of winter rainfall may range
from 7072 to less than 8% of the annual. The area which shows the

highest percentage value of wiunter rainfall in Saudi Arabia is

]

the eastern and north—eastern regionc in the coastal plain and

]
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the hinterland of the Arabian Gulf, as can be deduced from Tabl
TABLE 7(7)

Winter rainfall in the eastern province of Saudi Arabia
1966-69

Station Mean Annual Mean Winte yA

i
Precipitation (mn) Precipitation (mm) of annual

P

Abqaiq 59.2 35.0 59;0
An-Nariyah 50.1 36.6 73.0
Dhahran 53.3 28.3 53.1
Al-Hafuf 59;2 43.2 72.9
Gaysumah 447 29;6 '66.0

Ras Tanura 58.3 28.6 50.6



In general, the percentage value of winter precipitation
decreases from north to south in Saudi Arabia with the lowest
percentage value of the winter precipitation being found in the
Asir highlands, and probably in the Rub-al-~Kali, while the
highest percentage normally exists in the Arabian Gulf area and
in the north and north-west of the country.

The lowest percentage value of winter precipitation is
found in the Asir highlands and in the southern section of the
Red Sea coastal plain. As will be discuesed shortly in the present
study, the winter precipitation of Saudi Arabia is mostly cyclonic
in nature, Consequently, the stations that show a smailer percentage
of winter rainfall are those that receive either a considerzhle amount
of convectional rain in spring or a good deal of orographic rain in
other seasons of the year, The staticns in the Abha area in the
southern section of Asir mountains, and the stations in Jazar
district in the southern section of the coastal plain of the Red

Sea, show the lowest percentage of the seasonal precipitation

=
s

the winter months, as shown in Table 7(8).
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TABLE 7(8)

Winter rainfall in the ASir and Jazan areas

Station and period Mecan Annual Mean Winter %

of utilised data Precipitation (mm) Precipitation (mm) of Annual

Abha 1966-69 404.3 85 .0 20,0

Al=Ain 1965-69 212.1 21.7 10.0

Al--Alayyah 1966-69 485.7 136.3 28.0

Al-Kam 196569 451.6 54,5 12.0

Bishah 1 1252 19.5 15.5
)

Jazan ) . - 44,6 4,3 9.6
) 1966-69

Kamis-Mushait) 247.1 47.1 19.0
) ]

Thurayban ) 627.5 107.9 17.0

In the northern section of the Fed Sea coastal plain
winter provides a high percentage of the annual rainfall. The
climatic stations in this sectioa are situated at low elevatiocus
and thus they gain most of their rainfall during the winter season
from the Mediterranean depressions. Table 7(9) shows the winter
percentage rainfall at selected stations in the northern section

of the Red Sea coastal plain,
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TABLE

7(9)

Winter rainfall in the western highlands

Station and period Mesrn fnnual Mean Winter Z

of utilised datd Precipitation (mm) Precipitation (mm) of Annual
Al-Muwaylih® 1967-69 136.5 65.6 48.0
Al-Wajh *  1966-69 31.5 13.3 42.0
Badr * 1966-69. 57.8 33.0 57.0
Bahra'h® 1966-69 92,9 34.2 37.0
Shawaqah 1967-69 62.6 12.0 19;0
Sug—Suwayq 1966-69 71.0 22,2 31.0
Yanbu * 1966-69 19.4 17.0 87.0

Table 7(10) shows that the stations of low elevation (%)

in the northern section of the Red Sea coastal plain show high

winter percentages since these stations gain their precipitation
from the cyclones of the Mediterranean Sea. The stations, which
are located at higher elevations such &s Shawaqah, show
relatively.lower percentages of winter procipitation since these
stations gain more convectional or orographic rainfall in other
seasons. As a general rule, the percentage value of winter
precipitation decreases in the western highlands and the coastal
plain of the Red Sea from north to south as the distance from the
Mediterranean Sea increases. In the northern province of Saudi
Arabia, the percentage value of winter rainfall is relatively low

since the stations in this province receive cousiderable amounts
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of their annual rain during spring or autumn. The depressions
of the winter season which arrive in this area are very attenuated,

in reverse situation to those which track through the Red Sea

trench.
TABLE 7(10)
Winter rainfall in the northern province of
Saudi Arabia,.
Staticn Mean Annuai Mean Winter Y3
Precipitation (mm) Precipitation (mm) of Annual

Baduna(1966-69) 29,2 10.0 34,0
Qurayyat(1967-69) 52.4- 14.5 27.6

In the interior province of the country a number of
stations show low percentages of winter precipitation, In this
province,las in the north of the country, the Mediterranean
depressions precipitate most of their moisture before approaching
this area, and thus stztions such as Riyadh and Al~-Karj show low
percentages of winter rainfall, TFurthermore, in this province
the percentages of winter rainfall decrease from norih to south
as the distance from the Mediterranean increases. . Table 7{11)
shows the percentage of winter rainfall at stations located from

noyth te south in the area.
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TABLE 7(11)

Winter rainfall in the interior of Saudi Arabia, 1966-69

Station Mean Annual Mean Winter A
Precipitaticn (mm) Precipitation (mm) of Annual

Hail 156.1 86.0 55.0
Unayzah 118.2 42.9‘ 36.9-
Riyadh 127.6 66.3 519
Al-Karj 27.5 11.1 .40.0
As-Sulayyil 39,5 6.2 16.0
Tdathlith 44,6 10.1 2D:.6

The wettest part of Szudi Arabia during the winter
months is the southern Hejaz and the Asir mﬁuntains, although,
as nas already been indicated, the stations in thisg area show
low percentages of winter rainfall. The rest of the country is,
in fact, dry, although the ranges of northern Hejaz, Madian, as
well as Tuwayq and Shammar mountains may receive enough precipitation
for these areas to be relatively wet in winter.

The driest part of Saudi Arabia during the three months
of winter is probably the Rub-al-Kali, No information is available
about this remote and vast part of the country, but since rainfall
normally decreases toward this part from the surrounding areas, it

is expected that the Rub~al-Kali is the driest area in the country.
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SPRING PRECIPITATION

During the spring season, March-May, Saudi Arabia
receives another important portion of the annual rainfall,
particularly during March and April., The spring months are
the period of retreating Mediterranean depressions that, during
winter, invade éhe country from time to time. During spring,
the cyclonic activity which is more frequent in Saudi Arabia during
winter, is reduced considerably, as a result of the northern shift
of the tracks of these depressions. The Mediterranean depressionms,
when moving toward the country during spring, are weaker and therefore
less able to penetrate far into t
other hand, with the advance of the spring season, temperatures ail
over the country rise rapidly and this rise in tomperature produces
a great deal of comvectional rain aud sharp thundershowers that
become accentuated over the highlands, even those of moderate
elevation. The combined result of the above factors is that the
spring precipitation decreases considerably'in the lewlands which
are extensive in Saudi Arabia. Spring is the period during which
the moist south~eastern monsoon reaches its maximum flow, and is
also the period during which the maritime air advancing from the
Atlantic Ocean or Europe via the Mediterranean flows from time to
time, as has been discussed previously. The fact that needs to
be emphasised is that the importance of spring precipitation
decreases from south to the north, while the imporiance of autumn
rainfall, as will be discussed shortly, decreases from north to

south.
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The area that receives an important portion cf its
annual precipitation in spring is the highlands of Asir and
southern Hejaz. Two combined factors result in large amounts of
precipitation within this area; the first is the high altitude
where the maritime air that dominates the area is forced to rise
in a short distance along the slopes of the mountains, and the
second is the c;nsiderable flow of maritime air that advances
from the Arabian Sea when a low pressure areas begins to develop
over Saudi Arabia in spring. The spring months are indeed a main
rainy season in the highlands of the Asir and southern Hejaz
mountains where a considerable amount of precipitation is normally
received, especially in April amd May. Table 7{(12) may serve in
showing the importance of spring precipitation to the amual
rainfall.

In this elevated area the percentage cof spring
rainfall ranges between 53,2 and 192. As has been indicated,
the nature of the location of the stations has an important affect
upon the seasonal distribution of rainfall.  Those which are
exposed to the north-west winds of winter and autumn show lower
percentages of spring rainfall, while the staticns which are exposed
to the south-east monsoon winds of spring show higher percentages.
Taif and Bissel stations are located in the northern section of the
escarpment of the Asir-Hejaz highlands., The former is expcsed to
the north-west winds and thus has a percentage of 192 only; the
latter is exposed to the south-east monsoon winds rather than to
the north-vwest winds (the Shamal) and consequently has a percentage
value of 41.27 Al-aja'edah and Baljurshi are both exposed either

to the north-west winds of wintcr or the scuth-west winds of summer
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TABLE 7(12)

Spring rainfall in the Asir and southern Hejaz highlands

Station and period Mean Annual Mean Spring pA
of utilised data Precipitation (mm) Precipitation (mm) of Annual

Abha 1966-69- 404.3 136.0 340 -
Al-Aja'edah 1967-69- 539;4 155.6 29;0
Al-Ain 1965-69 212.1 77.8 36.6
Al-Alayyah  1966-69 485,.7 204.8 42.0
Al-Hawiyah  1966-69 280.7 99.5 35.0
Al-Kam 1965-69 451.6 147.1 32,0
Baljurshi 1967-69 452.5 100.6 22.0
Bishah 1966-69 125.2 67.2 53.2
Bissel 1966-69 173.9 71.8 41,2
Kamis-Mushait 65-7C 247.1 95.8 | 39;5
Ta2if 1966—69- 135.9' 26.3 19;3

Zahran-Al-
Jenub 1966-69 215.0 53.% 25.0

and thus show a low spring percentage, while Abha, Al-Alayvah,
Bishah and Kamis-Mushait as well as Zahran-Al-Jenub are all
exposed to the south—east monsocn winds and consequently show
bigh spring percentage values,
In the north-west of Saudi Arabia the percentage value
of spring precipitation is low where there is a considerable decrease

in the percentage value of spring precipitation as one goes in a
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northerly direction from the southern Hejaz mountains into the
north-west region of the country. Precipitation here is mostly
caused by the Mediterranean cyclones which normally make their
appearance in this region as early as October. In spring these
cyclones invade the country after they become very attenuated.
When a cyclone arrives in the north-west region of the country

in spring, the moisture it includes is of low amount and, thus,

it gives a low amount of rainfall, as can be seen from Table 7(13).

TABLE 7(13)

Spring rainfall ip the north-west of Saudi Arabia
Station and period Mean Annual Mean Spring 2
of utilised data Precipitation (sm) Precipitation (mm) of Annual
Al-Ula 1966-69 50.1 12.3 24.5
Al=¥sjh 196569 31.5 7.5 24,0
Tabuk 1967-69 32,0 8.7 27.0
Shawagah 1967-69 62.6 27.0 43.0

As a result of the increases of the elevation of some
stations there is a considerable increase in the amount of spring
precipitation and consequently there is a similar increase in the
percentage of the spring precipitation. 7The only available
example may come from Shawagah station which is located on the
northern slopes of Jabal Al-Garah in northern Hejaz mountains

at an elevation of about 1200 metres.
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In the northern province of Saudi Arabia the spring
precipitation forms an important portion of the annual rainfall.
The percentage value of spring precipitation ranges in the province
between 24% and 40.67%. There is a considerable decline in the
spring precipitation from north-west to south and south-east,
where the percentage of spring precipitation decreases in these
directions, Tﬂis decline is obviously as a result of the
increases of winter precipitation percentages. Toward the Arabian
Gulf the spring percentage is found to be low at Rafha in the

south-eastern part of the northern province. Toward the south

the spring percentage of the annual precipitation decreases toward

Hail. The

2.
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south and south-east daciine
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f the narcantace
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of
spring precipitation can be noticed from Table 7{14) which represents
stations located from north-west to south and south-east in .ihe

northern province of the country.

TABLE 7(14)

North-south and south=-east decline of rainfall from the northern

province (1966~1969)

Stat:ion Mean Annual Mean Spring %
Precipitation (mm) Precipitation (mm} of Annual
Qurayyat (4967-69) 50.4 21,0 40.6
Al-JIsawiyah 30.9. 7.5 24,0
Hail 156.1 ©37.7 24,0
Turaif 29.0 10.9 ©37.5

Rafha 17.8 2.5 14.0



To the south of Hail the percentage of spring
precipitation increases at Unayzah station in Qassim district.
Indeed, the spring precipitation represents an important portion
of the annual rainfall in the interior of the country. At
Riyadh on the eastern slope of the Tuwayq mountains, the percentage
of spring precipitation is more than double the percentage of
winter, namely, 66%. At Al-Karj and As-Sulayyil the percentage
of spring precipitation is very high where more than half of the

aunual precipitation occurs in spring, as is shown in Table 7(15).

TABLE 7(15)

Increase of spring rainfall toward the south of Lhe
(V)

interior of Saudi Arabia, 1966-19569

Station Mean Annual Mean Spring 4
Precipitation (mm) Precipitation {mm} of Annual

Al-Karj 27.8 15.2 55.2

As-Sulayyil 39.5 29.2 74.0

The logical explauation for the increase in the percentage of
spring precipitation in the interiocr of the cuuntiy in a southern
direction is thal the Mediterranean depressions lose wmost of their
moisture before reaching the southern section of the interion at

a station such as As-Sulayyil. Furthermore, this area is often
dominated during the spring season by the south~east monsoon and
agsociated tropical disturlbances. These conditions, combined

with the remarkable convectional activities, causc spring prccipitation
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to be an important component of the annual rainfall, Toward the
south from As-Sulayyil there is no information concerning the
Rub-al-Kali. |

As has been found to exist in the north-western
region of Saudi Arabia, the percentage of spring rainfall in the
coastal plain and the hinterland of the Arabian Gulf is low.
The highest peréentage in this region is for winter precipitation.
Winter in the eastern province of the country represents the main
rainy season. As has been indicated previously, rainfall in this

¢

province is mostly cycloric, which occurs usually during the winter

months. However, convectional rain normally occurs in this area
during the spring months.  The percentage of the spring precipitation

comes next to the percentage of winter precipitation in this province
vhere summer is rainless and autumn is almost dry, Table 7{15)
represents the percentage of spring precipitation in the province

at selected stations.

TABL
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Spring rainfall in the eastern province of Saudi Arabia
196€-1969

Station Mean Annual Mean Spring “
Precipitation (mm) Precipitation (mwm) of Annual
Abgaiq 59.2 18.6 31.4
An~Anariyah 50.1 12.3 4.5
Al-Hafuf 59.2 12.8 21.6
Dhahran 53.3 12.0 35,6
Qatif 78.6 20.9 26.5
Ras—-Tanura 56,5 18.4 32.6

Qaysumah b4 .7 10.1 22.5



SUMMER PRECIPITATION

The summer season is one of monotonous weather
conditions where there is not any major change for at least a
period of six months over most of Saudi Arabia. During this season
the skies are cloudless, the heat is intense, and about 96% of the
surface area of.the country is dry. With the onset of the summer
heat, which in many places makes itself felt as early as late April,
the inhabitants begin to shift their living from winter to summer
conditions. During the winter months the inhabitants make their
living in the south-facing rooms that benefit more from the warm

.
rays of the sun Stoves and other heatin ces ave sel up

ays of the sun, : .

prie

T eV
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and heavy clothes and coverings ave used, As sooun as the het
season shows its signs, a sudden change takes place in the ccmmon
domestic life of the inhabitarts. The government and scme of the
officials move to the highlands of southern Hejaz where they make
the Taif area a summer resort, All heawvy, dark coloured clothing
and coverings of winter are packed away and, instead, light and
white clothing is used. In the villiages, where electricity is

not normally used, the wind catchers, either in the wallz or in

the roofs of the dweilings, that let air enter the rooms and produce
some ventilation, are characteristic of the Saudian architecture.
They are opened in all living quarters to allow the mitigatory
Shamal winds to enter every part of the dwellings. Bedding is
transferred outdoors for use throughout the sumnmer, for in most

of Saudi Arabia, there is no risk even of a shower. All thrcugh
the long summer season ncbody spends a night indoors. On the high

eround, such as the hills, however, an occasional shower of very



short duration may break the monotony. A few stations in the
Najd plateau and the eastern province may record in the summer
months some occasional rainfall for which the whole season amounts
to 2-4mm or thereabouts. The summer showers, outside the south-
western region of the country, are mostly unexpected, though some
stations in Tuwayq massif or Jabal Shammer may receive as much

as 1.0% of their annual precipitation occasionally, as can be

seeun in Table 7(17).

TAELE 7(17)

Summer rainfall in Saudi Arabla outside Asir and soufhern

Hejsz areas

Station and period Mean Amual Mean Suwmer 4

of utilised data Precipitation (rm) "recipitation (mm) of Amnual
Hail 1855-70 80.3 0.7 0.9
Riyadh 1952-71 100.6 0.8 0.8

It ié obvious that summer precipitation is more likely
in the southern part of the country but, unfortunately, the available
data concern the south-western region only, while there is no
information concerning the Rub-ai-Kali. As long as the moisture-
bearing winds, namely the south-west monsoon of summer, blow from
the south, it is expected that summer showers will occur in the
Rub=-al-Kali, particularly in July or Augusi when the monsoon winds
are at their maximum £low,  The available data cencerning the Najd

and the eastern provirca show that light showers may zccur occasionally
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on the hills in these areas. In the Rub-al-Kali these showers
of summer may occur on the relatively high ground, such as the
hills surrounding this vast area of sand dunes (Stevens, 1970).

In the Asir and southern Hejaz mountains, however,
different conditions prevail and as soon as one rices over these
, mountainous barriers one finds a totally different world. In
contrast to the desolate and barren scenery and absolute dryness
of summer in these regions all over most of the country, one finds
on the high ranges of Asir and southern Hejaz luxurious forests,
green fields all over the man-made terraces and, above all,
frequent precipitation which is sometimes in the form of exceptional
hail of large size, The summner precipltaticn ot the south-western
region is mostly orograrhic im nature. It is mostly due te the
moist south-western monsocn winds thal bring a considerable amount
of moisture from the extensive water surfaces of the Indian Ocean
and the Arxabian Sea via the Red Sza. They produce copious
precipitation when forced to tvise up to 3200 wmetres altitude in
short horizontal distances. Summer precipitation in Asir,
particularly on the southern part, is regular and almost a matter
of daily occurrence at some stations along the western slopes.
Some stations in the Asir mountains receive as much as 307 and
more of their annual precipitation during the summer months.
In fact, the amount of precipitation that some stations in Asir
receive during the summer monihs, June—August, is higher than
the total at many other stations over the whole country, as can

be noticed from Table 7(18).
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TABLE 7(18)

Comparison of summer rainfall in Asir highlands and the

annual rainfall in the desert areas

1966-69
Station Mean Summer Rain at Mean Annual Rain at
Selected Stations in Asir  Stations in other Areas
(mm) (mm)
Abha 13741
Al-Aja'edah 104.4
Jabal Salah 304.1
Thurayban ' 209, 4
Abqaiq ;9; 2
Dhahran 53.3
Hail 1556.1
Jeddah Airport 117.3
Riyadh 127.6
Ras-Tanura 56.5

Within Asir and southern Hejaz, the weftest section
in the summer season is the western slcpes of the escarpment and
the high peaks, as well as the foothills te the west.  Thurayban
in the foothills receives 209.4rm (337 of its armual amount), or
more than double the mean annual for the arid zones, in the three
summer months. No information is available regarding the
precipitation received on the steep slopes between the foothills

‘and the highest ranges. Horub station = 519 metres - in the
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foothills area receives 292.3mm §{33.82 of its annual precipitation).
Between Horub and As-Sawdah - 2820 metres — on the highest ranges,
there is no available data, However, the amount of precipitation
received on the western slopes of the escarpment must be more than
what the foothill stations record. Beyond the western slopes and
the highest ranges, rainfall decreases as one descends dcwn to the
eastern slopes éf Asir and southern Hejaz where the summer moist
monsoon winds precipitate most of their moisture on these highlands
and where the winds descend the eastern slopes they become heated
and there is no good chance for rainfall to occur.

To the west of the foothills of the Asir and southern
precipitation in the lowis
plain of the Red Sea occurs almost every year as far north asg
Al-Lith - 20° 09' N. Sporadic, light showerz may occur during
the summer months to the north of Al-Lith as a result of invasions
c¢f random storms northward, though they are not as regular as in
the coastal plain to the south of latitude 20°N, Tablc 7(10)
shows the summer precipitation percentages from the annual rainfall
in the highlands of Asir and southern Hejzz as well as the ccastal
plain of the Red Sea.

It can be seen from Table 7(195 that the summex
precipitation represents low percentages from the annual rainfall
in the low coastal strip whe;e the percentage of the surmer
precipitation is only 13% at Jazan and 4% at Al-Lith. For short
distances from the shofes of the Red Sea the elevatien increases
from 4 metres at Jazan to 40 metres at Sabya and Sug-al-Jenub.

At the latter stations the summer precipitation forms a high

percentage from the annual precipitation where it ranges between



TABLE 7(19)

Summer rainfall in Asir and scuthern Hejaz highlands and the coastal plain
of the'Red Sea

Staticn ané period Latitude Longitude Elevation Mean Annual Mean Summer Z
of utilised data (%) KE) (metres) Precipitation (mm) Precipitation {mm) of Annual
Abha ) 187 13' 422 30' 2190 404.3 13F.1 33,
Al-Barig ) _eq 182 356° 41° 58! 390 966.6 277.5 38.7
Al-Kam y 1966=69 ;g0 34 4£2° 29 2200 451.6 181.2 40.0
Al-Lith ) 2o§ 05! 402 17! 6 57.5 . 4.0 4.0
Beiijurshi 1967-69 19° 51° 412 34° 2400 £52.5 64.0 14.0
Bighah ) 202 00" 422 36! 1040 125.2 12.9 10.3
Haddah-Ash-Sham) 21° 47° 39° 41¢ 288 132.0 9.0 7.0
Jebal Fayfa ) 170 16 48° 05° 860 7040 286.1. 40.6
Jazan ) 17° ¢3! 42° 57° 4 44.6 5.9 13.0
Kamis-Mushait ) 182 18" 420 44 1950 247.1 67.6 27.0
Liyyah ) 217 13! 4og 28" 1640 230.8 53.5 23.0
Madrakah )1966-. 21o 39 390 59 980 186.5 6.1 5.0
Manea 1 49! 8 .. . .7
Mecca ) 69 210 26 390 49" 280 204.8 7.7 3
Muzaylif ) 1¢” 32 410 03 38 154.1. 14.6 9.4
Sabya ) 182 56" 41° 53¢ 40 111.9 46,1 41.0
Sug-Al-Jenub ) 16> 43 51° 37 40 207.7 108.1 52.0.
Taif (A.R.) y 217 59° 40° 31° 1390 133.9 16.2 11.9
Tathlith ) 19° 32° 48° 311 975 44,6 1.8 4.0
Thurayban ) 19° 27° 41° 50! 575 527.5 209.4 33.0
Umm-Lajj ) - - - - - 75.4 2.3 3.0

(44!



417Z and 537. The influence of the topography on the moist
summer monsoon is remarkable where the percentage of the summer
precipitation is still high at the foothills of the Asir highlands.
Jabal Fayfa and Thurayban are all situated in the foothills at a
height ranging between 575 metres and 900 metres. The percentage
of the summer precipitation at these stations ranges between 337
at Thurayban an; 40.67Z at Jabal Salah.

In the high ranges of the Asir highlands the percentage
of the summer precipitation is high wherever a station is exposed
to the south-west monsoon winds. At Al-Kam, which is situated

to the north-west of Abha at a height cof 2200 metres, the perceutage

summer precipitation is 407, which 1s the highest seasonal

[¢4)

of th
percentage of these stations, As one descends the high rauges

down to the eastern slopes of the Asir and southern Hejaz highlands,
the percentage of the summer precipitation decreases considerably,
The highest seasonal percentage in the eastern slopes of these
highlands is necrmally in spring. The ecstern slopes of these
highlands are exposed directly to the moist south-east monscon

winds of spring which blow from the Arabian Sea. These winds,

when blowing over the low-lying Rub—-al-Kali, do not precipitate
appreciable amounts of rainfall before reaching the Asir and southern
Hejaz highlands. When these types of winds ascend these highlands
they precipitate large amounts of rainfall which exceed, at the
majority of the stations in the area, the precipitation of the

other seasons. When these winds descend the western slopes of

the escarpment, they precipitate small amounts of rainfall.

Adverse situations cccur in summer where the south-west monsoon

winds blow via the Red Sea and recurve towand the country where
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a low pressure exists in summer. When these winds rise over the
first relatively high ground, they precipitate the largest amounts
of the annual precipitation in these exposed areas, such as the
foothills and the western slopes of the escarpment. When these
winds descend the eastern slopes of the Asir and southern Hejaz,
they precipitate smaller amounts of rainfall. Consequently, the
percentage of the summer precipitation decreases from the west to
east, as can be deduced from Table 7(19). At Abha, Kamis-Mushait,
Baljurshi and Taif on the eastern slopes of the highlands, the
percentage of summer precipitation ranges between 34% at Abhs and

11.9% at Taif.  In the low ground of the Asir plateaux in the east,

o

ercentage of the swimer precipitation reuches lis minlmun value.
At Tathlith in the low ground of the Asir plateaux, the percentage
of the summer precipitatiocn is 3% only. At Turabeh - 21 ¢ 137N,

hlo 39'E - which 1s situated at an elevation of 1100 metres to the

north-west of Tathlith, the percentage of the summer precipitetion

>

is only 1%. In addition to the decrease in the percentage of the

summer precipitation from west to east, there is another decrease
from the south-west to north-vest. In the low ground (less than
10m) of the Red Sea coastal plain, the decrease can be seen from
the @ifferencc in summer percentage of precipitation between Jazan
and Al-Lith. The foruer station has 13% while the latter has only
5%. On the higher ground of the ccastal plain of the Red Sea,

the decrease in summer precipitation toward the north is even more
marked, as can be seen from the difference in the summer percentage

between Sabya (40m) and Muzaylif (S8m). At the former, the percentage

is 417, while at the latter, the summer percentage is only 9.4%.
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In the foothills area, the south-west, north-west decrease in summer
precipitation can be seen from the difference in the percentage

between Jabel Fayfa to the east of Sabya and Thurayban. At Jabal
Fayfa the percentage of the summer precipitation is 40.6, while at
Thurayban the percentage of summer rainfall is 33%. In the escarpment,
the decrease of the summer precipitation is again toward the north-~
vest; at Al—Kaﬁ in the south the percentage of the summer rain is

40%, but at Liyyah in Taif area in the north the percentage of the
summer rain is only 23%. Similarly, the summer rain decreases in

the castern slopes towards the north-west where the percentage of

the summer rain at Abha in the south is 34.2%, while at Taif Airport
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Abha and Taif, Baljurshi in the Gamid area has a low percentage of
summer rain, namely 14%. A glance at the tcpographic map of the
area will show that this station lies in a rain shadow created by
the high mountainous ridges to the south-west. Taii itself is
influenced by a severe rain shadow created by the highlands of
Jabal Dakak and Jabal Garnayt which have an elevation of 2565 metres
to the south. To the west and south-west is Harthi and Al-Wuhayt
areas which have a height of about 2386 metres and are exposed to the
maritime winds from the south-west and north-west or west, but which
create a remarkable rain shadow in the Taif area which is the oaly
area about which rainfall data are aveilable. Abha is also situated
in a rain shadow created by the high ridge to the south-west and west,

but it is not as severe as that found in the Camid or Taif areas.



AUTUMN PRECIPITATION

The Mediterranean depressions to which Saudi Arabia
owes most of its precipitation during autumn are least active
during September, but as soon as the shift in the general pattern
of the atmospheric pressure over the Middle East begins during
October, the depressions begin to make themselves felt over the
country and by late October or early November some of them get
sufficient strength to penetrate the interior of the country
and may reach as far south as Jazan in the coastal plain of the
Red Sea and As-Sulayyil in the interior. As time goes on
their frequency becomes greater and they are able to influence
most of the country. The Red Sea coastal plain and the western
highlands, as well as the northern province of the country, draw
more benefit from the autumnal cyclonic activities than the coastal
plain of the Arabian Gulf and the southern pertion of the Najd
plateau and the Rub-al-Kali. During autump, adversc situavicms
to those which exist in spring occur. The percentage of the
autunn precipitation decreases generally from north to south where
rainfall in this season reaches its minimum percentage at As-Sulayyil
in the southern pért of Najd plateau and Abha in the southern section
of the Asir mountains. The moisture bearing winds in autumn come
from the Mediterranean Sea and, consequently, they precipitate most
of. their moisture on the northern regions rather than the southern
part. Furthermore, while precipitation is higher on the eastern
slopes of the Asir and southern Hejaz mountains in spring, it is
higher on the western siopes of these mountains and in the coastzl

plain of the Red Sea in autumn where the moisture bearing winds
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in this season blow from the Mediterranean along the Red Sea trench
in a southern direction. The autumn season is dry all over most

of Saudi Arabia, but November is comparatively moist where large
amounts of precipitation are normally received where the country

at the beginning of this month is under the influence of the moist
Shamal winds of the cool season which blow from the Mediterranean
and the south-east monsoon winds which come from the Arabian Sea.

In fact, the largest portion of the percentage of the autumn
precipitation represents the November rainfall. The wettest regicns
of the country during this season are the western highlands and the

coastal plain of the Red Sea, as can be seen from Table 7(20).

TARLE 7(20)

Autumn rainfall in the western highlands and the Red Sea
coastal plain

Station and period Mean Annual Mean Autumm Mean November %
of utilised dat& Precipitation (mm) Precipitation{mm)Precipitation(um) of
Aunuali

Abha 1966-69 404, 3 9.3 5.5 42,0
Al-Ain 1965-69 212.1 61.4 44.3 29.0
Al-Bid'a 1966~69 12.9 6.2 5.9 48.0
Al-Lith 1966-69 72.5 53.6 47.8 67.0
Al-Muwaylih 1967-69 136.5 65.3 - 65.3 48.0
Al-Ula 1966-69 50.1 26.6 24,0 51.8
Al-Wajh 1966~69 31.5 10.7 10.7 33.9
Baljurshi  1967-69 452.5 165.0 133.0 - 35,7
Bi.shah 1966-69 125.2 25.5 25.5 20.4
Jazan 1966-63 44,6 20.1 1.7 45.0
Jeddah

Airport  1966-69 117.3 25.3 21.6 21.5
Sabya 1966~69 111.9 50.9 17.1 45.0
Taif _

Alrport  1966-69 135.9 £9.0 51.3 50.7

Umna-Lai) 1966-69 71.0 33.8 29.1 47.6
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The autumn precipitation represents a considerable
percentage in the northern province of ﬁhe country where the
Mediterranean depressions normally begin to invade the province
as early as October, but to the south, toward the Najd plateau,
and to the south-east, toward the Arabian Gulf coastal plain, the
percentage of autumn precipitation decreases rapidly where it is
rarely that the Mediterranean depressions reach the Najd plateau
and the coastal plain of the Arabian Gulf before November,

Table 7(21) represents stations located in the northern province -
Qurayyat - and in the Najd plateau - Unayzah in the north, and
Riyadh, As-Sulayyil in the scuth. Toward the Arabian Gulf from
the northern province in a south-eastern direction there are 2
number of stations located from the north-east to south-east,

namely Rafha, Qayéumah and Dhahran.

TABLE 7(21)

Autumn rainfall in the uorthern, eastern and central provinces

Station and period Mean Annual Mean 'Autumn Mean WNoverber %
of utilised data Precipitation PYrecipitation Precipitatica of
(mm) (mm) {mom} Annual

Qurayyat  1967-69 52.4 16.9 8.5 32.0

Unayzah ) 118.2 38.5 35.1 32.5
)

Riyadh ) 127.6 6.8 6.8 - 5.4
) .

As-Sulayyil ; 1966~ 39.5 2.8 2.8 7.3

X

Rafha y 1909 49,8 4.3 4,0 24.0
)

Qay sunah ) 44.7 6.8 4,8 15.0
) . o

Dhahran ) 53.3 6ok 6l 12,0
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From this table it can be deduced that the percentage of
autumn precipitaticn decreases rapidly toward the south and the
south-east where the rainfall of this season is almost all concentrated
in November. Riyadh station, which has a record term of 20 years,
shows a dry period of September and October. in fact, the months of
September and October, over most of Saudi Arabia, is a continuity of

the dry period which covers the summer season.
FORMS OF PRECIPITATION

Three forms of precipitation ara generaliy recognised by
climatvulogists 1 convectional, cyclornic and orographic. Tt is
important to notice the characteristic featurez as well as the
circumsctances that produce each of these forms., Convectional rain
is caused by the heating of the surface layer of the atmosphere
which expands and is forced to rise. If the rising of such heated
air continues to higher levels of the atmosphare, reaching an altitude
where temperatures below the dew point of the rising air prevail,
condensation takes place, which results in clouds and, consequently,
rain. As a class, convectional rains are of local nature and may
cover only a small'portion of the land. They are of short duration
but occasionally can be very violent, in the form of disastrous
thunder.-showers and cloudbursts.

Cyclonic rain is usually associated with the passage of
atmospheric low pressure centres or barometric lows, of which a good

deal has been said in another section of the present study. In low

pressure storms, air from various directions, and, consequently, of

various temperatures and density, tend to converge toward a centre.
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As a result of convergence and consequent lifting, plus the under-
running of warmer, lighter air masses, generally from lower latitudes,
by cclder and denser air from higher latitudes, large volumes of air
are forced to ascend. However, the rising of air does not involve
vertical lifting as in the case of convectional ascents. The warm
air in cyclones often tends to rise obliquely and slowly along
slightly inclineé surfaces of colder and denser air prevailing below.
Cooling is therefore less rapid and precipitation in cyclones is
characterised by less violenc2 and more steadiness and duration.

Orographic rains are caused by the interference of ﬁigher land
and mountain barriers in the path of moisture bearing winds and the
forcing up of the moigt air upon encountering the land barrier.
Orographic rainsg are likely to occur with considerable range of
density and persistence, depending mainly con the strength and
duration of the prevailing moisture bearing winds.

The above mentioned three divisions of rainfall forms
are by no means sharply separated one from the other, In fact,
they often merge into each other to such an extent that one can
hardly venture to assign a certain proportion of the annual rainfall
of 2 station to one or another form of precipitation. Nevertheless,
some general remarks may be made regarding the approximate pre-
dominance of each form in Saudi Arabia.

It can be said that most of the winter rain which is more
widespread than that of the other seasons has its origin in the
western depressions and is therefore cyclonic in nature. 52 out
of 91 stations with rainfall records show a winter maximum.  This
indicates that mcst of the rain received in Saudi Arabia is cyclonic.
In fact, if a line is drawn from Salwa in the ccastal plain of the

Arabian Gulf to Jeddah in the cwastal plain of the Red Sea, it will
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be seen that the areas north of this line receive 40 to 60%Z of

its annual precipitation during the winter months (December to
February). Furthermore, stations with a spring or autumn maxima
benefit a great deal from the winter cyclonic rains as they receive
a considerable proportion of their annual rainfall during this
season,

There is no record concerning the duration of the cyclonic
rain in Saudi Arabia, but it can be said that, generally, the passage
of a depression varies from 6 te 8 hours, though this varies
considerably from year to year. During some years Saudi Arabia may
come under the influence of a depression for two to three days, while
during other ycars the passage may last only for 6 to 8 hours. The
duration of rainfall varies from place to place. In general, the
duratior of the winter rain is longer than that of the other seasons.
Western stations with heavier anuual precipitation, and the coastal
stations with more local effect as a result of the proximity to the
water bodies, have longer lasting rains. In the interior, cycloaic
raing are of short duration. At Riyadh, Unayzah and Hail, the
average period of rainfall on any one rainy day hardly exceeds
4 hours, though the cyclonic rains of winter can be persistent,
and soft drizzly rain may continue to fall for one to two days
when there is a depression centering over the country,

Convectional rains occur wostly in spring when longer days
and bright sunshine produce considerable heat over the earth surface
and result in expansion and rising of the adjcining air layer.
Convection is greater in the western highlands where solar radiaticn
is more iutense than the lower areas, and where there is great

emissivity of the basalt flows of dark colour and the other kinds of



Pre-cambrian rocks. On the other hand, in the upper layers of
air, colder temperatures still prevail, with the result that when
moist air from near the surface rises due to heating and expansion,
condensation can take place at comparatively low altitudes above
the ground. Thundershowers and hall are typical convectional
precipitation and are common to most of Saudi Arabia in spring and
summer, particulérly in the western highlands as well as Tuwayq
mountains and Shammer Jabals.

Conveciional rainfall is of short duration, but it can
be exceptionally violent and disastrous on occasions. It occurs
mainly in the afternoons or early in the evenings on the days when

o nigher levels thep the average and

1]
P

when there are incursions of rclatively moist air from eiiher the
Mediterranean Sea or from thc Arabian Sea. It sometimes changes

to hailstorins which are more dangerous to the human and plant lives.
The hailstorms are sometimes accompanied by thunderbolts which in
many cases kill pecple and animals.

Topography is a major factor in the distribution of
precipitation in Saudi Arabia, and its influence can be seen on all
rainfall maps and shculd be emphasised in any climatic study of the
country. Relief of the land becomés an important factor in the
climate of any region when highlands or mountain ranges lie in the
paths of moist winds. The paraliel ridges of the western highlands,
with a general NW-SE trend, are in the way of the moist winds which’
blow from the Arabian Sea as the south-east monsoon of the ccol
season or as Che south-west monsoon of the summer months. They are
also in the way of the moist Shamal winds which blow from the
Mediterranean via the Red Sea during the cool season. In some cases

these ridges form continuous walls cver which the mwoist winds have to
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climb and thus lose a great deal of their moisture. Thare are
sections where the ranges of the mountains are extending from east
to west and their influence becomes more predominant, The fact
which is very easily recognised from the annual rainfall map of
the country is that the amount of precipitation decreases from

the Asir and southern Hejaz highlands to the Najd plateau in the
same way that th; ground tends to become lower in elevaticn. In
the Western highlands of Saudi Arabia, orographic precipitation can
be hardly separated from either the cyclonic or the convectional
rains. It can be said that the three types of rains occur in the
area and the orography is here an intengifying element,

The best cxa the orograpiic rains in Saudi Arabia
are to be seen along the southern shores of the Red Sea. Here the
mighty ranges that rise almost abruptly from sea level to heights
of over 300C metres produce great barriers in the way of the south-
easterly and south-westerly monsoon winds which blow fiom the
Arabian Sea and the north-westerly winds which blow from the
Mediterranean Sea. The winds that blow from theee two seas pick
up some more moisture from the Red Sea when blowing toward the
country and, therefore, on their ascent over the slopes of the
highlands, they produce considerable precipitation that ranges
annually between 1C00mm and 300mm.

Tuwayq escarpment, with a west face and a height ranging
between 600 and 800 metres, has also orngraphic effects where rainfall

increases on the highest peaks to a mean annual rainfall of 125mm.

ANNUAL RAINFALL REGIME

Studying rainfall regime is considered of significant

impoitance since it shows the distribution of rainfall through thc



months of the year and the seasonal fluctuations of rainfall in

any given area. In Saudi Arabia, rainfall is experienced at

some stations throughout the year, while at others it is restricted
to the cool season. Furthermore, the importance of the rainfall
of any season differs from one area to another according to its
location relative to the source of the moist air.

Rainfall normally occurs in the northern province in
mid-autumn until late spring, namely, from October to early May.
Peak rainfall occurs in late autumn and early winter, November
until Januvary; then there is a remarkable attenuation of rainfail
in February followed by a significant peak in March and April.
Thereafter, rainfall diminishes during late May, after which the
rainless period begins, from early Jume until early October.

Table 7(22) may serve in showing the distribution of rainfall during
the year at selacted sktations in the northern province.

In the north-west regiovn of Saudi Arabia rainfall cccurs
in late October until early May. ‘The main rainy season 1s the
period of November-February, after which rainfall deterioratas in
the spring season. Summer is rainless, though light showers of
moderate amounts may occur when a random storm associated with the
northern extension of the south-west monsoon winds invades this
region. The following table 7(23) shows the distribution of rainfall
throughout the year at selected stations in the north-west repgion

of the country.



TABLE T(22)

Mean monthly rzinfall in the northern province (mm)

Station and period

of utilised dsta J F M A M J J A 8 0 N D

Badana 1966-66 L.3 0.5 5.2 5.6 2.9 O 0 0 29 0.5 5.0..5.2
Qurayyat 1967-69 10.9 1.4 16.6 10.8 k.9 O 0 o] 2 8.4 8.5 2.2
Skakah 1956-69 7.4 3.2 4.4 12.2 0.1 O 0 0 0 5.h27.6 L.2

TABLE T(23)

Mean monthly rainfall in the north-west region of Saudi Arabia (mm)
Station and veriod

of utilised data J F M A M J J A 8 0 N D
Al-Wajh 1966-69 3.3 k.5 0.3 2.5 4.7 O 0 0 0 0 10.7T 5.5
Sug~Sawaycg 1067-69 10.2 L. 1.5 13.% O 0.1 O 0 0 L. 729.1 7.5
Tatuk 1967-69 7.1 3.6 1.9 Lo 2.8 0 0 0 0 1.7 10.9 6.0

Unm-La j i 1966-69 10.6 5.6 5.5 5.3 3.8 0.6 0.5 1.2 O 2.5 37.h 5.4

191§
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In the southern section of the coastal plain of the
Red Sea to the south of Al-Lith - 20° 09'N - rainfall is expected
to occur in any month of the year, though the available data show
dry periods, especially in the cool season., Abu~Arish, which has
a record period of 10 years, shows a moist period from the second
half of July until late December. In early January rainfall
decreases rapidl; where a dry period lasts until the first half
of July. Rainfall is probable to occur, but in small amounts.

At Sabya, which has a record term of 5 years only, the méin rainy
season 1s almost as at Abu-Arish, from the seccend half of July until
the end of November. The dry period exteads firom December until
the first Lwaif of July. Sug-al-Jenub, the scuthern station in
Saudi Arabia at the border of the country with Yemen, shows a meist
period from early May until late November. uring the pericd of
December-April rainfall rarely occurs, except of light showers as

a result of random storms.

In the northern part of the southern sesction of the Red Sea
coastal plain rainfall is almost concentrating in the cccl season.
Summer is almost dry, with light showers in July or August when the
monsoon of summer is at its maximum advance toward the north.

It has to bz emphasised that the available data are of
short term and at this stage it is difficuit to distinguish which
are the most important rains; is it the summer rain or the autumn
rain?  The autumnal rain is of great importance in the whole area
of the coastal plain of the Red 3ea where it is of large amount
and widespread in nature. Summer rain decreases rapidly as one goes
toward the north and may represent only light showers at Al-Lith

during July or August. Beyond Al-Lith area the summer rain disappears,
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though moderate showers may occur during some years beyond this
area. However, this appears to be rare. In general, winter
rainfall increases rapidly as one goes toward the north, while
summer rainfall increases as one goes toward the south. Autumn
rain is important all over the area. Spring rain ie of least
importance as long as the ground is low where the available data
show that oroggaphy as a main factor promotes the spring rain.
Table 7(24) shows the rainfall regime in the southern section of
the coastal plain of the Red Sea.

In the foothills of the Asir and southern Hejaz rainfall
throughout the year is of considerable largs amounts and tﬁcre are
some nonths in whilch mean rainfall i¢ more than the mean annual
rainfall of the arid zome. There are four main stations in the
area located at moderate heights ranging between 390 metres and
900 metres, Two stations are located in the northern section of
the area and the other two stations are situated in the southern
part. At Thurayban and Al-Bariq, which are locaied in the northoern
section, there are two main rainy seasons. The first extends from
April until November, and the second is in the period of January-
February. During the former long rainy period mean monthly rain-
fall ranges between 65.4mm in April and 145.7mm in September at
Al-Bariq staticn. The maximum peak of the April-November rainy
season is during the period of August-October where mean monthly
rainfall is always over 100mm. In December and March, rainfall

reaches its minimum amount.



Mean monthly rainfall in the southern section

. Station and pericd
of utilised data

Al-Lith
Muzayhif
Szbya

Abu-Arish

Sug-al~-Jenub

1966-69
1966-69
19£6-69
1955-69

1966-69

Latitude

20" 09!
19° 32°
1c*

58'

et
[¢)
(o]
I
(€]

9.6 1.k
9.2 2.1
0 15.0

TABLE T(2h4)

M A M J J A S 0 N
0o 1k,7 O o Lo O 0 6.1 k7.5

10.6 L.0o O

(@]

0.612.0 ©

0 0.3 1.3 0 L2,

N

3.9 20.0 13.8 17.1

of the Red Sea coastal plain (mm)

0

9.9 52.8 11.3

1-7

4.7 1.5 12.3 1.6 50.3 62.8 23.0 10.0 11.8 24.3

C 11.0 25.5 15.0 67.7 12.5 17.5 18.0 25.5

0

8¢1
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In the southern section of the foothills there is a main
rainy season extending from April until August. Rainfall during
this. period is constantly of high amounts, but in June there is
a remarkably sharp decrease in vrainfall. The explanation for this
decrease is that this month represents the retreats of the moist
south~east monsoon of spring which is replaced by the moist south-
west monsoon in.July and August., At the beginning of September
rainfall decreases considerably and there is no constant remarkable
increase before the beginning of April, afier which falls of large
amounts carry the mean monthly rainfall in this area to those found
in the humid climate areas. Table 7(25) shows the rainfall regime

. .
- o 1
ne in ¢ foothills

aif) L.

1=

at selected gtat and soulhern
Hejaz mountains.

It can be scen from Table 7(25) that the spring, summer
and autumn rainfall is of large amounts at Al-Bariq, since this
station benefits from three types cf moist air masses; the south-
east moncoon winds of the spring months, the scuth~west menscon
winds which prevail in the summer season, and the north-west winds
which dominate the area as early as autumn. At Jabal-Salzh, which
is located further south, winter and autumn are comparatively dry
wvhere this station does not benefit §¥8™ large amounts from the moist
northerly winds. This type of winds does not usually penetrate far
to the southern secizion of the coastal plain of the Red Sea.

The rainfall regime which exists in the focthills is
found to dominate the escarpment. As one goes to the south, the
winter and autumn rainfall decreases, while the spring and sunmer
rainfall increasez, and vice versa. Table 7(26) may serve for

showing this type of rainfall regime.



TABLE T(25)

Mean monthly rainfall in the foothills of Asir and

Station and period -

of utilised data Elevation Latitude J F M
Al-Bariq 1966-6 390 18° 56¢  148.1 64.8 25.7
Jabal-Salah * 900 17° 03"  322.6 10.6 7.8

1955-T0

* date. arc doubtful in 1968 and not reported

the southern Hejaz highlands (mm)

A M J J A ] 0 N D

65.4 124.1 4T7.9 86.7 112.9 145.7 138.8 82.0 35.5

28.3 34.2 23.3100.6 120.4 L47.2 k3.0 L46.8 68.1

091

Mean monthly rainfall in Asir =nd southern Hejaz highlands (mm)

Station and period

of utilised data Elevation Latitude J r M

Az-Zafir  1957-69 2530 19° 58'  &L.6 48.6 19.8
Al-Kam 1965-69 2200 18% 16'  12.9 41.56 18.8
Farsin 1066-59 2100 21° 22 61.h 25.0 9.4

A J J A G N

M D

60.0 38.7 9.2 17.0 23.9 7.3 16.1 110.8 55.2
65.6 62.7 24.0 80.2 77.0 15.5 4.4 u48.9 ©

53.9 24.2 ik.2 1.2 39.9 14.8 57.6 53.9 3.5
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In the northern part of Asir and the southern section
of the Hejaz mountains there are two rainy periods. The first is
the main one, from November until February; the secopd is the minor
one in April. Between the iwo rainy seasons the area appears to be
dry. In the southern part of the Asir highlands where there is a
displacement of the south-east monsoon winds of spring and the south-~
west monsoon winés of summer, the moist rainy seasons are in March-
April and in July-August, May-June and September-October are dry
periods.

As one goes southward in the Asir hizhlands one finds
a different rainfall regime. In the southern part of the Asir

and during the veviod of September--
Octover rarely do the moist north--west winds penetrate in this part
end give rain at stations such as Abha or Kamis-Mushait. In the
northern part of the Asir highlands and the southern Hejaz mountains
there is a main rainy season extending from October until February.
The period of March-September is of least raintell and cen e
considered sc a dry season. Table T(27) on the following page shous
the rainfall regime at selected staticns In the area.

In the interior of the country rainfuall occurs during
the period of October-May, but rainfall rarely occurs during October
to the south of Shaqra - 250 15'N. In fact, the importance of
auturm rainfall decreases from north to south. In the interior of
the country the autumnal rain does not occur in October at stations
located to the south of latitude 25°K. Riyadh station, which has a
record term of 20 years, does not show autumnal rain before November.
At all stations to the south of latitude 250N rainfall is restricted
to the period of Novembver-May, as can be seen from Table 7(28) on

the following pagc.



Station and period
of ytilised data

Abha *

1953-70

Paljurshi #*¥

1960-T0

Kamis-Muchait

1966~T0

Elevation

2190

2400

1950

TABLE T{(2T)

Mean monthly rainfall in Asir highlands {mm)

Latitude 5 F M L M J J A 5 O K D
18° 13" ¥3.1 20.L 43.4 TT.4 32.3 13.5 50.9 46.6° 2.0 2.5 39.4 15.h
19° s1° 52.7 36.7 13.6 45.7 22.9 6.7 15.% 17.6 6.6 19.6 76.9 31.G
18° 18: 9.0 36,6 3:.9 32.7 30.2 8.3 34.1 25.2 10.4 0.1 24.1 1.5

29T

%¥ daty are not available for 1961

%% gdata for 19€6 are broken in summer

Station and period
of utilised data

Unayzah 1965-69
Shaqra 1966-69
Riyadh 1952-10
Al-Haddar 1965-6%

Az-~-8ulayyil

TABLE T(28)

Mean monthly rainfell in the central province of Saudi Arabia (mm)

Latitude J F M A M J J A S 0 N D

26° oh* 27.5 9.6 22.2 9.912.2 O o} 0 0 2.021.4 6.3
25° 15° 286.5 1.6 19.3 13.7 6.1 O 0 0 0 1.311.5 1.5
2L 23.5 11.3 11.7 20.% 11.k 0.7 0.1 ¢© 0 0 10.2 11.3
21° 597 17.2 10.9 5.5 19.6 11,0 O 0 0 0 0 12.5 5.0

0° 28! 2.0 3.7 4.513.0 2.7 0 ©0 O O 9 54,1 2.0
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It can be noticed from this table that the main rainy
season is from November until May. During this period there are
three rainfall pesks. The first is in November, the second is in
January, and the third is mainly in April. Summer is almost rainless,
though light showers may be recorded at staticns such as Riyadh, but
this summer rain is of low effect due to the intense heat.

In éhe coastal plain of the Arabian Gulf, rainfall is
restricted to the period of November-May. During the rainy period
there are two rainfall peaks. The first is the main one, from
December to February, and the second one is the minor one, in April.
The following table shows the rainfall regime at selected shtations in

the coastal plain of the Arabian Gult.
NUMBER OF RAINY DAYS

The relation of the total rainfell to the number of days
with rain is a climatic factor of some importance, indicative of the
type of rainfall and the general impressiocn of dampness or dryness
given by climate. The term "rainy day" in climatic studies is
generally regarded as a day on vhich an appreciable amount ¢f rain
(about 0.25mm) falls.

As far as Saudi Arabia is concerned, information about
the number of rainy days is very scanty and almost non-existent for
a great number of stations. In fact, out of about 200 stations in the
country, only 1lh stations héve records for the number of days on which
appreciable rain has been received. t can be said with certainty
that the number of rainy days is very small in Seudi Arabia, especially

in the arid zone, i.e. out of the Asir and sovthera jlejsz highlands.



Mean monthly rainfell in the Arabian Gulf coast2l plain (mm)

tation and period
of utilised Gata

Ras-Tanura

Cavit

. 1964-69

1964-69
1964-69
1967-69

oy

8.k

=
W O
(XY} 4

b=
\O
W

12.6
16.2

1k.3

N
Ny
o

L.6
L.o
2.6
3.9

TARLE T7(29)

2.7
1.6
5.6

0.5

Q

O

1.7

16.0
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Vhen the number of rainy days and the amount of rain received in
the year is considered, two facts asbout the climate of this country
can be recognised: the first is the dryness vhich dominates a
major part of Saudi Arabia, and the second is the nature of the
fall of rain which is normally of extravagant intensity. In the
Asir and southern Hejaz area, where there is rain every month of
the year, this number is, no doubt, far greater than in the other
regions. It is therefore true to say that the number of rainy days
decreascs from the high ranges of these highlands to the surrounding
low areas. Topography and the location relative to the water bodies
are two important factors in the number of rainy days. As far as
the two factors are available in a given area, the nusber of rainy
days 1is relatively higher. Conseguently, the number of rainy dzys
at stations such as Jabal Salah and Thureyban in the foothills of
the Asir highlands is probably of large number since these stationa
are of high grounds and located very close to the Ked Sea. v&8zan,
on the other hand, is located in the coastal strip of the Fed Sea,
but situated at a height of 4 metres only. Hence the number of
rainy days is very small. Even a moderate height may have a
remarkable effect when a station i1s located close to a water body.
Dhahran station, which is located in the coastal plain of the Arabisn
Gulf at a height of 23 metres, shows a larger number of rainy days
than Riyadh, which is located in the interior at a height of 609
metres. Therefore it is probably true to say that the number of
rainy days decreases from the coastal plain of the Arabian Gulf to
the interior of the country.

In general, the number of rainy days outside the

highlands of the Asir and southern Hejas is of very small number.
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It may range between 5 and 20 days outside the high areas. The
following table represents the number of days o which appreciable
falls of rain of 0.25mm and more were recorded.

TABLE T(30)

Number of rainy days at stations outside Asir highlands

Station and period Number of Years of Mean Annuzal
of utilised data Rainy Days Observation Rainy Days
Al-¥Wajh (1966-T70) 22 5 h.}
As-Sulayyil (1965-70) 30 6 5.0
Badana (1961-64) 36 4 9.0
Dhahran (1961-70) 222 10 22,2
Jazan (1965-70) Ls 6 7.5
Jeddah (1961-70) 85 10 6.5
Madenah (1961-70) 69 10 6.9
Qaysumah (1961-64) 61 L 15.2
Riyadh (1961-70) 191 10 19.1

As has been already indicated, the number of reiny days
in & major part of Saudi Arabia is very small. Vhen this table is
converted in a percentage table of the rainy periods to the period
of observation, the figures deduced will indicate an extreme

aridity.
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The available data for the number of rainy days in
the Asir and southern Hejaz highlands are very scanty and are not
indicative of the rainy period in the whole area. The data of the
number of rainy days are available for Abha and Baljurshi which are
almost dry, and for Taif which is located within the arid zone in
the Hejaz mountains. It is possible that the number of rainy days
in the high ridges and the western sloﬁes, as well as the foothills
of the escarpment, is more than 150. The following table shows

the number of rainy days in the Asir and southern Hejez highlands.
TABLE 7(31)

Bumber of rainy days in Asir and southern Hejaz highlands

Station and period Nurber of Years of Mean Annual
of utilised data Rainy Days Obgervation Rainy Days
Abha (1966-70) 328 5 65.6
Baljurshi*  {(1966-T0) 226 5 45,2

Taif (1961-70) 257 10 25.7

¥ @data is broken in summer 1966

Figure T(I1Y) shows the distribution of the number of
rainy days in Saudi Arabia. It can be noticed that the number of
reiny days reaches its maximum in the Asir and southern Hejaz

mountains where this area represents the wettest region in the country.
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From this region the number of rainy days decreases in every direction
as a result of the decrease in elevation. Next to the highlands of Asir
and southern Hejaz is the eastern half of the country where the number of
days with rain ranges between 35 and 1C days. In this area there is a
remarkable decrease from the north to south since the length of the
rainy season decreases in this direction, as has been discussed previously.
F;om the table it caA be seen also that there is a vast area of a small
number of rainy days extending from As-Sulayyil in the south to the
north and north-west regions of Saudi Arabia. 1In fact, this area
represents the trough of least rainfall which has been discussed in
another section of the present study. Indeed, this vast area represents
the poorish area with population, vegetation and underground wacer. To
the south of As—-Sulayyil there are no available data, but it is expected
that the number of days on which rainfall occurs decreases toward the

Rub-al~Kali where the winter and summer precipitation decreases toward

this area.
NUMBER OF RAIMLESS MONTHS

The extreme aridity which dominates most of Saudi Arabia
becomes quite apparent when one considers the number of months without
rain. The accompanying map (Figure 7(IV) ) is an attempt to show the
number of rainless months in the country. The data on which the
construction of this map is made are of short record term, thus when
longer periods of ohservation are available, different patterns may be
intreduced. It can be said that roughly about 97% of the suriace area
of the countxy receiver no precipitation of any form during at least

half of the vyear.
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In the Asir and southern Hejaz highlands., which form
about 3% of the surface of the country, the rain is often expected
to occur every month of the year, although thére are times that rains
may fail, even in this part of Saudi Arabia which is dominated
almost throughout the year by moist air masses. The prevalent
moist air masses, coupled with remarkable effects of relief, get
-the dry period of ; small number of months, In these highlands
the probability of rainlessness varies generally between two months
and four. The western slopes of Asir, especially in its northern
section, may be regarded as without rain for twe months every year.
In the rest of the area of the highlands the number of rainliess
monihs ranges between three and four.

In the southern section of the Asir highlands rajnfall

probably fails during the months of winter. During the months of
autumn the moist bearing winds which come from the north-west do not
normally reack the eastern slopes of the southern section of the Asir
and, thus, the rain fails at stations such as Abha and Kemis-Mushait
during these months. In the northern section of the Asir the rains
normally do not fail throughout the year, as can be seen at statiomns
such as Bal jurshi. The following table shows the number of rainless
months in the area of the Asir and southern Hejaz highlands.

The number of months without rain increases rapidly as
one descends the highlands of Asir and southern Yejaz toward the
interior of the country and the coastal plain of the Red Sea. In
the rest of Saudi Arabia the number of rainless months increases from

north to south, In the desert regions of the country the rain may fail

for six months in the northern province and nine in the southern part.



TABLE T(32)

Number of rainless months in Asir and scuthern Hejaz highlands

Station and period Years of
of utilised data Ovcervation J F M
Abha * 1955-70 15 5 4 3
Baljurshi #¥#

1060-T1 11 3 ) P2
Jabel-Salah ¥%% .

1957-70 14 6 7 6
Kamis-Mushait

1965-70 5 i 2 1
Taif 1960-7G 11 N T 3

¥ data Tor 1961 are mo% available
*% data are broken in summer 1386

*%%  Fata for 1968 ars not available
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In the coastal plain of the Red Sea and the Arabian Gulf the number
of rainless months ranges between seven and eight months.

The summer months are usually rainless in the desert
zone of the country as a whole. The probability of rainlessness
of the autumn months is found in the southern section where the
moist bearing winds of autumn rarely reach stations such as As-Sulayyil
and Tathlith. The following table represents the number of rainless
months in the desert area of the country at selected stations.

From this table it can be deduced that the rain rarely
fails in December and January during the winter season, and in spring
- March and April - at stations of relatively long periods such as
Riyadh in the interior cf the country. In the coastal plain of the
Arabian Gulf the rain rarely fails from December until April, as can
be séen from comparatively long periods of record at stations such
as Abqaiq, Dhahran and Ras-Tanura. In the coastal plain of the Red
Sea there is only one station with a long period ¢f record. Jeddah,
with 20 years of observation, shows only cne or two months, normally
November and December, during which rainfall normally does not fall.
In the southern section of the coastal plain of the Red Sea there
is no record of long period. However, it can be said that the rain
normally does not fail in the months of July to November. Indeed,
it is during this period that the dry cultivation season starts in

Jazan and Sabya plain.



TABLE 7(33)

Number of rainless months in the desert areas of Saudi Arabia

Station and period Period of
of utilised data Observation J F M A M J J A S
Abgaiq (1953-68) 16 6 4 3 7 11 16 16 16 16
bhahran (1951-68) 18 &4 5 2 4 12 18 18 1% 1%
Hail (1955-70) 16 7 3 12 8 10 15 16 16 16
Jazan (1964-70) 7 5 3 5 6 6 5 2 3 3
Jeddah (1952-70) 15 8 12 12 15 15 18 16 18 18
Ras-Tanura  (1950-68) 19 3 5 3 6 11 19 19' i9 19
Riyadh (1952-71) 20 5 9. &4 3 ¢ 20 19 19 20
abya (1965-71) 7 4 3 5 & 4 7 3 3 3
As-Sulayyil (1965-70) 6 3 2 2 2 s 6 6 6 6
Tabuk (1964-70) 7 3 1 3 2 2 6 6 6 6

Lt
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VARIABILITY AND DISPERSION OF RAINFALL

An importent feature in studies of rainfall is the
fluctuation in the amount of rainfall, both annually and monthly.
An assured annual or seasonal precipitation means steady economic
progress, whereas an uncertain rainfall implies the permanent risk
of drought and croé failure with accompanying famines and diseases.

Variability in the total amount of annual or monthly

rainfall is common to most climates and therefore ocecurs in the

tropical rainy areas, but it is a major characteristic feature of the

semi and arid climates. One expects to find great variaticns in the

precipitation of an arid country like Saudi Arabia, in which the total

ennual and monthly rainfall is extremely variable. At one station
the arid areas of the courntry the total rainfall, either annual or
monthly, may range betwesen nil and more than 100mm.

The effects of the variability of rainfali are very
serious in sgriculiure and in the pastoral areas wherc the lives of
these communities depend directly on rainfali. A year of adequate

rainfall may result in a relatively large production for the

e

n

agricultural communities and & good pasture for the tribal populaticns

that lead a pastoral way of life in the vast desert areas. A deficit

in rainfell, on the other hand, results in crop failure, famine and
diseases for the majority of the population and msy be the cause of

death fcr some of the people and the animals.

Analyses of rainfall variability or reliability can be

worked out when long veriods cf unbroken data are available and hence

one cannct, at present, study the fluctuation of rainfell in detail
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at stations in the various parts of the country, since the duration
of rainfall records at the majority of the stetions is too short to
enable one to study this important sspect of precipitation. The

period of climatic observations in the area under study is far too

short to enable one to form a definite idea or make conclusive
statements about the features of the variability of rainfall in the
-various parts of Séudi Arabia, but short as this period may be, it
affords striking examples of extreme monthly and annual dryness and
heavy rainfall.

The available data concerning rainfall do not go far
enough back in the past to show the permanent fluctuations of rainfall,

ey - - 1 veAY an Al mmms
vul when on LUGi1es uiige SOCIE.

o
4]

historical books whicli were writien vy

authors from Najd area one can find many significant statements which

T
R
LAY

el

refer to extremes of dryness and tremcndously neavy showers. hne
(1971) has mentioned that authors from Najd area, such as Bin-Bisher
and Bin-Grannam, were interested in writing about the effects of dry
years and vet periods on the social life in some parts of Saudi Arabia
dwring the eighteenth and the nineteenth centuries. During the dry
years some of the local population of Najd moved to Al-Hasa in the
eastern province of the ccuntry, and to Az-Zabir, Al-Basrah in Iracg,

and to Kuwait, while others died as a result of femine. In reverse

to these statements about the effects of the dry years, they also wrote
about the effects of the humid years. Bin-Bisher, for example,
mentioned that during the winter of 1192 Hejri (1849 A.D.), heavy
raihfall sweplt away some of the dwellings of Unayzah and some of the
population had died, while others were left homeless and lived in tents.
An-Nus has mentioned that these authors wrote 2hout every dry and humid

year over a space of 243 years. Yhen the number of dey years was
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calcuiated, An-Nus (1971) found that there were 35 years during which
the rain was probably below the average, between 1047 and 1290 Hejri
(1704 - 1947 A.D.). Consequently it can be deduced that the dryness
recurs about every seven years. Between one period of dryness and
another there is a relatively humid period, probally 1astiﬁg for
between seven and nine years. The dry period usually lasted for two
to four years, but'Bin—Bisher menticned a dry period that lasted for

nine years in Najd. Furthermore, anatomical analyses of a trunk of

a 100-years old Juniperus procera from the highlands of Hejaz has

shown that the dry cycle tends to recur every seven to nine years

(An-Nus, 1971).

T .. PO T .y =y e ae ] . . -
In the present st

-

dy ab atlempl Jws Leen made to work

out the dispersicn and the variability of reinfall at stations that

had & longer period of unbroken records. Mean deviation of reinfall

was calculated according to formula :

IX-%
Mean deviation = E§L1;~——i——~

However, the available data concerning rainfall are
too short to give an accurate standard deviation and consequently
relative variability c¢f rainfall was calculated using the following
formula

. e s Mean deviation

Relaksve variability = -_-——£i3ﬁ§%5l~ x 100%
mean rainfall

In this section of the present study Jeddah, Dhahran
and Riyadh stations were selected s they have the longest period

of uninteyrupted records. In Asir there is not a single station

with unbroken rainTall data.  However, an attempt vas made to work
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out rainfall dispersion and relative variability at Jabal-Fayfa from
1960 to 1972 in this area as rainfall records over this period at
this station are complete. Tables T(34), 7(35), 7(36) and T(37)
show rainfall deviation and relative varibaility (%) at these stations.
The rainy period outside Asir and southern Hejaz
highlands is confined almost entirely to the months from November
.to May. The peribd June-October is rainless, although a few mm
may be recorded on one or two days during the summer months.
Consequently, relative rainfall variability was studied outside the
Asir and southerr Hejaz highlands during the rainy period, November-May.
When rainfall variations from the mean and relative variability were
gtudied, it was focund that none of the seiccted stations shows a
reliable rainfall. For Lhe desert stations, such as Jeddah and Riyadn,
the relative variability for each month of the rainy season is very high
and exceeds 100% in most months'of the rainy period. During the
pericd of utilised data (1952-1968) rainfall deviations from the mesan
can range for each month froem helween 100% below the mean to over 1505
above the mean monthly rainfall. In other words, monthly rainfall
totals can range for each month during this period from between zero
to a value several times that of the mean rainfall for that month.
However, during this period, Jeddah shows extremely variable rainfall
from February until May, while relative variability is slightly lower
during the péridd Fovember-January. At Dhahran, the most reliable
rainfall is during the period January-April and also in November; the
months of May and December show the highest relative rainfall variability.
In the interior of the country, Riyadh shows the most reliable rainfall

in three months, namely, April, May and November.
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TABLE T7(34)

+52.6 - 7.0

- 5. - 7.0

~ 5.4 - 7.0
- 5.4 - 7.0
- 5.k - 7.0
- L4 - 7.0

-3
O

5.4 +18.0

- 4.9 - 6.0
- 5.h - 7.0
+27.0 - 7.0
- 5.4 +86.0

173.8 186.5

M
—1-7

-1.7

~1.7

(€Y

+18.
-ll

—lu

.
~ = =

1h6.}

&=

1.7

rainfall above mean

rainfull below

mean

Airport (1952-68)

N
-15.2
+136.8
-22.2
-21.2
-22.2

-22 12

103.5

22.2

the mean (mm) and relative

D
+3.7
-1T7.3
~17.3
+56.7
-17.3
-17.3

-1

P

I3

-17.3
-17.3
-16.3

+22.7

102.3

17.3
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TABLE T(35)

Monthly rainfall variations from the mean (mm) and relative

J F M A M N D
1952 -15.3 -i2.1 -5.8 +12.4 -1.0 -6.4 -10.3
1953 -18.8 -:2.6  +8.6 -7.2  =3.1 -5.9  +83.2
1954 -21.h  +53.2 +0.3 -T.2 -3.1 +11.6 -T.5
. 1955 +12.h  -12.1 +4.1 -7.2 =1.3 6.4 +45
1956 6.4 -11.6 5.6  -5.9 -3.1 6.k  -10.3
1957 +6.6  +16.L -5.3 -0.6 +14.2 +2.7 +5.9
1958 +36.5 -1.1 -1.5 -7.2 =3. -5.h  -13.h
1959 +87.3  -12.1 +1.3 -1.6 -C.2 +0.8 -15.9
1960 ~20.6 -12.1 +1.1 -6.6 -3.1 6. 15k
1961 ~-13.3  +8.7 +5.3  +#12.1 ~-3.1 +30.2 -10.6
1962 -21.9 -12.1 ~6.3  +13.1 -3.1 +1.1 15,9
1963 -21.9 -11.8 6.6 +17.1 +21.1 +5.6  -13.9
1964 +4.3  429.1 -6.6 -6.9 -3.1 -6.4  +37.2
1965 -13.5 -11.3 -6.3 -5.7 =3.1 -6k -15.9
© 1966 -21.6 434 6.3 +7.8 -3.1 6.4 -15.9
1967 -20.k -5.5 -0.8 +5.0 -0.8 +0.3 -~15.9
1968 +47 .k -7.0 -4 .8 -7.2 3.1 +6.8 -11.1
Relative 10hk.5  107.h 62.6 97.2 138.7 105.9 127.0
variability
(%)
Mean rain 21.9 12.1 6.6 7.2 3.1 6.0 15.9

(mm)

variability (%) at Dhahran (ARamco) (1952-68)

+ rainfeil

atove nean

- rainfall Lelow mean
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TABLE T7(36)

veriability (%) at Riyadh Airport (1952-68)

1952
1953
1954

1960
1961
1962
1963
1964
1965
- 1966
1967
1968

Relative
variability
Y
(ﬁ/

Mean rain
{(mm)

+33.

'..J

+8,
+43.
+11.
-10.
-10.

-12.

117.

13.
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-13.7 -14.7 +1.2 -17.3
+120.3 +24.9 -11.2 -15.8
+4.1  -7.2 -12.2 -15.2
-13.7 +27.4 -17.2 +26.
~13.7° -3.h A7.2 -17.5
+2.2 5.9 +26.9 +19.8
-0.8 -1k.T -17.7 -1T.5
-13.7 -12.2 -0.3 -17.5
-13.7 -7.1 -6.b -5.8
-3.4 +1k.3 -13.8 -15.1
-13.7 -8.7 +7.1 -17.5
-13.7 -1k.7 -2.2  -3.5
+2.3  -T.6 -1T7.2 ;16.5
-11.7 -14.7 +30.8 -1T7.5
-6.7 =-1k.7 -10.7 -17.5
-10.1 +69.8 +27.1 +51.5
-0.3 -12.2 +33.h -11.6
110.7 109.6 86.0 102.1
13.7 b7 17.2  17.5
+ rainfall above mean

rainfall telow ne
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When the relative variability of the rainy seaéon at
the three stations is compared, it is found that Jeddah iz the station
that shows the greatest monthly relative variability in rainfall and
the longest period of most unreliable precipitation. This appears
to be attrituted to the location of this station on the northern
extremity of the'influences of the Red Sea Convergence Zone and on
the southern margin of the effects of the Mediterranean depressions.
- The Red Sea Couvergence Zone and the associated disturbances may
extend northward and give occasional and exceptional heavy rainfall
on few days during some years. The Mediterranean depressions may
also travel southward and give a relatively heavy rainfall at this
station on occasion. However, the occurrences on which large anounbs
of rainfall were received at this station werc separated from each other
by many rainless months during the period or utilised data.  Dhahran

L ] -
1

and Riyaedn stulions show an overall lower monthly reletlve variaoil

1ty

3,

during most of the rainy period. The presence of the Arabian Culfl,

¥

that attracts the moist air of the cool season, either from th

Mediterranean or from the Arabian Sea, may cause lower rﬁinfall
variability at Dhahran. It is also important to realise that Dhahran
may come under the influence of & front that sometimes develops over
the Arabian Gulf auring the cool season, as has been discussed earlier
in this study. Riyadh, on the other hand, is located at a height of
more than 600 metres aad, thus, shows more reliable rainfall during
the months of April, May and Novewmber, when the convectional activity
is at maximum within the relsztively moist air. Convectional reinfall
tends to be of greater frequency on the higher areas than on the low

regions, though mostly of local nature.
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In the Asir highlands there are a great number of
stations but the majority have only short periods of record
(3-5 years). The small number of stations with longer terms of
rainfall records (10-16 years), such as Abha and Jabal-Salah, have
interrupted runs of data. Jabal-Fayfa in this area has unbroken
data for 13 years, from 1960 to 1972. Thus, it was selected to
represent the Asir highlands in this section of the present study.
When relative variabilify was worked out (Table 7(37)-), it was found
that Jebal-Fayfa shows an overall great monthly relative variability
of rainfall with a maximum in the-winter seasion (January relative
variability 121.5%) and 2 minimum in the summer season (August
relative variability 46.4%). During the winter season rainfall
deviations from the mean can range for every month from 100% below
the mean to values several times greater than the mean monthly rainfall.
During the summer months rainfall deviations from the mean are not
quite as great and rarely is it that deviaticns of 100% below the
mean monthly rainfall are observed.

Fluctuations of monthly rainfall totals ;t Jabal-Fayfa
in the Asir highlands may exceed 300% above the mean monthly rainfall
on occasions during any month of the year. However, this station is
located on the rorthern margins of the influences of the monscon winds
and the oscillatory Inter-Tropical Convergence Zone during the summer
months. In the winter season, Jabal-Fayfa is, on the other hand,
affected by the Red Sea Convergence Zone thet may cause development
of disturbances, rainfnll, and sometim=s hail. From Table T(37T)
it can be seen that the rainiall given by the monsoon of summer is
more reliable than the r;ins yielded from the disturbances of the

Red Sea Convergence Zone. There is a remarkable decline in menthly



183

relative variability of rainfall during the spring season and in
particular in April, which is followed by further decrease. This
reduction in variability from spring to summer at Jababt-Fayfa may
be attributed to local convectional activity and the presence of
the moist air from the monsoonal circulation.

To provide more clarity for the characteristics of rainfall
in this aspect, an attempt was also made to show rainfall dispersicn
and, consequently, Figures 7(V), 7(VI), 7(VII) and 7(VIII) were drawn.
From these diagrams it can be noticed that the desert stations show
a rainy period from November until May; the June-October term is
almost rainless. It can be also seen that Auring the rainy zeason
there is a considerable rainfall dispersion above and below the mean
monthly value. In the desert areas therc are more occurrences of
rainfall below the mean than above the mean. On a few occasiens
rainfall in one month may be the total for that year, or it may
exceed the mean annual rainfall, while in many cases the rainfall
may be zero. Exceptionally heavy showers onm only a few occasions
during the period of record can cause distortion of the mean.

In the Asir highlands, rainfall dispersion at Jabal-TFayfa
station was worked out (Figure 7(VIIIL) ). Raivfall in this area is
expected to occur during any month of the year. As has been shown
in the discussion on variability at this station, dispersion of
monthly rainfall above and below the mean is greatest in the winter
season though there are more mounthly rainfall totals below the iean.
Monthly rainfall values are less scattered in the summer months than
in the winter season.

Attention has alse been paid to the annunl rainfal

—

variability and, thus, Tables 7(38) and 7£39) hava been worked out
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for the four stations. It can be seen from Table 7(38) that the
rainfall stations in the ‘desert areas show considerable rainfall
fluctuations above and below the mean annual rainfall, However,
it appears that amongst these stations, Jeddah, with 647 relative
variability, has the most unreliable rainfall and experiences
rainfall totals from zero to 173mm. Dhahran and Riyadh are both
desert stations énd, thus, show a striking rainfall above and below
the mean. At Dhahran, for example, rainfall deviatim from the
mean ranged from between 13.7% in 1960 to 197% in 1955. Rainfsll
at Riyadh station was 233.17 of the mean in 1953 , though only 157
of the mean in 1966,

n the Asir bighlands, Jabal Fayfa station shows a slightly
lower annual relative variability from that shown by the desert
stations {Table 7(395, namely, 44.27%. Rainfall deviation at this
station ranged hetween 221,3% of the mean in 1966 to 40% of the
mean in 1966,

Noc station that has been studied showed a reliable rainfall.
In some years the rainfall of one or two months, during the rainy
season at the desert station, may be sufficient to cempletely change
a desert landscape to one that more clearly resembles grasslands,

In other vears the amcunt of rainfall ic very small and the landscape
of the desert areas does not change, and the rainy period may come
to an end in many areas of the country without any showers.

Major parts of Saudi Arabia gain their rajonfall from the
Mediterranean depressions which occasionally have sufficient energy
to invade the country and give ccnsiderable amounts of rainfall in
the desert areas duving some years. In other years the country may

come inder the effect of a relatively extensive blecking anticycluone



TABLE 7(38)

Anrmuel " rainfall variations from the mean (mm) and relative variability (7)

(1952-63)
Jeddah (A.R) Dhahran (Aramco) Riyahd (A.R)
Deviation Annual rainfall Deviatiom Annual rainfall Deviation Annual rainfall

(am) - total (am) tetal (mm) total
1952 +29.5 ¢0.0 ~36.9 35.7 . —49.8 46.2
1953 +98.5 156.0 +55.0 128.6 +127.8 223.8
1554 -60.5 0 +26.0 ce.1 -51.2 44,8
1953 +36.5 7.0 +71.2 144.8 +65.0 164.0
1956 -60.5 0 ~49.7 23.¢ =-67.9 28.1
1857 -60.5 0 +38.5 112.1 +53.3 149.3
1958 -29.5 31.0 ~04.6 78.2 -05.5 90.5
1959 -11.5 49.0 +65.5 136.1 -24.6 71.4
196D -i9.0 41.0 ~63.4 10.1 -46.C 50.0
14961 -26.1 34,4 +28.9 102.5 -31.1 64.9
1¢e2 +06.0 65.5 -47.7 25.9 ~20.7 75.3
1963 -14.0 £6.5 -15.8 57.8 -38.5 57.5
1864 -35.5 25.C +47 .4 121,0 +50.2 14€.2
1955 -12.9 48.5 -52.6 11.0 -16.0 80.0
1665 +17.5 €58.0 -42.5 31.1 -81.5 14.5
1967 . =39.7 100. 2 -39.1 34.5 +20.4 216.4
1968 +112.5 173.0 +20.6 94.2 +11.1 107.2
Relative variability

% 64.0 57.2 46.7

iHear rainfall (mm) §0.5 73.5 96.0

+ rainfall above mean

- rainfall below mean

681
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TABLE 7(39)

‘Annual rainfall variations from the mean (mm) and relative

variability (Z) at Jabal-Fayfa in Asir (1960-1972)

Rainfall . Deviation
total(mm) (mm )
1960 491.8 ~74.8
1961 238.1 ~328.5
1962 568.7 402, 1
1963 295.6 -27.1
1964 889.7 +323.1
1965 828.4 +261.3
1966 226.6 -34.0
1967 1000. 4 +433,3
1968 1253.9 +686.4
1969 336.0 ~230.6
1970 610.0 +43 .4
1971 352.0 ~214.6
1972 276.0 ~250.6
Mean variability % _ ) iy, 9

Mean rainfall () 546.2
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when a cold ridge éxtends south-westward to Arabia from the anti-
cyclone of central Asia during winter, which blocks the scutherly
passage of the Mediterranean depressions. The blocking effects
may exteﬁd westward to Asir highlands in western Arabia during
winter and, thus, rainfall in this area can also be variable.

However, because of the paucity of data it is impossible
to arrive at anf conclusive statements about the nature of the
rainfall variability in Saudi Arabia, and it would also be unjustified
to deduce from these short periods of record anything in the nature
of periodicity. Seventecen to twenty vears of records are insufficient
to show accurate results about rainfall variability in an arid area
such as Saudi Arabia. The fact is that the short-term records show
that rainfall is unreliable and analyses of means tend to be deceptive
for while rainfall is of small amounts over most of Saudi Arabia,

di.stortions can be causcd by cxceptional heavy falls.,
RAINFALL INTENSITY

An important aspect of the characteristics of rainfall
is its intensity. In the arid zones, such as Saudi Arabia, an
occurrence of rain within one day may amount to, or exceed, the
mean annual rainfall. Sudden showers, combined sometimes with
hail, may produce torrential floods to an area not used to it
for several consecutive years. The danger to human and animal
life is great when a random, sharp thunderstorm precipitates

exceptional large amounts of rain on the villages or the camps

£ Lot
A

the pastoral tribes. The danger arises from the fact that

once accustomed to the dry conditions, the inhabitants are never
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prepared to defend themselves against the imminent peril of the
sudden cccurrence of heavy showers and floods. Another reason

is that the majority of human settlements in Saudi Arabia, whether
villages or larger towns, are established almost always on the
banks of the large wadis where underground water is normally
available, and where the soil is more fertile. A third reason
which increases Lhe danger of the high intensity of precipitation
is that most of the dwellings in the country are built from mud
which easily becomes swept away by heavy showers.  Sudden showers
of violent intensity have resulted on many occasions in the deaths
of many families, even in the capital of the country, because of
the collapse of the dwellings on the inhabitants.

There are no sufficient recorded data concerning the
intensity of the precipitation and the results of the sudden heavy
showers in the counivy. Description of the effects of heavy shovers
is frequently found in historical and geographical bLooks, and the
scanty data recorded by the Ministry of Agrienlture, Hydrology
Division. All the writers of historical books wrote about the
violent rain and the torrential floods and the results cn people,
animals and piant:s in the Najd area. Recorded data concerning
the intensity of rainfall within 24 hours are available for some
stations and are shown in Table 7(40) based on data from the
Ministry of Agriculture and the Ministry of Defence, Meteorological
Directorate., All recorded data indicate that, on one day, rain
can exceed the mean annual of mcst of the stations in Saudi Arabia.
Maximum intensities of precipitation which normally result in
accidents or death to the inhabitants and the animzls of the roaming

pastoral tribes may be even greater. The following table shows oue

py

day's rainfall mazima at selected stations in the couniry.
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'ABLE 7(40)

One day's rainfall maxima at selected stations in

Saudi Arabia

Station One day's rainfall Same month Date
(mm) total
Abha 131.8 230.7 12, 2.1968
Al~Alayyah 102.0 163.0 19. 1.1970
Bani-Malik 158.7 230.5 18. 4.1968
Al-Wajh 29.0 33.0 23.12.1971
Jeddah 83.0 83.0 . 3.11.1972
Madenah 38.0 38.0 12, 4.1%71
Riyadh 57.0 117.% . 8. 4.1971

Figure 7. ¥1% shows the highest amount cf raiufall
received in 24 hours in Saudi Arabia. This map was constirucied
by the officials in the Ministry of Agriculture, Hydrology Division
and can be taken as an initial indication only since it was made
on the basis of short pericds of records. In general, therc is a
remarkable coincidence between the highesi: amounts of rainfall
received in 24 hours and the topography where the maximum is found
to occur in the highlands of Asir and lejaz. Tuwayq mountain. in
Najd plateau is seen to have a slight effect upon the rainfall
intensity where there is an increase by 1Omm above the surrounding

lower areas. Another factor that may also increase the intensities

of rainfall is provimity to the water bodies of the Eed Sea and
Arabian Gulf. When the two factors of the topography and the

water hbodies are found in one place, as in the western highlands
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of the country, precipitation intensities reach their maximum,

In the northern and southern sections of the country the precipitation
intensities reach their minimum where these areas are lower in
elevation and located far from the effects of the water bodies of

the Red Sea and the Arabian Gulf.
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CHAPTER VIII
CONCLUSION

From the foregoing analysis of the climatic conditions
it has been found that there are considerable variations in the
climatic characteristics between one region and another i;-Saudi
Arabia, Some areas have high temperatures, low relative
humidities and rainfall, while others demonstrate relatively low
temperatures and high relative humidities, as well as comparatively
large mean annual precipitation. Moreover, there are areas which
receive their rainfall in winter, while summer is rainless, and
there are others which experience thes wettest period during the
summer months.

The climate of any re
various meteorolongical elements and, consequently, there is a

considerable vari

o

ty of climates over Saudi Arabiz, but, in fact,
the systems of the world's climatic classification have been applied
in general on the Arabian Peninsula and, hence, the climetic regions
that exist in the area under study have not yet been shown in any
detail.

It is in this country that the monsoon climate of the
south-west of Arabia degenerates into various kinds of desert
climates, and it is in Saudi Arabia that the dry air of central Asia,
the moist air of the Mediterranean and the humid air of the Arabian
Sea meet each cther, It is quite cleac that the picture given for

the climates jin Saudi Arabia in the wmaps of the world's climatic

classification iz tou generalisadl to express the opinion of the

G

author concerned.
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Lack of data on the climatic conditions in the country
is the reason that it has been classified in general on the maps of
the world's climatic classifications. ©Even in the present study
the available data are insufficient for some areas, and may not be
available for some others, especially in the Asir highlands and
the Rub-al-Kali. Consequently, the results obtained are, to some
extent, imprecisé.

The present study, as has been pointed out, is based on a
fairly small network of stations, adequate at least for parts of
the vast territory of Saudi Arabia. The data used here belong
generally to the same pericd of time which, although cf short
duration, must be regarded as of considerable importance in view
of the remarkable lack of literature on the climatology of Saudi
Arabia.

In this chapter an attempt will he made to classify
Saudi Arabia into climatic regions on the basis cf the methods of
cne of the world's climatic schemes. The well advanced and specific
methods, such as Thornthwaite system, are impossible to be apnlied
at present on Saudi Arabia since some parameters such as potential
evapotranspiration have not yet been recorded by any one of the
climatic stations in the country, and because evaporation has been
recorded only by a small number of stations.

In applying other climatic systems, which use the parameters
of temperature and precipitation, one encounters a problem which is,
at present, difficult to resolve. There are stations which show
high annual totals of precipitation in the high ranges of the Asir
ortunately, they have been installed recently

and, ccnsequently, one cannot, so far, determine specifically the
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season of the concentration of precipitation. This area is located
on the northern flanks of tha monsoon winds during the periods of
March-August and in the southern margins of the influence of the
moist westerlies of winter.

Precipitation in the Asir and southern Hejaz is experienced
almost every month of the year and there are some stations in
northern Asir ané southern Hejaz which show a concentration of
rainfall during the period of December-May, and there are other
stations in southern Asir which show rainfall maxima during the
period of March-August. Furthermore, some stations of short
records show a rainfall maximum period from November until April,
after which precipitation declines considerably in the summer scasoun.
The short duration of records on precipitation presents a confused
picture in determining the period which is normally thzs time of
rainfall concentration. Table 8(1l) represents the annual and
monthly totals of precipitation in 1972 at selected staticns in the
Asir highlands. It should be recognised that they are locaibed not
far from each other in this area.

The reverse situation of rainfall concentration in Table 8(1)
can be easily seen in Table 8(2) which represents the annual and
monthly rainfall totals in 1972 at othier selected stations. While
the stations in Table 8(1l) are located on the high ranges of the
escarpment, the stations in Table 8(2) lie on the western slopes

and the foothills of the highlands of Asir.



TABLE 8(1)

Annual and monthly totals of rainfall in 1972 at selected statioms in Asir (mm)

. Annual

. Station J F M A M J J A S 0 N D Total
As~3wadah 8.2 40,0 181.0 154.0 77,0 35.0 34,0 44,0 20,0 i5.0 40.0 39.0 688.0
Balesmer 45.5 67.0 27.0 152,00 110.C 20.5 1.0 6.0 0 11.0 41,0 73.3 554.0
Talah 13.¢€ €5.2 48.6 292.4 151.0 28.4 C.8 4.8 1.8 10.4% 41.6 67.8 -72?.6
Tenomah 77.3 8C.0 76.6 152.5 72.0 6.5 0.3 i0.é c 14.0 25.0 121,8 636.7
Tamniyyah 7.1 77.7 95.0 297.9 93.5 38.5 29.5 19.5 13.3 0 26.0 29;0 726.0
Leh—-Shai 6.2 6C.2 86.2 137.4  25.4 73.6 39.0 39.4 0.8 22.2 90.0 49.2 634.6
Al-Mendak 21,7 4G.9 56.0 131.0 20.0 19.5 10.5 12.0 6.5 20.1 128.8  220.6 688.8
An-Nimes 40.0 67.5 82.0 138.2 76.4 15.9 3.3 1L.0 0 5.0 5¢.2 138.cC 632.6
Al-Aja’edah 12.8 £38.7 12,0 190.2 19.38 16.2 i3.2 6.4 o 14.2 39.3 218.2 641.3

el



TABLE 8(2)

Annual and monthly totals of rainfall in 1972 at seiected stations in Asir (mm)

Station J F M A M J J A S 0 N D Annual
Total
Ardah o] 13.4 1.4 39.4 56.4 71.1 66.5 43.3 81.3 67.2 149.2 0 589.2
Nahayil 8.0 9.8 ¢.2 219.8 36.9 35.3 0 96.6 57.0 49,6 63.3 4.2 589.7
Jabal-Salah 3.8 31.2 8.7 47.4  116.5 13.3 52.7 48.1 31.5 19.8 -121.8 26.0 520.8
Navsh 26.0 17.4 0.5 93.0 46.5 45.8 16.5 100.0 86.5 ©3.0 19.5 30.0 570.7
Majrarda 3.4 22.2 1.4 51.4 103.0 99.6 3.4 66.2 48.4 38.6 20.6 115.6 573.8

Ehashel 1.2 7.4 6.2 65.6 79.0 10L..0 95.¢ 100.2 122.2 1i4.,0 - 8.0 6.0 706.6

661
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It can be seen from Table 8(2) that the stations in the
western slopes of the foothills of Asir show rerarkable rainfall
concentration during the period of April-November. The period
of December—March is almost dry, though the stations in the norther
section of these slopes may experience heavy precipitation during
December or January.

Taking this variation into account it is easy to appreciate
the complexity of climate in this small area of Saudi Arabia. The
complexity of the climate of this area is caused by its leccation
with respect to the marginal influerces of the moist air of the
Mediterranean and the marginal effects of the monsoon winds. In
some years, the Mediterranean moist air of winter may dominate major
parts of this area, while during other years it may come under the
effects of the monsoon winds of spring and summer. Covsequently,

n aunother

.

.Scucsed

T
(1)
]
Cu
[N

chapter. Another factor is highly responsible for this complexity,

*

namely the tepography.  The configuration of the surface of this
area is almost completely responsible for the seasonal distribution
of rainfall and this is why the western slopes and foothills enjoy

a rainfall regime which differs from that experienced in the high
escarpment and the eastern slopes. Furthermore, the northern part
of these highlands, where the moist westerlies are more intense in
winter, experience a different rainfall regime from the southern
section vhere the monsoon winds of spring and summer are dominant.
It is so difficult, or, in fact, impossible at present, to recognise
the separations between the area in whichk the period of March-August
is the wettest period, the area in which the rainfali maximum is

deving the pericd of July-November or in which precipitaticn reaches
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its maximum during the period of November-April, because of the
lack of adequate data coucerning rainfall. Thus, when the area

is classified in climatic regions, it has to be taken as an initieal
study until sufficient data on rainfall, evapotranspiration and
temperature are available.

Table 8(3) represents the mean menthly and annual
precipitation at stations with relatively longer periods of record in
Asir and southern Hejaz highlands. It was hoped that they may give
indications of the concentration of rainfall in the area. The
period of record ranges between 3 and 13 years., They are arranged
in groups, each of which represents an area.

When the year has been divided into two seasons, the winter
season, October-March, and the suumer season, April-Septembery it

has been deduced that stations in Abha area show sunmer maximum

rainfall, as can be seen from the following figures :
*
Abha AlKam
(1955-70) (1965~69)
Summer Rain % 57.5 72.0
Winter Rain 7 42.4 28.0

In the Camid area two stations, with longer period records,
show winter maximum rainfall, and two cther stations, with short
terms of records, show evenly distributed rainfall, as can be seen

from the following figures :

ik
Baljurshi Az-Zafir Al-Aja'edah Al-Alayyah
(1960-70)  (1960-70)  (1967-69  (1966-69)

Surmar Rain 2 33.2 31.8 48.9 49.3
Wianter Rain Z 66.8 68,2 51.1 50.7 .

N - - L4 ** rl - .
data for 1961 are unavailasble data for 1996 are broken in summeyx



TABLE 8(3)
Mean annual and monthly rainfall at selected statioms in Asir and southern Hejaz highlands (mm)

Station and period
£
s [

of utilised data J F M A M J J A 5 0 N D ANNUAL MEAN
Group 1 : Stations represent Abha area

Abha%® (1955-7C) 43,1 20.4 43.4 77.4 3Z.,3 13.5 50.9 46.6 2.0 2.5 39.4. 15.4 386.9
Al-Kam (1956-69) 12.9 41.6 18,8 55.6 62.7 24,0 80.2 77.0 15.5 4.4 48.9 O 451.6
Group 2 : Stations represent Gamid area

Al-Alayyah (1966-69) 40.3 65.8 38.2 94,5 72,1 41.7 17.0 14.2 © 4.7 67.0 30.2 485.7
Paljurshi®* (1%60-70) 52.7 36,7 13.6 45.7 2%4.9 6.7 15.4 17.6 6.6 19.6 76.9 31.9 346.3
Az-Zafir (1956-69) 84.6 43.6 19.8 60.0 38.7 9.2 17.0 23.9 7.3 16.1 110.8 55.2 491.,2
Al-Aja'edah (19%57-69) 77.C 57.9 1.7 126.1 27.8 10.C¢ 70.3 24.1 5.3 29.0 102.2 8.0 539.4
Group 3 : Stations represent southern Hejaz

Fzrain (196€6~-69) 61.4 25,0 9.4 €3.9 24.2 14.1 1.2 39.9 14.8 57.6 53.9 3.5 3268.9
Al~-Hdawiyyah (1966-69) 34,0 22,3 25,6 10.6 63,3 17.3 6.8 14.4 1.0 17.2 63,2 5.0 280.7
Bagran (1966-69) 44.2 29.0 15.5 69.1 15.7 4.3 10.0 0.1 O 6.5 50.1 2.3 277.0

# Jdata for 1961 are not available

*% data for 1966 are broken in summer

861
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The stations in southern Hejaz escarpment show winter
maximum rainfall as in northern sections of Asir, as can be noticed

from the following figures :

Farain Al-Hawiyyah Baqran

(1966-69) (1966-69) (1966-69)

Summer ‘Rain % 42.8 40.4 40.3
Winter Rain 7 57.2 59.6 59.7

As has been already indicated, the western slopes of the
escarpment enjoy different rainfall regimes from those shown by the
above tables but, unfortunately, data concerning precipitation in
this part of the highlande ave not adequate.

However, the available scanty data show that the influence
of the monsoon winds is sufficiently great to the extent that tha
summer rainfall is large enough ou the western slopes to considerably
exceed the winter rainfail, as can be seen from Table 8(4) which
shows the mean annual and monthly precipitation at stations in the
area.

The percentage of the summer precipitation decreases as
one goes northward from Abha area to Gamid and southern Hejaz districts.
On thc western slopes, the percentage of summer precipitation decreases
in the same direction, as can be deduced from the following figures,
but it has to be realised that the relatively rapid decrease of summer
precipitation on the high ranges of the escarpment does not exist in
the western slopes where the decline in summer precipitation is more

gradual,



TABLE 8(4)

Mean annual and monthly rainfall in the foothills of Asir highlands (mm)

Station and period
of utilised data

(]

Hf
=

>
=
-

Jabal Fayfa* (1957-70) 57.1 18.4 27.7 56.3 . 62.0 39.2
Jabal Salah** (1357-70) 32.6 10.6 7.3 28.3 34.2 23.2

Thurayban (1965~-69) 35.6 63.1 8.8 45.3 44.6 65.1

* data are bxoken in 1959 in Spring

**% data are unavailable in 1968

92.8

82.8

100.6 120.4

70.2

74.1

43.3
47.2

75.2

43.0

26.6

29.0
46.8

108.7

22.9

68.1

9.2

Annual
Mean

557.4

563.7

627.5

00¢
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Jabal Fayfa Jabal Salah Thurayban

(1957-70) (1957-70) (1965-69)
Summer Rain 7 67.6 63.6 59.8
Winter Rain Z 32.4 36.4 40.2

It was considered advisable that in the final chapter of
this study an atﬁempt might be made at: bringing the results of the
previous analysis in the fcrm of a map of climatic regions of
Saudi Arabia. In the construction of the map of the climatic
regions of the country (Figure 8(I) ) stations with both rainfall
and temperature records were utilised. Such stations are not, however,
evenly distributed over the land surface of the country, as has been
indicated in the first chapter. Furthermore, some stations in the
Asir and southern Hejaz highlands show a high mean annual rainfail
but, unfortunately, they do not have temperature records and, thus,
estimations of the mean annual temperature were made on the basic of
their altitude and their latitudinal locatiomns,

For the purpose of classifying Saudi Arabia into climatic
regions, Koppen's system of climatic classification was applied as
an initial indication to the climatic regions in this country. For
applying this system, records on temperature and precipitation are
available for a large number of the climatic staticns in the area
under study.

| Kppen's system is primarily based on mean anuual and
mean monthly values of temperature and precipitation and also their
seasonal characteristics. He chooses certain numerical values of
temperatures and rainfall for determining the limits between various
climatic types. Such values are selected mainly iu relation to

their elfect on vegetation. Koppen also takes into consideration
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the temperature of the warmest and the coldest mcnths and the
season of maximum precipitation. He works out formulas based on
the relationship between temperature and precipitation, or on their
combined effects, to determine the wet and the dry, and also between
the desert and the steppe climates. In addition, he gives separate
-formula® for the summer and winter concentrations of precipitation.
K3ppen;s system, however, has been criticised in view of
using the combination of temperature and the concentratiocn of
precipitation in the hot or the cool season to indicate the intensity
of evaporation and, hence, the precipitation effectiveness on natural
vegetation which is considered by ngpen as the best expression of
the totality of a2 climate, so that many of the climatic boundaries
are selected with vegetation limits in mind.  This method of

measuring precipitation effectiveness has been considéred as not

Kgppen's methods, on the other hand, have been considered
as 2 unique system in the light of the employment of an ingenious
symbolic nomenclature in designatihg the climatic types and in the
light of the construction of formulas of which each one has a precise’
meaning and,thus, makes unnecessary the coining of cumbersome
descriptive terms.(Trewartha, 1954).

The weakness of the indexes of aridity, based on the
relatiouship between average values of temperature and precipitation
was realised clearly by Angstrom (1936). He wrote, '"such indexes
have noc physical meaning, tell us nothing about the physical process
involved, and may easily be misleading in the hands of inexperienced
people. Aridity should be cxpressed in terms of a relationship

between precipitation and evapotranspiration™, (Lockwood, 1974).
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Lockwood (19%4) has mentioned that since temperature
is an approximate measure of the energy available for evapotranspiration
through net radiation and sensible heat advection, indéxes using it
have proved useful for description of climates on a world scale.

However, since records on evapotranspiration are not
available, Kgppen's system has been appiied on Saudi Arabia in the
present study and until records on the parameters of evapotranspiration
or evaporation become sufficiently available, different classifications
can be applied on this country.

In this study the Asir and southern Hejaz highlands will
be treated separately since they have different climatic conditiomns
from those prevailing in the lower areas cof the country.

Precipitation in the low areas is concentrated in the
winter season with exception of tle Jazan and Sabya districts which
experience the wettest period during the summer season. The year
in the low areas is divicded into two periods; the cool season from
November uniil April, and the hot season from May until October.
With the exception of Jazan~Sabya areas, rainfall is almost restricted
to the cocl season in the low areas. The hot season is nocrmally |
rainless, though May and October show low mean monthly precipitation
at some stations. Table 8(5) rcpresents the mean monthly and anmual
rainfall at stations which experience the cool season rainfall
(following page).

1t has been deduced that the mentioned stations in
Table 8(5) show high percentages of the cool season precipitation
which raunge between 78.8% at Riyadh and 96.87% at Jeddah.

Since precipitation is concentrated in the major part

» .. . . ] " .
of Saudi ARabia during the cool season, Koppen's formuila for vinter



Station and period

of utilised data J F
Badanz (1661-69) 4.3 0.5
Dhahran (1964-69)10.0 13.8
Jeddan (1952~71)14.8 0.5
Kiyadn (1252-71)23.5 11.3

As~Sulayyil {1965-70) 2,0 3.7

TABLE &8(5)

Mean monthiy and annual rainfall in the desert zreas {mm)

M A ®¥ J J A S ©0o N D
5.2 5.6 2.9 0 0 O 0 0.5 50 5.2
3.2 10,0 3.4 0 ©O0 0 0 0 8.3 6.8
3.4 4.0 1.7 0 0.1 O 0.2 0 21.2 17.9
1.7 20.4 11.4 07 0.1 0 0 © 10.2 11.3
43 13,0 2.7 0 0 0 0 0 1.9 0

Annual Cool Season

Mean

29.2
35.5
€3.8
100.6

27.8

Rain %

88.3
93.8
96.8

78.8

07
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maximum rainfall was used. This formula 1s written as follows :

_ ’ ol}l}t _14
2

Table 8(6) shows the results arrived at after applying
this formula at.selected stations in most of the arid zones of
the country.

In the Koppen's classification of the desert climates,
if rainfall is less than r, the climate is true desert. Consequéntly,
all stations in Table 8(6) show arid climates. These stations are
arranged in groups, every one representing an area of Saudi Arabia.
Groups 1 and 2 represent the ccastal plains of the Arabian Zulf and
the Red Sea (to the north of latitude 18°N). Group 3 represents the
central province, while Groups 4 and 5 representi the north and north-
west cf Saudi Arabia, It can be seen from Table 8(5) that there
are no major differcnces in the index of aridity between one group
and another. Extreme arid conditions predeminate over the mzjor
part of Saudi Arabia, In fact, all stations mentioned in
Table 8(6) represent the driest areas in the country.

In Jazan and Sabya districts, precipitation though is
experienced almost every month of the year, but appears to be
concentrated during the hot season, as can be seen from Table 8(7).

Consequently, Kgppen's formula for summer maximum rainfall
was used. It is written as follows ¢

A4t - 3
2

Table 8(8) shows the index of aridity at selected stations



Index
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TABLE 8(6)

of aridity and type of climate at stations in the

desert areas

Mean Annual

Stations Temperature
* (F)
Abqaigq 77.0
Dhahran 80.6
Qatif 77.0
Al-Wajh 75.9
Jeddah 82,4
As~Sulayyil 78.8
Hail 73.4
Riyadh 77.0
Unayzah 75.2
Qurayyat 66.2
Bkakah 71.6
Tabarjal 66.5
Tabuk 69.8
Tayma 69.8

Mean Annual

Rainfall
(inch)

2.4
2.3

3.2

1.3

2.6

2.0
1.3

2.0

Index of
Aridity
(r)

9.9
10.7 .

9'9

9.6

11.1

9.9

8.7

7.6

8.8
8.3

8.3

Type of
Climate

Arid
Arid

Arid

Arid

Arid

Arid
Arid
Arid

Arid

Arid
Arid

Arid

Arid
Arid

Arid



TABLE 8(7)

Mean annual and monthly rainfall in Jazan-Sabya district (mm)

Station and period
of utilised data J F

Abu-Arish (1¢55-69) G.2 2.1
Sabya (1965-69) 9.6 1.4

Sug-al-Jenub (1965-69) C 15,0

11.0

TASLE 8(8)

A
62,8
3.9

12.5

S
23.0
20.0

17.5

0 N

10.0 11.8 24.3

13.8 17.1

18.0 25.5

D

1.7

0

Annual
Mean

214.1

111.9

207.7

Hot Season
Rain 7

74.7
72.5

75.2

Index of aridity and type of climate at stations in Jazan and Sabya districts

Mean Annual

Station
Temperature
(F)
Abu—-Arish 81
Sabya 84
Saq-el~Jenub 8o

Mean Annual
Rzainfall

(iach)

3

4

o
t2

.5

Na

Index of Type of
Aridity Climate
(r)
16.3 Arid
16.2 Arid
15.1 Arid

L0T
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Thue, from Table 8(8), the Jézan—Sabya areaS
experiences an arid climate. However, when one studies the climate
of these two districts, it should be borne in mind that all the
stations recording rainfall here are situated at low elevations
and almost all of them are located at an altitude of less than
100 metres. Elevation in these areas is of great iméortance in
increasing preci%itation, as has been discussed previously.

Another faét should be considered in these districts. . The atmospheric
humidity due to fog and mist occurs in almost every month and for
several days, and the percentages of relative humidity are high
throughout the year. The increases in the percentages of relative
humidity, as well as the high frequency of the occurrence of fog and
mist, have a remarkable effect on vegetation, and this can be realised
ecasily in the arid zones. The-reverse of this situation can Se faund

e

in the interior of the country where the year may pass without one

[w]

day with fog or mist, but normally with haze. Furthermore, the
frequency of days with sand or dust storms,; which is very high in

a major part of Saudi Arabia, reach its minimum in these districts,
Obviously, the high velocity of winds, and the sand or dust particles,
both affect the clima;e of an area where they prevail. As has been
discussed in another chapter of this study, these conditions prevail
almost all over Saudi Arabia, with the exception of the south-western
region of the country. The effectiveness of the atmospherié humidity,
which is considered to decrease the extreme arid conditions in Jazan-

Sabya areas, is considerably attenuated in the Arabian Gulf coastal

plain because of the high frequency of sand and dust storms.
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THE HIGHLANDS OF ASIR AND SOUTHERK HEJAZ

The Plateau areas : Elevation of the surface of the interior of

the country increases toward the Asir and Hejaz plateaux. In

Taif, Bishah and Kamis-Mushait areas the altitude is always above
1000 metres. In these circumstances,‘temperature decreases

while rainfall increases and, hence, the degree of aridity becomes
less than that found in the lower areas of SaudE-Arabia. In these
plateaux the year is divided into two periods, as in the Asir and
southern Hejaz highlands : the cool season, from October until
March, and the summer season frcm April until September. The surmer
geason in the Asir plateau is the period of rainfall maximum, while
the winter season is the period of rainfall ccncentration in the

Hejaz plateau. lHowever, Bishah station in Asir, with 15 years of

records, dc¢es not show a significant concentration of rainfall in
summer. This station is located in the northern section of this

area and thus may receive considerable rainfall from the Mediterrancan
moist air of winter. Kamis-Mushait, on the other hand, is located

in the soutlern section of the Asir plateau and gains more rainfall
from the monsoon winds of summer and, thus, shows a significant

summey concentration. Censequently, Kgppen's formulae for evenly
distributed rainfall and for summer maximum were applied to data

from stations in this area. The formula for evenly distributed
rainfall is

a4t - 8.5

s ¥ o g et e

In Hejaz plateau, Taif Airport station shows a
significant winter maximum rainfall where this station has a record

period of 10 years, Rissel, with only 4 years cf recovds, shows
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insignificant winter maximum rainfall. Consequently, Kgppen's
formulaa for evenly distributed rainfall and for winter maximum
were used. Table 8(9) represents the percéntages of the
seasonal precipitation of winter and summer in the Asir and Hejaz

plateaux.

TABLE 8(9)

Percentages of winter and sumnmer rainfall at stations

in Asir and Hejaz plateaux

Station and period Winter Rain Summes Rain
of utilised date Z %

Group 1 : Hejaz plateau

Bissel (1966~69) 54.0 46,0

Taif Airport {1960-70) 66.0 34,0
Group 2 : Asir platecau
Al-Ain (1965-69) 47.6 52.4

Bishah (1957-70) 44,7 55.3

Kamis-Mushait (1965-70) 33.0 67.0
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Table 8(10) shows the index of aridity at Asir and

the Hejaz plateau statioms.

TAELE 8(10)

Index of aridity at the Hejaz and Asir: plateau

stations
Station Mean Annual Mean Annual Index of
Temperature Rainfall Aridity
(¥) (inch) (r)

Winter Evenly

Maximum dist. rainfall
Group 1 : Hejaz plateau
Bissel 69.8 7.1 8.2 11.1
Taif Airport 71.6 6.6 - 8.7
Group 2 : Asir plateau
Al-Ain 62.0 8.7 12.1 9.4
Bishah 76.0 5.9 15.2 12.5
Kamie-Mushait 67.2 9.8 13.3 13.3

At all stations the type of climate may be described as arid

The escarpment of Hejaz is of cousiderable high
altitude in the Taif area, but toward the north~north-west it becomes
of relatively moderate height and, thus, the amounts of mean annual
rainfall decrease while the mean temperature increases. To
determine the boundary between the semi-arid climate in the high

escarpment of Taif area and the arid climate in the lower regions



to the north-north-west, the following stations were selected

and K8ppen's methods were applied. The year, in tﬁis area, 1is
divided into two periods; the cool season from November until
April, and the hot season from May until October. It is obvious
that all stations located in the lower area to the north-north-west
of the high escarpment of Taif area show rainfall concentration
during the cool'season, as can be seen from Table 8(11) and,

" o . - .
consequently, Koppen's formula for winter rainfall maximum was

used :
Jabt ~ 14
r = D ——— ]
TABLE 8(11)
Percentages of winter and surmer rainfall in the escarpment
of Hejaz to the north of Tailf areca

Station and period Winter Rain Summer Rain
of utilised data : A A
Al-Mosayjid ' (1.966-69) 81.6 18.4
Haddat-Ash-Sham (1966-69) 85.3 14.7
Madrakah (1966-69) 76.0 24.0
Malbahah (1967-69) 92.5 7.5

Mecca (1966-69) 95.4 4.6
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Table 8(12) shows the index of aridity at the

stations in the area.
TABLE 8(12)

Index of aridity and type of climates at stations to the

north and north-west of Taif area

Station Mean Annual Mecan Annual Index of Type of

Temperature Rainfall Aridity Climate

€] (inch) (x)

Al-Mosayjid 78.0 4,2 10.1 Arid
Haddat—-Ash-Sham  76.0 5.4 9.7 Arid
Madrakah 79.0 7.7 10.3 Arid
Malbanan 60.0 5.2 10.6 Arid
Mecca 81.5 8.4 10.8 Arid

Table 8(13) shows the mean monthly and annual
he plateaux o
as well as the lower mountains to the north, north-west of Taif
escarpment, in the table the stations are arranged in three
groups, of which every one represents a distinct area, Group 1
represents the Asir plateau which shows summer rainfall maximum
(April-Septeirher), Group 2 represents the Hejaz plateau which
experiences the wettest period during the winter months (October-
March) and Group 3 shows the mean rainfall at stations in the lower
mountains to the north-west of the high escarpment of Taif area.
This group shows rainfall concentration during the cool season

(November-April), while the het seasou (May-Octcher) is dry.



TABLE 8(13)

Mean annual and monthly rainfall at stations in Asir and southern Heijaz highlands (mm)

Station and period

utilised data

Kanis-Mushait
GROUP 2 :
Bissel

GROUr 3 :
Al-¥Mosiayfid

Mall:anah

(1957-70)

(1865-70)

(1966-69)

(1965-69)

(1967-69)

12.2

9.0

14.3

24.2

36.6

14.38

10.3

39.0

32.7

24.3

30.2

1.7

8.3

12.0

34,1

2.2

0.7

33.0

38.0

D

9.9

1.5

8.3

Annual
Mean

173.9

$1¢
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The Escarpment of Asir and Southeéin Hejaz : From Taif area to the

Saudi Arabian boundary with Yemen there is a high escarpment reaching
an elevation of 3000 metres and even more at some peaks. This
escarpment is very precipitous toward the coastal plain of the Red
Sea, with a steep western face decreasing in altitude from 3000
metres on the high ranges to 500 metres in the foothills.  Toward
the east, altitude decreases gradually where the difference in
elevation between the high ranges and tha low slopes is about
800 metres. |

The year in this area is divided into two periods;
the winter season from October until March, and the summer season
from April until September. In southern Asir, as has been indicated,

rainfall maximum is during the summer season. In the nerthern Asir,

as well as southern Hejaz escarpment, rainfall concentration is during
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the winter season, although at Alayyah and Ai-A jasedah

there is a well-distributed rainfall throughout the vear. The
western slopes of the escarpment show rainfall maximum Juring the
summer Seascn. Consequently, three of Képpen's formula# were used,
the formula for summer maximum, the formula for winter maximum, and
the formula for evenly distributed rainfall.

Table 8(14) shows the iudex of ;ridity at selected
stations in the escarpment. They are arranged in four groups.
Groups 1 and 2 represent southern Aéir and the western slopes

which show summer maximum rainfall, Groups 3 and 4 represent

northern Asir and southern Hejaz with winter maximum rainfall.
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TABLE 8(14)

Index of aridity and type of climate at stations in Asir and

southern Hejaz highlands

Station Mean Annual Mean Annual Index of Type of
Temperature Rainfall Aridity climate
(F) (inch) (r)

Group 1 : Southern Asir

As-Sawdah 51.0 25.6 9.7 Humid
Abha 60.8 15.8 11.9 Semi—~Arid
Al-Kam 59.0 18.5 11.5 Semi~Arid
An-Ninmas ' 56.6 25.4 10.9 Humid
Ibalah 58.0 26,2 11.2 Humid
Temniyyah 56.0 26.4 10.8 Humid
Tenomah 59.5 22,6 Li.6 Semi~Arid

Group 2 : Western slopes (below 1000 metres)

Jabal Fayfa 69.8 22.8 13.8 Semi-Arid
Jabal Salah €9.2 23,0 13.7 Semi~Arid
Horub 69.8 24.5 13.8 Semi-Arid
Thurayban 67.0 25.7 13.2 Semi-Arid
Mokhwa 66.8 25.4 13,2 Semi-Arid
Group 3 : Northern Asir

Al-Alayyah 59.3 19.9 6.9 Humid
Al-Aja'edah 59.0 22.1 8.7 Humid
Az~Zafir 56.0 20.1 "5.3 Humid
Baljurshi 62.8 14.0 7.0 Semi~Arid
Qiddanah 56.0 18.5 5.3 Humid
Group 4 : Southern Hejaz

As-Sut 68.0 12.6 8.0 Semi-Arid
Farain 66.0 15.0 7.3 Semi-Arid
Mahdam 66.0 14.6 7.5 Semi-Arid
Liyyzh 68.C 9.4 g.0 Sems3.—iy id

Baqgran 69.2 10.1 8.2 Semi-Arid



It can be deducad from Table 8(l4) that a11.the stations
which are located on the high ridges of the escarpment of Asir,
such as As-Sawdah, An~Nimas and Az-Zafir, show humid climates.
These stations are not, in fact, situated at the highest elevations
on the escarpment; there are some ranges which have a greater
altitude than these stations and probably receive larger amounts
of precipitation'whilst experiencing lower temperatures. urthermore,
the stations in the western slopes of tﬁe escarpment are situated at
low levels and none of them has a height of more than 900 metres and,
nevertheless, show semi-arid climate. Between the highest station
in the western slopes - Jabal-Salah, 900 metres - and the peaks of
the high ridges - 3000 metres - there is not even cne station to
show the climatic conditions prevailing on the western slopes at

higher altitudes. Precipitation on these slopes should i
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mi-arid conditions in the western sclepes are as ¢
of the considerable increase in air temperature, the semi-arid
climate in the eastern slopes is caused by the great decrease in
rainfall. Jabal Fayfa or Thurayban receive a relatively abundant
annual precipitation, but temperature, because of low altitude, is
high. lMean monthly temperature of the summer season, on the other
hand, is normally less than 22%¢C (71.6°F) at stations on the castern
slopes such as Abha. Consequently, semi-arid conditions prevail

on the eastern slopes and the low western slopes, hut they are

different from cach other, The semi~arid climate in the eastern

slopes is cool, while that uhich nrevail in the western slopas is hot.



To the north of Gamid district in northern Asir is
southern Hejaz escarpment which extends northward into Taif area.
The stations of this section of the escarpment show semi-arid
climate. It is possible that this type of climate dominates
the whele area, although these stations do not offer adequate
evidence as to the climatic conditions which exist on the high
ridges to the west and south-west of Taif, since the stations
which represent southern Heiaz in Table 8(l4) are situated at

a height of less than 2200 metres. However, since the highest

ranges in southern Hejaz rarely exceed 2500 metres, it is likely
that the semi-arid conditions prevail throughout the area.

In the whole area of the escarpment of Asir and
southern Hejaz the boundary between Ehe steppe and the humid

climate can generally be defined as the area between ihe coniour-

.
2hS . I . an o od- P K
lincs of 2350 and 2450 wetrx The semi—-arid or the steppe il
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areaz that exist above 2400 metres nornally exporicncc humid climatic

conditions. However, it has to be stated that the boundary of the

(A1

humid climate mg
elevation where the atmospheric moisture, either in the form of
rainfail or fog and mist, is of greater amounts. The tramsitional
becundavy between the steppe climate that exists on the western slopes
belew 1000 metves, and the humid monsoon climate that probably prevails
on the western slopes of the escarpment in areas above 1000 metres,
can be defined as the area between the contour-lines of 1000 and
120C metres approximately.,

On the basis of the results of the previous analysis of

. ‘g . " s m ud .
the index of aridity according to Koppen's formuia®, three main types
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of climateS have been recognised in Saudi Arabia., These main

types are as follows :

1. BW (Arid Climate)

2. BS (Semi~-Arid Climate)

3. C (Warm temperate rainy climate)

However, these three types of climate are not found
in Saudi Arabia as simply as this. The differences between one
region and another in the degree of aridity, the ceoncentration of
rainfall in the winter season or the summer monthe, and the
differences in the conditions of air temperature have caused
further subdivisions in almost cvery one of these main types.

After considering the above-mentioned characteristics of every area

of the country, the following climatic regions were recognised,
1. BWhse : This type of climate dominates most of

. .
- . £ -
with the exception of As

3>
-

i and southern Hejaz highlands
as well as the Jazan-Sabya districts, and from the northern province
in the north to the Rub=-ai-Xali in the south. The small letter 'h
indicates that the mean annual temperature within this climate is
over 64,4°F (18°C). The small letter s indicates that the summer
season is dry; while the small letter e has been used by the author
to show th#t this climatic region in Saudi Arabia is extremely arid
or true desert where precipitation is very variable and normally
ranges between 1 and 3 inches, and there are somez years whicli may

pass without rainfall. Moreover, within this climate the relative
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humidity is very low and the mean annual is normally 307 and less.
Within this climate the effectiveness of the atmospheric humidity
is lowered by the phenomena of sand and dust storms, as has been

pointed out previously.

2. BWhw : The prevailing climatic conditions in this climatic

region are almost similar to those in the climetic region mentioned
above, but in this region the frequency of sand and dust storms is
very low, the frequancy of fog and mist is relatively higher, and
the amount of precipitation is ccnsiderably larger, either because
of increases in elevations, as in the Kamis-Mushait area, or because
of the proximity to the Red Sea, as in Jazan-Sabya districts., More-
over, rainfall concentration in this climatic region is during the
suimmer season, while winter is dry (w). This climate is found in
the eastarn slcpes of the escarpment of southern Asir and includes
Bishah and Kamis-Mushait. It is also found in the southern section
of the Red Sea coastal plain to the south of latitude 18°N and

includes Abu-Arish, Sabya and Malaki.

3. BWhs : This climatic region is arid and hot (BWh) and
shows winter concentration of precipitation while summer is dry (s).
This climatic region exists in the eastern low slopes of northern
Asir and southern Hejaz and is also found in the low mountainous
areas to the mnorth, north-west of the high escarpment of Taif area.

t includes Taif, Bissel and Mecca in these areas.
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4. BSkw : This climatic region is found in the high eastern
slopes of southern Asir and includes Abha, Al-Kam and Tenomah.

It is semi-arid and enjoys a cool climate (BSk) where mean annual
temperature is under 64.4°F (18°C) and shows summer rainfall
concentration while winter is almost dry (w).

5, BSks : The climatic conditions dominating this climatic

region are similar to those which prevail in the above-mentioned

climatic region. The only difference is that the rainfall concentration
is during the winter season, while summer is dry (s). This climate

is found in the high slopes of northern Asir and in the escarpment

of southern Bejaz, and includes Baljurshi, As—Sut and Farain,

6. BShw : This climatic region exists in the low western slopes
of the cscarpment of Asir and southern Hejaz (below 1000 metres)

and includes Jabel Fayfa, Horub and Thurayban. It is semi-arid {(BS)

and, because of the low altitude

7. Cwbx This climatic region is found on the high ridges of

the escarpment of southern Asir to the south-west, west and north-

west of Abha. It is normally found on areas which have elevations

of 2300 metres and more in Asir. This region includes As-Sawdah,

An-Nimas, Ibalah and Temuiyyah. The prevailing climatic conditicns

in this region are temperate where mean temperature of the coldest
Ocy

month is below 64,4°F (180C), but above 26.6°F (=3 C), and the mean

temperature of the warmest month is over 50°F (1000). Rainfall
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concentration is during the summer season while winter -s8as0n is
almbst(lry (w), and the summer months are cool (b) where mean
monthly temperature of the warmest months is under 71.6°F (22°C).
Rainfall maximum in this climatic region in Saudi Arabia is ncrmally

in late spring or summer (x).

8. Csb : The prevailing climatic conditions in this region
in the country are similar to those dominating the climatic region
of Cw. The only difference is that the rainfall concentration is
during the winter season while the summer months are almost dry (s).
This climatic region is found in northern Asir (Gamid area) on arezs
of high elevations (normally above 2450 metres) and includes Az-Zafir,
Al-Aja'edah and Qiddanah.

lotween Cw and Cs climatic regions on the high ridges of
the escarpment of Asir and BSh climatic region in the low wastern
slopes of this escarpment, there are nc staticns tc show the
climatic conditions prevailing in the area.  BSh cliwatic reglon,
in the low slopes of the western face of tha escarpment, is normally
found below 1000 metres, while Cw and Cs climatic regions are found
on the high ridges of more than 2300 metres. Berween 1000 and
2300 metres on the western slopes, climatic data concerning this area
are not available. There are about 1300 metres on the western slopes
of the escarpment without any climatic information. It is expected
that this area has the climatic characteristics of C climates on the
high ridges and BS climate on the low western slopes above the low
foothills of the escarpment. Because of the increases in elevation
in this area, rainfall increases while temperature decreases, and it

is probable that the disturbances of the Red Sca Couvergence Zone,
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which predominate in this area during the period of October-May,

as has been discussed in another chapter of this study, are
intensified by orographic effects of the escarpment.- Furthermore,
it is possible that the thunderstorms associated with the Inter-
tropical Convergence Zone of the summer season, which appear to reach
their maximum effects in Asir during the period of July-August, are
also intensifieé by relief on the western slopes of the escarpments,
when the moist air of this season is forced to ascend in a short
distance up to 3000 metres. It 1s expected that there are two
periods of heavy rainfall - the first is during the period of
November—-April, after which rainfall may decline in M2y and June, and
the second is during the period of Julv-August, after which rainfall
decreases considerably in the period of September-October. Conseqﬁcatly,

it might be true to consider this area to experience the moasooin

14 .- . : 1 (' R - .

climate, and thus it may be correct to classify this area as followe
_ LIt 1, 3 - Lo * - H - > - - " c - “ -

9. A" g This climatic region is found on the western slopes

of the escarpment of Asir in areas located above 1200 metres and
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. . . .
rea enjoys the tropical rainy clime

14 J =

e (&)
of the monsoon type (m) and there are twe distinct rainfall maxima (w'),
November—-April and July-August, separated by two dry periods, May-
June and Septemher-October. As a group, A climate show mean
temperaturaes of the coolest month above 64.4°F (1800), but in
Saudi Arabis, A climate may show less than this value during winter
in its highest limits on the higher slopes of the éscarpment of Asir.
On the basis of the former classification, Figure 8(I)
was constructed Lo show the climatic regions in Saudi Arabia

. - . . ' .
according to Keppeu's classification. A glance at Lhe map under
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consideration will make it clear that of the five major climatic
groups of Koppen's, three are represented in Saudi Arabia. It

is only the D and E climatic groups or the cold climates of the
high latitudes that are missing on the map. The boundaries
between a climatic region and another have been drawn, sometimes
on the basis of the evidence furnished by stations, while in other
cases they are made after making estimations of mean temperature
or precipitation of some areas in Asir and southern Hejaz,
according to their latitudinal and altitudinal locations, as well
as their positions relative to the moist winds.

From the foregoing description in tlie previous chapters
it is clear that all the requisites for B climates are present iu
the wajor part of Saudi Arabia. It is, thevefore, little wonder
that the B climates form the dominant types on the map of the

d or the desert ciimate

()

i

climatic regions of this country, and the av
represents about 987 of the surface area. The vast extent of the
arid climates is an indicaticn of the limited agricultural pobent-
iality in Saudi Arabia. All over the arid section, agriculture can
only be practised through irrigation. The desert pontions are
almost all barren and wasteland, sometimes with no sign of any
natural vegetation. There is no surplus water within B climates

to maintain a ground water level near the surface, with the result
that no permanent streams exist in this climate, Evaporation
within these climates greatly exceeds precipitation, with the result
that nothing will be left to allow the modest vegetation of winter
to thrive during spring or summer. In fact, for at least seven
months of the year, within these climates in Saudi Arabia, there

is not any appreciable moisture content in the soil and this,
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coupled with the lack of vegetation to transpire, means that
relative humidity on many occasions during summer is very low.
The relatively large amounts of precipitation that
normally are received in the humid climates in Asir escarpment
are limited to small areas and are not of sufficien; quantity to
result in permanent streams, thbugh perennial springs are found

in the high ridges of these highlands.
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APPENDIX 1*

LIST OF CLIMATIC STATIONS, THEIR GEOGRAPHICAL LOCATION,

YEAR OF INSTALLATIGN AND THC TYPE OF DATA AVAILADLE

ALTITUDE,

the Minist

reoof Agriculture, by -.'-.'...-’-

opical Mivis,

Lo,

5 U 6
Q '8 8(!.!)\ .g 1 O — O > .g [ a
og P§ sg 5% .2 8 3z Ef 2 &
3~ ST T 25 28 & 22 EROE &
No. Station '
1  Abha 18° 13 42° 30' 2190 1955 x x  x X X
2 Abqaiq 259 56' 49° 36" 155 1952 ple X X pe X
3 Abu-Arish  16° 58' 42° 50' 69 1955 X
4  Abu-Jeniah 13° 00' 42° 45' 1670 1966
5  Abu-Saud 17° 28+ 44° 10 1300 1965
6 Afif 23° 55 429 56' 040 1967 X
7 Al-Aflaj 222 27 46% 44" 539 1965 x  x x x
-8 Al-Aja'edzh 19° 540 419 350 2330 1967 X
9  Al-Ain 189 220 472° 20 2300 1965 X
10 Al-Amir 18° 05' 42° 48" 2100 1967 X
11 Al-Agiq 20° 15' 11° 39* 1370 1966 X
12 Al-Eyes * % * 1967 x
13 Al-Radi 22° 01 46% 34" 550 1065 X
14 Al-Bad'a 280 28' 30° O1' 247 1966 X
15  Al-Gadeer  21° 28' 40° 38'  * 1966 X
16 Al-Gorrah  18° 06' 42° 53' 2060 1967 X
17  Al-Haddar  21° 59' 45° 57' (90 1965 X
18 Al-Hawiyyah * * * 1966 X
19 Al-Tsawiyyah 0% 43° 37° 58 550 1964 X
20 . Al-Kam 18° 16" 42° 29" 2200 1965 X
21.  Al-Kammasin 20° 28' 44° 48' 523 1965 x
22 Al-Karj 24 100 47° 24 430 1966 9x  x  x X X
23 Al-Lith 0% 09 40° 17 6 1966 x x X
24 Al-Majma'sh o 250 53 45® 21' 682 1966 0 9x  x  x
25 Al-Modaylif 19° 37 -’110 03! 53 18606 X X b’s b X
26 Al-Mosayjid 2% 05+ 3u” 03’ £ 106G X
27 Ab-Mowavh * * ¥ 1965 X
28 Al-Qacsin 3
Alrpore 240 1%t 437 3%' 0 580 1866 x x  x % %X
FUThe consisiency of the romes in Appondix ' have bosn writien acoere e 1o
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29 Al-Qalbah * * * 1669 X
. 0 - " .
30  Al-Ulayyah 19° 40" 41° 54' 1840 1966 X
31 Al-Ula * * 900 1966 X X
. : ) 0
32 Al-Wajh 26° 13" 36° 27" 8 1966 X

33 An-Nayriyah 27° 28 48° 28' 50 1961
34 An-Nimas 19° 06' 42° 09' 2600 1966
35  Aqiq Road  20° 25' 41° 36' 1480 1966

36 Ar-Ar * * * 1966
37 Arwah 23° 54" 44° 40' 970 1967
38  Arjah 24° 42 44° 19 940 1966

39 Ashayrsh  21° 46" 40° 33' 1160 1966
40  As-Sayb Al-

| Kabix 2% 370 427 25' 1240 1966
41 As=Sarrar * o *- 1966
42 As-Sulayyil 20° 28' 45° 34" 510 1965
43 As-Sut  © 20° 230 41° 18" 1880 1966

44  Az-Zufir 19° 53' 4% 30" 2533 1656
45  Az-Zilfi 25° 18* 44° 48 605 1965

46  Badansh 31° 00¢ 40° 58t G660 1061
47  Badr 23° 24" 38° 46" 119 1966
48  Bahrah 21° 27' 39° 32*  * 1965
49  Baljurshi  19° s2' 41° 33' 2400 1960

50  Bani-Hammam 17° 44' 43° 59' 1200 1965
51  Bank-Thawr 20° 07' 41° 26' 2140 1966
52  Bag-'a 27° 520 42° 23° 720 1966
53  Baqran 21° 08 40° 40'  * 1966
54  Belesmer 18% 47' 42° 15* 2250 1966
55  Bir Bin

Hirmas * * * 1960
56 Bir FBin

Sa1rar 199 31 42° 39" 1400 1966
57 Bir Tdamzh 180 0" 447 12 1160 1966
58  Bishah 209 0or a2% 26" 1040 19057

N - D, " g
59  Bisscl 21° 120 a0” 420 1510 1466

“ o xoM X
~

R T
M X KR K

Y]

VIR

“om oW X

P B S -

s
»



N
N
w

- 90

[ Y
5 A 5
() =~ + H
Sz Y. 8% W8 Lp o gpp 5
5 & wh o owe o9 28 & B9 g
b B @ gt;_) o R ‘R Q9 D 2.
tati S5E 5% CE 82 HE m Y558 5 £
No. Station - 8 S B 8s gy s g3g2n g g
60  Baraydah 26° 20" 43° 58" 625 1966 X
61  Dafinah 23° 18" 41° 58' 940 1966 x
62 Darb- o o
Zabaydah  21° 59' 40° 27' 1100 1966 x
63 Dariyyah 24° 44" 42° 55+ 1966 X
64  Dawadmi 24° 29' 44° 23' 940 1966 X
65  Dhahran 26° 17'  50° 09° 22 1950 x x x x X
E1-Abis 18° 04" 43° 16' 2350 1966 X
67  Farin 21° 220 40° o7 * 1966 x
68  Fawarah 26° 03' 42° 38' 810 1966 x
69  Gadayrin 21° 18' 40° 18" 1900 1966 X
70  Garith 219 370 41° 53' 1100 1966 x
71 Haddat-Ash~ 5 o
Sham 217 47 39 41 * 1966 %
72 Hafuf 25° 30" 49° 34 160 1964 X X ox %
73 Hail 27° 331+ 41° 44 914 1955 x X x  x
74  Hamdah 19°% 02 43° 370 1280 1968 x
75  Harjah - 17° 56t 43° 22' 2350 1966 x
76 Harrad 24° o4+ 49 it 300 1966 x  x  x X X
77  Hawiyah -~ 219 26" 40° 31' 1540 1966 x
78  Hotat-Sudair 25° 35' 45° 36" 660 1966 x @ x  x x
79 Jabal Fayfa 17° 16 43° 05' 860 1956 X
80  Jabal Nazim 18° 45' 43° 56' 1510 1966 x
81  Jabal Qahar 21°2 03' 41° 30' 1490 1966 X
82  Jabal Salah 17° 03' 43° 07' 900 1957 X
83  Jazan 17° 03" 42° s7° 5 1964 x x X X X
84 Jeddah o o
Airport 217 30" 97 12' 11 1952 X p e X b X
85  Jeddanah * * * 1966 x
86  Kabkebiyyah 20° 24' 45° 23' 05 1966 X
87  Kadarah 17° 49 44° 00 1295 1966 X
88  Kalkh 212 190 40 4g' ¢ 1965 X
89 Kemis o
Mushait  18° 18" 42 44" 1930 1965 x x X x X X
Kayber 18° 46" 42° 537 1650 1965 X



. No. .Station g~ 8. g@Y 88 8 2 g3 Zh o8 g
91  Kiyat 18° 44 42° 53 +* 1966 x x x x X
92  Koff 24° 551 44° 43 755 1966 x
93  Kulays 22°08" "3° 70" 60 1966 x x x X  x
94 Kurais * * 1966 X
95  Kuramah 21° 55 42° 02' 1060 1966 X
96  Kwash 19° o0' 41° 53* *+ 1956 X x X
97  Linah * 1966 x X
98  Liyyah 21° 13' 40° 28" 1640 1966 X
99 Ma'agla * * 1967 X P

100  Madenah 24° 39" 39° 39" 572 1956 X X X

101 Malaki 17° 03' 427 57' 178 1966 X X

102 Medrekah 21° 59 39° 59v  + 1966 X

103 Mehdan 21° 02 40% 40" 1880 1966 x

104  Mslbanah 23° 100 309 310+ 1067 %

105  Mesturah 23° 00 38% 550+ 1967 X

106  Mecca 21° 260 39° 49" 280 1966 X

107  Mediq 21° 41 20 09' 65O 1967 X

108  Mowayh 22° 260 41% 49 970 1968 X

109  Najran 17° 20 44° 09' 1150 1958 X

110  Nifi 252 07 43 50" 780 1967 X

111 Qatif 26° 33 50° oo 5 1967 x  x  x X X

112 Qaysumah  26° 19" 46°07' 360 1961 x x X X X

113 Qunizyyah  20° 03' 42° 17' 1200 1967 X

114  Qurain 24° 40" 43° 47" 930 1967 X

115  Qurayyat 31° 200 37° 21 549 1967 x x  x X X

116  Quwyiyah 24° 05 479 14"+ 1967 x

117  Rabigh 22° 49 39° 02° 8 1966 p

118  Rafha 20° 390 43° 30" 443 1961 x x x x % X

119 Ranyah 21° 15" 429 51' 810 1967 x

120  Ras-

Saffniyyoh 28° o' 48° 44 5 1967 x X X

121, Ras-Tanurah 26° 42' 30° 05! 5 1949 X

122 Rayyan 239 280 as® 30+ j047 X

123 Riyadh 24° 420 46°% 43 609 1832 x  x x % x X
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R &85 Ew 4B 2 9F ES A 2
124 Sab'an 18° 37° 0 al AR & é,é ? 5 'rj_‘ g
125 Sabha o 37" 427 19" 2200 1967 =z -
: 0 X
126  Sabya ijo ig' 4'40 39' 820 1967 x
. ]
7 sk e %37 40 1965 x  x  x
128 Samirah "26° ‘. 420 487 1480 1967 X *
12 29' 427 07" 950
9  Sanam 23° 411 o 1967 X
130 e 1t 44”47 ¢ 1
7 Sarat-Abidah 18° 10" 43° 06’ 967 X
131 Sayl-As- 37 06' 2400 1965 .
Saghir 21°
33! 400 9Q1
132 Shaqra 250 151 o 28" 1465 1967 x
133 Shwag 10 15015 730 1964 x  x
134 Skaka | 2;7)0 21' 36" 25" 479 1967 * x
' 58! O - X
135 Sulaymi 0 1 4()0 12' 574 1956 X X .
136 . 267 17" a1” 21' 950 1867 x X X
Suq-El-Jenub 1 0 0 1567 X
137 Suq-Su ub 16~ 43' 587 37! 40 1965
‘ Q- suwayq * o X
138 Talvalal - * 19
Tabalah 280 24 360 - 67 X
139  Tabarjal 0 o 774 1964 .
i 200 Q1" 427 14! Znc -
140 Tabuk A 310 380 - 1305 1967 x x x
141 Taif Airport :’10 ."q' ‘580 17 ¥ 1967 X x % =
. - i L 4 FAC ;10 32' 1..(\,_ 1(‘4,-- v
142 Tajar 18° 311 42° 24 2J0 ¥V x x X X X
145 Tathlith  10° 320 4%° 2300 1967 x %
144 i 43° 31' 1080
4 Tawalah 20° 13 o 1965 x
145 Tayma 27° 41 2z 2070 1967 x
t
146 38" 33° 20" 820 196
Tendahah 18° 18" 42° 1966 X x X
- 2° 510 . X X
i:z Thamala . 1920 1966 x X
Thuravba 0. 1967
149 yban  19°27' 41° 50" 575 >
Thurabah 21° o 1965 X
. 17 13" 417 39' 113
150  Turaif 0 411 4 1130 1965 «
151  Um-Al-Birak o 38° 39' 829 1961  x ) '
pirak  23° 260 39° 141+ x x x X
152 Um-1.ajj 24° 04" 3 o ) 1967 X
153 o 4t 37 1Y 5 19 '
Un-Thalwiyali 21° . o 1966 x
15 yah 217 08" 40 50' 1560 1
4  Unayzah 20 o4t 470 560 1966 %
155 wadi-Ramvah  20° 04% 437 59" 650 1356 X
15¢ e 0T 15! 30 09t 1340 19 - X X X X
0 Yabrin 23° 1¢ o 154G 1966 - :
5 19" 48 57¢ 200 057 "
AN l-')"\-)l X x .
X x x
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157  Yagra 18° 41" 42° 59t 1880 196 x
158  Yanbu 24° 07'  38° 03 8
159 Zahran El1- o o
Janub 17° 40" 43° 37' 2020
160  Zalim c22° 43" 42° 100 940
161  Zaymah 21° 370 40° 100 660
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APPENDIX II

THE MONTHLY AND ANNUAL MEAN CF RAINFALL FOR
SELECIED STATIONS IN mm.

JF M A M J J A s o N p AN
Abha 43.1 20.4 43.4 77.4 32.3 13.5 50.9 46.6 2.0 2.5 39.4 15.4 386.9
‘Abgaiq .4 12.6 4.611.3 2.7 0.0 0.0 0.0 0.0 0.0 5.6 14.0 59.2
'Abu-Arish .2 2.1 4.7 1.512.3 1.6 50.3 62.8 23.0 10.0 11.8 24.3 214.1
Al-Ain .0 21.7 25.4 24.5 27.9 7.8 17.9 25.5 7.5 9.6 44.3 0.0 212.1
Al-Kam 12.9 41.6 18.8 65.6 62.7 24.0 80.2 77.0 15.5 4.4 48.9 0.0 441.6
Al-Majma'ah 40.0 6.0 10.7 4.4 4.6 0.0 0.0 0.0 0.0 6.0 28.0 2.6 118.1
Al-Wajh 3.3 4.5 0.3 2.5 4.7 0.0 0.0 0.0 0.0 0.010.7 5.5 31.5
Badanah 4.3 0.5 5.2 5.6 2.9 0.0 0.0 0.0 0.0 0.5 5.0 5.2 29.2
Baljurshi 52.7 36.7 13.6 45.7 22.9 6.7 15.4 17.6 6.6 19.6 76.9 3i.9  346.3
Bishah 12.2 4.4 12.4 39,0 24.3 1.7 12.0 1.1 0O.C 2.1 25.2 9.9 145.3
. Dhahran 10.0 13.8 3.2 10.0 3.4 0.0 0.0 0.0 C.0 0.0 9.3 6.8 55.5
Hail 13.7 7.9 4.4 11.0- 6.C 0.7 0.0 C.0 0.0 3.0 14.8 16.3 77.8 -
Jabal Fayfa 57.] 18.4 24 / 56.3 62.0 39.2 92.8 82.8 43.3 29.8 29.0 2.0  557.4
Jabal Sajah 32.0 10.0 7.3 28.3 34.2 23.3100.0i20.4 47.2 43.0 40.8 8.1 503.7
Jazan 0.0 4.2 0.315.0 0.6 €.0 4.6 1.3 17.7 G.7 1.7 0.1 44.0
Jeddah 4.2 0.5 3.4 4.0 1,7 0.0 0.1 0.0 0.2 0.021.2 17.9 63.8
Kamis
Mushait 9.0 36.6 34.9 Z2.7 30.2 8.3 34.1 25.2 10.4 0.1 24.1 1.5 247.1
Madenzh 7.7 0.1 4.4 4.0 4.3 0.3 0.1 0.0 0.0 0.2 9.0 4.0 34.1
Najran 19.4 3.9 3.0 8.6 2.8 0.1 1.4 1.0 0.9 0.0 2.0 0.0 43.1
Naujriah 23.7 7.1 0.211.8 0.3 0.0 0.0 0.0 0.0 0.0 1.2 5.8 50.1
Quaysumah je.1 7.3 1.5 5.6 3.0 0.0 0.0 0.0 0.0 0.2 4.8 3.2 44.7
Ras- .

Saffniyyah G.5 34.2 16.1 13.5 3.1 0.0 0.0 0.0 0.0 0.0 52.5 3.6 123.%
Riyadh 23.511.3 11.7 70.4 1.4 0.7 0.1 0.0 0.0 0.010.2 11.3 100.¢
Sabya 9.6 1.4 0.0 0.8 1.3 0.0 42.2 3.9 20.013.8 17.1 1.7 111.¢°
Sarat-

Abidah 7.4 50.5 6.5 31.328.2 7.913.2 9.2 1.2 4.019.0 0.0 1G8.4
Shaqra 28.5 14.6 19.3 13,7 6.1 0.0 0.0 0.0 0.0 1.311.5 1.5 96.5
Skaka 7.4 3.2 4.412.,9 0.1 0.0 0.5 G.0 0.0 5.4 27.6 4.2 69.7
Sug-El- '

Jenub 0.0 15.0 0.0 11.0 25.5 13.0 67.7 12.5 17.5 18.0 25.5 0.0 207.7
Tabuk 7.1 3.6 1.9 4,0 2.8 0.6 0.C 0.00.0 1.7 10.% 0.0 32.0
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J F M A M J J A S O N D

Tathlith 4.3 5.8 9.213.0 2.5 0.0 1.2 0.0 0.0 0.0 8.6 0.0 44,6
Taif 10.1 12.8 10.4 12.2 17.8 6.6 4.7 10.3 5.1 7.1 47.2 18.1 16Z.4
Thurayban  35.6 63.1 8.8 45.3 44.6 65.1 70.2 74.1 75.2 26.6108.7 9.2 627.5
Turabah . 16.2 4.6 15.1 27.1 10.2 0.9 0.0 0.0 3.5 0.2 19.2 1.1 98.4
Turaif 8.4 1.3 4.2 5.8 0.9 0.0 0.0 0.0 0.0 1.0 1.2 6.2 29.0
Unayzah 27.5 9.6 22.2 9.9 12.2 0.0 0.0 0,0 0.0 2.0 21.4 6.3 111.1

Zahran El-
Jariub 11.6 15.9 19.9 28.6 16.2 2.0 33.5 7.7 0.0 0.0 9.z 1.:

un
[
L
[{=]
ot
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APPENDTY 101

THE MONTHLY AND ANNUAL MEAN OF AIR TEMPERATIHHE (in OC)

JF M A M J J A s o0 N p ‘N
Abha 1 12 14 15 18 20 z1 2 20 17 14 12 16
Abgaiq 13 14 20 25 30 35 36 36 32 27 21 13 25
Alaflaj 15 16 22 26 32 34 34 3% 3 26 20 15  25.6
Alkar; 14 15 19 23 30 32 34 3% 30 26 11 16 24
Al-Ula 11 14 18 22 27 31 32 30 28 1 18 14  22.3

Al-Wajh 18 19 .22 24 26 28 29 29 28 26 24 20 24.4
An-Nimas 9 10 1 12 15 18 19 18 17 13 11 10 17.6
As-Sarrar 14 14 19 24 29 35 36 35 30 22 20 15 25
As-Sulayyil 16 20 23 27 32 34 35 35 32 26 22 18 25
Az-7Zilfi iz 14 19 22 27 33 33 33 i 22 19 13 5
Baljurshi 12 12 15 17 20 22 22 22 19 16 15 )
§ 19 18 18 14 12 1C 14
]

Belesmer 10 11 12 12 15 1

Bishah 16 18 25 27 28 30 % 31 28 24 21 17 2.5
Dhahran 16 17 22 25 31 35 36 3% 3z 28 23 17 27
Hafuf 16 16 19 24 28 33 34 33 31 27 21 17 75
Hail 11 iz 15 21 28 29 3T 31 29 22 18 12 23
Hotat-

Sudair 14 14 19 23 28 32 34 34 31 26 19 15 24
Jazan 25 27 28 30 32 35 34 33 32 31 28 26 30
Jeddah 23 24 25 28 29 31 32 32 31 28 27 25 28
Kamis

Mushait 14 15 17 19 22 24 23 23 2% 19 17 13 19
Linah 12 14 22 24 20 32 32 32 3 21 16 15 2%
Ma'agla 12 14 18 24 28 33 33 34 30 23 19 12 24
Malaki 24 25 27 30 33 32 33 32 32 31 29 27 30
Madenah 15 15 19 21 25 28 28 28 27 22 17 15  22.4
Qatif 15 16 22 24 28 33 34 33 31 26 23 16 25
Qurayyat 6 8§ 1

4 220 z22 26 27 27 26 16 12 3 19
7

Qaysumah 13 14 20 22 30 33 34 34 50 21 1 15 24

Rafha 12 14 19 20 27 3 32 32 3 22 16 14 23

Ras-

Saffviyyalh 14 16 22 23 26 32 33 3% 31 29 20 16 24
- Riyadh 14 16 20 25 30 33 34 34 4] 25 19 15 25



J F M A M J J A S 0 N D NUAL

MEAN

Sabya 25 25 27 31 33 34 34 33 32 29 28 28 29
Shagra 12 13 19 22 28 33 33 33 30 23 18 12 24
Tabarjal 10 17 13 20 23 z27 29 28 27 19 15 12 19
Tabuk 10 13 17 21 26 30 32 30 26 21 16 11 21
Taif 12 13 19.421 25 28 28 28 27 Z2 17.4 14 22.4
“Tayma 9 1 16 19 24 29 29 27 26 23 17 19 zl
Unayzah 14 15 19 23 28 30 32 32 3 24 2 15 24
Yabrin 16 18 21 26 30 35 35 35 31 25 20 17 26
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APPENDIX IV

THE ANNUAL AND MONTHLY MZAN OF DAYS WITH SAND STORMS

. Annuzl
J...F . M. A M. J...J.  A.S .0 N .D .. Mean
Al-Wajh 2,0 0.5 1.2 2.0 2.0 0.0 0.2 0.5 1.0 0.0 1.0 0.0 9.7
Badanah 2.2 4.2 7.0 4.2 7.5 4.0 3.3 1.5 1.2 2.0 0.8 2.5 40.5
Dhahran 2.3 4.6 7.8 5.6 7.813.613 7.7 5.4 2.8 1.9 2.2 73.0
. Hail 3.0 1.8 4.8 2.8 3.5 0.5 0.8 0.2 0 1.2 0.0 0.0 18.7
Jazan 0.0 0.0 0.0 0.7 1.7 1.4 3.8 0.8 0.2 1.0 0.0 0.0 8.0
Jeddah 4.5 2.8 3.8 3.6 3.5 3.2 4.3 2.3 2.1 0.3 1.9 2.8 34
Madenah 1.1 0.1 1.4 1.9 1.0 0.5 0.7 0.3 0.2 0.1 0.5 0.5 8.9
Kamis
Mushait 1.0 0.5 1.0 1.7 1.0 1.7 2.L 1.0 0.0 0.0 0.0 1.3 7
' Qasim
Airport 6.0 2.5 6.0 4.3 7.3 2.0 2.0 1.0 0.6 1.2 Q.6 1.0 30
Qaysumah 0.8 2.0 2.2 4.0 3.0 4.0 2.2 0.5 1.0 0.2 1.0 0.8 2L.2
Riyadh 5.2 5.2 6.610.0 8.3 9.8 7.7 5.8 2.6 1.8 2.6 3.6 GB8.6
Tabuk 3.2 1.5 4.5 2.5 2.0 2.5 0.5 0.1 0.5 1.0 0.8 1.5 20.5
Taif 0.3 0.1 0.0 0.1 C.0 1.4 0.6 1.0 0.1 0.0 0.1 0.5 4.3
Turaif 2.2 2.7 6.2 6.0 1.5 0.5 0.5 0.7 0.2 1.0 1.2 1.7 25
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APPENDIX V

THE MEAN MAXIMUM AIR TEMPERATURE (C°)

ANNUAL
J F M A M J J A S 0 N D MEAN
Abha 16 16.519.6 20 23 26 26 26 26 23 19.517.8 21.8
Al-Aflaj 22 24 24 34 39.943 43 43.641 37 29 26 34
Abgaiq 18 19 26 31 37 44 45 44 40 35 28 19 32

Al-Karj 20 22 28 31 38 44 43.844 41 37 29 21 23
Al-Wajh 23.5 24  25.6 27.6 30 32.6 32 33 32 32 29 25.7 29
An-Nimas 13 15 18 19.523 26 26 25.925 21 318 17.6 20.8
As-Sarrar 18 19 26 32 38 44 45 45 42 37 29 21 33
As-Sulayyil 25 25 31 34  30.

O\
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£
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w
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Baljurshi 15 16 19 21.6 25 28.626 27 27.924 19 18 22.0
Bishah 26.7 27.6 31 33 36 39 36.7 38.9 37 33 29.5 27 33
Dhahran 22 21 25 30 37 41l 41.8 41.7 39.9 16  28.7 24 372.6
- Hafuf 21 2% 35.532.539 44 4 43 41.5 39.5 26.5 26 31
Hail 18.6 18 24 27 32.9 37 37.% 38 36.9 31.9 22.8 20 28.5
Jazan 29 2 Z1.9 %4.5 36 37 36.536 36 34.8 32 29.7 33
Jeddah 28 28.8 30.5 32.9 33 35.936 36.635 34 22 %0 33
Kami.s
Mushait 20 19 23.0 23.8 25.8 3.5 29 Z9 28.9 25.6 22.6 21 25.¢
Linah 17 21 29 27 37 42 41 41 3§ 34 2z 1 31
Matagla 18 19 24 29 35 42 42 43,540 35 285 i8 32
‘Madenah 24 24,530 33  38.9 42.6 42.7 42.5 41.5 37 29 26 34.5
Malaki 31 32 36 37.640 41 39 39 33 37.7 34.9 33 36
Qasim
Airport 19 18.8 29 283 35.640 42 40 39 34 24 2] 32
Qaysumah 19 21 31 30 38 42 42 43 431 35 24 23 32
Qatif 20 21 24 29 34 39 39 41 3® 35 27 21 31
Rafha 17 21 29 28.5 3 41 40 41.539 34 22 2 30.8
Ras- f
Saffniyyah 19 20 27 26 3 40 40 39 38 34 23 21 30
Riyadh 20.9 21 28 31 38 41 43 42 40" 35 0 26.7 23 32
Sabya 31 32.8 36 37 40 41 39,940 39 37 34 33 36.8
Skaka 16 21.528 29 34 40 40.941 38 34 22 20 29.6
Tabarjal 16 20.6 27 28 33 3% 38 39 37 33 23 18 29
Tabuk 18.8 20.5 24.8 29 33,8 52,7 39.6 37 37 31.5 24.5 20.6  29.%
Taif 22 22.8 26 23.5 32.9 3% 34,7 34,0 34 29.9 24.5 22.9 29
Tayn 20 27 2507 27.5 33,06 36,8 57 537.5 38 33.0 25 70 29.6
Yabrin 21 22.5 28.5 34 3 45.5 45 45 42 37 20 22 34
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APPENDIX VI

THE MEAN ABSOLUTE MINIMUM AIR TEMPER“TURE (CO)

ANNUAL
JF M A M J J A s o N p MHA
Abha 9 8.410 11 12.914.9 16.515.614 10.9 § 7  11.5
Abgaiq 8.5 8.515 10 23 26 28.528 23.518.515 8.5 18.5
AMl-Aflaj 6 7 13 16 21 22 23.523 20 14 12 5.6 153
Al-Kar; 7 7.512 16 21 23 23.522.717 14 11.6 8  15.2
Al-Wajh 13  13.4 15.6 18.7 21.7 24 24,5 24.8 23.8 21.4 18 14.9 19.5
An-Nimas 6 6 8.8 9 12 14 14.914 13 10 7 8 10
As-Sarrar 7 7 12.517.521 26 27 25 21 16 13 . 8.5 17
As-Sulayyil 9 11 14.6 18.8 22.6 24.8 26  25.9 21.9 16.7 13.8 9 17.9
Baljurshi 8 7.4 9.6 11.514 17.6 16.9 16.6 15.9 12.6 9.7 7.6 12.5
Bishah 11 12 15 18.8 21 22.523 23.420 15613 10 17
Dhahran 12 12 16.6 19.7 24.8 28 20 20.526 23 19 14 21
Hafuf 8 13 17 21 23 25 25 21 17 13 7.9 17.6
. Hail 5 39 12720 22.622.822.92 16 11 7 15
Jazan 23 23 24 26.9 28.8 30.4 30 30 28.9 27 24.9 22 26.5
Jeddah 19.7 19 20.6 22 23.9 25 27.7 27.7 26 24.9 22.9 21 23.6
Kamic
" Mushait 7.311 12 14 16 16.516 15 11.810 7  12.%
atagla © 6 6.512 17 20 23 25 25.522 19 13 7  16.5
Malaki 20 21 22.7 25.8 27.8 28 28.520 26 25 23 Z1.5 26
Madenah 12 12.9 17 20 24 28.6 28.9 28.6 27.8 [2.7 17 14 21
Qasim
Mrport 7 7.5 $.615 21 23 33.628 22 18.53i3 8  16.3
Qayswah 7 9 13 18 22 23 25 24 20 17 14 5.5 16.4
Qatif 10 9 14.518 22 27 27.527.623.520 17 9 19
Rafha 7 10 16 19 20 23 21 19 16 12 7.6 14.7
Riyadh 9 10 14.818 23.525.727 26 24 19.515 12.5 18.9
Sabya 19 19.8 21.5 24  26.4 27 27 27.525 21.520 17.6 23
Shaqra 6 8 13 18.522.52%3 23 23 21 15 12.5 6.5 16.5
Skaka 2 3 8 15 17.6 22 22.6 23 20.517.610.5 4  13.6
Tabarjal 3 4 & 10 17 18 20 21 17 12 4 12
Tabuk 2.4 3.3 7.6 11.9 16.8 20 21.5 20.9 18  14.7 1 12.6°
Taif 8  7.811.913%.617.720.921 20.619 16 18 9  14.9
Tayma 3032 7 13 17 0 2 19 15 13 10 0§ 18
Yabrin 8 7.8 14.51¢ 21 235 23.523.520 16 12 8 17
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APPENDIX VII

HIGHEST RECORD OF AIR TEMPERATURE (C°)

J F M A M J J S 0 N D
. Abha 22.2 22 23.525.830 3 31.8 31.8 30.5 27.5 22.8 22.5
Abgaiq 27 34.5 35 41.5-47.548 43 48 45 38 5.5 27.5
Al-Aflaj 30 34.5 35.8 39.3 43 44,7 47 45.8 44 39 34.4 30
Al-Karj 26.5 33  35.7 38.3 45.7 46.7 47 A7 44  40.2 34.2 29
'Al—Wajh 31.4 32 33 34 39 44 35 44 35 33 38 32
An-Nimas 17.2 17.8 20.4 24 27.8 27 30.8 29 28.6 25 21.4 19.2
- As-Sarrar 25.5 33 36.5 38 406.5 47.5 48.5 48 46.5 40.5 34.5 30
As-Sulayyil 33.9 36  40.4 41.4 46.2 48 48 49 46.6 40.8 37  35.2
Baljurshi 19 21.6 25.8 28.2 32.4 33.2 30.4 31.8 30.2 28.2 24 23.8
Belesmer 23 22.8 21.4 22.6 28 28 28.7 27.8 27.3 23  26.6 19.8
"Bishah 33.9 34 35.Z 3.4 39 40 4o 4o 39 34 33.8 31
Dhehran 28 32 39 4D A4.2 47 4B 46 44.7 42 35 29.8
Hafuf 25,7 33.5 34.7 38.5 44 45  A45.5 46.2 44.5 3§  34.5 77
Hail 28.229 34 37 40 43 41.8 43 40.2 37 29.3 25
Jazan L.335 39 40 40 41 41 39 39 38 35 32
Jeddah 33 33.836 38 41 48 44 41 44 38 36 33
Kamis _ ‘

Mushait 24.8 25 27 Z8.2 31.6 34  33.2 32 31.4 28.£ 27 25.9
Ma'tagla 25 31 34 355 44 45 45.5 46 43.5 %5 35,5 27
Malaki 33 35.6 38.2 39.8 45  406.4 42.3 42.8 42 40.8 38.Z 4.9
Madenah 30 33 37 39 43.546 46 47 44 40.5 35 32
Qasim

Airport 28 32 37 37 42.2 44 A5 45 44.4 38 33 28.5
Qatif 24 29.3 37.5 43.5 46.2 44.2 43.5 45 41 38.3 34 29
Rafha 25 32 36.541 41.544 42.545 44.541 30 28
Riyadh 30 32 37 39 43.349 46.7 45 43.8 719.5 34 30.8
Sabya 33 35 39 41 45 45 45 43 44.5 43 38.4 36.8
Shagra 26 29 32 39 43 44 45  44.5 43 38.5 34 27.5
Skaka 25.5 29 32.4 36.8 39.9 41.4 42.8 44.2 44  39.G 33.8 29.3
Tabarjal 27 31 33.7 37 38.3 39.7 41.2 43.6 4). 39 30 25.3
Tabuk 0O 32 37 36.241 44 44.545 43 38 31 29.8
Taif 27.8 27.8 32 33 37.2 38.9 39.2 35 38 34  28.3 26.7
Tayma 24 29 31 40 43 43.2 45  44.7 44 39.6 32.7 32.8
Yabrin 28.5 36.5 38 43,5 45  47.5 A8 47.5 45.5 40.5 35.5 28
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APPENDIX VIII

LOWEST RECORD OF AIR TEMPERATURF (CO)

J F M A M J J S 0O N D
Abha 1 0.6 2.8 1.2 3.2 6 10 10 4.4 6 3.2 2.2
Abgaiq 3 1.0 7 13.518 22 25 22 19 15 10 2.5
Al-Aflzj -4.2 O 4.8 11 16.7 16.6 20 20 13.6 9.8 3.2 -3.5
Al-Karj ~3.5-4 1.4 9 14.616 16.517.510 5.9 1.7 -6.3
Al-Wajh $ 8 10.613 12 18 19.522 20 17.410 9.2
An-Nimas  -5.6 -4.4 1.4 4 7.2 6.810.210 & 3 1.4 -6
As-Sarrar 0 -3 5.511.517 19 20 19 14 10 5.5 -2.5

‘As-Sulayyil 2.3 1 5.6 9 15 18.421 21 14 10 3 2
Baljurshi 2.3 1 -1.6 4.7 8.212 11.4 7 9.8 7.8 4 2.6
Belesmer  ~2.2 -2 0.5 2.5 4.2 81 8 4 0.4-7 -6
Bishah’ 3.5 2.2 4.510 15 14 16515 10 6 5 2
Dhahran 5 4.6 10.5 12 17.4 23 25 74.6 21.8 18 9.3 3.7

 Hafuf 2 -0.3 6 11 14 18 20915 15 12 7 -0.4
Hail -4 -4.4 0.1 5 12 15.517 17.513.2 8 1.5 -6
Jazan 19 19 17 21 21 26 24.8 27.8 26 24 21 19
Jeddzh 14 13 14 16.516 23.223 24 21 22 19 16.8
Kamis .

Mushait . 3 1.0 7 5 10 12.814 1z.611 5.2 6.2 1.8
Ma'agla 1 -3.5 4.511 15 19,520 21 16 12 6 =3.5
Malaki 16.517 21 20.824 20 18 21 20 & 19 15.8
Madenah 5 5 8 11.515.523 24 24 23 18 12 7
Qasim

Airport  -0.6 -2.5 1.7 5 5 16 17.217.8 18.312.2 8 -1.1
Qutif 4.5 3.6 6.711 16 17 22 21.517.511 11 2.4
Rafha 1.0 -2.0 6 12.517 20 17 16 9.5 2.0 -3
Riyadh ~3.8-3.5 2 9 15 17 17 18 14.5 7 3.8 -3.
Sabya 17 14 19 20 20 21 23 25 21 18 18 12.

- Shaqra -1 -1 4 13 15 20 20 20 14 11 5 4
Skaka -3.7 -2.9 2.3 6.7 11.715 17.4 19.8 14 8.4 0.3 -5.6
Tabarjal  -8.9 -7.2 0.4 3.1 7  9.613 15.513 6.7 2.2-13.3
Tabuk -2 -2.5 0 5.210.216 17.217.815 8.5 3
Taif -2 1.7 2.2 5 8 iz 13 13 12 7.8 6 -1.4
Tayma 4.4 -4.4 2.2 4 8.9 11.6 12.8 12.7 10.2 -1.0 -4.2 -7
Yabrin -1.0 0.0 5,513 15 19 18 20 16 12 5.5 -3
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APPENDIX X

THE MONTHLY AND ANNUAL MEAN OF RELATIVE HUMIDITY (%)

ANNUAL

J F M A M J J A S8 0 N D oy

bha 55 63 55 62 51 45 51 52 44 45 63 59 58
Al-Aflaj 45 36 38 49 26 18 15 16 19 26 44 43 35
Abgaiq S5 57 59 54 38 25 31 39 42 49 53 55 48
Al-Karj 48 41 48 46 31 23 i8 13 .22 28 49 SO 33
Al-Ula 52 49 47 46 32 23 30 28 29 35 43 50 34
Al-Wajh 48 56 54 60 65 69 89 72 72 62 53 Sl 61
An-Nimas 66 62 61 o5 61 583 58 59 51 51 G8 63 55
As-Sarrar 42 46 46 45 43 19 15 17 19 28 49 40 33
As-Sulayyil 47 45 32 29 22 15 15 16 19 24 48 4G 31
Az-7il€i 49 46 42 47 28 18 17 16 18 26 45 4 37
Baljurshi 64 G5 62 57 48 43 47 46 44 L5 46 63 55
Belesmer 61 59 60 63 51 43 49 51 46 4% 66 03 55
Bishah 49 43 A4 49 44 3% 24 27 26 35 48 51 39
Dhahran 64 62 57 51 42 35 41 43 47 58 56 60 52
Hafuf 57 53 52 48 34 24 20 29 42 52 S5 53 44
Hail 56 49 3 35 25 15 14 1% 18 28 57 57 35
Hoiat-Sudair$é 48 46 48 31 21 15 17 22 25 51 53 %6
Jazan 71 7z 74 65 63 62 61 63 65 65 65 69 B4
Jeddah 60 61 60 51 59 59 57 60 64 L7 62 61 01
Linah 50 41 42" 47 28 12 13 12 20 3% 51 50 33

Ma'agla 60 5 49 50 36 19 14 18 1
Malakai. 65 62 61 60 56 57 3 61 L
'M;.ldenah. 49 47 35 32 27 17 16 15 19 25 45 SO 3
Mudaylif 43 40 36 38 35 35 28 36 43 33 38 46 38

Qaysumai 50 48 43 40 26 15 16 16 17 27 56 49 3%
Rafha 49 44 41 40 25 14 15 14 16 29 46 48 32
Ras- - .

Saffniyyuh 64 63 60 55 48 36 30 42 50 61 63 67 53
Riyadh SO 45 42 37 27 15 17 16 17 28 45 S0 32
Sabya. 68 63 66 60 57 51 56 58 60 G2 60 67 (O
Shaqra 53 45 44 45 37 20 18 16 19 23 49 56 35
Skaka 56 48 38 35 25 20 20 17 z3 35 853 50 3G
Tabarjal - 50 48 46 42 29 26 28 20 33 40 51 %55 i3



‘Tabuk 43 3% 38 27 20 22 18 20 22 23 45 49 36
Taif 57 51 4% 44 56 27 28 31 33 41 58 5% 42
Tayma 50 49 33 3% 26 26 31 28 25 42 55 sl 35
Unayzah 52 46 36 42 38 18 16 18 18 23 46 40 32
Yabrin 50 46 49 32 30 14 15 24 33 32 50 59 35
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APPENDIX IX

MAXIMUM RELATIVE HUMIDITY (%)

A NN 4
JF M A M J J A s o x b HHEL
Abha 82 87.8 83.56 85.6 73.6 66.6 72.4 77.4 68.8 70.8 84 82.8 81
Abgaiq 83.5 80.577 76 51 38 35.549.5 69 75.5 80.5 75.5 65.9
Al-Aflaj 67 63 48 45 43 27.521 22 29.536 58 60 43.3
Al-Karj 69 59.5 49 46.5 48.5 28 24,5 28  23.5 39.5 55 61.5  43.5
Al-Ula 84 63 68 68 55 42 43 37 45 61 69 83 62
An-Nimas 78 80 81.5 90.5 86.5 77 78 85 81.5 79.5 96.5 96 84
As-Sarrar 69.576 71 82 50 29 22.532 41.558 74 81 57.2
As-Sulayyil 58 60 ~ 44.8 45.5 35 22 22.7 24 27.7 38  G4.8 68 2.5
Az-Zilfi 71 69 56 62 54 30 21 21 21 34 54 72 47
Baljurshi 82 84 79 77.573 69 62 73 70.5 69.5 78.5 80 74.9
Belesmer 76 71 80 &2 66 67 7L 74 70  6S.2 81 82,9 74
Bishah 68.5 61.5 60.5 72 67 46.5 36.5 41  48.5 44 55 69 55
" Dhahran 86 86 80.8 74.7 66 53 62 656.5 8L 86.7 85 83.7 76
Hafuf 60 60 59.1 55.8 50.5 40.2 37.3 50.6 60.8 62.6 55  53.4 4.6
Hail 78.7 73.5 54.4 60 47 26.5 24 25 28 45.8 78 83 49.9
Hotat-Sudair68 60 59.5 55 39 26 22 25.529 .36 6.5 69 5.8
Jeddah 79.5 75.8 76.5 77.8 75.8 79.8 €0 80 83.7 84 77 80 75
Kamis
Mushait &2 88 86 %..3 79.7 62 63.770 5% 58.3 83 85 72
Malaki, 71 62.561 67 57 33.528.528 29 41.575 77 52.6
Madcnah 50 56.7 43.5 44 35 24,5 24.5 25.5 26.7 32.8 60.2 56.5 40.9
Mudailif  92.5 90.5 86 88.5 84 87.5 80 83 92.5 63  89.5 93.5  88.3
Qaysumah  20.5 71 60 54.5 36.5 20.5 16.5 20 21.528 70 70 45,7
Qatif 88 84 81.5 84.5 76.5 54.5 52.5 80.5 85" 89 87 85 79
Rafha 80.4 67.555 52 33 16.518 16 22 43 63 70 15
Sabra 93.5 88 89.58 78 83 77.581 93 92 93.591.5 95.6
Shaqra 63.5 57.5 55  66.5 46.5 31 27.5 29  33.5 41.5 G8 66 48.3
Skaka 8 62 49 54 33 30 31 24 29 36 78 73 48
Tabarijal 3 S5 52 5 67 45 S S5 53 S8 68 68 56
“Tabuk 82 77.567.2 59.7 53 45 45 48.8 58  65.8 76.5 76 62.9
Taif 84.7 78 65 67.7 58.8 43  39.5 42.5 46.5 68.S 34.8 84 63.4
Tayna 68 66 56 54 SO 45 46 49 438 54 69 63 52
Unayzah 72.8 61.9 51.3 50.3 40  20.5 16.6 21.7 22 29.7 G1.8 65 43
Yabrin 71 65 68.5 64 34.521 21  33.546 51 67 67 50.7
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APPENDIX XI

MEAN ABSOLUTE MINIMUM RELATIVE HUMIDITY (%)

ANNUAL

J F M A M J J A S 0 N I MEAN

Abha 47 A43.8 37.7 39 27.5 25 32.8 20.8 22.5 22 43 36 33.4
Abgaiq 39 30 32 28 17 1z 21 19 13 15 26 35 24.2

Al-Aflaj 26 21 20 25 15 8 8 10 10 17 28 27 1
Al-Karj 26 25 24 24 18 10 14 11 11 20 25 25 19.4
Al-Ula 29 28 26 30 21 15 11 18 23 32 45 39 20

. An-Nimas 53 55 45 52 3 26 31 28 18 19 48 51 38.5
As-Sarrar 40 29 28 25 23 10 10 12 14 16 29 35 22
As-Sulayyil 30.6 28.6 20.6 18 14.6 11.4 11.6 12.4 12.4 20.! 3
Az-Zilfi 33 28 26 26 21 13 11 13 11 17 25 35 22
Paljurshi 36 31 30 35 21, 19 22 21 15 21 32 3

Ia
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aY
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.

[

Belesmer 45 27 36 40 36 16 17 21 15 22 44 46 30.4
- Bishah 29 28 2 22 21 20 13 14 15 17 29 28 21.3
Dhaliran 4  37.8& 26.8 26.8 2z 13 14,5 16.519 25 37 %8 26.6
Hafuf 34 27 27 30 21 15 16 16 15 18 26 3O 23
Hail 31.7 30.5 20 23 18 11 10 11 11 17.8 39 38 20.7
Hotat-Sudair3z 26 21 25 16 11 9 11 4 15 32 33 20.4
Jeddah . 44,7 36.5 37.5 3% 39.5 42 46 42.5 4%  46.5 42 42.5  41.6
Malaki 43 43 43 35 36 36 34 3 23 24 36 36 30
Madenah 6 28 27 20 17 15 16 19 11 9 26 34 22.4
Mudailif 43 40 36 40 32 3 39 38 42 27 30 ZA 16
Qaysnmah 8 27 22 18 9 8 12 8 7 19 28 27 19
Qatif 48 35 30 26 22 17 18 17 24 25 38 41 28.3
Raftha | 2 25 18 16 9 8 8 9 S 20 33 34 18
Riyadh 29.5 28.5 18 23.5 20 9 10 12 9 13.526 20 19
Sabya 47 46 44 38 36 38 32 34 35 34 38 40 38
Shaqra 29 260 28 29 22 12 13 13 10 15 30 31 21.5
Skaka 40 34 27 16 16 10 8. 11 16 20 33 41 22.7
Tabarjal 3 25 25 20 14 13 14 16 19 21 40 39 21.5
Tabuk 30.5 23.5 16.8 15.516.8 13 13 15 14 20 29.8 32 20.1
Taif 35 28 23 22.519 12 14 13.4 12.518 33 31l.5  21.9
Tayma 29 24 22 16 14 16 19 16 11 11 29 20 14
Unayzah 28.5 24.8 23.5 14.4 17 10 8.7 9.7 i0.6 14.4 286 23 19
Yabrin 23 35 26 22 10 S 11 14 1 14 27 28 18
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APPENNIX XTI

HIGHEST RECORD OF RELATIVE HUMIDITY (%)

J F M A M J J A S 0O N D

Abha 100 100 100 100 100 100 100 100 99 100 100 100
Abqaiq 95 98 99 97 98 89 63 100 100 99 99 95
Al-Aflaj 93 85 94 100 69 38 30 8 75 72 85 92
‘Al-Karj 100 9% 99 97 &8 42 35 65 75 67 96 100
Al-Ula 100 99 100 100 100 56 60 66 58 89 100 99
An-Nimas 100 100 100 100 100 100 100 100 100 100 100 100
As-Sarrar 99 100 98 98 89 78 57 78 95 100 1CO 100
As-Sulayyil 100 100 100 100 96 5S4 42 48 45 74 100 100
Az-Zi1fi 98 96 99 100 100 72 47 48 48 78 100 100
Baijurshi 100 100 100 100 100 100 1CO 100 100 100 100 100
‘Belesmer 100 10D ©8 99 68 97 83 88 88 8% 100 95
Bishah 160 97 100 96 10D 87 64 80 63 82 91 99
Dhahran 130 100 100 100 94 92 95 100 100 100 - 98- 100
Hafuf 98 100 97 95 8 57.577 8 95 100 97 4
Hail 97 98 95 10C 95 65 44 42 43 S5 100 95
Hotat-Sudair 96 82 86 96 72 52 41 39 63 62 100 96
Jaddah 99 92 93 01 99 100 160 100 100 100 94 96
Malaki 37 © 97 100 100 100 100 100 1C0 100 100 300 100
Madenah 95 90 86 90 61 6O 40 37 32 71 94 89
Mudailif 100 100 100 100 100 100 100 97 100 100G 100 100
Qaysumah 91 93 95 88 85 32 31 79 48 97 100 95
Qatif 98 92 94 9% 93 92 82 95 97 96 97 94
Rafha 96 89 87 87 92 27 31 40 36 8¢ 90 87
Riyadh 97 100 95 96 95 63 52 85 50 71 95 89
abya 100 100 100 100 100 100 100 100 100 100 1060 100
 Shaqra 81 64 88 97 74 44 36 48 45 62 100 100
Skaka 100 94 90 94 Y3 52 5 62 67 82 1 a5
Tabarjal 100 96 100 100 100 300 98 85 89 93 100 99
Tabuk 99 93 97 90 10 8 93 65 85 96 95 93
Taif 100 96 95 96 95 89 70 & 77 S0 100 100
Taymi 93 100 100 84 81 44 62 61 75 47 99 91
Unayzak 100 100 98 99 98 59 43 40 42 70 10 10
Yabrin 98 96 96 96 69 48 48 83 95 100 97 98
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APPENDIX XIII

LOWEST RECCRD OF RELATIVE HUMIDITY (%)

J F M A M J J A S O N D
Abha 8 14 8 16 4 6 1 9 7 5 1 2
Abgaiq 6 1 1 1 2 2 2 2 2 2 2 6
'Al-Aflaj 4 6 2 4 1 10 2 5 6 14 .6
Al-Karj 10 8 3 3 2 3 8 9 5§ & 15 10
. Al-Ula 6 2 2 6 4 6 6 O 4 10 18 15
An-Ninns 2 2 6 4 6 6 8 6 1 3 2 4
As-Sarrax 2 1 1 1 1 1 ] 1 2 2 1 1
As-Sulayyil 12 11 4 3 4 4 5 2 6 8 15 12z
Az-zilfi 11 7 3 5 6 2 9 9 & 12 21 3
- Baljurshi 8 2 2 11 1 S 5 6 4 1 7 5
. Belesmer 8 6 10 16 16 5 3 12 9 8 22 19
Bishah 8 4 2 4 1 2 4 8 2 2- 8 6
Dhahran 6 4 1 1 1 1 1 1 1 1 12 i1
Hafuf 22 i2 8 S8 7 6.5 6.5 7.8 & 7.234 20
Hail 11 8 8 4 4 6 5 5 5 7 10 8
otat-Sudaiziz 7 6 6 4 4 7 7 10 10 & 2
Jeddah 15 10 9 14 16 9 1z 17 & 2 22 17
Malaki 12 5 5 10 2 12 8 26 3 1 16 9
Madenah 12 7 15 3 8 8 2 3 2 3 5 2
Mudailif 16 11 12 25 11 17 10 9 12 2 17 14
Qaysumah 10 6 1 1 1 1 1 1 1 1 2
Qatif 27 13 8 8 4 6 2 1 2 2 2
Rafha 0 1 1 1 1 1 1 1 3 § 16
Riyadh & 7 5 7 6 4 6 5 1 7T ¢
Sabya 23 27 24 13 7 16 15 24 14 2 21 23
Shaqra 13 14 5 5 6 9 11 10 312 12 19 15
Skaka 12 5 1 1 0 0 1 2 4 1) 7 5
Tabarjal 10 8 § 2 4 4 S5 6 5 4 14 11
Tabuk 9 3 3 2 3 3 3 4 4 5 9 6
Taif 6 10 16 & 1 )1 2 4 2 3 1i 8
Tayma 4 11 1 5 7 9 15 10 315 8 13 &
Unaizah 2 2 0 0 2 3 2 4 3 6 & 1
Yabrin s 1 1 2 2z 2 2 2 2 2 2 1
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