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Regional Variations of Monthly Rainfall Amounts in the
Kingdom of Saudi Arabia

MAHMOUD S. ALYAMANI and ZEKAI SEN
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Jeddah, Kingdom of Saudi Arabia

ABSTRACT. Sporadic and haphazard spatial as well as temporal occurr-
ences of rainfall intensities in arid regions such as the Kingdom of Saudi
Arabia require detailed interpretations of rainfall amounts which are neces-
sary prerequisites for various activities such as agricultural planning, water
resources management, groundwater recharge, etc. The monthly rainfall
totals at 29 stations for more then 15 year records arc used in order to detect
rainfall regimes by temporal and spatial evaluation techniques. First of all
some basic statistics, namely, the mean, standard deviation, kurtosis and
skewness are presented in order to identify the nature of temporal rainfall
patterns. Frequency distribution of rainfall at cach station provides
supplementary information in such a pattern recognition process. In addi-
tion, plots of skewness versus kurtosis provide basis for firm decision mak-
ing processes about pattern recognition. On the other hand, spatiat monthly
rainfall patterns are sought on the basis of kriged mean and standard devia-
tion values all over the Kingdom. The pattern recognition procedures as
proposed in this paper can be applied in any other part of the world. Be-
sides, these techniques are preliminary requirements of regional and/or
temporal rainfall modelling.

Introduction

The Kingdom of Saudi Arabia extends over an area of some 2,250,000 km? within the
Arabian Peninsula of which more than 90% is covered with deserts or steppes and
hardly suitable for any sort of agricultural or industrial development. On the average
the rainfall is low, these conditions make it necessary to conserve every single drop of
water in Saudi Arabia. Moreover, thete is no perennial streams in the proper sense.
Therefore, Saudi Arabia is heavily dependent on the groundwater resources as well
as on the desalination of sea water.
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In arid regions, rainfall is very low, unpredictable as well as highly irregular but it
can be very intensive during local storms. In such areas evapotranspiration consider-
ably exceeds precipitation. High temperature and dry wind are among the basic
climatic parameters which control principly the evapotranspiration. If rainfall is not
sufficient this may lead to a serious limitation to meet the agricultural needs. This is
the main reason why over the Arabian Peninsula climate limits the activity of man.

Moreover, severe isolation and scarcity of water resources hinder the growth of
permanent settlements. The aridity is the result of climatic influences which include
the general circulation of the air, distance from a moisture source, and local factors
such as mountain barriers,

Generally, the Arabian Peninsula is characterised by a hot climate subject for the
greater part of the year to northerly winds moving from the eastern Mediterranean
Sea towards the Arabian Gulf. The equatorial circulation system influences the area
on both sides of the equator to 30°N and 30°S including the Arabian Peninsula, (Mac-
laren 1979). Furthermore, the Arabian Peninsula lies between the two of the hottest
regions, namely the Sahara in the African continent and the northwest Indian sub-
continent which provide heat reservoirs, ($en 1983). Moreover, it is considered as a
part of the Asian continent which developes in winter time some of the lowest temp-
eratures in the world. On the other hand, the north pole creates cold through over
Europe and the Mediterranean Sea which penetrates the northern part of the penin-
sula in winter, and therefore, these exists potential cold reservoirs in the northeast-
ern and northwestern direction.

The weather patterns influencing the study area can best be explained by consider-
ing the various air masses that move into the Middle East. The effects of these air
masses over the Arabian Peninsula were discussed and mapped by several inves-
tigators (Alqurashi 1981; Maclaren 1979 and Sen 1983). Figure 1 shows such influ-
ences introduced and explained in detail by Sen (1983). To a greater or lesser degree
these air currents influence the Arabian Peninsula for some short time by one of
these reservoirs or their combinations as a result of which modifications in the King-
dom’s climate take place as these air currents make their way out from their origin.

Since the water is a major factor for domestic and agriculture activities, the ra-
tional development of resources should be considered as one of the highest priorities
in areas with arid conditions. For this reason, the assessment of rainfall is necessary
to objectively deal with natural recharge leading to aquifer replenishment especially
in the western and central provinces of Saudi Arabia. Therefore, the main emphasis
in this work is given to the air mass movements effecting the Kingdom’s weather and
as result its rainfall pattern. On the basis of historical monthly rainfall sequence as-
sessments by using statistical approach one might provide helpful information for un-
derstanding and giving a good account on the variability of the Saudi Arabian rainfall
patterns and their impacts on human activities.

Rainfall Distribution in Saudi Arabia

Saudi Arabia lies approximately between 15° 00" and 32° 10'N (Fig. 1). Since the
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northern tropic belt is bounded by latitude 23° 27N which is also known as the Tropic
of Cancer, the southern province of Saudi Arabia includes the intertropical front be-
tween the tropic and subtropic zones. However, most of the Kingdom falls within the
subtropical zone. The subtropical belts of high pressures have a dominant influence
on Saudi Arabian climate. Moreover, the local topography plays an important role
particularly in the southwestern Arabia. In the remaining areas, the seasonal system
of winds and rainfall depend mainly on the broad atmospheric circulation patterns
with a few local deviations. In general, the rainfall in the upper two thirds of Saudi
Arabia is scanty, unpredictable and irregular. Furthermore, variation among years
has distinctive characteristics and long dry periods may exist. In most of the cases the
rainfall occurs locally and sometimes in the form of violent thunderstroms of short
duration. The intensity during such a storm may be so high that it exceeds the land
capacity resulting in a high rate of runoff leading to flash floods causing erosion.

Generally, rainfall amounts decrease from north to south and from west to east.
The main factors in such a decrease are topography and air mass movements. The re-
latively high zone of rainfall is in the southwest area which receives high amounts of
rainfall, (>>4530 mm/year), with marked decrecases towards the east which is ex-
tremely arid,



116 Mahmond S. Alyamani and Zekdi Sen

The monthly rainfall records are published by the Ministry of Agriculture and
Water as annual hydrology reports. The rain guage density over an area has been
fixed by WMO (1974) to be one station for every 600 km?. However, the distribution
over the Kingdom is rather non-uniform. Therefore, in this study 29 representative
rainfall stations are considered which are more or less uniformly distributed over the
Kingdom as shown in Fig. 2. These rain guages were selected with long record
periods available more than 15 years. All relavant locational information about these
stations are presented in Table 1.

1. QURRAYAT
2. ALULA
3. SAKAKAH
$.HAIL
5. BAGA'A
6. SULAYM|
7. UNAYZA
8. SAMIRAN
g, ALZULF)
10 . ASSARRAR
11. HANIFA DAM
12, QATIF
13, HUFUF
18, HARAD
15, YABRIN
16, MOSAJID
17, BADER
18 . MASTURAH
19.SHABAN
20. TURABAH
21 .GARITH
22, RANYAH
23, SHAFA
24 BILJURSHY
25 . TIMDAHAH
26 .ALAMIR
27, QAMAN
28. AgHA
29, 9ANI HAMAM

T N v ¥ v T
‘ DS'udy area

Fic. 2. Location map of the study area.

The relative frequency distributions together with the fitted probability distribu-
tion functions for each station are presented in Figure 3. It is to be noted that the
logarithms of rainfall amounts are used on the horizontal axis. It is obvious that
Turabah, Abha, Hanifa Dam, Shafa, Unayza, Alula, Mosajid and Alamir stations
have slight negative skewness to the right which implies that high intensity rainfalls
occur more frequently than low intensity rainfalls.

Figure 4 provides a general theoritical chart based on the skewness and kurtosis
values and it is useful in depicting the suitable statistical distribution function, On the
other hand, Figure 5 presents the plot of Saudi Arabian monthly rainfall amounts
based on the same variables namely skewness and kurtosis. In this figure five diffe-
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TansLE 1. Summary of station locations.

Station Latitude Longitude Elevation (m)
Qurrayat 31e 26 | 370 21 349
Alula 200 37" | 37 5IY 650
Sakakah 290 S8 | 400 12! 574
Hail 27° 320 | 420 43 1001
Baga'a 27° 04" | 43 51 755
Sulaymi 260 17 ] 410 21 950
Unayza 26° 047 | 43 59 742
Samirah 260 29' ) 42° 07 -
Alzulfi 26° 18" 44° 4%’ 605
Assarrar 26° 59" | 48° 23 75
Hanifa Dam 24° 407 46° 37 625
Qatif 26° 30' | 500 o0 5
Hufuf 25° 25" | 49 3«4 160
Harad 29° 10" | 49° o1 300
Yabrin 23 147 | 490 o 200
Mosajid 24 05 | 39° 05 471
Bader 23° 447 | 38° 46/ 119
Masturah 23 06' | 38> 507 55
Shaban 220 35 | 390 3% -
Bani Hamam 200 497 | 45° 49’ 640
Turabah 2]° 13 41° A 1126
Garith 200 37 | 410 Ry 1100
Ranyah 212 15" ) 420 5V 810
Shafa 21° 04" | A 22° 2190
Biljurshy 19° 52" | 41° 33 2400
Tindahah 18 19" { 42° 52 1900
Alamir 18° 06’ 42° 47 2100
Qamah 18 o0 41° 40 20
Abha 18° 12’ 42° 29’ 2200

rent charts are exposed each for different region. The following significant observa-
tions and interpretations can be derived from this figure.

(1) Itisastriking fact that the skewness-kurtosis relationships for each region ap-
pear as a straight line.

(i1) The best fitted straight lines in each region are parallel to each other. This fact
shows that there is a universally valid skewness-kurtosis relationship at least for
Saudi Arabia.

(iti) Overlapping of Figures 4 and 5 indicates the validity domains of different dis-
tribution functions for the Saudi Arabian rainfall. This point has been shown in Fi-
gure 5 by horizontal lines. In this context, LN, EX, NG, JF, UF mean lognormal, ex-
ponential, negative gama, J-form and U-form distributions.

Regional Treatment of Rainfall Data

The average monthly rainfall, ¥, as well as standard deviation, o, skewness and
kurtosis coefficients are calculated for the 29 rainfall stations in order to give a com-
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plete idea about the temporal and spatial variation in the rainfall pattern, (scc Table
2). From the average monthly rainfall it can be predicted that the rainfall variability
over the Kingdom is extremely high which might be attributed to the two dominant
factors mentioned above.

In addition to that, if the annual value of the coetficient of variation, C, = o/ for
cach station in the southwest are plotted as shown in Figure 6, 1t will be clearly
noticed that three of those stations which have the highest elevations such as Alamir
(2100 m), Abha (2200 m), and Biljurshy (2400 m) will give the mimimum value. On

TanLr 2. Statistical summary of rainfall stations.

STATION J F M A M J J A S (0] N D
Badu'a 1400 6.7 220 140 74 00 0.0 00 00 2.7 203 (4.0
! o | 555 180 305 195 90 L0 05 0.0 00 6.5 220 145
Sulaymi ¥ |17.6 58 121 175 7.8 00 00 00 00 43 217 75
- o 12435 9.5 190 21.0 130 00 00 00 00 105 255 7.5
Unavza £ 1220 115 220 135 105 00 00 00 00 07 200 150
o o |22.0 120 325 00 140 05 00 00 0.0 2.0 285 180
Sl 1231 91 133 157 67 00 0.0 00 0.0 100 210 7.6
o [285 10,0 17.5 200 120 0.0 00 00 00 185 265 115

Alzulfi £ 1220 120 270 240 70 04 00 00 0.0 05 130 10.2
o 230 145 250 30,0 100 1.5 00 0.0 00 20 275 195

Assarrar £ 1130 12.0 1840 180 40 0.0 00 00 00 44 128 150
h o [21.,5 7.0 240 275 35 05 L5 00 00 140 180 7.0
Hanifa Dam | £ | 140 80 200 300 76 00 07 00 00 05 35 72
' o [23.0 95 250 3.0 80 1.5 25 00 00 1.5 65 1053
Oatif 175 140 13q 134 00 00 00 00 00 0.0 100 11.0
o |175 290 205 185 13 00 00 00 00 05 11.5 235

Hufuf |62 113 150 150 1.2 00 00 00 00 00 25 46
o260 150 190 195 20 00 00 00 00 1O 55 55

Harad £0130 101 83 100 22 00 00 00 00 00 00 1.8
o 235 160 120 125 35 00 1.5 00 05 05 05 25

Yabrin T {115 58 100 80 00 00 00 00 00 00 16 2.0
o {295 75 125 100 1.0 00 05 00 0.0 00 40 3.0

Mosajid £ 1200 93 120 152 33 00 00 21 32 00 160 16.0
o |225 120 220 275 90 1.5 1.5 55 45 1.0 175 390

Qurrayat 187 56 W0 35 29 00 00 00 00 33 7.5 4.5
el 75 80 I50 60 55 00 00 00 L0 S0 83 355

Alula il 64 49 88 165 28 00 00 3 00 1.5 89 54
o] 90 55 175 200 55 00 00 40 00 50 100 9.0

Sakakah 10 57 79 80 52 00 00 00 00 36 190 39
' o [165 80 175 180 90 00 00 00 00 90 285 55
Hail 1190 58 168 200 29 00 00 00 00 49 280 7.1
30 6.5 270 235 935 0.0 00 0.0 00 [1.0 235 7.0
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TaBLE 2. (Continued).

STATION T F M A M J J1 A S O N D
Bader : 1100 55 35 123 12 00 00 00 00 05 61 90

o105 140 65 260 25 00 00 00 00 20 7.5 125
B 120 s1 1.0 115 12 00 00 00 00 00 81 78
Masrah | 100 120 30 275 30 00 25 10 00 2.0 100 7.0
Shaban % 210 98 75 180 00 00 00 00 08 18 130 56

o |30 150 150 335 LS 00 00 00 25 45 175 70

| 120 80 226 330 130 00 19 49 13 00 81 87
Turabah e 175 170 250 510 160 15 S0 90 35 25 154 175
Garith % [ 100 40 240 400 165 20 25 00 00 18 92 38

o175 75 260 440 200 50 75 10 1.5 49 170 7.0
Ranvah | 61 45 390 460 100 00 1.5 00 00 1.6 46 24
any s ! 85 115 270 490 225 00 55 00 00 65 130 5.5
Shata % 240 220 120 420 544 140 150 350 250 370 240 20.0
: o |63.0 300 135 60.0 64.0 23.0 17.0 400 17.0 43.0 320 19.0
Bioshy | © | 716 291 310 S60 250 120 220 280 87 2.0 500 440
) e |775 a5 370 8.5 250 120 275 320 120 200 500 61.0
o 7 100 70 220 365 335 65 23.0 168 34 05 115 4.6
Tindahah |1 3's 130 450 315 305 65 160 180 7.5 L5 155 180
Alamir % 1200 245 470 560 550 175 380 56 74 39 120 9.0
: s | 235 350 610 525 430 140 210 45 80 65 210 145
Oamah |30 70 28 58 28 02 48 10 13 25 82 150

o315 90 90 125 65 10 205 25 45 60 220 215
Abha 7 1334 270 490 560 440 150 440 400 7.3 106 165 80

s 263 578 67.0 439 355 120 194 160 &0 180 380 180
Bani- s | 30 16 109 75 07 00 63 18 00 00 41 03
Hamam o| 60 40 275 80 20 00 00 00 00 00 145 1.0

the other hand, station with low altitudes for example, Qamah (20 m) will get the
highest value for the coefficient of variation.

In order to assess such a variation, distributions of rainfall over the study area were
investigated in time and space. The simple representation of the state is a set of
monthly rainfall maps. These maps would give a better view for the regional rainfall
variation. The rainfall in the Kingdom may be considered as one of the most impor-
tant factor in the water balance equation, varying more significantly in a random
fashion from place to place than any other climatological parameter. Moreover, rain-
fall in monsoon Asia is strongly distinguished by its seasonality, interannual variabil-
ity, torrential behaviour and sharp regionality (Yoshino 1971). Similar patterns are
expected to occur especially in the southwestern part of the Kingdom of Saudi
Arabia,

For regionalisation of the two parameters, namely, mean and standard deviation,
monthly isohyetal maps were developed by using kriging method. The variability of
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FiG. 6. Annual variation of C, in the southwest region.

the rainfall over the Kingdom will be discussed according to the seasonal variation
which is based on the categorizing of the months in four groups in accordance with
the rainfall patterns as follows (Notice that in Figures 7-18 “a” and “b” imply the
standard deviation and mean values, respectively):

(i) Winter Season, (December-February)

Isohyetal maps for winter months are shown on Figures 7 to 9. It can be noticed
that the temporal and spatial distribution of the rainfall over the study area in winter
season is due to the influence of the air masses movement coming from north direc-
tion. During the winter, cyclonic disturbance generated primarily over the Mediter-
ranean Sea, tracks easterly and brings rainfall over the Kingdom. Hence, during
winter season the rainfall is of cyclonic type.

it is obvious from the comparison of mean monthly rainfall amounts in Figures 7b,
8b, and 9b that during the winter season in December there exists almost north-south
trending high rainfall belts which takes southwest-northeast direction in January
with relatively higher rainfall amounts. However, in February there appear two
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Fii. 9. Spaual rainfall pattern for February,  a) Standard deviation b)) Mean,

peaks one near the central area including Unayza and Burayda cities in Al-Qasim re-
gion but more spiky one in the south western corner of Saudi Arabia, i.e. in Asir
mountains. On the other hand, in January and February surprizingly the regional
standard deviation patterns have more or less the same trends.

In general, the maximum monthly rainfall occurs in January. In the southwestern
region, the rainfall is totally digtinctive from the other regions in that it has appreci-
able amounts of rainfall throughout the season almost with no dry period. In this part
of the Kingdom, the high amounts of rainfall could be attributed to the maritime
polar air mass coming from the Mediterranean Sca and Atlantic Ocean which occur
to a certain extent overlappingly. Furthermore, the high mountains in that part of the
Kingdom where the elevations more than 3000 meter above sca level give an orog-
raphic appearancc to the rainfall. Similar to the mean rainfall values the standard de-
viation follows the same pattern and has its maximum value in January. It is, hence,
obvious that there appears a directly proportional relationship betwcen the mean
and standard deviation. This implies that increasc in the rainfall intensity gives rise to
increase in the standard deviation, i.e. high intensities occur quite randomly in the
month of January.

In the northern province, the rainfall takes place due to the first frontier from the
Mediterrancan born moist and cool air masscs to form convective rainfatl. This arca
is characterised by all its rainfall in the winter season.

On the other hand, both western and eastern regions are characterised by its low
rate of rainfall. Nevertheless, the rainfall amounts increase relatively towards the
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east which is dué to the topography as well as the area that lies totally within the zone
of winter rainfall due to affect of the Mediterranean Sea depression.

In central region, maximum rainfall occurs due to the extreme southern boundary
for the Mediterranean Sea born air masses that penetrate this area.

(if) Spring Season (March-May)

During this season intertropical front starts to move northwards and the south of
Saudi Arabia comes under the influence of monsoonal moist air stream from the In-
dian Ocean which results in widespread rain throughout the southern area and along
the escarpment. The maximum peak of rainfall occurs in April as shown in Figures 10
to 12.

»
-

e

FiG. 10. Spatial rainfall pattern for March.  a) Standard deviation b} Mean.

Kms

It is obvious that the least areal effectiveness takes place in May during the spring
season with least rainfall amounts. However, throughout this season the southwest-
ern Asir mountains pressure has its unique distinction. Furthermore, comparison of
Figures 10a, 11a, and 12a indicates that the effect of Mediterranean air movement di-
minishes whereas south born monsoon takes its place but does not penetrate the
Kingdom except in the southern regions. So far the regional standard deviation dis-
tribution is concerned its maximum concentrates throughout the season in Asir
mountains. There is a continual decrease of standard deviation from March to May
inclusive.

Furthermore, the northern and central regions have low rate of rainfall which
might be due to these areas becoming under the influence of dry northern air masses.

v
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F1G. 11. Spatial rainfall pattern for April.

FIG. 12. Spatial rainfa}l pattern for May.

(iii) Summer Season, (June-August)
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In this season, rainfall is the result of the convectional instabilities of the air. The
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moisture continues to be supptied from the south easterly flow of monsocon air that
creates thunderstorms in the south and along the Red Sea escarpment (see Figures 13
to 15).

" e

A B

C’\’ﬂm

FiG. 13. Spatial rainfall pattern for June.  a) Standard deviation b)) Mean.
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FiG. 14. Spatial rainfall pattern for July.  a) Standard deviation  b) Meun.
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Fi6. 15, Spatial rainfall pattern for August.  a) Swundard deviation b)) Mean.

Onc of the distinctive characteristics of this scason is that the peak occurrence in
the standard deviation disappears in June, (sce Figure 13a). [n the same month the
mean rainfall pattern peak is modified and shifted to extreme south. So far as the
mean areal average is concerned in months July and August an areally extensive dry
period oceurs cspecially 1n all the Kingdom except in the Asir mountains. However,
comparatively rainfall amounts in these mountainous regions arc smaller than any
other scason in addition to their decreasing trend from June to August. At this time
of the year, a steady upper level and the cyclonic flow sweep along the Mcditerra-
nean Sea from the west towards the east which then tracks an eastward run over the
northern, eastern and central regions of Saudi Arabia. It may prevent the equator
born maritime air of the northeasterly monsoon from penctrating into the north reg-
ion of the Kingdom. Due to this effect, summer season will be rather dry in the west-
ern parts of the Kingdom. In the western region, the rainfall is significantly scarce
compared to winter and spring seasons.

(iv) Autumn Season, (September-November)

In this season, south-easterly air flow diminishes and once again westerly air from
the Mediterrancan brings air moisture which gives way to tropical winter condition.
In all regions considered together September is the driest month with its maximum
rainfall in the southern area. This arca comes under the influence of the combination
of the Red Sea trough and the Mediterranean depression causing rainfall, (Figures 16
to 18).

Appearence of a significant regional peak in the central parts of the Kingdom im-
plies the cffect of convective rainfall type, (see Figure 17b).
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Fi1G. 16. Spatial rainfall pattern for September.
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FiG. 17, Spatial rainfall pattern for October.

a) Standard deviation

b) Mean.

a) Standard deviation
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FiG. 18. Spatial rainfall pattern for November.  a) Srandard deviation  b) Mean.

On the other hand, during the late autumn outbreaks of westerly air become more
frequent and associated with retreat of the monsoon front, widespread rainfall of
medium to high intensity takes place over the escarpment and the northwesterly re-
gion.

From the discussion above it is concluded that the southwestern region is com-
pletely different from the other areas in that throughout any year it displays no dry
month at all and the maximum peak of rainfall occurs in April, with minor peaks also
in winter (January) and summer (August).

Conclusion

Monthly rainfall patterns over the Kingdom of Saudi Arabia have been assessed by
considering temporal and spatial distribution of rainfall amounts. The results are
presented in the form of frequency distributions as well as the regional maps. The fol-
lowing significant results can be drawn from this study;

(i) four distinctive reasons of rainfall can be depicted within the Kingdom due to
the movement of various air masses.

(ii) monthly rainfall amounts are almost log-normally distributed in the Kingdom,

(iii) asexpected invariably the maximum rainfall concentrations are located in the
mountainous heights in the southwestern corner. Additionally, in February and Oc- -
tober there exists another concentration area of rainfall in the central provinces.

(iv) standard deviation variations in all the months are rather wide which implies
that the change in rainfall intensity might occur unexpectedly sudden throughout the
Kingdom of Saudi Arabia.
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On the other hand, the following points show the expected benetits from such a
study as well as the future research possibilitics;

(i) on the basis of presented regional mean monthly rainfall maps it is possible to
identify quantitatively recharge and drought arcas within the Kingdom of Saudi
Arabia at any desired month.

(i) prediction of monthly rainfall amounts on a temporal basis by some funda-
mental simple statistical concepts such as the regression technique.

(iii) regional modelling of rainfall amounts by using geostatistical models.
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