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Abstract. Rainfall erosivity index of the Universal Soil Loss Equation was obtained, using the daily rain­
fall records for t",'"eoty stations. covering most of the regions in the Kingdom of Saudi Arabia. The kinetic 
energy and the erosivity index (EI30) were estimated by Wischmeier"s E4uation. composite curve~ " .... cre 
drawn as a basis for determining the erosive power of rainfall. A risk of erosion from rainfall exists in some 
areas of the Kingdom. Also, a contour map of the erosion factor (R), was produced to form as a basis for 
planning and designing aprroprialc snil conservation practices throughout. 

Introduction 

The soil erosion in some areas can bc serious and may continue for such a period that 
the most fertile soil is lost. Generally, in the agricultural countries. the potential pro­
ductivity is reduced by past erosion and that the land may not fully recover. 

The factors controlling the working of soil erosion systems are thc erosivity of 
the eroding agent (e.g. rain), the erodibility of soil, the slope of land and nature of 
plant cover [1]. The soil loss by rain is closely related to the detaching power of the 
raindrops striking the soil surface and the transportation power of the resulting 
runoff from rain. 

The rainfall erosivity factor (R), used in the University Soil Loss Equation 
(USLE) is a measure of the effect ofrainfall on erosion. Wischmeier et ai. [2] showed 
that the rainfall characteristic most closely related to soil loss is the kinetic energy 
(K.E.) of the rain. However. the K.E. alone is not enough to describe the erosion 
potential of the rain hecause it does not provide enough information on its distribu­
tion over time and the surface runoff available to transport the detached soil parti­
cles. After testing many other rainfall parameters [3], it was concluded that the sec­
ond important rainfall characteristic is the 30 minutes maximum rainfall intensity 
(130). The rainfall erosion index has heen found to give an excellent correlation with 
soil loss. 
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To determine the quantitative value of the rainfall erosion factor (R), it is neces­
sary to have long time rainfall recording period. 

The rainfall factor for a particular area depends on the geographical location 
and elevation of the site. Soil loss is closely related to rainfall partly through the 
detaching power of raindrops striking the soil surface and partly through the con­
tribution of rain to runoff [I]. It has been proved experimentally that the average soil 
loss per rain event increases with the intensity of storm. In general, estimating erosiv­
ity potential of a rainfall means to measure those rainfall characteristics which corre­
late well with soil erosion. 

However, many equations were developed to estimate the rainfall erosivity fac­
tor which describes the potential of rainfall to cause erosion. Original procedures for 
determining R values taking into consideration the effects of raindrop iI~pact have 
been discussed by Wischmeier and Smith [4 J. Later modifications [5] outlined proce­
dures for adding the effeeb of snowmelt or irrigation to the R factor. 

Studies to improve and develop equations for erosivity index under different 
conditions were conducted elsewhere [6.7.8,9J. Assessment and estimation of rain­
fall erosion factor from daily rainfall records have been carried out in various parts 
of the world [l0.1l.l2,13J. 

Due to the lack of information ahout erosion hy rain in the Kingdom of Saudi 
Arabia. this study was undertaken in an att.empt to (1) estimate the value of one of 
the most important factors (erosivity index) influencing the erosion process, which 
\vill he helpful in selecting. planning and designing soil conservation practices and (2) 
produce a contour map of erosivity for the Kingdom which can he used to predict 
annual erosion losses. 

Procedure and Methods 

A bulk of rainfall data consisting of rainfall intensity. duration and total amount 
\vas ohtained from the Ministry of Agriculture and Water 'MA W' (Hydrology Divi­
sion). All available rainfall records from 31 stations, scattered around the Kingdom, 
covering a period of 26 years between 1963 - 1988 were reviewed. After scrutinizing 
and careful study of the rainfall events, it was found that only 12 stations, with suffi­
cient data for II years (1970-1980) were suitable for the analysis of the rainfall erosiv­
ity criteria. The selected stations represent the major regions of the Kingdom (Fig. 
1). However. eight more stations were included to draw the contour map of the 
erosivity index for the Kingdom. Each station has been named by MAW after a 
nearby city, village, wadi, or other conspicuous feature. The sites were ranging in 
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identification numher:-.. and their alphabetical prefix letters arc pre'-'l'nted in Tahk~ 

I and 2. 

The data ~ekcted for usc were taken from a continuous rainfall gauge chart pick­
ing. the maximum incremental rainfall which fell during the period:-- of ten, twenty. 

and thritl' minutl's; and one, two. three, six. and twelve hours. Total rainfall, along 
w'ith duration. were also determined for eaeh storm. 



'" Table I. The lucation and elevation of the \'arious stations (No. = 12) used in the study 
N 

No. of rainy Annual 

Elevation days (A\'.) rainfall(Av.) 
Area and stations name Basin Sub-basin Latitude L()n~itudc ELtMI N P(mm) 

;\: LTBOOI Sirhan-II Qa-Shara\V-ilh 2R 22 () 3(1 35 () 77J 4 27.9 OJ 

Tahuk ~ ,. 
A: II.N(H)] A~ir N,\jran--l Najran 17 y; () -1--1- l-l () 1~50 7 73.3 ~ 

" Na,iran '" l:: 
A: I II.13002 A"ir Dawasir Bishah 19 0 n 42 9 0 260n 37 4h3.7 0 

~ 

Hi"hah _jA " 3 
A,III.8004 Asir Dawasir Bishah 2() I 0 43 36 () 1020 IU 122.6 3 

" Bishah 
c-

3A " 0 

A: IV.FP002 North TUW<IY4- Dura}da 26 30 () 50 () () 4.7 -I Rl.3 
c-
o: 

Eastern Pn)vince RB ~ 
A:V.R()Ol Birk Ni7ah Hanifa 24 34 () 46 43 () 564 6 7h.5 

0 
; 

Rivadh Sahah,I-7B l:: 
0 

A: \' .ROO) HUlah Sudair Dahna 25 32 () 45 37 (l 6(1) R I I I. I 
~ 

3 
k V!.JOIJI Red Sea Coast Oarrna 19 32 () 411 3 () 53 II 79.9 3 

n 
"cddah IA 0. 

:> 
k Vf,SAUOf Red Sea Coast Jizan 17 3 () 42 57 () 19() 24 JS,s.6 7 

c 
Millaki fA b 

~ 

A: VLSA(l(J:; Red Sea C (last Hali 19 (l () ..il 53 (t JSO 16 JUg 5-
" Kwa~h fA " 

A:JMT.TAOO2 TaifFadat Waij 21 loS n 4() 30 () 15()() 10 IS7.2 

Mi~lah2 

A: VIlLM204 Red Sea Coast Hamd 24 .51 () 40 10 () HSO 7 44 
AI-Madinah lA 



Table 2. Informations related to the extra 8 . stations used in producing the rainfall erosivity contour map 

Area Erosion index 

and Elevation No. of rainy Annual rainfall JM,mm,a"-l 

station (Meter) days (Av.) (Av.)mm hr"-l yrA_l 

name Basin Sub-basin Latitude Longitude EL. N P R 

g' 
kl,SKOOI NafudN.E. Nafud 29 58 0 40 12 0 574 5 47.8 178.3 3 
Sakakah Frontier-l ~. 

g 
A:I, SKOO2 Sirhan-II Sirhan 31 20 () 37 21 () 549 5 49.7 140.5 8, 
Sakakah '" ~ 5' 
A, Y, R003 South Hamr 22 17 () 46 44 () 519 1 60.6 596.1 g 
Riyadh ruwLlyq-5 m 

~ 
AYI, M207 Red Sca Hamd 25 43 0 19 14 0 710 9 40 283.8 ~: 
AI-Madinah coa~t-ID ~ 

;-
Red Sca Hamd 24 30 () 

c. 
A:VI,MOOI 39 35 0 590 8 36 2IU.3 ;;:;. 

0 
AI-Madinah Coast-ID , 

~ 
A: VIII. M205 Taif Fadat Khafqan 23 H () 4() 34 0 H60 8 49.6 558.1 
AI-Madinah Mislah-2 

A, VIII, MOO2 Red Sea Hamd 24 51 () 40 30 () 840 14 42 157.4 
AI-Madinah ('oast-I D 

A: VIII, M20h Red Sca Hamd 25 7 () 40 20 () lOBO 9 40.1 2HO.9 
AI-Madinah Coast-ID 

~ 

'D 

'"" 



Fawl'i Said t\..'lohamrnad ,md Hus:-:.cin Mohammed Abo-Ghubar 

The method used to calculate the rainfall erosion index (R), was hased on direct 
mca~urements of rainfall erosivity potential from rainfall rccords. All available rain­
fall inten~ity data for different locations in the Kingdom were uscd as outlined by 
\Vischmcir l4j. According to this method. individual events arc defined as rainfalls 
\vith () hours interv,lls or tho~e separated with les~ than! .2.7 mm rainfall in a period 
of 6 hour~. In this stud~y, rains of values less than 1.27 mm were neglected from calcu­
lations as insignificant. 

Estimating the rainfall erosivit.'" factor (R) 

The following equaiton b:-/ Wisch meier and Smith [7] was used in this study: 

KE = D.~2. + l).7R log I ( I) 

\,,'here I is the rainfall intensit.v (mm hr- I) and KE is the kinetic energy (.1 111-: 111m I). 

This equation enahle~ to compute the erosivity index without carrying out any 
analysis of the raindrop ~ize and its distribution. The rainfall events were anal)-'zed 
and each storm was divided into different segments of uniform intensity (mm/hr). 
The unit kinetic energy corresponding to each of the<..,e intensities was calculated by 
u'ling equation 1. The amount of rainfall in each segment of intensity was multiplied 
by appropriate unit kinetic energy value and the energy was totalled for the whole 
~torm. To ohtain the erosiYity index (EDO), the total value of kinetic energy of the 
rain was multiplied by the maximum 3()- minutes rainfall intLnsity (130). The inclu­
sion of 130 in the index is an attempt to correct for overestimating the importance of 
light intensity rain rl~]. The maximum30-minute':l intensity was computed by locat­
ing the greatest amount of rain received in any 30-minutes interval. It was then dou­
bled to obtain the intensity per hour. 

The values of erosivity indices (EDO). computed for individual storms were 
tntalkd to get mOllthly and annual values in mj 1l1ll1 Iha -'hr. To obtain the rainfall 

factor (R), the computed EDO values of the eleven recording yei.lrS were summed 
and divided by the nurnher of Jicar~. In other words, the R- factor is a longtiml..' aver­

age of the yearly crn~ivity index for a specific location. 

Results and Discuussions 

The values of the rainfall factor (R) for the twelve sites. as computed by \Vis­
chmeier and Smith's Method [~1 are shown in Tahle 3. These values vary considera­
bly fwm one location to another. The annual values of R ranged from 160.1 to 2647.1 
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mj mm ha- I hr- I yr- I and fall in the category of low to high values according to Fos­
ter's classification [15]. Most of the researchers consider the rainfall factor (R) upto 
300 as associated with low erosivity, 300-2000 as medium and 2000-5000 mj mm ha- I 

hr- I yr- I as high. One station in Jizan (SA 001) showed a very high value of R 
(408I.S). This is the only value estimated on the basis of7-years recorded data. How­
ever, this value was not considered in producing the map of erosivity for the King­
dom. 

The variation in R value is expected due to various interdependent factors such 
as rainfall amount, duration, intensity and geographical location. The values of R arc 
generally higher in the South Western regions including the coastal regions. Hence 
these areas are potentially morc exposed to erosion than other areas in the Kingdom. 

Some investigators have suggested that the maximum allowable value for 130 
should be 63.S mm/hr [14] because it leads to excessively high estimates of R in trop­
ical areas. In this study, the threshold quoted above was not observed because the 
nature of rainfall is not similar to that in tropical areas. In general, the rainfall rate 
in the arid climate such as that in the Kingdom, rarely exceeds 50% of that experi­
enced regularly in tropical areas. 

Curves (Composite curves) based on cumulative percentage of monthly rainfall 
factors (11 years average) were plotted versus months of the year to show the vari­
ation of erosivity during the year for all the locations (Fig. 2). These curves provide 
a basic information which can be used in planning and design of soil conservation 
works. it is obvious from these curves that the distribution of erosivity in the regions 
consists of three categories: 

Category A Fairly uniform such as that for 

I. Area VI, (SA (03) 
Ill. AreaJMT. (TA002) 

II. Area VI, (SA 001) 
IV. Area II, (N 0(1) 

Category B Mainly summer such as that for 
I. Area VI. (J (01) II. Area VIII. (M 2(4) 

Category C Mainly winter such as that for 
I. Areal, (TBOOI) II. Area III, (B002) 

Ill. Area Ill, (B 0(4) IV. Area IV, (EP 002) 
v. AreaV,(ROOI) VI. AreaV.(ROOS) 
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Generally. the curves in categories Band C consist of three stages. viz: 
Stage 1 with moderate erosivity 
Stage 2 with no/low erosivity 
Stage 3 with high erosivity 

These stages vary from one location to another and according to the rainy season 
in the area. The steep slope observed in several curves suggests that the erosive 
power of the rainfall in the corresponding area is very high during a certain period of 
time. Areas such as JOO! and M204 are likely to have greater erosion during the 
months of June - July. and EP002. NOO!. B004 and ROOI in the months of March­
April. while at location B001. the risk of erosion is high in the month of November. 
Genrally, the degree of erosion occurring under any condition depends on the effect 
of the rain and the nature of the soil. Hence some storms can cause more erosion 
damage than others with the same intensity at different locations. 

The erosivity index hased on any intensity function has a greater reliability in 
application than an index based on any other rainfall characteristic. However, the 
estimation of the rainfall index (R) hased on the rainfall intensity records is a lahori~ 
ous procedure. Therefore. in this study, an attempt was made to correlate the 
amount of the yearly average rainfall to the yearly rainfall index. The average of 15 
years rainfall was plotted versus the R -- values as shown in Fig 3. A linear regression 
relationship was established and the two variables were found to be fairly correlated 
(r ~ 0.80). The relationship has the following form: 

R ~ 286.15 + 708 P (2) 

where P is the yearly average of the rainfall (mm). This relationship is applicable with 
a 95% confidence as shown in Fig. 3. Since the annual rainfall is relatively easier to 
obtain for any station, it is more convenient to estimate R from the above equation. 

From Fig. 3. it is clear that the deviation of ,tations JOOI. BO()-l and SA()()1 frol11 
the ~traight line rclation~hip is quite high. Thi~ means that the \"~lillc nf R in the;:.;!.' 
area;:.; is compaf3tively le'::>s dl'pl'ndel1l on the amount of rainfall. The station'::- RO()l, 
ROOS and BO(l2 abo dL'vime considerably and ~uggest that the R- \"~t1Ul' in the:-.e are,\;:.; 
is more dependent 011 DO rather than the total aIllount of rainfall. 

Since ero-;ivity j" related to f3infalL \vhich indicates that the L'ro~i\'ity index (R) 

might be related to the average number of rainy.' day~ (N) in a y'C<.tr, Fig . ...j. was plotted 
to sho\\' the relationship between "R" 3nd --N" at I)YX) confidence. The following 
equation was ohtained: 

R ~ 224.7 + Y~.7 N ···lr~(I.~J 1 ..... (3) 
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The high value of R (4081.5 mj mm ha- I hr- I yr-') at station SAOO! was respon­
sible for a decrease in the degree of correlation. 

An attempt was also made to correlate elevation to the erosivity index "R". No 
correlation was found to exist between the two parameters with reasonable accuracy. 
This finding is in agreement with the conclusion by Cooley. et at. [7] who found that 
the effect of elevation on erosivity index was minor. 

R values for the extra 8 stations were calculated and the data collected from the 
20 stations were used to produce a contour map of erosivity index for the entire King­
dom, as shown in Fig. 5. The susceptibility of the different regions to erosion, based 
on R values is also shown in the same figure. The Rub-al-Khali (Empty Quarter) was 
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Fig. 5. Contour map of average of the rainfall erosion index. 
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not considered in producing the map as it receives a very little amount of rainfall. 

Also, the most effective agent of erosion in this part (mostly desert) is wind and the 
rainfall is not quite effective. This map will form the basis for predicting annual ero­

sion losses. In future. the map could he modified when more intensive data are avaiJ­
ahle. 

Conclusions 

The risk of erosion from rainfall exists in some areas of the Kingdom. espeicaJty 
1I1 the coastal and mountain areas in the west and southwest. The erosive power of 

the rainfall was found to he high during a certain period of time in Jizan. Madinah, 

Najran and Bishah areas. 

A fairly good correlation exists bet\veen the erosivity index and yearly rainfall 
amount on one hand and numher of rainy days on the other during the year. 

Further studies an: needed to asse~s the erosion proces~ due to rainfall in all 

parb of the Kingdom and to modify' the contour map of erosivity already produced 

in this stuch. It is also suggested that studies be undertaken to obtain the other 
parameters of the Universal Soil Loss Equation for the Kingdom. 
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