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Estimation of Rainfall Erosivity Indices for the Kingdom of
Saudi Arabia

Fawzi Said Mohammad and Hussein Mohammed Abo-Ghobar
Agriculmural Engineering Department, College of Agriculture,
King Saud University, Rivadh, Saudi Arahia

Abstract. Rainfall erosivity index of the Universal Soil Loss Equation was ubtained, using the daijy rain-
fall records for twenty 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 Equation. composite curves were
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 appropriate soil conservation practices throughout.

Introduction

The soil erosion in some areas can be serious and may continue tor such a period that
the most fertile soil is lost. Generally, in the agricuitural 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 the erosivity of
the eroding agent (e.g. rain), the erodibility of seoil, 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 of rainfall on erosion. Wischmeier er al. [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 because 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
{I30). The rainfall erosion index has been found to give an excellent correlation with
soil loss.
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To determine the quantitative value of the rainfall erosion factor (R), itis neces-
sary to have long time rainfall recording period.

The rainfall factor for a particular arca depends on the geographical location
and elevation of the site. Soil loss is closely related te rainfall partly through the
detaching power of raindrops striking the soil surface and partly through the con-
tribution of rain to runoff [1]. 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 te cause erosion. Original procedures for
determining R valucs taking into consideration the effects of raindrop impact have
been discussed by Wischmeier and Smith [4]. Later maodifications [3] outlined proce-
dures for adding the effects of snowmelt or irrigation 1o the R factor.

Studies to improve and develop equations for erosivity index under different
conditions were conducted elsewhere [6.7.8,9]. Assessment and estimation of rain-
fall crosion factor from daily rainfall records have been carried out in various parts
of the world [10.11,12,13].

Due to the lack of information about erosion by rain in the Kingdom of Saudi
Arabia, this study was undertaken in an attempt to (1} estimate the value of one of
the most important factors {erosivity index) intfluencing the erosion process. which
will be helpful in selecting. planning and designing soil conservation practices and (2)
produce a contour map of crosivity for the Kingdom which can be used to predict
annual erosion losses.

Procedure and Methods

A bulk of rainfall data consisting of rainfall intensity, duration and total amount
was obtained from the Ministry of Agriculture and Water "MAW™ (Hydrology Divi-
sion). All available rainfall records from 31 stations, scattered around the Kingdom,
covering a period of 26 years between 19603 — 1988 were reviewed. After scrutinizing
and careful study of the rainfall events. it was found that only 12 stations, with suffi-
cient data for 11 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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Fig. 1. General map of the Kingdom of Saudi Arabia showing different regions.

clevation from 4.7 o to 2600 m above mean sea level {M.S L), List of station names,
identificatiom numbers. and their slphabetical prefix letters are presented in Tables
1 and 2.

The data selected for use were taken from a continuous rainf{all gauge chart pick-
ing the maximum incremental raintall which fell during the periods of ten, twenty,
and thrity minutes; and one., two, three, six, and twelve hours. Total rainfall, along
with duration, were also determined for cach storm,



Table 1. The location and elevation of the various stations (No. = 12) used in the study

No. of rainy Annual
Elevation days{Av.) rainfall (Av.)
Area and stations name Basin Sub-hasin Latitude Longitude EL{M) N P{mm)
A B TBOO Sirhan-11 Qa-Sharaw-ah 28 2210 30 350 773 4 27.9
Tabuk
A TLNOOT Asir Najran-4 Najran 17 330 4 140 1250) 7 73.3
Nagran
AL 1L.BOO2 Asir Dawasir Bishah 19 6 0 42 90 2600 37 463.7
Rishiah A
A HLBOO4 Asir Dawasir Bishah 2010 43 36 0 1020 10 122.6
Bishuh 3A
ATV .EPOD2 North Towayy- Durayda 26 A0 S 00 4.7 4 8.3
Eastern Provincee 8B
A:V.R00L Birk Nizah Hanifa 24 34 0 46 43 1) 564 ] 76.5
Rivadh Sahaba-7B
AV .ROOS Hutak Sudair Dahna 25320 45 37 0 665 8 111.1
A:VIIom Red Sea Coast Qarma 19 32 0 411 30 33 11 79.9
Jedduh IA
A VIESAODL Red Sca Coast Jizan 17 30 42 37 1) 190 24 358.6
Malaki LA
A VLSANDY Red Sea Coast Hali 1900 41 33 (t 350 16 08
Kwash 1A
AIMT. TAOO2 Taif Fadat Waij 21 18 0 400 30 0 1500 1{) 157.2
Mislah?2

AL VIH.M204 Red Sca Coast Famd 24 31 4) 40 10 0 850 7 44

Al-Madinah
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6l

IBGOUE)-04 Y PAWWEYOJA[ UIRSSNH pUR PRUILEBHON PIRS 128484



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

Area Erosion index
and Elevation No.ofrainy  Annual rainfall JM,mm,a -1
station (Meter) days (Av.) (Av.)mm hr™-1yr -1
name Basin Sub-basin Latitude Longitude EL. N P R

Al SKO00 Nafud N.E. Nafud 29 58 0 40 12 0 574 5 478 178.3
Sakakah Frontier-1

Azl SK002 Sirhan-11 Sirhan 31 2000 37210 549 3 49.7 140.5
Sakakah

AV R003 Souih Hamr 22 17 0 46 44 0 5339 3 6.6 596.3
Riyadh Tuwayg-5

A VI M207 Red Sca Hamd 25430 39140 710 9 40 2838
Al-Madinah coast-1D

A VI MOOIL Red Sca Hamd 24 300 39350 390) 8 36 210.3
Al-Madinah Coast-1D

A VIILM205  Taif Fadat Khafyan 2380 4 34 0 &l 8 49.6 558.3
Al-Madinah Mislah-2

A VIIL MO02  RedSca Hamd 24 51 0 40 30 0 844) 14 42 157.4
Al-Madinah Coast-1D

A:VIILM206  RedSca Hamd 25710 40 20 0 180 9 40.1 280.9
Al-Madinah Coast-1D
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The method used to caleulate the rainfall erosion index (R). was based on direct
measurements of rainfall erosivity potential from rainfall records. All avaitable rain-
fall intensity data tor different locations in the Kingdom were used as outlined by
Wischmeir [4]. According to this method. wdividual events are defined as rainfalls
with 6 hours intervals or those separated with less than .27 mm rainfall in a period
of 6 hours. In this study. rains of values less than 1.27 mm were neglected from caleu-
tations as insignificant.

Estimating the rainfall erosivity factor (R)

The following equaiton by Wischmeter and Smith [7] was used in this study:

KE=1332+978ogl .. ... {(n

where 1is the rainfatl intensity (mm br ') and KE is the kinetic energy (Jm™ mm ).

This equation enables to compute the erosivity index without carrying out any
analysis of the raindrop siz¢ and its distribution. The rainfall events were analyzed
and ecach storm was divided into different segments of uniform intensity {(mmv/hr).
The unit kinetic cnergy corresponding to each of these intensities was caleulated by
using equation 1. The amount of rainfall in each segment of intensity was multiplied
by appropriate unit kinetic energy valuc and the energy was totalled for the whole
storm. To obtain the erosivity index (EI30). the total value of kinetic energy of the
rain was multiplied by the maximum 30- minutes rainfall intensity (130). The inclu-
sion of 130 in the index is an attempt to correct for overestimating the importance of
light intensity ruin [14]. The maximum 30-minutes intensity was computed by locat-
ing the greatest amount of rain received i any 30-minutes interval. It was then dou-
hled to abtain the intensity per hour,

The values of erosivity indices (EI30). computed for individual storms were
totalled to get monthly and annual values in mj mm 'ha ~'hr. To obtain the rainfall
factor (R}, the computed ET30 values of the eleven recording years were summed
and divided by the number of vears. In other words, the R- factor is a longtime aver-
age of the yearly crosivity index for a specific location.

Results and Discuussions
The values of the rainfall factor (R) for the twelve sites, as computed by Wis-

chmeier and Smith’s Method [+] are shown in Table 3. These values vary considera-
blv from one location to another. The annual values of R ranged from 160,110 26471
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mj mm ha™ hr ' yr~! 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™'
br™ yr' as high. One station in Jizan (SA 001) showed a very high value of R
(4081.5). This is the only value estimated on the basis of 7-years recorded data. How-
cver, this valuc 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 more exposed to erosion than other areas in the Kingdom.

Some investigators have suggested that the maximum allowable value for 130
should be 63.5 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

. AreaVI, (SA003) ii. Area VI, {§A 001)
. AreaJMT. (TA 002) w. Areall, (N 0O
Category B Mainly summer such as that for

i. AreaVL (J001) ii.  Area VIII, (M 204)
Category C Mainly winter such as that for

i, Areal.(TB0OO1) ii. Arealll, (B002)
ii. Arcalll, (B004) iv.  ArealV, (EP002)

v. AreaV,(R0O0I) vi. Area V, (R005)
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Fig. 2. Rainfall erosion-index distribution curves for various regions in the Kingdom.
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Generally. the curves in categories B and C consist of three stages, viz:
Stage 1 with moderate erosivity

Stage 2 with no/low erosivity

Stage 3 with high crosivity

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 JOOT and M204 are likely to have greater erosion during the
months of June - July, and EP002, N0OO1, B004 and R0O0O1 in the months of March -
April, while at location BOOL, the risk of crosion 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 based on any intensity function has a greater reliability in
application than an index basced on any other rainfatl characteristic. However, the
estimation of the rainfall index (R) based on the rainfall intensity records is a labori-
ous procedure. Therefore. in this study, an attempt was made to correlate the
amount of the ycarly average raintall to the yearly rainfall index. The average of 15
vears 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=28.15+7.08P .. ... (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 stations JOO1. BO04 and SAO0T from
the straight line relationship is guite high. This means that the value of R in these
areas is comparatively less dependent on the amount of rainfall. The stations ROOT,
RO0O5 and BOO2 also deviate considerably and suggest that the R — value in these areas
is more dependent on 130 rather than the total amount of rainfall,

Since erosivity is related to rainfall, which indicates that the crosivity index (R)
might be related to the average number of rainy days (N) in a vesr. Fig. 4 was plotted
to show the relationship between “R™ and “N™ at Y3% conlidence. The following

cquation was obtained:

R=2247+987N . [r=081 .. (3}
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Fig. 3. Relationship between annual erosivity index and annual rainfall for main regions in the Kingdom.
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The high value of R (4081.5 mj mm ha™' hr™! yr™!) at station SA001 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 s in agreement with the conclusion by Cooley, ef al. [7] who found that
the eftect 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 valuesis also shown in the same figure. The Rub-al-Khali (Empty Quarter) was
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Fig. 5. Contour mzp 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 crosion 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 tuture. the map could be modified when more intensive data are avail-
able,

Conclusions

The risk ot erosion from rainfall exists in some areas of the Kingdom. espeically
in the coastal and mountatn arcas in the west and southwest. The erosive power of
the raintall was found to be high during a certain period of time in Jizan. Madinah.
Najran and Bishah areas.

A tairly good correlation exists between the erosivity index and vearly rainfall
amount on one hand and number of rainy days on the other during the year.

Further studies are needed to assess the erosion process due to ramnfall in all
parts of the Kingdom and to modity the contour map of erosivity already produced
in this study. It 1s also suggested that studies be undertaken to obtain the other
parameters of the Umversal Soil Loss Equation for the Kingdom.
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