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Abstract: Present research examine the erosivity index of precipitation Kermanshah Province, two stations
belonged to west Region Water Company named old Kermanshah and new Kermanshah were used. the
duration of statistical period being 13 and 19 years. Data on stations was prepared graphically and the extraction
of storms was performed visually with 15 min temporal step. After descriptive data on storm was adjusted and
arranged tabularly, their Kinetic energies were calculated with Wischmier and Smith formula considering
maximum intensity of 30 min. Next, they were placed in continuous 1-72 h rainfall groups. Resulting conclusions
indicated that about 85% of storm were in -6 h continuations and 6 h continuations had the highest values of
kinetic energy as well as of erosion index (R). but remained in very low erosion class: and old and new
Kermanshah stations were placed in very low erosion class, with annual average of erosion index less than

500 MJmm ha'h™'.
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INTRODUCTION

As one of the most important climatic variables,
precipitation has effective role in balancing environmental
system: this, of course, requires creating a situation
affected by precipitation characteristics  including
duration, intensity, type of precipitation, shaping
mechanism, etc as well as by condition prevailing in the
system or water-head domain.

As  water-erosion  of  soil 15 regarded as an
environmental imbalance, the first step to form it is,
undoubtedly, splash or rain-droplet erosion, that is
caused by highly energetic and successive rain droplets
striking on particles of surface soil that aqua- erosion
process initially begins with dispersing and decaying of
soil particles and then takes different forms (Morgan,
1986).

Knowing the rate of storm energy requires study of
rainfall since there is a significant relationship between
them. For this reason, extraction storm by proper temporal
step is highly determining since only storm having
enough energy are able to separate particles and to make
them ready to be camied over at the stage of runoff
production.

If studies related to water-erosion of soil, which
seriously reduces soil  productavity and increases
the contamination level of  surface water (such as

increasing  content  of  washed  fertilizers), are
considered as  a package consisting of some
components, naturally we should first determine the
status  of factors (precipitation) entering the system
first.

To do so, it is completely essential to (1) understand
the storm kinetic energies in order to initially recognize
their existence in precipitation turns and (2), to reveal the
time and places where highly energetic storm fall by
respective technigues.

Present research has been done in Kermanshah
Frovince by studying two stations with urban realm
with the aim determining annual erosion index (R) by
calculating kinetic energy of storm on the basis of 30 min
Intensity at most.

Old Kermanshah station is located at south of
Kermanshah city and in an urban realm, this station, has
continued its activity after several years of disruption
from 1966 to 1990,

New station 1s located at northern part of
Kermanshah city and its 13 years data from 1988 to 2001,
was employed.

Site description: Kermanshah Province is located at west
of Tran, neighboring provinces of Lorestan and Ilam on
south, Kurdistan on north, Hamadan on east, and country
of Irag on west.
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Geologically including folded and face-driven limits
of Zagros, province- specific topography has generated
a height difference more than 3000 m, with mount
Shahoo being of 3390 m high which is the highest place
in the province and the lowest place being of 180 m high
in Soomar area. Because the province is located in
direction of rain- bearing masses sent from Mediterranean
and because frontier elevations are of general
northwest-southeast  direction the northwest part of
kermanshah province forms a highly humid region with
rainfall higher than 750 mm, which is very different
from other regions of province due to be orographic
discharge.

The mean rainfall of kermanshah province is 485 mm
and has 14 climatic sub- categories ranging from highly
humid ultracold one at mount Shahoo to hot desert-arid
one is Soomar region.

Precipitation 1s of Mediterranean type so that winters
have the highest share of Precipitation summers are
drywith no rainfall. Figure 1 shows are locations of
stations  studied relative to  Kermanshah city, to
Kermanshah province and to Iran,

The following is pointed several related research:
(Wischmeier, 1959) analyzed data from the US research
Laboratory on erosion at 35 stations and studied
correlation between parameters and erosion recorded from
lab plots.

In these experiments, a weak correlation was
observed between soil lost during individual storm
and total amount of rain with the maximum amount of
rain at 5-10 and 30 min temporal-steps. But the factor
showing the highest correlation was kinetic energy of
rain.

Al the next stage combining with temporal steps
determined that Kinetic energy with 30 min intensity
explains erosion better than other parameters.

Attawoo and Heerasing (1997) in their research under
the heading of Estimating soil erodibility and erosiveness
of rain patterns in Mouritimuos, exercised index R
pertaining to 3 rainfall on 3 sites in order to test 2 models
of predicting R,

In that research. factor R was calculated from formula
of KE*I30 to detect the erosiveness of rain pattern on
these 3 sites,

According to Wischmeier and Smith (1978) and
Attawoo and Heerasing (1997) calculated annual R for
storm with intensities more than 12.5 mm h™', along with
monthly and yearly rate of rainfall were considered as the
basis of calculation for computing R.

Lu er al. (2003) predicted for sheet and groove
erosions on Australian continent, 2 topics that turned into
important subjects because of reducing soil productivity
and quality of water in this research spatial modeling
techniques have been demonstrated with the help of
revised unmiversal soil  erosion equation method
(Renard er al., 1997) in which index is used to determine
Erosiveness,

By integrating erosiveness data on  erosiveness
with  satellite images, these researchers found that
erosion potential is higher in northern Australia than in
South Australia and that 1t is significantly different
between summer and winter due to the type of rainfall
pattern.

Raghunath (2002) obtained the map of erosion
potential for Bagmati basin, Nepal using Geographic
Information System.

In this research, the base is RUSLE method
(Renard er al., 1997) and erosion index, R, is calculated as
one factor effective in calculating erosion rate with
(Wischmeier and Smith, 1978) method and the highest
intensity was determined to be 30 min by combing Kinetic
energies of individual rainfalls.

I

Fig. |: General schematic view of old and new Kermanshah station
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Cambazoglu and Gogus (2004) defined production
rate of sediment in western basin of Black Sea in
Turkey using Universal Soil Loss  equation and
Modified Universal Soil Loss equation methods. R is
the base of USLE and MUSLE methods to derive 6
factors from the term, which is obtained in different
Wiy,

In that research, extend Renard and Ferimond's ( 1994)
equation of estimating factor R and calculated annual R
using parameters of monthly and yearly rainfalls,

Hastings er al, (2003) studied intense erosion in
Pinon-Juniper forest community in New Mexico. They
exploited model RUSLE for this research: values of rainfall
intensities were taken by HOBO data logger and calculate
rainfall energy. Then the results of computing 6 factors
were used to determine the rate of sediment.

By studying researches done abroad, we find that of
maodels USLE group factor R is one of six- fold elements of
equations, that is various ways in order to define the rates
of sediment- producing and soil erosion.

Primarily it is necessary to study this subject, or
index R to understand the degree of storm's energies in
one region in terms of their ability to separate soil
particles in order to predict provision for protecting from
soil erosion and sediment erosions and controlling them.

In this field, numerous researches have been done in
Iran some of which are referred to follows.

Sharifian (1996) studied the index of rain erossivness
in Mashhad. using a rain-bearing machine, this research
initially obtained relationships between similar kinetic
energies and rain intensities in Mashhad, next, 25 year
data was used to obtain annual R: then relationships
between different parameters of rainfall, such as daly
maxima | h rainfall, index R, etc, were defined to be used
for time and places with no data.

Above-named researchers concluded that there was
a minor difference between formula extracted from data of
rain-bearing machine and Wischmeier and Smith (197%)
equation 50 above mentioned equation can be exercised
safely.

Based on this study, the value of rain erosiveness
index was obtained at 344 MJ mm ha~' h™' in Mashhad.

Nabavi (1998) were investigated rain erosiveness
index for Khorasan province. In this project, relationships
between erosion index and annual rate of rainfall were in
order to be used for area as lacking coherent data.

Among stations used, Sang-Sourakh station and
Tabas stations in south Khorasaan had erosion indexes
4534.6 and 5572 J m’ mm h™', respecting showing
agreement regional climatic and environmental realties and
were confirmed.

This research is performed to investigate rainfall
erosiveness in Kermanshah Province and explain it's
ability as annual index of erosivity.

MATERIALS AND METHODS

This research i1s conducted in kermanshah province
and was supported by ACECR (Academic Center for
Education, Cultural and research), of Razi University and
performed in project No. 794-11 and is completed at the
end of 2007 to implements this project in kermanshah city
realm, two stations with pluviometer registers devices
belonged to Energy Ministry (west water corporation),
were employved, with duration of statstical period as
follows:

Pluviometer register devices draw the wvalues of
rainfall on a continuous paper with a pen in such a way
that sequential and rainfall values in mm are recorded on
ordinate and abscissa axes,

Time intervals and respective divisions are different
based on the type of equipment. In this study, the least
sequential step and related rainfall values detectable
optically were set at 15 min.

After taking precipitation data in the form of rainfall
eraphs, rainfall values were defined and separated, with
sequential step 15 min.

Then extracted values were inserted in a given
Table 1 with sufficient notes. These operations were
carried out for 2 discussed stations with related duration
of statistical period.

Separated storm had different value and times
ranging from 15 min to 50 h.

At the next stage, those storm were studied and then
combined that were expected to have the same origin and
sequential delay during the period of raining.

Next, all tabular information of precipitations were
entered in computer and prepared for subsequent
calculations. Due to the long- temporal range of rainfalls
storm were grouped initially. Finally about 2500 storm
from 1-36 h groups were selected, adjusted and organized
to do calculations.

To calculate each storm's kinetic energy at different
stations, Wischmeier and Smith (1978) equation was
postulated with given explanation:; for each 15 min
temporal step the amount of energy was calculated in
J m® mm; after than 30 min alternations were determined
the maximum of which was obtained to extract erosion
index R.

This task was performed for each station and during
each continuation of precipitation and finally annual

Table 1: Duration of statistical period station used

Station name Study period Available vear
New Kermanshah 1988-2001 13
Old Kermanshah 19671990 19
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average of said index was obtained and respective results
are given in each station's explanatory table typically and
separately.
KE = 11.87+8.73 LOG (I)
R = ZKE*I30

Where:
KE = Kinetic energy (J m* mimn)

I = Rainfall intensity (mm h™")
130 = rainfall intensity for 30 min period
R = Erosivity index (J mm ha="h™").

RESULTS

0Old Kermanshah station: Nineteen- year data was
prepared graphically form this station and totally 1364

Table 2; Storm extracted from 6 h rainfall group of old Kermanshah station
130 (mm h™")

cases of rainfalls were separated into different 1-36 h
continuation groups. Table 2 shows example of
arrangement of data on raining events in 6 h rainfall
continuation group with calculations related to their
energies.

Figure 2-5 show diagrams related to some storm
from 6 and 12 h rainfall groups of old Kermanshah station
selected typically having different kinetic energies. In
these combined figures, hyetographs indicate the rate of
rainfall with 15 min intervals and linear diagrams represent
respective Kinetic energy.

All of the storms extracted, are classified to different
croups based on it's duration and storm number
availability, for example group | hour consist of storms
that their duration is between 15 and 60 min (Table 3).

In Table 4, Storm from each continuous rainfall group
were examined relative to respective erosion index (R). In
order to present the results more adequately.,

Rainfall intensity  rainfall of Intensity  Accumulation  Rainfall increment  Increment Time of Date of
Eidm'mm 'h'y KE (mmh ') of 30 min rainfall depth sequency (mm) sequency {min)  of rainfall (h)  rainfall
253,76 18.40 5.60 | .40} 1.40 15 16,00 |9720277
27.99 1566 600 5,80 2,90 1.50 15 16.15 19724207
2350 1512 5.20 560 4.20 1.30 15 16,30 19724217
253,76 15.40 5.60 540 5.60 1.40 15 16,45 19720257
25 18.91 6.4 .00 7200 1.60 15 17.00 | 9720207
30,25 1891 640 6,40 8,80 1.60 15 17.15 1972427
30,25 1591 6.40 6.40 [ (.40 1.60 15 17.30 19728217
17.13 17.13 400 520 [ 1.400 1.0 15 1745 1972027
T1.25 14,50 2.00) 300 [ 1.594) (.50 15 18.00 |9720277
9.11 1519 2.40 2.2 12,50 0,61 15 18.15 19724207
13.02 1628  3.20 2.80 13.30 0,80 15 18.30 19724217
2.50) 11.39 .58 244 13.52 022 15 1543 1972127
344 12,30 1.12 .00 | 3,80 028 15 1900 | 9720207
546 13.65 160 1.36 14,20 0,40 15 19.15 19720207
5.46 13.65 1.60 1.60 1460 0.40 15 19,30 19728217
346 13.65 1.60 .60 | 5.0k .40 15 W45 19724217
634 14,10 .80 1.70 |5.45 .45 15 200,00 19720257
10,07 1549  2.60 2,20 16,10 0.65 15 20,15 19724207
13.02 1628  3.20 2,90 | 6,90 0,80 15 20,30 19724217
b1l 1519 2.40 2.8 | 7.50 (h6d) 15 200,45 1972127
2.20 11.02 {180 1.60 17.70 0.20 15 21.00 1972027
1941.98 6,410 17.7 315
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Fig. 2: Combined rainfall-energy diagram of first sample 6 h group of old kermanshah station
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Table 3: Total No., of storm of continuous rainfall groups

Rainfall groups (h)
Station name | 2 3 fr 9 12 18 24 36 48 12 Total
Old Kermanshah 452 295 224 211 BE 8 21 4 | ( 0 | 364
MNew Kermanshah R1E. 188 165 |38 A3 25 16 b I ] 0 904
Table 4: Erosion indexses of continwous ramnfall eroups of old Kermanshah station
Giroups

Rainfall I 2 3 i] 9 12 |8 24 Rl
Average 336158 513382 G063 .08 1310100 TO3303 457520 435849 T159.76 64011
Max single storm 5661 .85 (97252 101257 1053508 [1463.15 T137.46 TT16.31 19871.23 o411
Min single storm (.06 .50 0.62 ®.70 63.97 58.44 377.99 1 378,52 36401

Table 5: Typical annual erosivity index ranee classification

Classification

M mm ha " h!

Very low =500

Low SO0- 1000
Medium [ O3RN
High I000-6000
Yery high =600

Table 6:; Storm extracted of 6 hr rainfall group of New Kermanshah station

130 (mm h™")

Rainfall intensity - Rainfall Intensity  Accumulation

Rainfall increment  Increment Start emporal

Rilm*mmh™") KE (mmh™) of 30 min period  rainfall depth  temporal (mm) temporal (min) of rainfall Start date of rainfall
2.210) 11.02 (180 .z .z 15 1 G0 1989326
377 12.56 1.20 |00 (.5 .3 15 [6.15 19895/ 26
11.04 15.77 2,80 2.00 1.2 0.7 15 16.30 1989326
il 15,14 2.40 2.60 1.5 (1.6 15 1645 1989/3/26
377 1256 1.20) | i} 21 (3 L5 17008 19D 3265
13.02 16.28 320 2.20 2.9 (L8 15 17.15 1989326
17.13 17.13 4.00 360 3.9 [.00 ] 1 7.30 1989/3/26
13.02 16.28 320 360 4.7 (.8 15 17.45 1989/ 3/26
411 1519 2.40) 2.8} 33 (1.6 15 [ 1989326
.46 13.65 1 .60 20000 5.7 .4 15 [5.15 19895/ 26
377 12.56 1.20 1] f.0) (.3 15 | 8.30 1989326
2.20 11.02 (.80 .00 6.2 0.2 15 15.45 1989/3/26
2.2 11.02 (120 (1LED Gd nz 15 [RERNIN 19D 326
0.00) 0.00 (.00 (.40 .4 (.0 15 19,15 1989326
377 12.56 1.20 (.60 6.7 0.3 ] 19,30 1989/3/26
17.13 17.13 4,00 2,60 1.7 1.0 15 19.45 1989326
15.005 16.73 3.40) 3.8} H.6 e 15 200 1989326
11.04 15.77 280 120 0.3 0.7 5 2115 1989326
9,11 15.19 2.40 260 9.9 (1.6 15 20030 1989326
0.8 .40 .40 1.0 10.0 0.1 15 20045 1989/3/26
(.84 B4l .40 (.40 10.1 0.1 s 21.00 1989326
377 12.56 1.20) (L2 10.4 0.3 15 21.15 1989326
598.02 1E0 [00.4 330

As shown in Table 4, mean erosion index of each
continuous rainfall group, obtained based on the year of
having that group, shows that storm of 6 h group have
the ability to separate more soil particles, or are more
erosive, than the other groups and that following this
group the groups of 9 and 24 h had gained higher values
in this sense.

But on the whole and based on average of
mean storm  energy  of old Kermanshah station with
387.67 MJ mm ha " h™' fall in very low erosion class
based on respective classification and this matter includes
continuous rainfall groups.

Figure 6 and 7 depict the value of erosion index for
storm from 6 and 12 h continuous rainfall groups. From

these diagrams and contents of Table 5 it is clear well
that accumulation of the value of erosion index of
any storm in  each group lies at a lower level while
there are maximum points having considerable
energies.

New Kermanshah station: This station is located at
northern part of Kermanshah city and its 13 years data
from 1988-2001, was employed.

Total number of this station's raining events is 906
cases in various continuous rainfall group raining from 1
to 36 h, as shown in Table 6.

Some part of information on different continuous
groups and respective energies. Rainfall rates and related
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Fig. 10: Combined rainfall-energy diagram of first sample 12 h group of new Kermanshah station. * 30 min delay

kinetic energies of some selected storm are set In Fig. 8-11

in the form of combined (bar and line) diagrams.
Minimum, maximum and mean values of erosion index

of each continuous rainfall group are inserted in Table 7

according to which 24 h group has the maximum R value
followed by 6 h continuous group.

But in addition, annual average of erosion index of
storm of this station equal to 3992 MJ mm ha ' h ™' and
fall within very low class.

Figure 12 and 13 showing the values of erosion index
of storm from any continuous rainfall group indicate that
most values of this  index for each continuation
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Tahle 7: Erosion indexes of continuous rainfall sroups of new Kermanshah station (J m* mm h™')

Giroup
Rainfall groups 1 2 3 f 9 12 18 24 36
Max single storm 45627 5149 56 QRO 42 Q7532 B0 TA 1272775 1275873 4000, 24 4/2 30
Min single storm 0.06 0,34 0,35 .08 4,72 30,06 92,56 536,45 462.39
Average 1877.6 4056.39 5225.78 11601.8 6781.9 3064 87 S096.06 | 3686.84 231.20
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Fig. 11: Combined rainfall-energy diagram of second sample 12 h group of new Kermanshah station
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group lie at a low level of energy although highly
energetic  storm  manifest themselves in the mean
temporal.

DISCUSSION

This research has studied kinetic energy and erosion
index of storm occurred in the realm of Kermanshah City
during respective statistical period provided that rainfall
graphs be existing.

To calculate index R and Kinetic energy, EI 30 and
Wischmeier and Smith (1978) equation were employed.
Calculations were performed, separated tor each station,
so that obtained are station-specific, include the domain
covered by the station.

Two old/new Kermanshah stations in realm of
Kermanshah city, If we consider both stations together
with each other, there will be, for example, a virtual station
in niner-city of Kermanshah. Separate calculations of
these stations showed that, for discussion of continuous
rainfall groups, 6 h group from old and 24 h group from
new Kermanshah stations had the highest values of R.

If ignore 5 cases of 24 h rainfall of new kermanshabh,
6 h groups from both stations will have the highest values
of R while the annual average of R fall in very low erosion
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class for both stations, indicating that, in this sense, there
is no specific difference in precipitation features between
southern and northern parts of Kermanshah city although
this subject needs further research on individual high-
energy storm.
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