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Abstract: The objective of this study 18 to determine the appropriate ranfall erosivity index for Northern Iran
and apply it to weather stations without ramnfall intensity to generate a ramnfall erosivity map. This study was
conducted in twelve plots at two synoptic stations and the mtensity of ranfall as well as sedunent yield
assoclated with storm events was recorded. Then, the erosivity indexes AL, EL,, EL,, EL,, ElL. Bl El,,, KE=1,
KE=2.5, KE=5, KE=10, KE>25, P__. 10> Priaxa0s P10 a0d P/S, were computed in these stations and ten synoptic
stations. In other stations without ramnfall intensity, the parameters and indexes based on ramfall amount
Mcluding Poea st » Procan oot Do s> Pemgemonti: P s Qanmls Omone FL» Pl ad C, were calculated. Our finding
shows that El,; and sediment had the most significant correlation in experimental plots. Therefore, El,; is the
appropriate erosivity index for the study area. Among available parameters/indexes only FT_, displayed a
significant correlation with EI,; (r=0.762, P<<0.001) in ten synoptic stations. Therefore, a regression model was
developed for estimating El,; in 45 stations. The map of El,, was provided by Inverse Distance Weighting
interpolation method, indicated a decreasing trend from west to east. This trend corresponds with a pattern of
climatic change from sub-humid to semi-arid conditions.
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INTRODUCTION

Soil erosion has long been recognized as one of the
most threatening environmental processes that results
from faulty land use and climatic factors [1]. The major
climatic variable affecting water erosion 1s rainfall. Various
properties of a raindrop meluding its velocity, size, kinetic
energy and mtensity are combined to form different
erosivity indexes [2]. One of the common rainfall erosivity
mndexes, EL,;, 1s a function of the total kinetic energy of a
storm event (E) and the maximum intensity measured
during a 30-minute period (Is). Another index proposed
for Africa by Hudson [3], KE>25 mm h™' uses rainfalls
with intensity levels higher than 25 mm h™". In Nigeria, Lal
[4] suggested Ai, as the product of rainfall amount (A)
at the maximum intensity of 7.5 mm h™".

An increased amount and intensity of rainfall causes
an increase soill splash and sediment yield [5-7]

Therefore, the relationship between sediment yield and
rainfall erosivity could be used for determming an
appropriate rainfall erosivity index for every area. Because
suitable rainfall erosivity depends on the geographic
situation, climate and scale of region, one erosivity index
1s particularly appropriate for a given study area. In other
words, we can not generalize results from one study area
to another. In the Mediterranean climate, Uson and Ramus
[8], found that the appropriate erosivity index consists of
kinetic energy and mexinum intensity at S-minute
intervals. In contrast, Ruppenthal ef af. [9] findings in a
tropical watershed and Kariaga [10] study in Kenya
showed that EI,, was most correlated with the sediment
yield of experimental plots.

Estimation of erosivity on the basis of rainfall
intengity requires pluviographic data measured at short
intervals over a long period of time. However, access to
short intervals of rainfall intensity is limited i many parts
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of the world, especially in Tran [11]. Conversely, data
on annual, seasonal and monthly rainfall levels are
usually available for longer periods. In turn, the
combmation of these readily available parameters
could be used for estimating rainfall erosivity mdexes.
A number of studies have presented relationships
between indexes based on mtensity and the amount of
rainfall. These relationships could be used to apply
erosivity indexes based on intensity to more places. Ina
related study, Hoyos et al. [12] used seasonal rainfall
for estimating seasonal El;; by regression models, one
for the dry

seasons 1n a tropical watershed. Also the models using

for the wet seasons and another one
rain,- day;, to estimate the monthly EI,, were investigated
mn another research [13]. Also, providing a map of the
appropriate erosivity index for an area could be useful
in the control of soil erosion

Therefore, several findings
estimation the EL;, from ranfall parameters which
can be applied to stations without rainfall intensity.
However, there are few studies on a range wide of
erosivity indexes on the basis of intensity. The objective
of this study is to determine an appropriate
erosivity index for the climatic conditions of Northern
Tran, based on the relationship between the erosivity

there are on the

rainfall

mdexes and sediment yield m erosion plots. Attempts
to estimate and then generalize the best erosivity index
from readily available parameters/indexes were made.
Finally, a map of appropriate erosivity mdex was
generated by the Weighting
mterpolation method to mnvestigate its spatial variations.

Inverse Distance

MATERIALS AND METHODS

Study Area: The study area is located in the Khazar
watershed that covers 44,090 km® in Northern Tran (Fig. 1)
and includes the two provinces, Mazandaran and
Golestan, between 50° 42 56° 35'E and 38° 19 35° 76'N.
The dominant climates of the Mazandaran and Golestan
are sub-humid and semi-arid, respectively. The average
elevation 1s 1300 m above sea level The mean annual
precipitation and temperature are 578 mm and 17°C,
respectively. For all 55 stations in the study area, data on
rainfall amounts, which had a minimum record length of 25
years, were collected from the Tran Meteorological Office.
Of these 55 stations, only 10 stations recorded rainfall
intensity data. These rainfall intensity data for 20-, 30,
40-, 50-, 60- and 90-intervals for a 25-year period were
obtained from the Water Resources Management

Company.
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Fig. 1: Location map of the gauge stations and two
stations with experimental plots in the study area.

Experimental Plots: The experiment was started in
Sangde and Maravetape in Golestan and Mazandaran
provinces, respectively. Sangde is located between 53°
14'E and 35° 04N and Maravetape is found between 55°
47'E and 37°53'N. In both the Sangde and Maravetape
stations, research was conducted between 1998 and 2002
in twelve 22x1.8 m’ plots of silty loam seil. The intensity
of storm events and daily, monthly and annual amounts
of rainfall were recorded at the Sangde and Maravetape
stations. The collected sediment from each plot was
measured after every storm event.

Erosivity Indexes Based on Rainfall Intensity: The
erosivity indexes based on rainfall mtensity were
computed for two experimental plots and ten synoptic
stations. The kinetic energy was computed for these
stations by Brown and Foster [14] 1s:

E=X% 0.29[1-0.72exp(-0.051)]AVT (1)
Where E is rainfall energy per unit depth of rainfall
(MJ ha™ mm™), i, is rainfall intensity during the time
interval mm h™ and is rainfall depth for r intervals. Then
combiming from equation (1) and maximum intensity for
intervals of 20, 30, 40, 50, 60 and 90 minutes produced
EL,, EL,, EL,. El,. ElL, and El,, respectively. Another
index, AL, 1s the product of the total amount of ramfall
(A)in mm at a maximum intensity of 7.5-minutes (I,)
inmmh . Three indexes, P, 5. Puwnand P, ;. represent
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the amount of rainfall (mm) per maximum intensity at
10-, 20- and 30-minute intervals. KE=1, KE=>2.5, KE=5,
KE>10 and KE=>25 were computed from the kinetic energy
of rainfall intensities over 1, 2.5, 5, 10 and 25 mmh™,
respectively. Finally, the Onchev index, (P/S,), was
calculated from the ratio of the amount of rainfall over
9.5 mm with intensity equal to or greater than 1.8 mmh ™',
P, per the tune interval durmg which precipitation
occurred, S,[15].

Parameters and Indexes Based on the Available Types of
Precipitation Data: In all 55 stations, the parameters and
indexes based on rainfall amounts including daily,
monthly and annual rainfall were computed. These
parameters are the following: mean annual (P__,, ....) and
monthly P, rainfall, maximum anmual (P, o000,
monthly (P, .. and daily (P, ..) rainfall and the
standard deviation of annual (8,,,,) and monthly (..
rainfall. Also, the Fournier Index (FI=M,/P) was
calculated, Where FI 1s the Fournier index, M, is the mean
monthly amount of rainfall in mm and P is the mean annual
precipitation in mm [16]. The Arnoldus index or modified
Fournier Index (FL,~OP%P) was computed, in which FI_,
1s the Amoldus index, P, 1s the mean monthly amount of
rainfall in mm and P is the mean annual amount of rainfall
inmm [17]. Finally, the Ciccacci index (C=8,,., P) [18] was
determined, where C; 1s the Ciccaccl index, 8, 1s the
standard deviation of the monthly amount of ramfall in
mm and P is the mean annual amount of rainfall in mm.

RESULTS AND DISCUSSION

Appropriate Rainfall Erosivity Index: The average
erosivity indexes based on ramnfall mtensity at the Sangde
and Maravetape stations were determined. The correlation
coefficient between erosivity indexes and sediment
vield in the 12 experimental plots at the Sangde and
Maravetape stations is presented in Table 1. Tn plots at
the Maravetape station, the results revealed significant

correlation coefficient between AT, P, and P, and
sediment yield, 0.605, 0.648 and 0.640, respectively at
P<0.05 However, the El,, and sediment had a most
sigmificant correlation at P<0.001 (r=0.727). Therefore,
the El,, index at the Maravetape station, which has
a semi-arid climate, is the best erosivity index. The 12
plots at the Sangde station displayed a sigmificant
correlation coefficient between Al , EL,, EL,, ElL,,, El,
Elg Prsssos Pawz and sediment (ranging from 0.691 to
0.784) at P<0.05. As described in Table 1, at this station,
a number of indexes showed sigmficant correlation
with sediment. To determine one appropriate erosivity
index for generating an erosivity map, the EI,; with
the highest correlation coefficient (0.784, P<0.05) was
selected as the best index in the Sangde area. Our
findings corroborate previous results. For example,
Kariaga [10] in the tropical weather of Nigeria
reported that El,;, is the best index in comparison with
rainfall amount, runoff related to storm events and
maximum intensity at 30-mmute mtervals. Hoyos [12]
also confirmed this finding in six plots in a tropical
region using the relationship between the erosivity
index and sediment yield. In this study, also the EI,;
index 1s considered as the appropriate erosivity mdex
based on rainfall intensity.

Appropriate Erosivity Index and Parameters/indexes
Based on Rainfall Amount: [t i3 necessary to apply the
appropriate erosivity index (El,;) to stations without their
own rainfall intensity data. Therefore in this step, the EI,,
index was estinated from readily available ramfall
parameters and indexes based on the amount of ramnfall.
The descriptive statistics of rainfall parameters, indexes
based on rainfall amount and EI, for the ten stations are
presented mn Table 2. The CV values for all of these
factors extubit very high vanation them between ten
stations. Only FT (32%), Pnama (39%0), Pl s (41 %0)
and FT, (41%) had spatial variations below 50% at all ten
stations.

Table 1: The correlation coefficient between erosivity index and sediment in experimental plots

Stations Stations
Erosivity Index Sangde Maravetape Erosivity Index Sangde Maravetape
Al, 0.691 0.605% KE=2.5 0.561 0.252
Ely 0.745% 0.477 KE=5 0.504 0.301
Ely 0.784+ 0,727 KE>10 0.243 0.338
El, 0.734+ 0.471 KE>25 0.057 0.359
Els 0.737* 0.459 Poazo 0.705% 0.648+
Ely, 0.714% 0.453 P 0.732+ 0.499
El,, 0.746* 0.383 Pro 0.543 0.640%
KE=>1 0.537 0.197 Ea 0 0

5t

* and ** mean significant correlation at P<0.05 and P<0.001, respectively.
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Table 2: The Descriptive statistics for rainfall parameters/erosivity indexes and in ten synoptic stations

Rainfall parameters Mean C.V. (%) Rainfall erosivity Mean C.V. (%)
[ — 355.841 65 FI 0.246 32
Prasannal 1381.335 41 Flo 3.462 41
Pannual 886.858 39 G 7680.14 83
Soon 190.841 64 Ely 466.965 62
P monin 493.590 96
Pras.day 149.060 76
C.V. : Coefficient of variation
Table 3: The correlation coefficient between El;, and parameters/indexes basis on rainfall amount in ten synoptic stations.
[o— Pax.annual Pannual Crmonth Pmaxmonth Pax.day Fl Fliea &
Ely -0.39 -0.44 0.17 -0.22 -0.27 0.18 0.44 0.76** 0.30
** means significant correlation at P<0.001
R
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Fig. 2: Spatial variability of El, as appropriate index and locations of stations

The correlation coefficient between EI;, and
parameters/indexes based on rainfall amount are
presented in Table 3. Only FI, is significantly correlated
(r=0.76, P<0.001) with EI,,. Therefore, the regional
regression model was obtained for estimating as follows:

EL,=-223.20+214.548F1,, (*=0.79, P<0.001) (2)

To apply El, to the whole study area, the FI,, was
computed in the other 45 stations without rainfall
intensity data. Then, using relationship between El;, and
FI,..» (equation 5), the El;, values were estimated for these
45 stations.

Spatial Variability of Ei;,: At the 55 stations, El;, values
were interpolated using the Inverse Distance Weighted
(IDW) method, a common interpolation technique. The
IDW method is based on the assumption that the
interpolating surface is most influenced by nearby points
and less affected by more distant points. The weight

978

is controlled with power. In this study, the optimal
power was one and the number of neighbors included was
16. The spatial distribution pattern of the best index (El,)
provided for this area appears in Fig. 2. From maximum
El,, value in the west to the minimum of this index in the
east, the El;, value followed a decreasing trend. The EI,,
index ranged from 171 to 1450 MJ mm hah™' y™' from sub-
humid to semi-arid climates. In a study the annual
rainfall erosivity was reported within the range of
250-33481 MJ mm ha™" h™' y' from the arid/semiarid
tropics to the very humid tropics [12]. The largest area in
this map (Fig. 2) is covered by the El;, between 840 and
965 MJ mmha h™' y™'

CONCLUSION

The relationship between rainfall erosivity indexes
and sediment yield in plots at two stations demonstrates
that among different erosivity indexes, El;, is the most
appropriate index in part of Northern Iran. Because of
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limited access to rainfall intensity at some weather
stations, estimating El,; from parameters and indexes
based on rainfall amount could be useful. In this study,
out of parameters and mndexes based on rainfall amount,
only the FI_; could be used for estimating El,,. The map
of EI,, showed a decreasing trend from west (humid
climate) to east (semi-arid climate) withun the range of
171-1450 MT mm ha™ h™' y~'. Therefore, the spatial
variations of rainfall erosivity depended on the spatial
variability of climate. The result of this study could be
used 1n erosion models and conservation efforts n this
area of high rates of erosion.
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