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ABSTRACT

Today, Soil erosion is considered as one of the important issues of watershed
management at the national and global levels. Estimating risk of soil reduction and its
spatial distribution is one of the key factors for successful assessment of soil erosion.
Rain erosivity index is the most important factor affecting soil erosion and is a function
of the physical properties of rain. The aim of this study is to evaluate and model rainfall
erosivity indices using geostatistical techniques. In the present study, rain erosivity in
Golestan province has been modeled and estimated through Fournier, modified Fournier,
IAS and Ciccacci models and based on the 20-years statistical period (1999 to 2019) of
the Meteorological Organization stations. After calculating the Rain erosivity factor for
the desired stations, using inverse distance method (IDW), universal polynomial
interpolation (GPI), radial basis function (RBF) and Kriging interpolation, map of rain
erosivity indices of the province were drawn and to select the best interpolation method,
the statistical indices of root mean square error (RMSE), mean absolute error (MAE) and
mean basis error (MBE) were used. The results showed that the modified Fourier method
is the best index (based on RMSE, MAE and MBE less in all four interpolation methods)
and the radial basis function method is the best method among the methods used to
estimate of rain erosivity. The results also showed that the rate of rain erosivity in the
central areas of the province, especially the Gorganrood watershed and also eastern north
and north of province with average minimum and maximum annual rainfall (216.1 and
776.9) and several points in the southwest of the province with average minimum and
maximum annual rainfall (2/205 and 751) have more than the amount of rain erosion
coefficient that such changes are affected by the pattern of rainfall distribution, intensity
and topographic characteristics. The study of rain erosivity power of Golestan province
shows that the pattern of rain erosivity distribution is significantly affected by the
average rainfall of the region. So that the amounts of erosivity and average rainfall in this
province are consistent and show almost the same pattern of behavior.
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Extended Abstract

Introduction

Rain erosivity is known as a key factor affecting erosion. Accurate knowledge of the quantitative amount of
rain erosivity in an area is considered as a first step in sustainable soil and water management. Quantitatively,
rain erosivity refers to the feature that has the highest correlation with soil loss (Nazarnejad et al., 2018: 89). If
other characteristics affecting erosion are considered constant, the amount of soil loss will be directly
proportional to the amount of rain erosivity (Salarvand et al., 2019: 57). The erosivity power of rain has a great
role in soil erosion and able to the showing of erosion potential in the target areas (Morgan, 1995: 198). The
rain erosivity can be divided into two groups: the first group is based on kinetic energy and rainfall intensity
and the second group is based on easy stature. Among the globally accepted items in the first group are the
Wischmeier-Smith index, the Hudson index, and the Oncho index, and the second group includes the Fournier,
Morgan, Hernandez, and Rose indices (Safarrad et al., 2009). Predicting soil erosivity is necessary for optimal
land management as well as soil use (Oliveira, 2013: 143). Rainfall erosivity as a dynamic factor can affect
forestry, agriculture, hydrology, water management and ecosystem services. Therefore, rainfall erosion
mapping can be used in decision making (Wang, 2002: 149). Determining the most appropriate interpolation
method at the level of an area and explaining how its spatial and spatial distribution is necessary to estimate the
spatial distribution of precipitation and subsequent rain erosion. Many researchers have compared and
evaluated different interpolation methods, which shows the importance of the issue in reducing the error due to
method selection.

The purpose of this study is to estimate the rain erosivity coefficient using the obtained relationships between
the erosion coefficient and quantity-based indicators in order to draw a map of rain erosivity status in Golestan
province. However, the calculation of indicators and the preparation of the best rain erosivity map has not been
done separately for Golestan province. This study will help identify areas of the province with high erosion
potential for management planning. In this regard, considering the importance of the subject under study, the
general purpose of research is to evaluate and model rainfall erosivity indices using geostatistical techniques in
the GIS environment.

Study Area

Golestan province is located between 53 degrees and 51 minutes to 56 degrees and 22 minutes east longitude
and 36 degrees and 30 minutes to 38 degrees and 8 minutes north latitude in the northern part of the country.
This province is limited to Turkmenistan from the north, to Semnan province from the south, to North
Khorasan province from the east and to the Caspian Sea and Mazandaran province from the west. Golestan
province is located in the northern temperate region, which plays an effective role in the province's climate.
The area of Golestan province is 20430.92 square kilometers, of which the equivalent of 8348 square
kilometers includes the plains of the province, of which approximately 37.5 percent (3128 square kilometers) is
the low coastal plain and 62.5 percent (square kilometers) is the wavy plain.

Material and Methods

In this study, the erosivity power of rain with different indicators such as Fournier model (Fournier, 1960; 198
Morgan, 1995), modified Fournier (Arnoldus, 1980: 127-132), IAS (Lal and Elliot, 1994: 181-208) and
Ciccacci (Hadley et al. 1985: 127) and determining the best interpolation method for use in preparing rain
erosion map in Golestan province. The reason for choosing Golestan province is that in the initial studies, it
was found that this province has good rainfall statistics for research and the number and distribution of
meteorological stations and rainfall stations are appropriate. By examining the rainfall data of the stations, a
statistical period of 20 years was determined and it was used to determine the erosivity power of rain with
different indicators. Because the parameters of these four indicators are parameters from which appropriate
statistical information is available, and since interpolation algorithms are one of the most common methods for
preparing maps and information required for analysis with GIS. In this study, some interpolation methods
(deterministic and statistical) have been studied to prepare a map of rain erosivity power in the area. The
following four indicators used in this study will be described.

The Fournier index and the modified Fournier have a high application and accuracy, which is why it has been
researched by several researchers (Ahmadi et al., 2011: 1-14; Rezaei et al., 2014: 103). Using data from 78
watersheds, Fournier has proposed two different methods for sediment estimation. In the equations presented

2
by Fournier, a direct relationship was found between the average annual sediment production and the ratio %.
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This climatic ratio is known as the Fournier index and is used as the index of rain erosivity (Fournier, 1965:
38). The Fournier index is obtained from Equation 1:

pi? .
F = > equation 1
Where Pi is the maximum monthly rainfall (the wettest month of the year) and p is the average annual rainfall.
Subsequently, the Fournier index was modified into Figure 2 and was widely used as an accessible index
among the easily accessible indices.

12 2 .
MF = ZF#’” equation 2

Where Pi is the rainfall of the 1, month, the average annual rainfall during the statistical period and MF is the
modified Fourier index.

Index Ciccacci et al. 1985: 127 (Hadley) is calculated using Equation 3:

r equation 3

o
Where, P, average annual rainfall and O, standard deviation of monthly rainfall values
IAS index (Lal, 1976: 389-401) is calculated using Equation 4:
Mistmax + Mastmax equation 4
Where mly max = the first maximum monthly rainfall per year and mly max= the second maximum monthly
rainfall per year.

Result and Discussion

Of the total meteorological stations of the Ministry of Energy and the Meteorological Organization in the
country, about 31 stations have statistics for more than 20 years that have been used to determine rain erosion.
In this study, to investigate rain erosivity in Golestan province in terms of location and map in Golestan
province, first rain erosivity was calculated with Fournier, modified Fournier, 1AS and Ciccacci indices in
meteorological stations. Then, using interpolation methods, these indicators were retrieved in all stations.
Finally, by evaluating different interpolation methods and selecting the best interpolation method, an erosivity
map was prepared in the province. The skewness coefficient is below one in all four cases and due to the low
skewness, all four indicators follow the normal distribution.

In this study, a variogram was used to show the spatial correlation between rain erosivity data. Variograms
were then used to fit the data to show the spatial correlation between the data in a more favorable way than
other variograms. For this, the ratio between the piece effect and the variogram ceiling was used. If the ratio of
the effect of a piece on the variogram ceiling is less than 0.25, there is a strong spatial correlation between the
data.

If this ratio is between 0.25 and 0.75, the spatial correlation is moderate and if it is more than 0.75%, the spatial
correlation between the data is low or there is no correlation. For this reason, this ratio was used to select the
type of variogram. According to the parameters obtained for fitted variograms, a spherical variogram with a
value of 0.10 modeled the best correlation between the data and was used for interpolation. Mir Mousavi et al.
(Mir Mousavi et al., 2010: 112) introduced the conventional kriging method with spherical variogram to
estimate the rainfall distribution using the geographic information system in Isfahan province as a better
method than other kriging geostatistical methods. Also, Akhavan et al. (Akhavan et al., 2006: 95) used
spherical variogram in estimating the spatial structure and volumetric inventory of Caspian forests using
geostatistical method. Due to the fact that the variogram shows a trend in all directions, so no anisotropy was
observed in the region.

According to the results, the amounts of rain erosivity have a significant correlation with changes in rainfall, so
that areas with high and low rainfall have high and low erosivity, respectively. Therefore, rain erosivity values
obtained from precipitation data can be used as a good estimate of the erosion potential of the region. It should
be noted that the rain erosivity map only shows the erosion potential due to rain erosion and other factors
affecting erosivity in the region, including soil erodibility, topography, vegetation and land use and
management in the region can be examined.

Conclusion

The relationship between precipitation and rain erosivity factor can be a good accuracy to consider this factor
as rain erosiovity factor with R? value of 0.99. Da Silva (2004: 255) in Brazil reported a high correlation
between changes in rainfall erosivity and changes in average annual rainfall. According to the results, the
spherical facade change model is the preferred spatial structure on the data for zoning the quantity of rain
erosivity power in Golestan province.
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In order to quantify the effect of rain erosivity factor on the quantity of soil erosion, various indicators have
been developed in various studies around the world. The aim of this study was to determine the best erosion
index and also the best interpolation method in semi-humid climatic conditions of Golestan province. The
purpose of this study is to determine the pattern of spatial changes of rain erosivity in Golestan province using
four indices of Fournier, modified Fournier, IAS and Ciccacci.

Rain erosivity power was calculated in 31 rain gauge stations of Golestan province and to convert this point
information into regional information, statistical based interpolation methods have been used. It is assumed that
geostatistical methods can be used to estimate different indicators and one of these methods can be introduced
as the superior method according to the conditions of the study area.

Based on the results presented in this research, among the four interpolation methods, RBF method has
presented better results than the other three methods IDW, GPI and kriging. Because this model requires a set
of input and output patterns to solve prediction problems, it has the ability to predict a spatial variable in an
area as an independent interpolator. The results of this part of the research are consistent with the results of
Apaydin et al. (2004: 35) and Ayouzi and Masaedi (1391: 57). Radial basis function (RBF) interpolation can be
applied to noisy data that is irregularly distributed over an area, and a smooth multivariate interpolation is
performed on the data. This method has been used by researchers to intervene in various parameters;
experiments show that it can produce good results in different applications. However, Kriging method was
introduced as one of the most suitable methods for Switzerland (Meusberger et al, 2012: 172).

The results of this study showed that various geostatistical methods, considering the spatial autocorrelation of
data, are well able to combine spatial correlation with GIS. Also, the variograms used in this study showed well
that drawing variograms, in addition to proving rain erosivity data, can also model spatial correlation changes
in different directions. Other things that can be mentioned to improve the interventions performed are the
comparison of more experimental variogram models and the selection of variograms that show the best
correlation (in this study, four different variogram models were used). If there are more rain stations, the
interpolation accuracy can also be increased.

The distribution of rain erosivity factor by the method of radial base function shows that in the middle parts of
the province, the amount of rain erosion is maximum and as we go south, north and east its amount decreases.
Therefore, it can be concluded that the amount of rain erosivity is directly related to altitude and rainfall
factors. However, by considering other influential parameters such as direction, slope and other parameters, it
is effective in increasing the accuracy of estimating the rain erosivity factor through interpolation.

Considering that in the present study, the spatial changes of the rain erosivity index have been studied, it is
recommended to study its temporal changes for different seasons. The results and output information of this
study can be used to estimate the amounts of erosion and sediment and prioritize the regions of Golestan
province to implement erosion and sediment control projects.

Key words: Erosion, Rain Erosivity Indices, Geostatistics, Golestan Province.
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