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Figure 1: Location of the study area (Authors, 2019)
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Table 1- Factors affecting erosion and the advantages related to each of them in BLM
method (Refahi, 2003: 319)
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Table 2-Erosion status by sum of scores of seven factors(Authors, 2019)
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Table 3- Decision matrix for the erosion problem of Romeshgan Basin (Authors, 2019)
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Figure 2: Raw matrix options of ELECTRE model (Romeshgan sub-basins) (Authors, 2019)
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Table 4- weighted non-dimensional matrix (Author, 2019)
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Table 5- Effective Coordinate Matrix (F)
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Table 6- Effective uncoordinated matrix (G)
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Table 7- Formation of an effective comprehensive matrix (H)
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Table 8- Ranking of sub-basins of Romeshgan basinin terms of susceptibility to erosion
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Figure 3: Final ranking map of sub-basin terms of erosion Sensitivity based on Electre model
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Figure 4: Erosion zoning map in Romeshgan basin based on BLM model
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1- Introduction

In our country, land degradation and water erosion are one of the main threats to the
sustainability of resources and sustainable development of the country. Geographical
location, climate, natural and geological features, along with human factors, have made
the soils of the country potentially highly erodible and highly susceptible to corrosive
factors. Although soils formed as a result of water erosion move from higher elevation to
lower elevation, sedimentary or alluvial soils are formed, but these soils are only
marginally exposed to eroded surfaces. Today, depletion of soil resources caused by soil
erosion results in significant loss of life every year. Usually, in undisturbed conditions, it
takes about 300 years to form 25 mm of surface soil, while this amount of soil is much
less than eroded soil (Maghsoudi et al. 2009). According to the World Food Organization,
about 36% of all land and 60% of agricultural soils in Iran are subject to erosion. One of
the major causes of severe erosion in Iran is the removal of vegetation. Another cause of
water erosion in Iran is cultivation on steep slopes. As we know, Iran is a mountainous
country and the slope of land is mostly high. As the slope increases, the amount of
infiltration decreases. So the runoff is certain. In addition, the expansion of human
activities in nature, inappropriate land use and unnecessary exploitation of water, soil and
vegetation resources have exposed vast areas of the country to desertification and land
degradation, resulting in deterioration of cover, Erosion and decline in soil fertility,
decreased production, unemployment and negative socio-economic consequences.

2- Methodology

In this research, we have attempted to compare erosion susceptibility sub-basins in Romashegan
basin using ELECTRE model and to study erosion zoning in the basin by applying BLM model.

The Land Management Bureau (BLM) method was developed by the US Land
Administration and based on 7 factors assessment (soil movement, litter presence on the
soil surface, rocky position, reinforced stone parts, bumps erosion, The form of the
waterways, the existence of gully erosion). The total score of these seven factors gives the
surface soil factor (SSF), and the erosion condition is expressed in terms of the sum of the
seven grades in qualitative terms.

According to the objectives in this study, the research steps are as follows:

- Preparation and production of required data and layers based on seven factors in the
BLM model using basic maps and using the GIS fan.

- Combine information layers based on the factors envisaged in the model to determine
the units of work and determine the severity of erosion in each of them.

- Preparation of basin erosion map.

- Overlapping of individual geological layers, slope classes, land type and land use with
erosion map obtained separately to determine the erosion level in each unit and geological
classes, slope, type and land use.

- Determining the factors affecting the erosion of the basin after the overlap of the layers
with the erosion map of the area.

- Comparison of the results of work with previous studies on the studied area.

The steps in the ELECTRE model:

1. Determine the decision matrix according to the indicators and options
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2. Non-scaling using the paired comparison method

3. Create a Weightless Dimensional Matrix

4. Assess options for all indices and formulate coordinated and incoordinated matrices

5. Gaining the effective coordinated matrix

6. Obtain the effective incoordinated matrix

7. Obtaining an effective general matrix of matched effective coordinated matrix and
effective incoordinated matrix

3- Discussion

The map is classified in the method used in five classes: minor, low, medium, high and very high.
In terms of erosion classes, there are five classes of erosion in the studied basin. The low erosion
class has the largest area with 57% and the middle classes (31%), high (7%), very high (4%) and
minor (1%) are in the next ranks. To determine the most important factors affecting the erosion of
the basin, a blend of BLM erosion map with geological layers, slope, land type and land use in GIS
was performed.

Implementation of ELECTRE model on Romeshgan basin to study the erosion situation:

- Decision Matrix (Raw) for Romeshgan basin erosion. To form the decision matrix in the
ELECTRE model, it is necessary to consider the following points.

- We indicate the ascending or descending order of the parameters.

- If we have a qualitative criterion in the decision matrix, we can turn it into a quantitative
measure. We give 1 to 9 for them.

Formation of coordinated and incoordinated matrices

V=N*W

Where V is a weightless scale matrix and N a normalized matrix, and W is the weight of the
criteria.

Using elements of the matrix V, the coordinate set (k, ) C, which contains the criteria in which the
k option is preferred to option 1, and the inconsistency set (k, I) D, which includes the criteria for
option 1 on k It is preferred to be obtained using the following relationships.

Using the above information, the square matrix m * m is the coordinate (I) whose elements are
composed of the weights of the indices that belong to the matching set and the matrix m * m of the
incoordinated (NI.

Formation of a Effective Coordinated Matrix (F) and an In Effective incoordinated Matrix (G)

To create Effective Coordinated Matrix (F), first set a threshold value, and then each element of
the matrix | greater than or equal to this threshold value is in the F matrix of one, otherwise it will
be zero. A general method for determining this threshold (1) is the average of the values of the
matrix I.

To form an inconsistent matrix (G), the threshold value ((NI)7) is obtained similar to that of the F
matrix. The only difference here is that each element of the NI matrix, which is smaller or equal to
this threshold value, is in the matrix G of one, otherwise it is zero.

Formation of a effective Comprehensive Matrix (H)

By combining Effective Coordinated Matrix and Effective incoordinated Matrix, the effective
Comprehensive matrix (H), which is a Boolean matrix (zero and one), is obtained.

The matrix H represents the order of the relative preferences of the options, and the criterion for
ranking and grouping the options. In order to remove the low-gravity options, one can distinguish
the effective options from the matrix H. By removing any column of the H matrix, which has at
least one element equal to one. Because that column is dominated by rows or rows. On the other
hand, the line whose number is one in greater than one denotes the higher rank of that option.
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4- Conclusions

The results of applying the ELECTRE model in the study of erosion status of Romeshgan
basin show that topographic factor (slope) is more effective than other factors in basin
erodibility and plays the main role. Based on this model, sub-basin number 1 in the north
of the basin (with the highest number of dominants) had the highest vulnerability to
erosion, followed by sub-bases 2, 4 and 3, respectively. This is mainly due to the elevation
and slope status of the basins.

The present study shows that the low erosion class in the Romeshgan catchment covers
the most extent and then there are high, very high, moderate and minor erosion classes. In
general, the area has moderate erodibility. In the BLM model, environmental conditions
are considered to estimate erosion. Therefore, the factors affecting the erosion of the basin
with different impact rates show their role with different values in the model. The overlap
of soil type layers, slope classes, geological and land use layers indicated that the
maximum erosion intensity was in the slopes and mountainous units that included new
and old thrust deposits and alluvial cones, marl, lime, siltstone, musselgrass, mosselang
be. Also, rainfed agriculture units have the highest intensity and forest and pasture units
have the least amount of erosion. In terms of slope factor, lands with slope of 8 to 30
percent have the highest degree of erosion.

Keywords: Soil Erosion, Romeshgan Basin, BLM Model, ELECTRE-1 Model, GIS
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