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Modelling Estimation of Soil Erosion Rate

EXTENDED ABSTRACT

Introduction

With the ever-increasing productivity of natural
resources, the amount of soil erosion in many
countries has exceeded the permissible limit, and
this has forced experts and officials to focus their
attention on this issue. Also, determining the
methods and techniques related to estimating the
amount of erosion is one of the important
challenges among researchers and decision
makers. On the other hand, the effectiveness of
the soil erosion study is determined by the way
of choosing the model, which depends on the
objectives, characteristics of the basin and the
amount of available information. Therefore,
several studies have been conducted using
different methods and models in relation to the
estimation of erosion rate. In Iran, the rate of
erosion is much higher than the permissible limit
and the global average limit, and therefore,
investigating and estimating the rate of erosion in
Iran is of double importance and should be given
more attention. In Kurdistan province, due to
various reasons such as land use changes,
excessive use of land, excessive grazing, etc., the
rate of erosion is increasing and this is
considered a threat to the province. One of the
most important basins in terms of land use
changes and land value is the Gaushan
watershed, which is located in the three
provinces of Kurdistan, Kermanshah and
Hamadan. Therefore, the purpose of this study is
to investigate and estimate the amount of erosion
in the Gaushan watershed, with the results of
which managers and decision makers can
provide important and strategic solutions to
control erosion and take practical measures to
control erosion.

Material and Methods

The Gaushan watershed has an area of 206,000
ha, and the Gaushan dam lake is located in the
western part of the basin. (Fig. 1). The present
study estimated the erosion rate of Gaushan
watershed using RUSLE 3D model. RUSLE 3D
model has six factors whose values were
calculated in this research. These factors include:
the rate of rain erosivity, soil erodibility, slope
degree and slope length, cover and protective
measures. In this research, the statistics of 14
weather stations in the region were used to
estimate the R factor in an 18-year period
between 2005 and 2022.
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Fig. 1 Location of the Gaushan Watershed

To calculate the soil erodibility factor, a soil map
was prepared and the soil erodibility map was
calculated using the American classification.
Slope length factor and slope degree were
obtained using GIS and Mitsava formula. The
coverage factor was also prepared using the GEE
system of the land use map and calculated using
the NDVI index. Due to the fact that no
significant conservation measures have been
taken in the Gaushan watershed, the protection
operation factor was considered one. The most
important difference between the RUSLE and
RUSLE 3D models is the difference in how the
LS factor is calculated, which was calculated in a
modified form in the RUSLE 3D model. After
calculating all the factors in the GIS
environment, they were multiplied together and
the erosion rate of the basin was estimated.

Results

The obtained results show important information
regarding the amount and intensity of erosion in
the basin, which can solve many problems in the
basin (Fig. 2). The results show that 43.2% of the
basin is affected by low erosion. Usually, the
amount of erosion less than 1 ton/haly is
considered as low erosion. Areas with low
erosion are mostly observed in lands with a
gentle slope and rangelands with more than 40%
vegetation cover. The areas with moderate
erosion include 39.6% of the basin, which
includes most of the areas with agricultural use
and riverside lands with a low slope. The rate of
erosion in these lands is between 1 and 5
ton/haly.
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Fig. 3 Map of average annual erosion of Gaushan watershed

Nearly 11.2% of the basin is made up of areas
with high erosion. Most of these areas have a
high slope and are used for agriculture, and the
study of old aerial photographs indicates that the
use of these lands has changed over the past
years and has changed from rangeland to
agricultural use. The amount of erosion in these
lands is between 5 and 12 ton/ha/y and on
average 8 ton/haly. In this study, 6% of the lands
had very severe erosion, which includes areas
with a high slope and no cover, which was
observed in the field visits.

Conclusion

According to the implementation of the RUSLE 3D
model and the field studies conducted in the region, it
was concluded that:

1. The RUSLE 3D model was able to have a proper
estimate of the erosion rate of the basin and this
model can be used for the adjacent basins.

2. The western part of the basin has a higher erosion
rate, which is caused by more rainfall, the
presence of more agricultural land, the presence
of the dam lake in the west of the basin, and
finally, the larger population.

3. The output results of the model showed that the
annual average erosion rate of the basin is equal
to 5.02 ton/haly, which is a progressive erosion
rate that can take on higher values in the
following periods, because field studies showed
that rabgelands that They are located in the
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vicinity of agricultural lands, which are heavily
affected by plowing and are being converted into
agricultural lands.

4. By examining two methods for measuring the LS
factor, it showed that the results of the 3D method
used in this research are more consistent with the
reality of the region and estimated a more
accurate estimate of the erosion rate.

5. By comparing the results obtained from the
RUSLE 3D model and RUSLE (Mahmoodi and
Naghshbandi, 2019), it was observed that the
RUSLE 3D model estimated the amount of
erosion in different parts more than the RUSLE
model and was closer to reality.
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Table 1 List and charecteristics of representative stations of the studied area

Station  Station Station coordinates - Station type ~ Number  Statistical
code _ _ 5 = of years
Longitude latitude S s 2 o g statistical
% 5 % & v
B 5 S =
(7] (7] ©
Sanandaj 21-012 46°16'00" 36°15'00" 1338 1373 * 50 1338-1401
Dehgolan  17-402  47°25'00"  35°17'00" 1364 1890 * 23 1365-1401
Mochesh 17-503  47°09'00"  35°03'00" 1364 1640 * 23 1365- 1401
Salvat  17-303  47°07'00"  35°17'00" 1367 1720 * 20 1368- 1401
Abad
Bolban  17-228 47°19 16" 35°08'38" 1367 2015 * 22 1367- 1401
Abad
Ramesht 21-874 47°00'50"  35°04'16" 1373 1715 * 15 1373- 1401
Markazi
Gavshan  21-330 46°59'11"  34°58'12" 1378 1378 * 13 1378- 1401
Shirvane 21-771  46°57'26"  34°47'30" 1382 1530 * 9 1382- 1401
Shilan  21-021 46°55'32"  35°06'01" 1345 1399 * 40 1345- 1401
Danan  21-359 47°00'12"  35°10'54" 1381 1418 * 9 1381- 1401
Bakhle  21-330 47°56'58"  34°50'35" 1379 1377 * 11 1379- 1401
Kamyaran 21-793  46°53'00"  34°48'00" 1380 1404 10 1380- 1401
Palengan 21-031 46°36'16"  35°04'00" 1354 1019 * 35 1354- 1401
Ghale  21-785 47°09'00"  35°03'00" 1372 1625 * 19 1372- 1401
Komain
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(1978

K =1[21x10"%(12 — OM)M*** + 3.25(s — 2) + 2.5(p — 3)]/100

 odaliawoas K ke a5 conl ool alaly ol jo axg5 B
o 42 5] 0 (610 48 el SIS sl e ol
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Table 2- Soil erodibility coefficient (K) in the American classification system

Soil Dominant series  Taxonomic classification K Area
units name (th/iMJ.mm) (%)

1 Lanjab Clay Skeletal, Mixed, Mesic, Typic Xerorthents 0.034 8.2
2 Heydarabad Fine Silty, Mixed, Mesic, Typic Haploxerepts 0.045 124
3 Agaholia Loamy Skeletal, Mixed, Mesic, Typic 0.033 13.8

Calcixerepts

4 Meyvaleh Fine, Mixed, Mesic, Typic Calcixerepts 0.034 8.9
5 Sarkhom Fine, Mixed, Mesic, Typic CalcixereptsVery 0.024 174
6 Gerdekaneholia Fine, Mixed, Mesic, Typic Haploxerepts 0.025 8.2
7 Kallepa Clay Skeletal, Mixed, Mesic, Typic Calcixerepts 0.037 22.2
8 Hosainabaddehbaneh Fine, Mixed, Mesic, Typic Calcixerolls 0.020 8.9
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