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Keywords ABSTRACT

RUSLE model, Soil is one of the most important natural resources of any country, erosion process
Topographic position degrades the soil and leaves irreparable damage. The aim of this study is to estimate
index, Lithology unites, the rate of soil erosion and its relationship with landforms and lithology unites of
ﬁc\)/\r}ulzrgr:]ay catchment, Zonuzchay catchment in Marand county. In this study was used the modified global

model of soil loss (RUSEL), geographic information system (GIS) and remote sensing
(RS) to estimate the rate of soil erosion. To implement the model, rainfall erosivity
factors (R), soil erodibility factor (K), slope length-gradient factor (LS), conservation
practice factor (P) and cover management factor (C) in Arc GIS environment
calculated and Then a soil erosion map was drawn in five class of hazard (very low,
low, medium, high and very high). Topographic position index (TPI) was used to
classify and map the landforms of the catchment. Then, the role of different landforms
and lithology unites in relation to soil erosion rates was investigated by combining
relevant maps. The results showed that the values of Average soil erosion is 1.71 tons
per hectare per year. Valleys and deeply incised streams on heights and slopes (94.27
km2) and then Mountain tops and high ridges (89.21 km2) have the highest rate of
erosion. In Zonuzchay catchment, soil erosion is mostly on the flysch type deposits,
red and gray conglomerates with Marl layers and alluvial terraces. Investigation of
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Extended Abstract
Introduction

Soil erosion and its induced land degradation, as one of the most serious global environmental problems
affecting human sustainable development, has attracted the extensive attention of policy makers and
scholars (Wang and Su, 2020). Soil erosion has the potential to change soil structure and negatively affects
soil fertility, land productivity, food security, biological diversity and the global carbon cycle (Hua et al.,
2019). The cause of soil erosion is related to climatic conditions (especially torrential rains), topography and
high slope, lithology and human activities such as land use change, destruction of vegetation, increase in
agricultural production, excessive livestock grazing, etc (Karami and Bayati Khatibi, 2019). The global rate
of annual soil erosion is approximated to be 75 billion tons. Iran loses more than two billion tons every year,
approximately three times the rates of other Asian countries. Approximately 125 million of the 165 million
ha of the country experiences erosion. This is roughly 75% of the entire country and 60% of Iran’s
agricultural land. Iran’s average erosion is 30-32 ton/ha/year, which is 4.3 times the global average.
Economic losses caused by SE in Iran have been estimated to be 10 trillion rial (Arabameri et al., 2020).
Zonuzchay catchment, with an area of about 323 square kilometers, is located in Marand county in East
Azarbaijan province. This river is one of the Aras River sub-catchments leading to the Caspian Sea.
Flooding is one of the most common river processes in the Zanuzchai catchment. On the other hand, the
range instabilities due to high altitudes and faults in geological formations prone to instability have caused
many problems in this catchment. In such a situation, large amounts of soil will be unavailable during a
flood. Marand is known as one of the centers of horticultural production in East Azarbaijan province and the
country's northwest region. Therefore, considering the importance of soil in this area and the necessity of
implementing soil protection operations, the present study investigates the role of lithological units and
landforms in the soil erosion of the Zonuzchai catchment.

Methodology
Revised Universal Soil Loss Equation (RUSLE)

This model is one of the widely used methods for calculating the rate of erosion in numerous catchments
worldwide. This model is improved version of the universal soil loss equation (equ.1).

A=RxKxLxSxCxP 1)
where A denotes average annual soil loss (t ha—1 y—1), R is rainfall-runoff erosivity factor )MJ mm ha—1

h—1 yr—1), K is soil erodibility factor (Mg ha h ha—1 MJ-1 mm—1), LS is slope length, C is crop
management factor (ranges from zero to 1), and P is conservation support practice factor (Tousif Bhatti et
al., 2021). Sediment delivery ratio (SDR) was used to validate the calculated sedimentation rate with
observed sedimentation. Sediment delivery ratio (SDR) is the most appropriate method to calculate the
amount of sediment output from a basin. The SDR equals sediment output from the catchment to the erosion
produced in it, calculated according to equation (equ.2).

SDR=Y/E @)

In this relationships, Y is the amount of output sediment in tons, and E is the amount of erosion created in
tons in the catchment area.

Topographic Position Index (TPI) to classify landforms

In the present study, the Topographic Position Index (TPI) was used to prepare the landforms map of the
Zonuzchai catchment. TPI (equ.3) compares the elevation of each cell in a DEM to the mean elevation of a
specified neighborhood around that cell. Mean elevation is subtracted from the elevation value at center
(Weiss, 2001: Jenness,2006).

TPI:ZO_Zn—IZn/n (3)
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where Z0 = elevation of the model point under evaluation, Zn = elevation of grid, n = the total number of
surrounding points employed in the evaluation.
Results and Discussion

The results of soil erosion estimation using the RUSLE model in the Zonuzchay catchment showed that the
average soil erosion is 1.71 tons per hectare per year. Based on the soil erosion map, classified into five risk
classes (very low, low, medium, high, and very high), a major part of the catchment (67.07%) is the very
low erosion class. The next classes are 23.74% in the low class, 6.83% in the medium class, 1.93% in the
high class, and 0.44% in the high erosion class. It includes many levels corresponding to steep slopes,
heights, and areas where the accumulation of waterways is high. Medium, low, and very low classes are also
included in slopes with low slopes, flat areas, and plains. In addition, calculating the SDR found that the
maximum estimated sediment (28.34 tons per hectare) is less than the observed sediment (32.71 tons per
hectare). Combining the soil erosion map with the landforms map in the Zonuzchay catchment showed that
the highest erosion is in the valleys and cuts located on the heights and slopes with an area of 94.27 square
kilometers, and the lowest amount of erosion is in the small hills in the plains and drains. It belongs to high
mountains with an area of 4.19 and 4.80 square kilometers. The comparison of soil erosion maps and
lithology units found that soil erosion is mostly on flash-type deposits and red and gray conglomerates with
interlayers of marl and alluvial defenses.

Conclusions

The general results show that the areas with high and very high erosion, with an area of about 2.37% of the
entire catchment, are observed in the northern, southeastern, and eastern parts of the Zonuzchay catchment.
Areas with low and very low erosion cover the largest catchment area (90.81%). The high and high erosion
levels are located on the steep slopes of the heights and areas where the flow of waterways accumulates a
lot. Medium, low, and very low levels also include slopes with low slopes, flat areas, and plains. Among the
factors of the RUSLE model, the topography factor (LS) shows the most significant effect in estimating the
amount of soil erosion in the Zonuzchay catchment.
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\



VFeY oyl YV Lo slous Ve Lo yg0 8390995909959 )0ud

45°38'30"E 45°41°0"E 45°46'30"E 45°52'0"E 45957'30"E
; . ; : i
N
a, 06 2 te 519052 Ky SaT S 10,95 5SS ST S
@ 5 OF Ko e 1w b 45 5T 3 55p (51 0900 SAT Lo W= -

']

3 it 30 gim 0 B8 (09715 500) 6 gl 25058 i ke il o
&l B Osle s &Y Sl a5 b 3050 S ale

06 Sl ser o il O6 Gile B Y Sl s 5T 5 5055 sl pagss
7 | o8 copwt B Sy 5 04l b S 4 1 0 l8S z
H =
= ]
G108 s x
pA P

L 08 T ST sl e

08 g e M e ol

08 05 30 Koo ale

06wl 35T sl G0l

86 o T sl Gy

0 S ly

B g s

108 s T ais

06 tousl 303 5l egtiss

06 Uy T sl wtsay

06 N0 Jo 5 )00 952 Cueglyd Wyl

08 5,157 31 g K (ST pus

08 5339L5 o) 3 T sl s

06 (il W3l) )10 0 1 0395 Cunylyd

06 55T Cuglyd (a3
4593530"E 45°410"E 45°46'30"E 459520"E 45°57'30"E

38°36'30"N
38°36'30"N

S99 1l ade> (Sieled Grasly adds :(Y) Ui
Fig (2): The geology formations map of Zonuzchay catchment
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Table (2): Average of annual rainfall, Fournier index and rainfall erosivity factors of the stations in a period of 15 years
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Fig (4): Rainfall erosivity factor map of Zonuzchay catchment
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Table (3): Soil hydrological groups and soil erodibility factor in Zonuzchay catchment
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Fig 9: Soil erosion map of Zonuzchay catchment

3T )J)JT asdg> 1 RUSLE Juw wlal p S ule 8 Olidb coluw duoyd 9 Co b :(8) Jgu

Table (5): Area and percentage of soil erosion classes based on RUSLE model in Zonuzchay catchment
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Table (6): Sediment delivery ratio and estimated sediment based on SDR models
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Table (7): Correlation coefficient between soil erosion and effective criteria
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Fig 10: TPI Index map of Zonuzchay catchment
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Fig 11: Landforms classification map of Zonuzchay catchment using TPI Index
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Table (8): The area of soil erosion in the layers of landforms in Zonuzchay catchment
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Table (9): Soil erosion area in lithological units in Zonuzchay catchment
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