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Abstract

Soil erosion represents a critical environmental challenge, with land use changes being the primary factors that
exacerbate its potential. Meshkinshahr County has long been susceptible to erosion due to its environmental
characteristics, while population growth and unprincipled land use changes have further heightened this risk at
the county level in recent years. This study aims to evaluate the impact of land use changes on soil erosion in
Meshkinshahr County. To achieve the research objectives, land use maps for the years 2002 and 2024 were generated
using an object-oriented approach. Subsequently, additional layers of factors influencing erosion were prepared using
Geographic Information Systems (GIS). Erosion zoning was then conducted by standardizing these layers with a fuzzy
function, weighting the criteria using the CRITIC method, and modeling with the VIKOR multi-criteria decision-
making algorithm. The analysis of land use changes revealed that, in both time periods, poor pastures and dryland
agriculture occupied the largest areas within the county. According to the erosion zoning map, in 2002, the areas
classified as very high-risk and high-risk constituted 10.88 and 26.55%, respectively. By 2024, these figures increased
to 14.14 and 27.33%. Overall, the study indicated that the reduction of pastures, gardens, and forest cover combined
with the increase in agricultural (both irrigated and dryland) and residential land uses were the primary drivers behind
the heightened potential for soil erosion in the county.
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Introduction

Soil is one of a country's most vital natural resources and erosion is a significant factor contributing to the
degradation and loss of soil fertility (Motamedirad et al., 2023, p. 147). In recent years, ongoing changes in land
use driven by the need to meet the diverse demands of the growing global population have become a crucial
aspect of environmental change (Taloor et al., 2020, p. 38; Qingge et al., 2020, p. 147; Hussain et al., 2020, p. 2).
Inadequate management practices related to land use changes can exacerbate adverse effects on soil properties,
increasing its vulnerability to erosion (Samie et al., 2022, p. 60; Costea et al., 2022, p. 2). Meshkinshahr County
has long been susceptible to erosion due to its environmental characteristics. Recently, however, population
growth and unprincipled land use changes have heightened the risk of this hazard at the county level. Therefore,
this study aimed to evaluate the impact of land use changes on soil erosion in Meshkinshahr County.

Materials & Methods

In this study, we investigated land use changes by utilizing Landsat satellite images from the US Geological
Survey, specifically from the OLI-TM sensors for the years 2002 and 2024. To prepare these images, we applied
geometric and atmospheric corrections using ENVI 5.3 software. Next, we extracted land use maps for the two
study periods by employing an object-based classification method and the nearest neighbor algorithm in
Ecognition software. Following this, we identified the factors influencing erosion in the region, which included
land use, slope, lithology, soil type, distance from communication roads, distance from rivers, and precipitation.
Information layers were prepared for each criterion in the Geographic Information System (GIS). The evaluation
and standardization of these layers were conducted using the fuzzy membership function and the criteria were
weighted using the CRITIC method. Finally, the analysis and modeling were carried out using the VIKOR multi-
criteria analysis method.

Research Findings

The analysis of land use changes revealed that, in both study periods, poor pastures and rainfed agriculture
accounted for the largest areas within the county. Conversely, irrigated lands and show-covered areas
represented the smallest portions of the total county area in both 2002 and 2024. Throughout the study period,
there was an increase in irrigated agriculture, rainfed agriculture, and residential areas, while the extent of
gardens, forested lands, good pastures, poor pastures, and snow-covered lands had decreased. Notably, the most
significant land use change in the county was the conversion of poor pastures to rainfed agriculture. By 2024,
approximately 452.02 km? of poor pastureland had been converted to rainfed agriculture compared to 2002.

In terms of the weight coefficients of the criteria, in 2002, the most influential factors were slope, land use,
lithology, and soil; while in 2024, the order had shifted slightly to land use, slope, lithology, and soil. According
to the erosion zoning map, in 2002, the areas classified as very high-risk and high-risk had encompassed 422.14
and 1,030.03 km?, respectively. By 2024, these figures had increased to 548.58 and 1,060.36 km?. Furthermore,
the erosion maps for both study periods indicated that the areas classified as very high-risk and high-risk were
predominantly located within agricultural zones (both rainfed and irrigated), as well as in poor pastures and
residential areas.

Discussion of Results & Conclusion

The results indicated that Meshkinshahr County exhibited a very high potential for erosion due to various
environmental factors, including loose soils, sensitive and erodible formations, steep slopes, significant rainfall,
and the presence of numerous waterways. Moreover, the decline in both good and poor pasture areas, alongside
reductions in orchards and forest cover, had exacerbated the potential for soil erosion as agricultural land use
(both irrigated and dryland) and residential developments had increased. In light of these findings, several
recommendations are proposed to manage land in accordance with sustainable development principles. These
include converting low-yield rainfed lands into forage and medicinal plant areas, strengthening and restoring
rangeland vegetation, preventing overgrazing, and alleviating the pressure on rangelands by creating alternative
job opportunities. Additionally, raising public awareness about the consequences of unsustainable land use
practices, delegating the management of rainfed lands to local communities, and educating farmers on
conservation measures are crucial emergency actions to protect and sustainably utilize water and soil resources.
It is anticipated that the land use change map and erosion risk zoning map generated in this study will serve as
valuable resources for managers and planners. These tools will provide essential insights into the status of land
use changes and soil erosion potential in the county, facilitating the implementation of effective control and
management measures to mitigate erosion in high-risk areas.
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Table 1: Results of the accuracy assessment of classified land use images from 2002 to 2024
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Figure 3: Map of criteria used in erosion zoning in Meshkinshahr County; A) Slope, B) Distance from river,
C) Distance from communication road, D) Lithology, E) Soil, F) Precipitation
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Table 2: Types of fuzzy functions of thematic layers affecting soil erosion risk in Meshkinshahr county
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Figure 4: A) Land use map of Meshkinshahr County in 2002, B) Land use map of Meshkinshahr County in 2024
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Table 3: Area and rate of change of each type of land use in Meshkinshahr county from 2002 and 2024
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Figure 5: Map of land use changes in Meshkinshahr County from 2002 and 2024

Table 4: Percentage and area of changed land uses in Meshkinshahr county in the years under study
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Table 5: Total contrast standard deviation, amount of information, and final weight of the criteria
considered in the erosion zoning of Meshkinshahr county
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Figure 6: a) Erosion zoning map for 2002, b) Erosion zoning map for 2024

S S Ol g5 2024 52002 sladle jile ks Slib Sl N J g
Table 6: Information on erosion risk classes for the years 2002 and 2024 in Meshkinshahr county
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Figure 7: View of types of erosion in Meshkinshahr county A, B, C- Riverbank erosion; D, E- Mass erosion;
F- Sheet or surface erosion; G- Groove erosion; H, I- Gully erosion
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Figure 8: A, B) View of the occupation of the Khiawchay Riverbed with the development of agricultural
lands and orchards. C, D) respectively; Transfer of water from the slope to irrigate agrarian lands; project
to transfer water to rural areas; and erosion and landslide of the slope following it. E) Undercutting and
destruction of the slope base following the construction of the road. F) Uncontrolled grazing of livestock in
the pastures
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