Hydrogeomorphology

Vol. 11, No. 39, Summer2024

Research Paper

’\D,‘ - Investigating land use changes with an emphasis on forest
Q@ ?g;%' cover and its effects on soil erosion using object-oriented
sw——  classification and the MARCOS multi-criteria technique.

1947
Tabeiz University

Case study: Ghaleroodkhan Fuman watershed

Aghil Madadi*!, Sayyad Asghari Saraskanrood?, Hossein Hajatpour Ghaleroodkhani 3

d DOI:10.22034/HYD.2024.60739.1731

Keywords

Soil erosion, Land use
changes, Multi-criteria
analysis, Remote
sensing,
Ghaleroodkhan,
Northern Iran.

Receive Date: 2024/02/27
Accept Date: 2024/05/05
Available: 2024/07/14

This paper is an open access and licenced under the CC BY NC licence.

Refference to this article: Madadi, Aghil; Asghari Saraskanrood: Sayyd;
Hajatpour Ghaleroodkhani, Hossein. (2024). Investigating land use changes
with an emphasis on forest cover and its effects on soil erosion using object-
oriented classification and the MARCOS multi-criteria technique. Case
study: Ghaleroodkhan Fuman watershed. Hydrogeomorphology, 11(39):
141 - 164.

ABSTRACT

Monitoring of land use changes and destruction of vegetation as one of the dominant
parameters in soil erosion is one of the important issues for assessment and control in
natural resource management. The Hyrcanian forests of Gilan province, over the past
years, have deteriorated due to neglect and have taken on a different face. So; The
purpose of this research is to reveal the changes in land use and the destruction of forest
cover and its effects on soil erosion in the watershed of Ghaleroodkhan Fuman. For this
purpose, the changes in land use that took place between 1371 and 1402 were extracted
using Landsat images and object-oriented classification techniques and were classified
(agriculture, forest, pasture, water, and residential). In the next step, by identifying the
effective factors in the erosion of the area and preparing the information layers of each
criterion in GIS, the standardization of the layers was done using the fuzzy membership
function, the weighting of the criteria using the CRITIC method and the final modeling
was done using the MARCQOS multi-criteria analysis method. The study of the changes
in watershed use shows that the forest cover in 1992, with an area of 222.17 square
kilometers, had the largest area among the land uses, and in 2023, its area decreased to
205.03 square kilometers. Also considering the results; Residential use with an increase
of 27.17 square kilometers has changed the most during the 30 years of study.
According to the erosion zoning map, respectively; The area of the floor with very high
and high erosion potential has increased from 18.04 and 31.05 percent in 1992 to 22.52
and 32.34 percent in 2023. According to the obtained results, it is possible to reduce the
forest cover and convert it into residential areas, agricultural lands, and pastures, as
well; He considered the conversion of agricultural lands to residential areas and the
increase of residential and agricultural use in the boundaries and riverbeds as the most
important factors involved in increasing the soil erosion potential of the basin.
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Introduction

Land use changes represent an important part of global changes that affect the environment (Talor et al.,
2020:38), and one of the main consequences of land use changes is the intensification of erosion. Evidence
shows that, the extent of forest lands has decreased in the Ghaleroodkhan basin during the recent decades, as
opposed to the increased amount of soil erosion. Therefore, this research aims to reveal land use changes and
the destruction of forest cover and its effects on soil erosion in the Ghaleroodkhan Fuman watershed.

Methodology

To investigate land use changesin this research, Landsat satellite images from (OLI-TM) sensors for the years
1992-2023 were obtained from the American Geology website. To prepare the images, atmospheric
corrections were made to the images using the Flash method and Envi5.3 software. In the next step, land use
maps were extracted in 1992 and 2023 using the object-oriented classification method and the nearest
neighbor algorithm by eCognition software. Then, the layers were valued and standardized by identifying the
factors affecting the erosion of the area and preparing the information layers of each criterion in GIS; using
the fuzzy membership function and the weighting of the criteria; using the CRITIC method. Eventually, the
data were analyzed using the MARCOS method.

Results and Discussion

According to the findings of the research, the largest area of use in 1992 belongs to the forest cover with an
area of 222.17 km?, which has decreased to 205.03 km? in 2023. The land use of residential areas has mostly
changed in the last 30 years, which was about 33.01 km? in the starting year (1992) and it reached an area of
60.18 km? in 2023. According to the obtained results, the slope, land use, and lithology criteria, respectively,
with weight coefficients of 0.164, 0.154, and 0.145, and in 1992, and with weight values of 0.169, 0.158, and
0.142 in 2023; received the highest value of weight coefficient in both studied periods. According to the
erosion zoning maps of the studied basin, the areas of the layer with very high and high erosion potential were
79.81 and 137.37 km?, respectively, in 1992. In 2023, 99.61 and 143.08 km? of the basin surface, respectively,
have very high erosion potential.

Conclusion

According to the results, the forest cover area of the studied site has experienced a decrease of about 1700
hectares. Moreover, residential use with an increase of 27.17 km? has mostly changed during the 30-year
period of the study. In addition, the most important land use change in the basin has been the destruction of
forests and their conversion to agricultural lands, pastures and settlements, as well as the conversion of
agricultural lands to residential areas; and this method of land use change and conversion, along with other
natural factors in the area, such as the distribution of loose and erodible formations, high slope, adequate
rainfall, and the abundance of a river, have played the greatest role in increasing the soil erosion potential of
the Ghaleroodkhan basin. The effects of human intervention and manipulation in the natural environment can
be clearly observed in the Ghaleroodkhan basin, which are mainly progressing toward the destruction and
damage of the environment. Due to the severity of destruction in the study area, necessary management
measures should be taken as soon as possible to prevent and reduce further damage to the forests of the area,
as well as to reduce erosion.
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1- object-oriented methode
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Table (2): Fuzzy classification algorithm and thresholds
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eConation 38l y bume jo oo WS e 53 &b i Lo 2(Y) S
Figure (2): Display of forest class triangular fuzzy function in eConation software environment
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Table (3): Criteria and parameters of image segmentation process
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1- multiresolution segmentation 4- Gray Level Co Gray Level Co-Occurrence Matrix
2- Normalized Difference Vegetation Index 5- MARCOS (Measurement Alternatives and Ranking
3- Precipitation Concentration Index according to Compromise Solution)
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2- Hoseini et al Correlation)
4- Alinezhad & Khalili
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Figure (5): Land use map of 2023 Figure (4): Land use map of 1992

VFY 9 WYV Lo yo (ol sbs )5 co b :(F) Jou=
Table (4): Area of land uses in 1992 and 2023
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Figure (6): Map of land use changes in Ghaleroodkhan basin
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Table (5): percentage and area of changed uses
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Figure (7): Map of other criteria in the zoning of soil erosion in Ghaleroodkhan basin
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Table (6): Total contradiction, standard deviation, amount of information and final weight of the mentioned criteria in the erosion
zoning of Ghaleroodkhan basin.
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Figure (9): Zoning map of soil erosion in 2023 Figure (8): Zoning map of soil erosion in 1992
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Table (7): Information on soil erosion levels in Ghaleroodkhan basin in 1992 and 2023
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Figure (10): A view of the types of erosion on the Ghaleroodkhan basin (a, b - sheet or surface erosion, c- mass erosion, d- furrow
erosion, e- gully erosion, and f- riverside erosion)
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Figure (11): A - encroachment on the privacy of natural and agricultural resources by the villagers in the village of Halaj Mahalle; b, c,
d- vertical cultivation by villagers following the destruction of forest areas and construction next to agricultural lands in Lailisaray
Fosheh, Ghaleroodkhan; E- Demolition of forest lands and construction in the vicinity of agricultural lands in Shavizen Fosheh of
Ghaleroodkhan; f- Landslide due to the change of use of the forest of Shavizen Foshe Ghaleroodkhan; G, H, I- Soil erosion, occurrence

of destructive floods, creation of mud flow following the destruction of vegetation and sedimentation in the downstream part of
Ghaleroodkhan basin
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Figure (12): Examples of images of land use change, indiscriminate construction and villa construction, expansion of residential areas,

and the risk of landslides and erosion due to undercutting and destruction of the heel of the slope due to road construction activities at
the level of the Ghaleroodkhan basin
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