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Article Info Abstract
Article type: Understanding the processes of soil degradation, including erosion, is crucial for its
Research Article conservation, given the lengthy process of soil formation. Among various forms of soil

erosion, the damage caused by mass movement and gully erosion is particularly
significant at the watershed scale. This phenomenon is considered an objective and key
criterion for assessing the severity of land degradation. The current research aims to

Article history: determine the extent of gully erosion across Iran and investigate its relationship with
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Revised: 19 Jan. 2026 sedimentation at the watershed scale. Initially, a primary database on gully erosion was
Accepted: 02 Feb. 2026 established through a review of articles, theses, reports, projects, and consultations with
Published online: 01 Jul. 2026 specialists, followed by the use of Google Earth and field visits for validation. By

integrating the gully erosion layer with provincial boundaries, climate (De-Martonne),
and second-order watersheds, the extent of gully erosion in each of these areas was
determined. Finally, the relationship between climatic elements, total erosion and

Keywords: sedimentation, and specific sediment yield with gully erosion at the second-order
Golestan province, watershed scale was examined. The results indicate that the total area affected by gully
Land degradation, erosion is 4,464,978 hectares.Golestan Province, the semi-humid climate, and the
Total erosion, Gorganrud-Qarasu watershed have the highest relative density of gully erosion, with
Specific sedimentation, values of 17.3, 1.45, and 22.27, respectively.The relationship between specific sediment
Vulnerability. yield, total erosion and sedimentation, and the area affected by gully erosion is

significant and positive, with an increase of one unit in gully erosion area leading to an
increase of 209.81 tons per square kilometer per year in sediment yield.Therefore, to
determine the vulnerability degree of second-order watersheds and prioritize regions
requiring soil conservation measures, factors such as the status of agricultural land use,
presence of dams, road conditions, and elements at risk should be considered, alongside
the likelihood of gully erosion occurrence.
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EXTENDED ABSTARCT

Introduction: Gully erosion is one of the threats to the balance of ecosystem resources. This threat is not limited to land
degradation, soil destruction, and the inability to carry out agricultural activities. Rather, the occurrence and spread of
this type of erosion exacerbates flooding, the displacement of a significant volume of sediments, and the resulting
consequences, making land unusable. In the context of comprehensive assessment of gully erosion in Iran, the Phase 1
gully erosion morphoclimatic project was first carried out in 20 provinces in the 1990s, and based on its findings, over
one million, one hundred and eighteen thousand hectares of agricultural and rangeland lands in the Phase 1 provinces had
suffered from gully erosion. Gully erosion has been reported in large areas of more than 500 hectares nationwide, 1.42
million hectares. The aforementioned projects have been based on visual interpretation of satellite images with low
accuracy and also on expert knowledge only. This research showed that in practice, gully erosion covers 3,207,314
hectares of the country. Every year, a lot of money is spent to reduce the spread of gullies, and it takes a long time to
repair the damage caused by such a phenomenon. Therefore, understanding the exact factors that cause gullies to spread
is effective in reducing the costs of its management. According to the aforementioned information and the research
conducted, there is no uniform and accurate information about the spread of gully erosion across the country, different
climates, and climate characteristics in watersheds. And given that the damages caused by gully erosion in Iran are
unknown, it is necessary to first assess its current status at the national level in the form of different climates and
watersheds, and then, based on the sensitivity and vulnerability of watersheds, effective solutions to reduce sediment and
control this erosion should be presented.

Materials and Methods: In this study, while analyzing the research conducted in the field of gully erosion, an attempt
has been made to update the distribution status of gully erosion across the country. For this purpose, the initial baseline
of the gully erosion status was determined based on the study and review of articles, theses, reports, plans, and meetings
with relevant experts, and finally, using Google Earth, and verified as much as possible through field visits. By combining
the gully erosion layer with the province, climate (De Martonne), and all second order watersheds, the extent of gully
erosion in each was determined, and finally, the relationship between climatic variables, erosion and total and specific
sediment with gully erosion at the level of second order watersheds was investigated. Basically, the preparation and
display of land surface contour maps is based on the MLD scale and index. Therefore, the minimum visible surface and
continuity of the feature and phenomenon are desired. Therefore, since the ditch is a longitudinal feature, the connection
of the ridge and the body of the ditch is the criterion for action. Also, based on the desired scale, the minimum distance
between two polygons with gully erosion should be more than 3-5 millimeters on the map scale. It should be noted that
in most previous studies, the entire area or watershed with gully erosion was considered, but in the revision of the existing
map, an attempt was made to focus only on the surfaces where this phenomenon and the slope exist. This study includes
three parts: determining the extent of gully erosion in different provinces, different climates, and the second order
watersheds areas of the Temaab division. In order to evaluate the relationship between climatic conditions, area and
amount of erosion and sedimentation at the second-order watersheds, the latest maps prepared by the Iranian Water
Resources Management Company as well as reports updating the status of water resources in second order watersheds
and determining the amount of erosion and sedimentation based on hydrometric stations and the EPM model were used.
Given that the relative frequency percentage alone cannot be used to determine significance, the relative density index
was used.

Results and Discussion: The area of gully erosion in this study was found to be about 3,207,314 hectares, which accounts
for roughly two percent of Iran’s area. Since the maximum area of gully erosion can cover up to 10 percent of a land
surface, this area, despite representing two percent of Iran’s surface, is still highly significant. By relative area, the two
provinces of Khorasan Razavi and Golestan rank first in gully erosion area; however, based on the relative density index,
Ilam and Kohgiluyeh and Boyer-Ahmad provinces have higher proportions. The high gully erosion area in these
provinces, which are located in the Zagros zone, can be attributed to the presence of the Aghajari, Gachsaran, Ilam
formations and gypsiferous and saline marls, along with climatic conditions. Iran, given its diverse climates, has eight
climate types according to the De Martonne method: very humid 1, very humid 2, semi-humid, humid, dry, Mediterranean,
semi-arid, and hyper-arid, with the greatest extent of gully erosion occurring in the dry climate, covering 1,125,131
hectares. The reason for the large area of gully erosion in this climate is the large extent of arid climates in Iran. About
90 percent of the country has an arid or semi-arid climate. Therefore, to better understand the role of climate on gully
erosion, it is preferable to use the results of the Relative Concentration Index. Based on the relative density index, the
semi-humid climate accounts for the highest amount of gully erosion. This climate combines features of both humid and
arid climates, which facilitates erosional processes. Among the second-order watersheds, the Qara Qum watershed has
the highest amount of gully erosion. Since part of this watershed lies within Iran, it is not possible to judge the entire
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watershed. Also, using the level of gully erosion cannot be an appropriate criterion, and the relative area of the watersheds
being compared must be considered. Therefore, based on the relative watershed density index, Qareh-Su has the highest
value for the Gorganrud watershed. Results of the correlation between gully erosion and climatic characteristics indicate
that with increasing precipitation and temperature, the amount of gully erosion increases. In Iran, as precipitation and
temperature rise, climatic conditions tend to shift from arid and hyper-arid regions toward Mediterranean climates, and
consequently the volume, intensity, and kinetic energy of surface runoff increase, indirectly affecting the occurrence and
expansion of gully erosion through their impact on vegetation cover and soil permeability. Additionally, based on
regression coefficients, the relationship between evaporation and transpiration and gully erosion was negative; however,
a more detailed evaluation of the scatter of its data points showed that up to about 2000 mm of potential evapotranspiration
this relationship is direct and increasing, and with further increases in potential evapotranspiration (resulting from rising
temperature) and decreased soil moisture it leads to reduced vegetation cover and increased gully erosion. But beyond
about 2000 mm, because these areas lie in arid regions with low rainfall, the contribution of water-driven erosion from
runoff is actually reduced.

Conclusion: The results showed that, based on the relative density index, Golestan Province, the semi-humid climate,
and the Qarasu-Gorganrud second-order watershed exhibit the highest relative density of gully erosion, and the
relationship between specific sediment and erosion and total sediment with gully erosion area is significant. The above
results can be used in the next phase to determine the vulnerability ranking of second-order watersheds and to prioritize
affected areas that require soil conservation measures. To determine the vulnerability degree of gully erosion, variables
such as agricultural land-use status, presence of dams, road conditions, and exposed elements at risk should be considered.

Keywords: Golestan province, Land degradation, total erosion, specific sedimentation, vulnerability
Article Type: Research Article
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