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Abstract

The temporal and spatial distribution pattern of providing ecosystem services is one of the basic
characteristics of ecosystems. One of the important ecosystem services in many ecosystems, including
watersheds in northern Iran, is soil maintenance. This valuable service has not been investigated in many
areas, including the watersheds of developing countries. The present study was conducted with the aim
of investigating the spatial-temporal changes of soil erosion and maintenance in the years 2000 and
2020. Also, in this research, two watersheds of Lahijan- Chabaksar and Astana- Kuchsefhan, in Gilan
province, have been selected as the study area. From an ecological point of view, these watersheds are
a symbol of the human and natural interwoven ecosystem, which has a high capacity in providing all
kinds of ecosystem services and has undergone changes in recent years. The results show that the total
amount of soil erosion potential in the studied area in the studied years is equal to 73755909 and
119218604 tons, respectively, and the amount of soil maintenance ecosystem service in these years in
the entire watershed is 1222434092 and 1218191672, respectively. It is a body. Also, based on the results
obtained, a small part of the region has the most soil and sediment losses. Therefore, the results
emphasize the urgent need for targeted soil and water conservation measures to ensure the sustainability
of the basin's resources.

Key word: Ecosystem services, Soil retention, Soil loss and sediment export

* Corresponding Author: Email: tehranssalah@ut.ac.ir


http://www.jes.ut.ac.ir/
https://doi.org/10.22059/jes.2023.348202.1008357
mailto:tehranssalah@ut.ac.ir

Journal of Environmental Studies
Vol. 48, No.4, Winter 2023

578

Extended Abstract

Introduction

Ecosystem’s structure and function provide a variety of services referred as ecosystem services for
supporting and sustaining human life survival. One of the most important types of known services is
sediment retention, which refers to the ability of ecosystems to preserve soil. Natural processes of soil
erosion, storage and transport of sediment are key components and functions of watersheds and
ecosystems that contribute to the health of natural habitats. But excessive amounts can lead to harmful
consequences. Therefore, the quantification of the ecosystem service of soil preservation and the
identification of places of production and delivery of sediment in them, due to the role and importance
in determining the watershed system and the development patterns of the delta, managing aquatic
habitats, and predicting the effects of agricultural activities and reducing its effects is of great interest to
regional and water managers and planners. Global studies show that human activities have reduced
ecosystem services by 60% in recent years. Also, changes in land use and land cover by humans are
known as one of the most important factors affecting the structure, composition and performance of
ecosystems and the services provided by them. Ecosystem service mapping is an important tool for
decision makers to identify the areas that provide the most services and have conservation value. Among
the various methods of quantitative and qualitative evaluation of services, INVEST software is able to
evaluate more than twenty-five ecosystem services. The review of sources in Iran shows that the studies
conducted with different models aimed at quantifying soil erosion in different regions of the country
were often not spatial in nature or were conducted in a very limited basin. Since soil erosion is considered
a disservice, the necessity of conducting studies aimed at quantifying and mapping ecosystem services
in this field is very evident. As a result, the aim of this study is identification of spatial distribution of
sediment retention as an ecosystem service and quantification of soil waste as a non-renewable resource,
and it tries to determine, for the first time, the changes of these indicators during a long-term period of
twenty years to analyze in the country.

Material and Methods

The study area in this study is located in the two watersheds of Lahijan Chabaksar (49° 12’ to 50°05’ E,
37° 07’ to 37° 25’ N) and Astaneh-Kuchesfahan (50°21’ to 50° 26’ E, 37° 02’ to 37° 06’ N), in the east
and center of Gilan province, respectively.

In the first step to classify the land cover in this study based on the mentioned cases for land cover
classification in present research, from the total of Landsat 8 images in the period 01/01/2020 to
01/01/2021 and the total of Landsat 7 images in the period 01/01/2000 to 01/01/ 2001, which had a cloud
cover below 10%, were applied. Land cover was classified into eight categories using the products and
instructions of the vegetation index 9 related to the four seasons in the mentioned time periods, urban
lands, canopy cover to identify forest areas with trees above 30 meters, and finally educational data
removed from the ground and entered into the system by the user. Forest, open space, rangeland,
farmland, tea farmland, open space, water body, and built-up area including were all used. The latest
version of INVEST 3.11 software was used to calculate and map erosion and soil retention and sediment
delivery ratio. To extract each required data as input to the model, it was done as follows:

Digital elevation model: This data were extracted in the form of a 10-meter raster map prepared from
the Google Earth Engine system and used directly.

Land cover: The map used in this section is the result of the classification of satellite images, which was
described in detail in the previous section.

Rainfall erosivity index: The Rainfall erosivity factor (R) indicates the power of rain in soil erosion.
This value is determined by the annual average EI30, which is the long-term recording of the storm's
kinetic energy in a maximum period of 30 minutes. In many studies conducted in this field, due to the
lack of access to EI30, the average monthly and annual rainfall values based on alternative formulas are
used as the primary data for calculating rain erosion. But in the present research, using the study of
Panagos et al. in 2017, the R factor was extracted and used.

Soil erodibility index (K): The soil erodibility factor expresses the biophysical and chemical properties
of the soil, which shows the ability to remove soil by spraying and surface flow, and indicates the effect
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of soil properties on loss and its susceptibility to erosion. In this study, this index was determined based
on texture information and the amount of organic matter in the soil.
Vegetation cover factor (C): This factor indicates the interaction of phonological and management
conditions with environmental information (rainfall) and is the most important factor for estimating the
effects of the nature and percentage of vegetation cover on the amount of soil loss. Vegetation
percentage can be estimated by NDVI index. In this study, after calculating the NDVI index and
performing inverse linear transformation of educational samples, this index was calculated based on the
following formula:
1—-NDVI

€= ( 2 )
Practice factor (P): This factor is the ratio of the eroded soil in the conditions of protective operations to
the erosion created in the standard conditions of plowing in the slope direction. In this study, P factor
values were determined for all types of land cover classes according to Table 1.

Table 1. P factor values for different land covers

Land cover P factor
Forest 0.8
Open space 0.2
Range land 1
Agriculture 0.1
Tea cultivation 0.1
Built up 0.8
Water body 1

Discussion of Results

The results show that from 2000 to 2020, 9714 hectares of forest area has decreased, which has been
converted from 3600 hectares to build up lands and 2760 hectares to agricultural lands. As a result, the
area of agricultural land and built- up land has increased by 6468 and 25122 hectares, respectively. But
in contrast, the area under tea cultivation has decreased by 1923 hectares from 2000 to 2020. Based on
the obtained results, the total amount of soil erosion potential in the studied watershed in the studied
years is 73755909 and 119218604 tons, respectively. Also, the total sediment output in the watershed
shows that this factor is equal to 4477690.55 and 8720170.91 in 2000 and 2020, respectively. Of course,
it should be noted that about 90 percent of the areas that have a potential of less than 50 tons per hectare.
In addition, the annual amount of soil maintenance has decreased by 112 tons during the 20-year period
of study, and the highest amount of this service is provided in high-density forest areas and along
waterways, and the lowest amount is in agricultural lands and built-up lands downstream of the basin
are registered.
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Figure 1. The amount of soil erosion potential and the soil retention ecosystem services in
the studied watershed in 2000 and 2020.
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Conclusion

This study has tried to quantify and map the spatial distribution of erosion and soil storage capacity as
an important ecosystem service in a part of Gilan province. The results of this study showed that a major
part of soil erosion and sediment discharge occurred in the sloping areas and along the waterways in the
basin, which indicates the role of topographical and physical factors in this matter. In the second place,
other factors such as soil erodibility and rain erosion are also important in this regard. The important
point, which has been proven in this study, is the role of land cover in the amount of soil erosion and
sediment transfer, which, considering the constant assumption of other input parameters of the model,
is only caused by the destruction of forests and the change of land cover. On the other hand, it can be
stated that although the majority of the basin has a small contribution to the total loss of soil and sediment
discharge, severe and very severe soil erosion and sediment discharge can be seen in parts of the basin
with low vegetation cover and high slope. Also, this study shows that an almost limited part of the basin
retains most of the soil and sediment that have the potential of erosion. Among them, lands with less
than 50%-night cover and Hyrcanian Forests play the greatest role in soil maintenance. From the point
of view of the difference in vegetation density, the results of the study show that denser and more mature
vegetation is able to increase soil maintenance. In addition, based on the obtained results, it can be stated
that a small part of the watershed has the most soil and sediment losses. Therefore, the results emphasize
the urgent need for targeted measures to protect soil and water in different ways to ensure the
sustainability of the basin's resources.

In addition, based on the original results, the INVEST model is useful for estimating soil erosion and
sediment retention performance in watersheds with limited information and can help identify local areas
and prioritize areas for effective planning of sustainable management of a watershed.
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