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Extended Abstract

Introduction: Due to existing limitations in sharing spatial data, numerous studies conducted within various
organizations suffer from high costs and are not suitable for dissemination or reuse. Furthermore, incompatibility
among data generated by different organizations, or even between departments within a single organization, poses
a significant challenge to cross-sector decision-making. This inconsistency stems from differences in data
standards, foundational principles, and production processes. Additionally, due to security concerns, organizations
tend to produce redundant data repeatedly, leading to resource wastage and reduced efficiency. This study aims to
design and implement an integrated spatial data infrastructure (SDI) for sustainable natural resource management
in Ilam Province. A conceptual model was developed, and a systematic approach was adopted to propose a
framework for integrating spatial data across the Department of Natural Resources.

Materials and Methods: To achieve the research objectives, the department's organizational structure was
analyzed in terms of its chart and the information layers required. This was followed by a needs assessment and
the design of conceptual, logical, and physical models. The selected open-source software environment was used
to deploy the SDI on a server. For data processing, open-source PostgreSQL and PostGIS databases were
employed, while ENVI and ArcGIS were used for satellite imagery analysis. To disseminate the generated maps
according to OGC standards, GeoServer was utilized.

Results and Discussion: Findings indicate that establishing such an infrastructure can enhance interdepartmental
coordination, accelerate organizational workflows, reduce operational costs, and support sustainable natural
resource management through centralized information. The fully operational implementation within the
Department of Natural Resources and Watershed Management represents a significant advancement in spatial data
management. Unlike many theoretical studies in this field, the system developed in this research actively provides
services to real users, distinguishing it from purely conceptual work. Its primary advantage lies in the integrated
data approach and the practical delivery of services. Implementation of this infrastructure has reduced decision-
making time. For example, in monitoring and controlling violations, the system decreased the time required to
detect land encroachment by up to 60%, thanks to the simultaneous display of ownership and land-use layers and
the capability for online measurement of violations. In disaster management, the system identified a 70-hectare
wildfire in llam County and automatically calculated the affected areas, reducing response times by up to 50%. A
unique aspect of this research is its adaptation of advanced technologies to local and country-specific conditions.
The system is not only theoretically sound but also addresses operational challenges such as infrastructural
limitations, organizational resistance, and user-specific needs. The development of a mobile service with offline
data upload capabilities and field mapping tools has addressed the needs of experts in remote areas, reducing
reliance on specialized hardware by 75%. Despite these successes, the study encountered several limitations. The
practical and indigenous nature of the project makes direct comparison with theoretical studies or systems
implemented in other countries difficult. Challenges such as inter-organizational discrepancies, resistance to
change, and hardware constraints were valuable learning experiences, often overlooked in experimental and
theoretical research.

Conclusion: This research confirms that, despite various limitations, establishing a unified spatial data system is
not only feasible within the country but can also significantly improve natural resources management processes.
The practical experiences gained through this project can serve as a valuable guide for other organizations seeking
to implement similar systems.

Keywords: Spatial Data Infrastructure, Geographic Information System, Sustainable Management, Natural
Resources, llam Province
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Table 1- Summary of the responsibilities of various Natural Resources departments based on the

organizational chart
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Table 2 — Required layers for various units within the Natural Resources Departments
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4- Enhanced Vegetation Index
5- Normalized Difference Water Index
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1- Global Navigation Satellite System
2- Server-Side Spatial Data Model
3- ormalized Difference Vegetation Index
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Table 3- Main entities of the logical model of SDI in the proposed system
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Table 4- Table and layer details related to the technical sector
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Table 5- Table and layer details related to the watershed sector
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Table 6- Table and layer details related to the conservation sector
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Table 7- Details of tables and layers related to spatial data
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Table 8- Details of tables and layers related to users
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Table 9- Details of tables and layers related to services
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1- Entity-Relationship Model
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Table 10- Physical model of the layer related to the technical unit in SQL

SQL

CREATE TABLE Natural_Resources (

Resource_ID SERIAL PRIMARY KEY,
Resource_Type VARCHAR(50) NOT NULL,
Location GEOMETRY (Polygon, 4326) NOT NULL,
Area FLOAT CHECK (Area > 0),

Description TEXT,

Last_Update DATE DEFAULT CURRENT_DATE

SQL (3 4 ussl 0595 4 bogs po ¥ (S 38 Juo -1 Jga
Table 11- Physical model of the layer related to the watershed unit in SQL

SQL

CREATE TABLE Watersheds (

Watershed_ID SERIAL PRIMARY KEY,
Watershed_Name VARCHAR(100) NOT NULL,
Basin_Area FLOAT CHECK (Basin_Area > 0),
Main_River VARCHAR(100),

Location GEOMETRY (Polygon, 4326) NOT NULL
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Table 12 - The physical model of the layer related to the protection unit in SQL

SQL

CREATE TABLE Spatial_Data (
Data_ID SERIAL PRIMARY KEY,

Data_Type VARCHAR(50) NOT NULL,

Source VARCHAR(100) NOT NULL,

Resolution FLOAT CHECK (Resolution > 0),
Location GEOMETRY (Polygon, 4326) NOT NULL,
Date_Collected DATE NOT NULL
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Table 13 - The physical model of the layer related to users in SQL

SQL

CREATE TABLE Users (

User_ID SERIAL PRIMARY KEY,
User_Name VARCHAR(100) NOT NULL,
Role VARCHAR(50) NOT NULL,
Organization VARCHAR(100),

Access_Level VARCHAR(50) CHECK (Access_Level IN (‘'Read', 'Write', 'Admin'))
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Table 14 - The physical model of the layer related to services in SQL

SQL

CREATE TABLE Services (

Service_ID SERIAL PRIMARY KEY,
Service_Type VARCHAR(50) NOT NULL
Endpoint_ URL VARCHAR(200) NOT NULL
Description TEXT,

Access_Restrictions VARCHAR(100)
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Table 15 - The physical model of layer relationships in SQL

SQL

CREATE TABLE Users_Services (

PRIMARY KEY (User_ID, Service_ID)

User_ID INT REFERENCES Users(User_ID) ON DELETE CASCADE,
Service_ID INT REFERENCES Services(Service_ID) ON DELETE CASCADE,
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2- Web Map Tile Service
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1- Web Map Service
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Table 16 - The physical model of layer indexing in SQL

SQL

Natural_Resources

CREATE INDEX idx_natural_resources_location ON Natural_Resources USING GIST (Location);

Watersheds

CREATE INDEX idx_watersheds_location ON Watersheds USING GIST (Location);

Spatial_Data

CREATE INDEX idx_spatial_data_location ON Spatial_Data USING GIST (Location);

Watersheds

CREATE INDEX idx_watersheds_name ON Watersheds (Watershed_Name);

Services

CREATE INDEX idx_services_type ON Services (Service_Type);
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Extended Abstract

Introduction: Rangelands, as renewable natural resources, play a vital role in environmental preservation and in
meeting the needs of both livestock and vegetation. These resources not only provide forage for livestock but also
protect soil and water. However, unplanned land-use changes and degradation of vegetation cover in Iran,
especially over the past four decades, have led to a decline in the quality of these resources. Factors such as
population growth, urbanization, and overgrazing by livestock have contributed to rangeland degradation. In this
context, remote sensing (RS) and geographic information systems (GIS) are efficient tools for monitoring these
changes. These technologies enable precise monitoring of environmental changes and the identification of factors
such as soil salinity and erosion without the need for costly traditional methods. The use of satellite data provides
valuable insights for assessing vegetation cover changes, drought impacts, and other environmental threats.
Therefore, these tools play a significant role in natural resource management and rangeland conservation.

Materials and Methods: This study focuses on the Jiransu winter rangeland in the Maneh and Samalgan district,
covering an area of 2,168 hectares. Located in northwestern Iran, the region has a cold and dry climate with an
annual rainfall of 223 mm. To analyze vegetation cover changes, Landsat time-series images (TM and OLI) and
Google Earth images were used. Satellite images with a spatial resolution of 30 meters were collected from
different years (1997, 2002, 2008, 2013, 2018, and 2023) from the US Geological Survey (USGS) archive. After
data preprocessing to ensure quality and correct geometric and radiometric errors, the images were processed using
various techniques such as histogram adjustment and color composite for information enhancement. NDVI and
MSAVI vegetation indices were employed for vegetation analysis. Subsequently, vegetation cover changes were
analyzed using image differencing and threshold classification methods.

Results and Discussion: The results revealed that during the analyzed time periods, the lowest vegetation index
values were observed in 2008, coinciding with a severe drought in Iran. This reduction in vegetation cover
highlights its strong dependence on rainfall and climatic conditions. Land-use changes showed similar trends,
particularly during the 1997-2008 period, where approximately 226 hectares of poor rangeland were lost,
representing 10% of the total rangeland area. In the subsequent period (2008-2013), approximately 323 hectares
of poor rangeland decreased, with declining classes covering more than 14% of the area. These findings indicate
that RS methods, particularly those using vegetation indices, are efficient and accurate tools for monitoring
vegetation changes and assessing rangeland conditions. Overall, the study emphasizes that satellite images and
vegetation indices like NDVI and MSAVI offer significant accuracy in detecting ecological changes and trends,
especially in dry and semi-arid regions, compared to traditional methods.

Conclusion: This study emphasizes the importance of NDVI and MSAVI indices in monitoring vegetation cover
changes and demonstrates that these indices can effectively track degradation trends and environmental changes.
These indices, particularly in dry and semi-arid regions impacted by climate change and drought, play a key role
in modeling vegetation decline and rangeland productivity. Furthermore, the results suggest that using these
indices, due to their ability to correct for bare soil effects and their effectiveness in assessing vegetation changes,
provides valuable tools for rangeland monitoring and management. These tools can aid in identifying degraded
areas and, by providing timely and accurate data, help predict and manage rangeland degradation. Therefore,
integrating these indices into comprehensive natural resource management programs and utilizing them in detailed
environmental assessments can play a crucial role in enhancing conservation efforts for natural resources.
Additionally, their application can have a profound impact on the restoration and improvement of ecosystem
health, leading to long-term environmental sustainability.

Keywords: Satellite imagery, Vegetation cover changes, RS, Vegetation indices NDVI and MSAVI, Rangeland
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Table 3 - Statistical Characteristics of NDVI Indices for Different Time Periods in the Jiranso Region

PS5l Sl sbo Sl il il &b
Maximum Minimum SD Mean Date
0.2861 0 0.0135 0.0566 1997
0.1528 0 0.0112 0.0643 2002
0.1042 0 0.0083 0.0500 2008
0.2029 0 0.0150 0.0990 2013
0.1728 0 0.0125 0.0771 2018
0.1791 0 0.0139 0.0821 2023
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Table 4 - Statistical Characteristics of MSAVI Indices for Different Time Periods in the Jiranso Region

Pl Sl Slero Bl il eSSl &b
Maximum Minimum SD Mean Date
0.2805 -0.0339 0.0156 0.0173 1997
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0.1347 -0.0361 0.0160 0.0250 2023
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Figure 2 - NDVI and MSAVI Vegetation Indices (1997-2008) and Their Classification
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Figure 3 - NDVI and MSAVI Vegetation Indices (2013-2023) and Their Classification
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Figure 4 - Area of rangeland condition classes based on NDVI and MSAVI indices
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Table 5 - Range of Changes for Rangeland Change Classes in Different Time Periods
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Figure 5 - Trend of Vegetation Cover Changes Using Vegetation Indices (1997-2008)
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Figure 6 - Trend of Vegetation Cover Changes Using Vegetation Indices (2013-2023)
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Figure 7 - Trend of Vegetation Cover Changes Using Vegetation Indices (1997-2023)

NDVI .
Msavl W ol Hol B ol B ey Bt B o
Yoor =
_.1 A2 ,1 Voo
T e —,1 Yo
% Ao O Ae
oo For

1997-2008

20132023 1997-2023

1997-2008

2013-2023 19972023

& 3o Cord g Ol gt (b DS Ol patd gy —A SIS

Figure 8 - Trend of Changes in Rangeland Condition Classes
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Figure 9 - Modeling the relationship between cover properties and RS indices
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Extended Abstract

Introduction: Flooding is one of the most common and destructive natural hazards worldwide, with
numerous economic, social, and environmental consequences. In fact, one-third of the costs associated with
natural disasters are related to floods. Floods occur when river flow exceeds its carrying capacity, which can
result from factors such as intense or prolonged rainfall, frozen ground during precipitation, sudden
snowmelt, deforestation, river blockage, and dam failure. In Iran, poor economic conditions and the inability
of livestock owners to provide sufficient forage have led to overgrazing, which exacerbates soil erosion and
increases flood risk. Rainfall is a key factor in flood occurrence, exhibiting significant spatial and temporal
variations influenced by elevation, slope, soil characteristics, land use, and geology. The concept of the
Hydrological Response Unit (HRU) is a widely used approach in hydrological modeling. Therefore, defining
and measuring key hydrological response indicators at the watershed scale is essential for effective water and
soil resource management and for reducing flood risk.

Materials and Methods: This study analyzes hydrological data from the Balikhloochai watershed. The
research process includes the collection, processing, and analysis of river flow data. Five hydrometric stations
with a common 20-year statistical period (2003-2023) were selected. Key hydrological response indicators,
including base flow index, peak discharge, runoff depth, drainage density, and recession coefficient, were
calculated. Base flow was extracted using the one-parameter digital filter method, and its index was
calculated as the ratio of base flow to total streamflow. The recession coefficient was obtained from an
exponential recession model. Spatial variations of the indicators were analyzed using GIS-based interpolation
techniques. In addition, the Mann—Kendall test was applied using Pro UCL software to detect temporal trends
in river flow changes.

Results and Discussion: Analysis of Hydrological Response Indicators in the Balikhloochai Watershed
revealed that geological conditions, topography, and physical characteristics of the basin have a significant
impact on flood behavior and river flow stability. In particular, the high values of the base flow index at the
Nir station indicate the influence of permeable geological structures and effective aquifer recharge. In
contrast, the high drainage density at the Pol-e Almas station reflects the basin’s rapid response to rainfall
and the occurrence of flash floods. These results are consistent with findings from similar studies in other
Iranian watersheds and confirm the critical role of geological conditions and hydro-geomorphological
structures in shaping the flood hydrograph pattern.

Conclusion: The analysis of hydrological response indicators in the Balikhloochai watershed highlights the
significant influence of geological, topographic, and land surface characteristics on flood behavior and flow
regime. The spatial distribution of base flow index, drainage density, and runoff depth across the watershed
indicates notable variability, driven by differences in permeability, land cover, and geomorphological
structure. For instance, higher base flow index values in the Nir station emphasize the importance of
permeable geological layers and sustained groundwater contributions, whereas areas with high drainage
density, such as the Pol-e Almas station, demonstrate rapid hydrological response and increased susceptibility
to flash flooding. These variations reflect the complex hydrological functioning of the watershed and
underscore the need for location-specific flood management strategies. The use of GIS-based spatial analysis
and the Mann—Kendall trend test provided valuable insights into the temporal dynamics of key hydrological
indicators. The observed trends in river flow suggest that changes in land use, soil conditions, and climate
variability may be contributing to increasing flood risks in certain sub-regions.
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1 - Upper Blue Nile Basin
2- Base Flow Index (BFI)
3- Maximum Runoff
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Extended Abstract
Introduction: Wetlands are among the most ecologically significant yet vulnerable ecosystems, playing a pivotal role
in biodiversity conservation, water regulation, and climate stabilization. However, these ecosystems are increasingly
threatened by both anthropogenic pressures and climate change, leading to widespread degradation. According to global
assessments, more than 50% of wetlands have been lost since the early 20th century. This alarming trend underscores
the urgent need for effective monitoring and management strategies, particularly in semi-arid regions where wetlands
are critical for maintaining environmental balance. The Salehiyeh Wetland, located in Alborz Province, Iran, has
experienced substantial environmental changes over recent decades, largely attributed to human interventions such as
the construction of drainage systems. This study aims to investigate land use/land cover (LULC) changes in the Salehiyeh
Wetland between 1988 and 2021 (1367-1400 in the Iranian calendar) by employing satellite remote sensing data,
Normalized Difference Water Index (NDW!I) and the Normalized Difference Vegetation Index (NDVI) indices, and the
Random Forest (RF) machine learning algorithm.
Materials and Methods: This research utilized Landsat 5 TM and Landsat 8 OLI/TIRS imagery to analyze temporal
variations in land cover within the wetland and its surrounding areas. The satellite data underwent standard
preprocessing, including geometric and radiometric corrections, to ensure optimal data quality. To quantify water bodies
and vegetation cover, the NDWI and NDVI were computed. These indices were employed to distinguish between water
surfaces and vegetation, providing critical insights into the wetland’s hydrological and ecological dynamics. For land
cover classification, the RF algorithm was applied, a robust and widely-used machine learning technique known for its
high classification accuracy and ability to handle large, multidimensional datasets. The classification results were
evaluated using traditional accuracy assessment metrics, including Overall Accuracy (OA) and Kappa Coefficient
(Kappa), which are standard indicators for the reliability of remote sensing-based classifications.
Results and Discussion: The analysis of NDWI revealed that the highest water extent in the study area occurred in
1988, with a peak NDW!I value of 0.64, indicating a substantial water coverage. However, over the 42-year period, a
marked decline in aquatic areas was observed. Specifically, the extent of water bodies decreased from 2.64% of the total
land area in 1988 to 0.05% in 2021, signifying a dramatic reduction in wetland habitats. In terms of land cover dynamics,
rangelands predominated the landscape in 1988, 1998, and 2008, occupying over 49% of the study area. However, this
trend reversed significantly by 2021, as large portions of rangeland were converted into agricultural lands. By 2021,
agricultural areas expanded to cover 2,817.84 kmz2, accounting for over 45% of the total area, marking a clear transition
towards more intensive land use. Urbanization and the expansion of built-up areas also showed a significant upward
trend. From 1988 to 2021, urban and residential areas increased from 46.25 km?2 to 770.21 km?, reflecting growing human
encroachment on natural ecosystems. This expansion further exacerbates the pressures on the wetland, as urban sprawl
often leads to the drainage of surrounding water bodies. The performance of the RF classifier was exemplary, with
overall classification accuracy exceeding 93%, and the Kappa coefficient exceeding 0.90, confirming the high reliability
of the model for accurately detecting long-term LULC changes in the region.
Conclusion: This study provides compelling evidence of the profound environmental transformations occurring in the
Salehiyeh Wetland over the past four decades. The construction of drainage systems, agricultural intensification, and
urban sprawl have all contributed to the drastic reduction of natural water bodies and rangelands. The integration of
satellite remote sensing data with advanced machine learning techniques, such as the RF algorithm, offers a highly
effective framework for monitoring LULC changes over time. The high accuracy of the results highlights the potential
of these methodologies for large-scale environmental monitoring and decision-making. Given the ecological importance
of wetlands, it is imperative that policymakers adopt comprehensive conservation and restoration strategies to mitigate
further degradation. A balanced approach that integrates urban development, agricultural needs, and ecological
preservation is crucial for ensuring the long-term sustainability of wetland ecosystems. Continuous remote sensing
monitoring should be prioritized to support evidence-based decision-making and adaptive management in the face of
ongoing environmental challenges.
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Figure 1- Location of the study area in Alborz and Qazvin provinces
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Table 4 — Area distribution of NDWI classification in Salehiyeh wetland for selected years (Km?)
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Table 5 — Area distribution of NDVI classification in the Salehiyeh wetland for selected years (Km?)
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Figure 6- Annual precipitation trend in the Salehiyeh wetland region from 1989 to 2021
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Table 6 - Area and Percentage of Land Uses in the Study Area
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Extended Abstract

Introduction: Dust storms are among the most significant climatic hazards in the arid and semi-arid regions of Iran,
accompanied by consequences such as reduced visibility, severe air pollution, threats to public health, decreased
agricultural productivity, and damage to urban and rural infrastructure. In recent years, particularly in the western regions
of the country, an increasing trend has been observed in the intensity, frequency, and spatial extent of this phenomenon.
This alarming trend results from a combination of natural factors, such as recurring droughts, declining soil moisture,
and strong winds, as well as human-induced drivers, including unbalanced land use changes, excessive exploitation of
water resources, and unsustainable land management practices. Given the widespread impacts of this phenomenon on
the environment and the livelihoods of local populations, accurately predicting the number of dusty days within specific
time periods is of great importance as a critical tool for damage mitigation and informed operational and managerial
decision-making. Achieving this goal requires the use of advanced data-driven methods and artificial intelligence
algorithms that can be effective in identifying complex, nonlinear, and non-deterministic patterns.

Materials and methods: In this study, a nonparametric predictive model based on the K-Nearest Neighbors (KNN)
algorithm was developed. The Particle Swarm Optimization (PSO) metaheuristic algorithm was employed as a catalyst
to optimize the model structure and enhance its prediction accuracy. The input data included the Frequency of Dust
Storm Days (FDSD) index from 26 synoptic stations located in 11 provinces across western Iran, covering the long-term
period from 1981 to 2020. To construct the predictive model, lagged values of the FDSD index over the four previous
time steps were used as input variables to accurately capture the temporal patterns of this phenomenon. Initially, the base
KNN model was implemented by adjusting the k parameter. Subsequently, the PSO algorithm was applied to optimize
key model parameters, including the number of influential neighbors and the weighting of input variables. The models’
performance was evaluated using four statistical indicators: the correlation coefficient (r), root mean square error
(RMSE), mean absolute error (MAE), and Nash—Sutcliffe efficiency (NS) coefficient, to assess the model’s accuracy
and stability in predicting the FDSD index.

Results and Discussion: The results show that the KNN-PSO model outperformed the standalone KNN model. The
application of the PSO algorithm allowed for automatic and optimal determination of key KNN parameters, such as the
optimal number of neighbors (k) and weighting of input variables. For instance, at Abadan station, the correlation
coefficient (R) of the KNN-PSO model increased to 0.997, while the RMSE decreased to 0.113. In contrast, the KNN
model values were 0.654 and 0.437, respectively, indicating a significant improvement in prediction accuracy using the
hybrid model. Comparison between observed and predicted values confirmed the improved model performance with an
increased frequency of dust storm days. Among the stations studied, Abadan, which recorded the highest FDSD values,
showed the highest agreement between the observed and predicted data. Overall, high-dust stations, such as Abadan,
Ahvaz, Masjed Soleyman, Bostan, Sarpol-e Zahab, and Bandar Mahshahr, exhibited strong correlations between actual
and predicted values. In scatter plots, these predictions closely followed the 1:1 line (f(x) = x), indicating the high
efficiency of the KNN-PSO model. Furthermore, results revealed that using lagged FDSD indices from previous seasons
did not enhance model performance, and simpler models utilizing only one-step lag yielded more accurate predictions.

Conclusions: Overall, the results demonstrate that the hybrid KNN-PSO model can significantly enhance the accuracy
of predicting the frequency of dust storm days, particularly at stations with high occurrence rates, such as Abadan. By
leveraging the capability of the PSO algorithm to automatically and optimally determine the sensitive parameters of the
KNN model, this approach improves predictive performance compared to the base model. The findings indicate that
integrating metaheuristic optimization algorithms such as PSO with simple data-driven models such as KNN not only
increases prediction accuracy and efficiency in climatically challenging regions but also enhances the stability and
generalizability under varying climatic and spatial conditions. Therefore, the use of such hybrid approaches can be
considered an effective strategy for improved monitoring and management of climate-related hazards, including dust
storms, in arid and semiarid regions.
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Figure 4- Flowchart of the research process
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Table 1- The outputs of the KNN model and the optimal factors for predicting the FDSD index

w)yﬂ ‘_gl.aeéb sw.g'l.oﬂ ‘Sbbo.:‘é st J._u ali’.‘,.",l‘
NS MAE RMSE r NS MAE RMSE r

0.754  0.273 0.421 0.711 0.683  0.304 0.437 0.654 1
0.753  0.274 0.422 0.709 0.682  0.305 0.438 0.653 2 oL
0.753  0.275 0.423 0.709 0681 0.307 0.439 0.651 3 o
0.751  0.275 0.425 0.706 0.679  0.309 0.441 0.649 4
0.753  0.274 0.423 0.708 0.682  0.306 0.438 0.652 1
0.752  0.275 0.424 0.707 0.681  0.308 0.439 0.652 2 onl
0.751  0.276 0.425 0.706 0.679  0.309 0.441 0.651 3 i
0.749  0.277 0.426 0.705 0676 0.311 0.443 0.647 4
0.751  0.275 0.425 0.707 0.681 0.308 0.439 0.651 1 s
0.749  0.276 0.426 0.706 0679 0.311 0.441 0.649 2 o=
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NS MAE RMSE r NS MAE RMSE r
0748 0277 0427 0.704 0677 0313 0442 0646 3
0746 0278 0428 0703 0675 0314 0444 0644 4
0749 0276 0426  0.705 0679 0309 0441 0651 1
0746 0277 0427 0704 0677 0312 0442 0648 2 s
0745 0278 0428 0702 0676 0315 0443  0.644 3 Bl
0744 0279 0429 0702 0674 0316 0445  0.643 4
0748 0277 0428 0.704 0677 0311 0442 0649 1
0746 0278 0429 0703 0675 0313 0443  0.647 2 ale s
0744 0279 0431 0701 0674 0317 0444 0645 3 Resdlo yo
0743 0281 0432 0701 0673 0319 0446  0.643 4
0747 0279 0431 0.702 0675 0313 0443 0647 1
0745 0279 0432 0701 0674 0315 0444 0645 2 od
0743 0281 0433 0701 0673 0318 0445  0.643 3 DS A
0741 0283 0434 0699 0672 0321 0447 0641 4
0746 0281 0432 0698 0674 0314 0444  0.645 1
0744 0282 0433 0697 0673 0316 0445 0643 2 Wi
0741 0282 0435 0697 0672 0319 0446  0.641 3 ot
0739 0283 0436 0695 0671 0322 0448  0.639 4
0745 0282 0433 0696 0673 0315 0445  0.643 1
0743 0283 0434 0695 0671 0317 0446  0.642 2 N
0741 0284 0436 0695 0669 0321 0448 0638 3 Jg959
0737 0285 0437 0693 0668 0323 0449 0637 4
0744 0283 0435 0694 0671 0316 0446  0.642 1
0742 0284 0436 0693 0669 0318 0447 0641 2 stao
0739 0285 0438 0691 0667 0322 0449 0639 3 o
0735 0286 0439 0691 0665 0324 0451  0.635 4
0734 0284 0436 0693 0669 0317 0447 0641 1
0741 0285 0437 0692 0668 0319 0448  0.637 2 !
0738 0287 0439 0689 0665 0313 0451  0.634 3 PR
0734 0288 0441 0688 0664 0325 0452  0.632 4
0642 0285 0437 0691 0667 0319 0488 0639 1
0739 0286 0438 0688 0666 0321 0449  0.636 2 o
0736 0288 0441 0687 0665 0324 0452  0.633 3
0733 0289 0442 0686 0664 0327 0453 0631 4
0741 0286 0438 0689 0666 0321 0449 0638 1
0738 0287 0439 0686 0655 0322 0451  0.635 2 LTSl
0735 0289 0443 0685 0663 0325 0453  0.632 3 o ule
0732 0291 0444 0684 0661 0328 0454  0.629 4
0739 0288 0439 0688 0665 0322 0451 0635 1
0737 0289 0441 0685 0663 0324 0452 0633 2 iSes
0735 0292 0444 0683 0661 0327 0454 0631 3 O3 9
0731 0293 0445 0682 0659 0329 0455  0.628 4
0738 0289 0441 0686 0663 0324 0452  0.634 1
0736 0291 0442 0684 0662 0325 0453  0.632 2 s
0733 0293 0445 0682 0659 0328 0455  0.629 3 e
0729 0294 0446 0681 0658 0331 0457  0.625 4
0737 0291 0442 0685 0661 0325 0453  0.633 1
0735 0292 0443 0683 0659 0327 0454 0631 2 .
0732 0294 0446 0681 0657 0329 0456  0.627 3 (G
0728 0295 0447 0679 0656 0332 0458  0.623 4
0736 0293 0443 0684 0658 0327 0454 0631 1
0734 0294 0444 0682 0656 0328 0455  0.629 2 s
0731 0295 0447 0678 0654 0331 0457  0.625 3 I
0726 0296  0.448 0677 0653 0333 0459  0.621 4
0735 0294 0444 0683 0656 0328 0456  0.639 1
0733 0295 0445 0681 0655 0329 0457  0.627 2 .
0729 0296 0448 0677 0653 0332 0458  0.624 3 ayn
0725 0297 0449 0676 0651 0334 0461  0.619 4
0734 0295 0445 0682 0654 0331 0457 0627 1
0733 0296 0447 0679 0653 0332 0458  0.625 2 P
0728 0297 0449 0676 0651 0334 0459  0.623 3
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NS MAE RMSE r NS MAE RMSE r
0.725  0.298 0.451 0.674 0.648 0.335 0.462 0.621 4
0.734  0.296 0.446 0.681 0.669  0.332 0.458 0.625 1
0.741  0.297 0.448 0.678 0.665 0.333 0.459 0.623 2 Jss!
0.738  0.298 0.451 0.675 0.664 0.335 0.461 0.621 3 =
0.734  0.299 0.453 0.673 0.663  0.336 0.463 0.619 4
0.741  0.297 0.447 0.679 0.667 0.334 0.459 0.623 1
0.739  0.298 0.449 0.677 0.663  0.335 0.461 0.622 2 i
0.736  0.299 0.452 0.674 0.662 0.337 0.462 0.621 3 °3% ol
0.733  0.301 0.454 0.672 0.661  0.339 0.464 0.618 4
0.739  0.299 0.448 0.677 0.665 0.336 0.461 0.621 1
0.738  0.301 0.451 0.676 0.661  0.337 0.462 0.619 2 aoa|
0.735  0.302 0.453 0.673 0.661 0.339 0.463 0.617 3 w433
0.732  0.303 0.454 0.672 0.659 0.341 0.464 0.614 4
0.738  0.301 0.449 0.675 0.667 0.338 0.463 0.619 1
0.736  0.302 0.452 0.675 0.661 0.341 0.464 0.617 2 R
0.734  0.304 0.454 0.672 0.659  0.342 0.465 0.615 3 529954
0.731  0.305 0.455 0.671 0.657 0.343 0.476 0.613 4
0.736  0.302 0.451 0.673 0.663  0.339 0.464 0.617 1
0.735  0.303 0.452 0.672 0.660 0.342 0.466 0.615 2 ‘
0.732  0.305 0.455 0.669 0.656  0.344 0.467 0.612 3 »
0.729  0.306 0.456 0.668 0.655  0.345 0.469 0.611 4
0.735  0.304 0.452 0.671 0661 0.341 0.465 0.615 1
0.734  0.305 0.453 0.669 0.659  0.343 0.467 0.613 2 o lad lond
0.732  0.306 0.456 0.668 0.655  0.345 0.468 0.611 3 Sl O
0.728  0.307 0.457 0.666 0.653  0.347 0.471 0.609 4
0.734  0.306 0.453 0.668 0.661  0.342 0.466 0.613 1
0.733  0.307 0.454 0.667 0.658  0.344 0.469 0.612 2 )
0.731  0.308 0.457 0.666 0.653  0.346 0.471 0.608 3 o=
0.727  0.309 0.459 0.665 0.652  0.348 0.472 0.607 4
0.733  0.307 0.455 0.667 0.661  0.343 0.472 0.611 1
0.732  0.308 0.456 0.665 0.657 0.345 0.471 0.609 2 .
0.729  0.309 0.458 0.664 0.657  0.347 0.472 0.605 3 s
0.725 0311 0.461 0.663 0.651  0.349 0.473 0.603 4

FDSD (a5l (S e dante Jolge 9 KNN-PSO (o5 5 Jool )3 slo o295 =Y Jou
Table 2- The outputs of the KNN-PSO hybrid model and the optimal factors for predicting the FDSD

index

w)yﬂ 61&06‘6 sw.g'l.oﬂ ‘sLéo.:Lb st JM ali’.‘,.",l‘
NS MAE RMSE r NS MAE RMSE r
0.983  0.043 0.112 0.998 0981 0.044 0.113 0.997 1
0.981  0.045 0.115 0.997 0980 0.047 0.117 0.995 2 oL
0.980  0.049 0.116 0995 0978 0.051 0.118 0.994 3 o
0.980 0.051 0.118 0.994 0.976  0.052 0.119 0.993 4
0.982  0.045 0.112 0.997 0.981  0.045 0.113 0.996 1
0.981  0.046 0.116 0.997 0980 0.048 0.119 0.994 2 ol
0.980  0.049 0.117 0994 0976 0.051 0.119 0.993 3 i
0.979  0.052 0.119 0.993 0.975  0.052 0.120 0.992 4
0.982  0.046 0.112 0.997 0.980  0.046 0.113 0.997 1
0.981  0.048 0.117 0.997 0.980  0.048 0.118 0.994 2 s
0.979  0.050 0.118 0993 0975 0.052 0.120 0.993 3 o
0.978  0.053 0.121 0991 0974 0.053 0.121 0.990 4
0.981  0.047 0.113 0.996 0.980  0.047 0.114 0.996 1
0.981  0.049 0.118 0.995 0.980  0.049 0.118 0.993 2 e s
0979 0.051 0.119 0.993 0975  0.052 0.120 0.993 3 o
0.977  0.053 0.122 0991 0973 0.054 0.123 0.990 4
0.981  0.047 0.113 0.995 0980  0.047 0.114 0.995 1
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NS MAE RMSE r NS MAE RMSE r
0.980  0.049 0.119 0995 0979 0.050 0.119  0.993 2
0.979  0.052 0120 0992 0.975 0.052 0121  0.992 3 riale yui
0.976  0.054 0.123 0991 0972 0.055 0.124  0.990 4
0981 0.048 0.114 0995 0980 0.048 0.115  0.995 1
0.980  0.049 0.120 0994 0979 0.051 0.120  0.992 2 s s
0.978  0.053 0121 0991 0974 0.053 0121  0.991 3 FES A
0.975  0.054 0.124 0991 0971 0.055 0.124  0.990 4
0.980 0.048 0.114 0994 0979 0.048 0.115  0.994 1
0.979  0.050 0121 0994 0978 0.052 0121  0.992 2 ol
0.977 0.054 0.122 0990 0.974 0.054 0.122  0.990 3 X
0.974  0.055 0.125 0989 0971 0.056 0.125  0.989 4
0.979  0.049 0.115 0994 0978 0.050 0.116  0.994 1
0.978  0.051 0.122 0993 0976 0.053 0123  0.992 2 N
0.977  0.055 0.123 0989 0973 0.056 0.124  0.989 3 Jg95o
0.973  0.056 0.126 0988 0970 0.057 0.127  0.988 4
0978 0.051 0.115 0993 0977 0052 0117  0.992 1
0.976  0.052 0.123 0992 0975 0.053 0.124  0.991 2 Jylao
0.976  0.056 0.124 0989 0973 0.057 0.125  0.988 3 ©
0.972  0.057 0.128 0986 00970 0.058 0.129  0.985 4
0978 0.052 0.116 0992 0977 0.053 0117  0.991 1
0.976  0.053 0.124 0992 0975 0.054 0.125  0.990 2 W
0.975  0.057 0.125 0988 0.972 0.058 0.126  0.987 3 £
0.971  0.058 0.129 0985 00970 0.059 0.130  0.984 4
0.977 0.053 0.117 0991 0976 0.054 0.118  0.990 1
0.976  0.054 0125 0991 0975 0.055 0.126  0.989 2 ile s
0.974  0.058 0.126 0987 0.972 0.059 0.127  0.986 3
0.970  0.059 0.129 0984 0.969  0.061 0.131  0.983 4
0.976  0.054 0.118 0990 0975 0.055 0.119  0.989 1
0.976  0.055 0.126 0990 0975 0.056 0.127  0.989 2 O of ST est
0.974  0.059 0.127 0986 0.971 0.060 0.128  0.985 3 el
0.969  0.060 0131 0984 0.968 0.062 0.132  0.982 4
0975 0.055 0.119 0989 0974 0.056 0.121  0.988 1
0.975  0.056 0.127 0989 0974 0.057 0.128  0.988 2 aiFes
0.973  0.061 0129 0985 0971 0.062 0.129  0.984 3 o9
0.968  0.062 0.132 0983 0.967 0.063 0.133  0.981 4
0975 0.056 0.121 0989 0973 0.057 0.122  0.987 1
0.974  0.057 0.128 00989 0.973 0.058 0.129  0.987 2 SoTo s
0.972  0.062 0131 0983 00960 0.063 0132  0.982 3 e
0.967  0.063 0.133 0982 0966 0.064 0.135  0.980 4
0974 0.057 0.122 0988 0972 0.058 0.123  0.987 1
0.973  0.059 0.129 00987 0.972 0.060 0.131  0.986 2 .
0.971  0.063 0132 0981 0969 0.064 0.133  0.980 3 g
0.965 0.064 0.134 0980 00964 0.065 0.136  0.979 4
0.973  0.058 0.123 0987 0971 0.059 0.124  0.986 1
0.973  0.060 0131 0986 0.972 0.061 0.132  0.985 2 e
0.970  0.064 0.133 0980 0.968 0.065 0.134  0.979 3 o=
0.964  0.065 0.135 0979 00963 0.066 0.137  0.978 4
0.972  0.059 0.124 0986 0970 0.060 0.125  0.985 1
0.972  0.061 0.132 0984 0970 0.062 0.133  0.983 2 b
0.969  0.065 0.135 0978 0.967 0.066 0.136  0.977 3 (s
0.962  0.066 0.136 0978 0.961 0.067 0.137  0.976 4
0971  0.061 0.125 0985 00969 0.062 0.126  0.984 1
0.970  0.062 0.133 0983 0969 0.063 0.134  0.982 2 .
0.968  0.066 0.136 0975 0.965 0.067 0.137  0.974 3 R
0.961  0.067 0.137 0975 0.960 0.068 0.138  0.974 4
0970 0.062 0.126 00984 0.968 0.063 0.127  0.983 1
0.969  0.063 0.134 0982 0.967 0.064 0.135  0.981 2 o)
0.967  0.067 0.137 0974 0.964 0.068 0.138  0.973 3 %)
0.959  0.068 0.138 0973 0.958  0.069 0.139  0.972 4
0.969  0.063 0.126 00983 0.967 0.064 0.128 0982 1 i o
0.968  0.063 0.135 0981 0.966 0.064 0.136  0.980 2 3% Olked
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NS MAE  RMSE r NS MAE  RMSE r

0.965 0.068 0.137 0973 0.964 0.069 0.139  0.972 3

0.958  0.069 0.139 0972 0.957 0.071 0.140  0.971 4

0.968  0.064 0.127 0982 0.966 0.065 0.129  0.981 1

0.966  0.065 0.136 0981 0.965 0.066 0.137  0.980 2 ol

0.964  0.069 0.138 0972 0.963 0.071 0.141 0971 3 09,

0.957  0.071 0.140 0971 0.955 0.072 0.142  0.970 4

0.967 0.065 0.128 0981 0.965 0.066 0.130  0.980 1

0.965  0.066 0.136 0980 0.964 0.067 0.138  0.979 2 e

0.963  0.071 0.139 0971 0962 0.72 0.142  0.970 3 325954

0.956  0.072 0.141 0970 0.954 0.073 0.143  0.969 4

0.967  0.066 0.129 0980 0.964 0.067 0.131  0.979 1

0.964  0.067 0.137 0979 0.963 0.068 0.138  0.978 2 |

0.962  0.072 0.141 0970 0.960 0.073 0.143  0.970 3 »

0.955  0.073 0.142 0969 0.954 0.074 0.143  0.968 4

0.966  0.067 0.130 0979 0.964 0.068 0.131  0.978 1

0.963  0.068 0.138 0978 0.962  0.069 0.139  0.975 2 TN

0.961  0.073 0.141 0969 0.960 0.074 0.143  0.965 3 el O

0.954  0.074 0.143 0968 0.952 0.076 0.144  0.964 4

0.966  0.068 0.131 0979 0.964 0.069 0.132  0.977 1

0.963  0.069 0.139 0978 0961 0.071 0.141  0.975 2 )

0.960  0.074 0.142 0967 0.959 0.075 0.143  0.965 3 oo

0.953  0.075 0.144 0967 0.951 0.077 0.145  0.963 4

0.965  0.069 0.132 0978 0.963 0.071 0.133  0.977 1

0.962  0.071 0.141 0976 0.960 0.072 0.142  0.974 2 )

0.959  0.075 0.143 0965 0958 0.076 0.144  0.964 3 s

0.951  0.076 0.145 0965 0.950 0.078 0.146  0.962 4
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Extended Abstract

Introduction: Severe rainfall reduction, rising temperatures, and excessive exploitation of surface and
groundwater resources—especially in arid regions of Iran—have turned water scarcity into one of the country’s
major challenges. Among available water sources, karst aquifers play a crucial role in meeting water demands due
to their unique geological characteristics. These aquifers, with their fractures, joints, and secondary porosity, offer
high storage and transmission capacities. Moreover, the limestone composition of these formations often ensures
suitable water quality for drinking and agricultural uses. Approximately 11% of Iran’s surface area—particularly
in the Zagros highlands—is composed of karstic formations. This underscores the necessity of proper evaluation,
and sustainable exploitation of karst water resources. The Semirom region in southern Isfahan Province is
considered a promising area for developing karstic water sources but has faced declining water tables and drinking
water resources in recent years. The present study investigates the potential of groundwater resources in the
Garmook area of Semirom County and identifies suitable locations for drilling wells and exploiting karst aquifers.

Materials and Methods: In this study, the geological structure of the region was first examined using existing
geological maps, satellite imagery, and field surveys. The study area mainly includes zones developed in the
Asmari and Shahbazan formations. Due to their hydraulic connectivity, these two formations were analyzed as a
single hydrogeological unit. Data on precipitation, air temperature, topographic slope, vegetation cover, and soil
characteristics were used to assess infiltration potential. The water balance method was then used to estimate inputs
and outputs for each karstic zone. Inputs included effective precipitation, subsurface recharge from adjacent areas,
and surface flows, while outputs comprised spring discharge, abstraction from wells, ganats, evapotranspiration
from the epikarst zone, and subsurface discharge to adjacent plains. To delineate the recharge basins of the springs,
empirical relationships were applied, considering mean annual precipitation, spring discharge, and infiltration
rates. Additionally, water samples were collected from the identified sources, and the quality was assessed using
laboratory results and plotted on Wilcox and Scholler diagrams.

Results and Discussion: Geological investigations of the region revealed that the widespread presence of
carbonate formations—particularly the Asmari Formation—in the Garmook area has created favorable conditions
for karst development and the formation of high-capacity aquifers. The presence of active faults, such as the
Narmeh Fault and its subsidiary branches, not only increases fracturing and jointing in the rock mass but also
facilitates the infiltration of rainwater into the limestone bodies, thereby enhancing the recharge of karst aquifers.
In this region, multiple water sources—including Khansar Spring, Khan-Ali Spring, Jag-Jaq Spring, Semirom
Waterfall, and several extraction wells within the Garmook area—have been identified, with a total discharge
estimated at over 435 liters per second. This corresponds to approximately 13.7 million cubic meters per year,
indicating the high yield potential of the area. In particular, the electrical conductivity of the regional waters is less
than 450 pS/cm, further confirming their suitability for potable and irrigation use. On the other hand, results
showed that in certain parts of the region (such as west of Narmeh), the infiltration rate decreases to about 30%
due to the presence of thick soil cover and dense vegetation. However, in other parts—where karst development
is more pronounced and open fractures and joints are prevalent—the infiltration rate can reach up to 50%. Water
balance studies also indicated that part of the groundwater exits the area through transverse and longitudinal faults,
flowing toward adjacent plains or distant springs such as Sandegan.

Conclusion: Based on the conducted analyses, the Garmook area possesses adequate capacity to supply drinking
and irrigation water in the short and medium term. Considering the geological context, the positive groundwater
balance, and acceptable water quality, four locations were proposed for drilling new wells. These points are
situated in areas with high recharge probability, good permeability, and suitable discharge rates. Additionally, to
better understand the aquifer’s hydrodynamic behavior, the installation of piezometers and implementation of
water-level monitoring programs are recommended. Given the significant influence of regional faults on
groundwater flow directions, further studies—including dye and isotope tracing—are essential for determining the
precise flow paths to improve groundwater resource management. The findings of this study can serve as a
foundation for water resource management in southern Isfahan Province and other similar regions.
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Figure 3- Soil condition, vegetation cover, and surface erosion in the Narmah highlands, Semirom County
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Figure 6- The Abderaz highlands in the northeast of Qara Aghach and the scattered drainage of waters in
the Qara Aghach river basin
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Figure 7- Groundwater equipotential map of the Semirom plain (Saman Abrah Consulting Engineers, 2016)
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Figure 8- Unit hydrograph of the alluvial aquifer of the Semirom plain (Saman Abrah Consulting
Engineers, 2016)
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Figure 9- Catchment area of the Khansar Spring and its adjacent water sources on satellite image
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Figure 10- Google earth satellite image of the Aghdak area
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Table 2- Suitable locations for drilling in the Semirom region
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Figure 11- Satellite image of the suitable locations for well drilling in the Semirom region
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Figure 11- Schuler diagram of the water resources in the study area
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Extended Abstract
Introduction: In recent decades, concerns about climate change and unprecedented greenhouse gas emissions
have highlighted the importance of carbon sequestration as a key tool for mitigating the negative effects of this
phenomenon. Ecosystems, especially forests, capture atmospheric carbon through photosynthesis and store it in
their tissues and soil. This process helps reduce atmospheric carbon levels and mitigate greenhouse gas emissions.
However, the potential of ecosystems for carbon sequestration varies and is directly influenced by their functional
diversity. Different species in more diverse forest ecosystems, perform different roles, such as nitrogen fixation,
enhancing soil organic matter, and protecting the soil. Therefore, such ecosystems likely have a greater capacity
to capture and conserve carbon. Understanding ecosystem services requires an understanding of functional
diversity, which governs ecosystem processes through various components. Different plant species have different
performance traits, resulting in varying abilities to absorb, store, and emit carbon. Thus, the relationship between
functional diversity and carbon storage is important. This study aimed to evaluate the functional diversity and
carbon storage of the Quercus brantii Lindl. forest in Dehdez city, Khuzestan Province.
Materials and methods: To study the correlation between different components of functional diversity and carbon
storage, 16 plots were selected in a representative Quercus brantii forest in Dehdez, Khuzestan Province. The
following parameters were measured to calculate community-weighted mean (CWM), functional divergence
(FDvar), and functional dispersion (FDis) as indices of functional diversity: six plant traits (leaf nitrogen content,
leaf phosphorus content, specific leaf area, plant height, wood specific gravity, and leaf dry matter content), total
ecosystem carbon (TEC), aboveground biomass carbon (AGBC), aboveground litter carbon (ALC), and soil
organic carbon (SOC). Principal component analysis (PCA) was used to identify the most important independent
variables, which were then used in stepwise multiple linear regression analysis to determine which components
best explain the variability in carbon storage.
Results and Discussion: The mean organic carbon amounts in TEC, AGBC, ALC, and SOC were 89.5, 11, 3, and
74.4 tons per hectare, respectively. The first PCA axis, explaining 41.9% of the variance, was characterized by the
CWM of height, while the second axis, explaining 34.3% of the variance, was characterized by the CWM of
specific leaf area. Results showed that litter carbon was predicted by functional divergence, while soil carbon was
predicted by CWM. Both were related to the specific leaf area index, which had a negative association. In the
study area, the CWM of leaf nitrogen and specific leaf area, as well as the FDvar related to specific leaf area, were
identified as the most important factors for predicting carbon storage. The final model for biomass indicated that
an increase in nitrogen content leads to an increase in carbon storage. Overall, significant effects of functional
diversity on some plant traits such as leaf nitrogen content and specific leaf area were observed.
Conclusion: This study found that indices based on a single trait, such as CWM and FDvar, were more important
for estimating carbon storage than the FDis index, which considers multiple traits. Additionally, the most important
plant traits for carbon estimation were specific leaf area and leaf nitrogen content.
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Table 2- Descriptive statistics of dominant species in study area (Quercus brantii)
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Table 3- Descriptive statistics for total ecosystem organic carbon (TEC), terrestrial organic carbon
(AGBC), litter carbon (LLC) and soil organic carbon ( SOCC ) variables
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Figure 2 - Residual analysis plots for Total Ecosystem Carbon Model (TEC)
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Table 5- Multiple linear regression results for the relationship between total ecosystem carbon storage

(TEC), above-ground carbon (AGBC), above-ground litter carbon (ALC), soil organic carbon ( SOC; )

and various functional diversity indices in Dehdz forest ecosystem
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Figure 3- Simple linear regression analysis between aboveground litter carbon storage (ALC) and soil

organic carbon stock ( SOC; ) and functional diversity indices. Only the variables included in the multiple
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Figure 3- Simple linear regression analysis between total ecosystem carbon storage (TEC) and

aboveground biomass carbon (ABGC) and functional diversity indices. Only the variables included in the

multiple linear regression analysis were shown.
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Extended Abstract
Introduction: Ecosystem services, the direct and indirect benefits provided by natural systems, play an essential role in

maintaining ecological balance, environmental sustainability, and effective natural resource management. Among these
services, sediment retention is considered a crucial regulating function. It helps reduce soil loss, sustain agricultural
productivity, protect water quality, extend the operational lifespan of reservoirs, and mitigate flood risks. However, land
use change, driven by human activities such as urbanization, agricultural expansion, industrial development, and
deforestation, has increasingly disrupted this service. In recent decades, factors like population growth, climate
variability, and increasing demand for land and water have caused significant transformations in land cover, particularly
in mountainous and erosion-prone watersheds. These changes have altered sediment production and transport processes,
often resulting in increased erosion and downstream sedimentation. To assess and address these impacts, spatially
explicit and process-based models have become essential tools. One such tool is the INVEST model, which allows for
spatially distributed estimation of ecosystem services under different land use scenarios. This study aims to evaluate the
effects of land use change on sediment retention in the Bazoft watershed, located in the upstream area of the Karun-4
Dam in southwestern Iran, using the sediment delivery ratio (SDR) module of the INVEST model. The results can offer
useful insights into sediment dynamics and inform integrated watershed management and sustainable land use strategies.
Materials and Methods: The study was conducted in the Bazoft watershed, which is located in the upper part of the
Northern Karun Basin and drains into the Karun-4 Dam. The area is mountainous, with steep slopes averaging around
45%, a cold and semi-humid climate, and annual precipitation of about 766 mm. The average annual discharge is
approximately 57.8 m3/s. The natural land cover consists mainly of forests and rangelands, while cultivated and
residential areas represent the dominant human-induced land uses. In this study, land use and land cover (LULC) maps
were generated for the years 2001 and 2021 using Landsat satellite imagery (ETM+ and OLI sensors, respectively),
classified using the Maximum Likelihood algorithm in ENVI and ArcGIS software. Future land use for the year 2041
was simulated using the Scenario Generator tool, incorporating land suitability analysis and expert knowledge. The
INVEST SDR model was used to estimate soil loss, sediment export, and sediment retention capacity based on inputs
including LULC maps, a 30-meter resolution DEM, rainfall erosivity (R), soil erodibility (K), slope length and steepness
(LS), vegetation cover factor (C), and support practice factor (P). Additional ecological inputs such as NDVI and
hydrological connectivity parameters were included.

Results and Discussion: The results of this study indicated that human land uses such as rainfed agriculture, irrigated
agriculture, and residential areas have shown an increasing trend, while natural covers like dense forests and dense
rangelands have declined. The greatest increases during the 2001-2021 period were observed in rainfed agriculture
(25.9%) and residential areas (63.07%). These trends are projected to continue, with increases of 21.7% and 20.91%
respectively for the 2021-2041 period. The most significant decreases were related to dense forests and dense
rangelands, by —7.53% and —9.07%, respectively, in the 20012021 period. According to the results of the SDR
(Sediment Delivery Ratio) model in the INVEST software, the potential soil loss, sediment export, and sediment
deposition are expected to increase by 0.56%, 1.01%, and 0.16%, respectively, compared to the current conditions of
the watershed due to land use changes. These findings suggest that the continued expansion of human land uses could
lead to a long-term decline in the ecosystem’s capacity to control erosion and sedimentation. The results are consistent
with similar studies and highlight the importance of sustainable land use management.

Conclusion: This study demonstrates that land use changes significantly reduce the sediment retention service in the
Bazoft watershed. Continued expansion of agriculture at the expense of natural vegetation exacerbates soil erosion and
sediment delivery, undermining watershed sustainability. The findings reinforce the necessity of conserving forests and
rangelands, and support the use of scenario-based tools like INVEST for guiding land use planning and environmental
policy in fragile mountainous ecosystems.
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Table 1- The amount of changes of various land uses
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Figure 3- Comparative graph of changes in the area of different land uses during the study period
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Figure 4- Trends in changes of soil loss potential, sediment export, deposited sediment, erosion
prevention, and sediment export prevention
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Table 2- Values of soil loss potential, sediment export, deposited sediment, erosion prevention, and
sediment export prevention
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