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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

it 4 o3l £ olee TRy
)5 0,84 i dlils Integer ID 1
2 el String Name 2
oyt g pie wlid)I5) )15 i) String Role 3
b ye plejls String Organization 4
Oalyg (g e yilgB) ey o) String Access_Level 5

g b yo 4Y 5 Jguor Ol > -1 Jgux
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
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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
0.1257 -0.0449 0.0135 0.0134 2002
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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)
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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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