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Developing regions, particularly in the northern provinces of Iran, which are under
increasing pressure from population growth and rapid urbanization. Selecting an
appropriate site for sanitary landfill plays a decisive role in preventing the pollution of
water, soil, and air resources and in reducing ecological and economic impacts. Considering
the ecological sensitivity of the Hyrcanian forests and the extremely humid climate of Gilan
Province, identifying suitable areas for waste disposal requires a precise, data-driven
approach supported by advanced analytical tools.This study aims to identify and evaluate
suitable locations for landfill siting in Gilan Province using Geographic Information
Systems (GIS) and the Boolean logic model. For this purpose, a set of environmental,
human, hydrological, and infrastructural data—including road networks, population centers,
surface and groundwater resources, protected areas, forests, slope and topography, geology,
and land use—was collected, processed, and converted into standardized raster layers.
Then, using Boolean logic and binary classification (suitable/unsuitable), the criteria layers
were reclassified based on national landfill regulations and combined through an AND
model to ensure that only areas meeting all requirements were selected as suitable zones.
The results indicate that the northern and central parts of the province lack the capacity for
landfill construction due to high population density, proximity to ecologically sensitive
areas, and physiographic constraints. In contrast, the southern regions—particularly the
areas surrounding Loshan—demonstrate the highest potential for landfill siting due to their
favorable slope conditions, sufficient distance from population centers, and suitable

accessibility.
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Introduction
Solid waste management is one of the most significant environmental challenges in

developing countries, particularly in Iran. Rapid population growth, increasing urbanization,
expansion of economic activities, and changes in consumption patterns have led to a
continuous rise in both the volume and diversity of municipal solid waste. This trend
underscores the urgent need for precise and scientific planning to ensure proper waste
disposal and sustainable management. Selecting an appropriate site for sanitary landfill—
considered the final and most enduring stage of waste management—plays a crucial role in
minimizing environmental and economic impacts. An unsuitable landfill location can
contaminate water, soil, and air resources, disrupt ecosystems, and impose substantial
financial burdens on urban management systems. Gilan Province, characterized by its humid
climate, high population density in urban areas, ecological sensitivity of the Hyrcanian
forests, and extensive topographic constraints, is one of the most complex and challenging
regions in the country for landfill site selection. These conditions significantly increase the
necessity of utilizing precise analytical tools such as Geographic Information Systems (GIS)
and logical decision-making models. In the present study, suitable and unsuitable zones for
landfill construction in Gilan Province were identified using environmental, socio-economic,
and infrastructural data combined with Boolean logic modeling in a GIS environment. The
analyses indicate that the northern and central parts of the province have limited potential for
landfill development due to the presence of dense Hyrcanian forests, proximity to population
centers, and topographic constraints. In contrast, the southern regions of the province,
benefiting from more favorable environmental conditions and better accessibility, present
more optimal options for landfill siting.

Method

Gilan Province, located along the southern Caspian Sea, is a densely populated and
ecologically sensitive region. This study estimates total waste generation, required landfill
area, and landfill design capacity for the years 1404—1424 using population forecasts, per
capita waste production, and waste density. With an annual growth rate of 0.69%, the
province’s population is projected to reach approximately 2.97 million by 1424. Two
scenarios—semi-compacted waste (400 kg/m®) and compacted waste (800 kg/m?*)—were
used to evaluate how waste density affects land requirements, showing that compaction
significantly reduces the needed landfill area.

For landfill site selection, extensive spatial, environmental, topographic, and infrastructural
datasets were collected from OSM, geological maps, and hydrological sources and validated
using Google Earth. GIS-based analysis combined with Boolean logic (0—1 suitability
classification) was applied to identify suitable and unsuitable zones. In this method, areas
meeting environmental and technical criteria were assigned a value of 1 (suitable), while
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restricted or environmentally sensitive areas were assigned a value of 0 (unsuitable). This
binary model enabled clear identification of potential landfill zones.

Results

The present study showed that selecting a landfill site in Gilan Province, due to high
population density, environmental sensitivity, and physiographic constraints, requires a
precise analysis of environmental, human, and infrastructural data. Using GIS and the
Boolean logic model, suitable and unsuitable areas were systematically identified, revealing
that the northern and central regions of the province, due to the presence of Hyrcanian
forests and high population density, are not appropriate options for waste disposal.
Ultimately, an area located northwest of Lushan city was selected as the final landfill site, as
it has suitable road access, an optimal slope, a reasonable distance from population centers,
and lower environmental impacts compared to other options. The results of this study can
assist in sustainable waste management planning in Gilan Province and provide a solid
scientific basis for decision-making by managers and policymakers.

Conclusions

This study demonstrates that landfill site selection in Gilan Province is a complex task due
to high population density, environmental sensitivity, and physiographic constraints. By
integrating environmental, demographic, and infrastructural data within a GIS framework
and applying Boolean logic, suitable and unsuitable areas were systematically identified.
The analysis revealed that northern and central regions, characterized by dense Hyrcanian
forests and high population concentrations, are not appropriate for waste disposal.

The final selected site, located northwest of Lushan city, offers optimal road access, suitable
slope, a reasonable distance from population centers, and minimized environmental impacts.
These findings provide a scientific basis for sustainable waste management planning and can
guide policymakers and urban managers in making informed decisions for long-term waste
disposal in Gilan Province.Author Contributions.
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