ISSN:3030-3613 \L‘JI TADQIQOTLAR jahon ilmiy — metodik jurnali

TADQIQOTLAR

SELECTION OF ALTERNATIVE LOCATIONS FOR MUNICIPAL WASTE
LANDFILLS USING GIS AND REMOTE SENSING TECHNOLOGIES

Karimov Farokhiddin?, Tobirov Odiljon?
Master, Kokand State University

?Head of the Department of Geography
and Economics, Kokand State University

Abstract: Rapid urbanization and population growth have significantly
intensified municipal solid waste management challenges, making the selection of
suitable landfill sites a critical issue for environmental sustainability and public health.
This article examines the application of Geographic Information Systems (GIS) and
remote sensing technologies for identifying alternative locations for municipal waste
landfills. The study synthesizes existing methodologies and case studies to evaluate
environmental, socioeconomic, and infrastructural criteria influencing landfill site
suitability. Multi-criteria decision-making techniques, including the Analytical
Hierarchy Process (AHP) and weighted spatial analysis, are emphasized as effective
tools for integrating diverse datasets such as land use, topography, proximity to water
resources, transportation networks, and population density. The findings highlight that
the integration of GIS and remote sensing enhances the accuracy, transparency, and
efficiency of landfill site selection, while minimizing potential environmental risks and
social conflicts. The article concludes that geospatial-based approaches provide a
robust scientific framework for sustainable municipal waste management and support
informed decision-making aligned with long-term urban development and
environmental protection goals.
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Introduction

The mounting challenges of urban waste management necessitate innovative
approaches to landfill site selection, particularly as cities grapple with rapid population
growth and limited resources. Geographic Information Systems (GIS) and remote
sensing technologies emerge as critical tools in identifying suitable landfill locations,
optimizing decision-making processes while mitigating environmental impacts.
Current research indicates a pressing need for effective methodologies to strategically
address the consequences of improper waste disposal, especially in developing nations
where the risks to health and the environment are profound |(A A Abdulwaheed et al.)|
By employing multi-criteria evaluation methods, including the Analytical Hierarchy
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Process (AHP), this study aims to systematically analyze site selection criteria, drawing
insights from successful applications in literature [(A Gontte)[. The integration of these
technologies not only enhances the selection process but also contributes to sustainable
waste management practices, supporting informed decision-making that aligns with
community health and ecological considerations. The methodology outlined in
effectively demonstrates these concepts, showcasing a comprehensive approach to
landfill site analysis.

Overview of municipal waste management challenges

The complexities surrounding municipal waste management pose significant
challenges that require urgent attention from urban planners and policymakers. These
challenges include the rapid urbanization of cities, which leads to increased waste
generation that traditional disposal methods struggle to manage effectively.
Additionally, public opposition to landfill sites and the environmental concerns
associated with landfill operations, such as groundwater contamination and greenhouse
gas emissions, complicate site selection processes. The scarcity of suitable land and the
escalating costs related to waste management further exacerbate these issues .
Geographic Information Systems (GIS) and remote sensing technologies offer
innovative solutions for identifying alternative landfill locations that mitigate these
challenges. By integrating various data layers into the decision-making process, these
technologies can help identify sites that minimize environmental impacts while
ensuring compliance with regulatory frameworks |(Yatoo AM et al.). Thus, the
effective application of these methods is essential in addressing the ongoing challenges
of municipal waste management.

Importance of selecting appropriate landfill locations

The selection of appropriate landfill locations is paramount for effective
municipal waste management, significantly influencing environmental health and
community well-being. The siting process must consider multiple factors, including
proximity to residential areas, water bodies, and ecological resources, to mitigate
potential health risks and environmental degradation. Geographic Information System
(GIS) and remote sensing technologies enhance site selection by enabling the
assessment of spatial data and environmental criteria effectively. For instance, a
comprehensive study in Bahir Dar city demonstrated the utilization of GIS techniques
to evaluate various land characteristics and environmental constraints, revealing only
a small percentage of land as highly suitable for waste disposal, thereby emphasizing
the critical need for informed decision-making in selecting landfill sites |(Ayal M, p. 1-
25). Furthermore, public opposition based on the not in my backyard paradigm
underscores the necessity of transparent, scientifically backed siting approaches that
address community concerns and environmental implications ](Thoso M). The
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integration of these technologies provides a strategic framework for sustainable waste
management practices.

Understanding GIS and Remote Sensing Technologies

The integration of Geographic Information System (GIS) and remote sensing
technologies has revolutionized the siting of municipal waste landfills by providing
nuanced insights into spatial data and environmental factors. These technologies enable
planners to assess numerous criteria—such as proximity to water bodies, urban areas,
and protected zones, along with topographical and geological considerations—to
identify optimum landfill locations (Bahir Dar city has serious problems in the case of
solid waste disposal site selection. This condition demands a scientific approach for
the selection of solid waste disposal site for proper city solid waste disposal and
management. Therefore, the aim of this study was to select suitable solid waste disposal
site for the Bahir Dar city using integrated Geographic Information System (GIS) and
Remote Sensing techniques (RS) (Ayal M, p. 1-25)). This systematic approach is
crucial given the increasing public opposition to waste facilities and underscores the
importance of scientifically driven methodologies that cater to environmental and
social parameters within landfill site selection (In the past decade, locating landfill site
has been recognized as a significant planning problem and has subsequently received
much attention from researchers in the planning sector (Thoso M)i). Additionally, the
process can be effectively visualized through methodological flowcharts that detail the
analytical strategies involved in GIS and remote sensing, which elucidates the
complexity and rigor of site selection processes ().

Definition and functionality of Geographic Information Systems (GIS)

Geographic Information Systems (GIS) serve as powerful tools that integrate
spatial data with analytic capabilities, facilitating complex decision-making processes
for urban planning, environmental management, and waste disposal strategies. This
functionality is particularly crucial in the context of selecting alternative locations for
municipal waste landfills, where the interplay of various factors such as land use,
proximity to water sources, and population density must be assessed. Through the use
of GIS, planners can visualize and analyze the geographic distribution of these factors,
allowing for informed site selection that minimizes environmental and social conflicts.
Methodologies like the Analytic Hierarchy Process (AHP) within GIS frameworks
enable the prioritization of criteria essential to landfill placement, ensuring strategic
alignment with sustainability goals ((Ayal M, p. 1-25)|, (Thoso M)). As demonstrated
in relevant studies, the integration of GIS and remote sensing not only identifies
suitable landfill sites but also contributes to the development of comprehensive waste
management policies, confirming its vital role in modern urban planning strategies.

Role of remote sensing in environmental monitoring and data collection
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Remote sensing plays a pivotal role in environmental monitoring and data
collection, particularly when assessing potential municipal waste landfill sites.
Utilizing satellite imagery and aerial surveys, this technology allows for the systematic
evaluation of land features, pollution factors, and ecological impacts surrounding
potential landfill locations. The integration of remote sensing with Geographic
Information Systems (GIS) enhances the reliability and accuracy of the data collected,
facilitating comprehensive spatial analyses that inform decision-making processes. For
Instance, the study highlighted in |(Loureiro AIS et aI.)| illustrates how remote sensing
can support robust landfill site assessments by integrating environmental and spatial
factors. Additionally, (O Azimov et al.) emphasizes the effectiveness of remote sensing
techniques in monitoring landfill site impact, mitigating risks to human health and
environmental integrity. As these technologies evolve, their capacity to enhance
sustainable landfill management becomes increasingly critical in addressing urban
waste challenges. The flowchart in further encapsulates the methodological integration
of these technologies in analyzing potential landfill sites.

Criteria for Landfill Site Selection

The selection of suitable landfill sites is critical for ensuring sustainable waste
management practices, particularly in regions with limited resources. Central to this
process is the application of Geographic Information Systems (GIS) and remote
sensing technologies, which facilitate a systematic assessment of various
environmental and social criteria. Key factors include proximity to sensitive areas such
as water bodies and urban centers, soil characteristics, land use patterns, and
topography. As articulated, Landfill site selection is an essential aspect of sustainable
solid waste management as it ensures that the waste generated by a community or
region is disposed of in an environmentally friendly and safe manner. Utilizing
methodologies like the Analytic Hierarchy Process (AHP), planners can prioritize
criteria based on local needs and regulatory frameworks. This integrated approach is
essential for identifying optimal landfill sites while minimizing adverse impacts, as
illustrated in the structured methodologies presented in and.

Criterion Prevalence

Distance from Surface Water Resources | 77% of studies

Slope 52% of studies

Distance from Groundwater Sources 40% of studies

Accessibility (Road Network) Most frequently used criterion

Land Use Second most frequently used criterion
Geological Formation Considered in some studies

Elevation Considered in some studies

Land Cost Considered in some studies
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Table 1. Landfill Site Selection Criteria and Their Prevalence in Academic Studies

Environmental considerations and impact assessments

Environmental considerations play a pivotal role in assessing the viability of
potential landfill sites through the integration of Geographic Information System (GIS)
and remote sensing technologies. Evaluating factors such as proximity to water bodies,
population density, and existing land use patterns is crucial for minimizing adverse
environmental impacts resulting from waste disposal. For instance, the systematic
methodology outlined in the research study depicted in exemplifies the application of
GIS in assessing environmental parameters, emphasizing the importance of site-
specific characteristics in the selection process. By implementing advanced techniques
like the Analytic Hierarchy Process (AHP) within GIS frameworks, stakeholders can
effectively weigh multiple criteria and optimize site selection outcomes. Moreover, the
incorporation of such technologies fosters greater transparency and public engagement
in the decision-making process, thus enhancing the overall accountability of municipal
waste management initiatives (Shareefdeen Z)|

Socioeconomic factors influencing site selection

Socioeconomic factors play a pivotal role in the site selection process for
municipal waste landfills, as they inherently influence public acceptance, policy
development, and environmental justice considerations. Understanding community
demographics, local economic conditions, and existing infrastructures can guide
policymakers in choosing sites that minimize socio-political conflicts while promoting
sustainable waste management. For instance, criteria such as proximity to urban areas,
transportation networks, and population density directly reflect socioeconomic realities
impacting site feasibility and neighborhood dynamics. Additionally, integrating
geographic information systems (GIS) alongside remote sensing technologies can
further substantiate decision-making by overlaying socioeconomic data with
environmental assessments, yielding a comprehensive analysis that aligns with
Sustainable Development Goals (SDGs) |(Moumane A et al.), (A A Abdulwaheed et
@\ To visually support these considerations, the flowchart illustrating the GIS
methodology effectively encapsulates the interaction between socioeconomic and
environmental factors in the landfill site selection process.

Factor Description
Landfills located near residential zones can lead to public
Proximity to | opposition and health concerns. Residents tend to oppose
Residential Areas landfills closer to their homes, especially when accepting
waste from other municipalities.

@ https://journalss.org 109 76-son_5-to’plam_Dekabr-2025


https://journalss.org/

ISSN:3030-3613 \/#\J/ TADQIQOTLAR jahon ilmiy — metodik jurnali

TADQIQOTLAR

Community engagement and participatory approaches
enhance the legitimacy and acceptance of landfill site
selection decisions.

Land acquisition costs, infrastructure availability, and
Economic Impact potential economic benefits to the community are crucial
in evaluating landfill sites.

Ensuring that landfill sites do not disproportionately affect
vulnerable populations is essential for social equity.
Landfills near sources of drinking water or in deforested
areas are viewed negatively by the public due to potential
health risks.

Table 2. Socioeconomic Factors Influencing Landfill Site Selection|(Sasao T, p.

147-175)

Application of GIS and Remote Sensing in Site Selection

The integration of Geographic Information Systems (GIS) and Remote Sensing
technologies has revolutionized the site selection process for municipal waste landfills,
facilitating a more comprehensive understanding of suitable locations. These
technologies enable the modeling of various environmental and infrastructural factors,
thereby improving decision-making with respect to landfill placement. For example,
the application of the Analytical Hierarchy Process (AHP) within a GIS environment
allows for a detailed assessment of criteria such as proximity to water bodies, soil
characteristics, and population density. This is essential in developing sustainable
waste management strategies, as noted in the assertion that the application of
Geographic Information System and Remote Sensing techniques are efficient and low-
cost tools to study and select appropriate dumping sites so as to facilitate decision-
making processes. Moreover, visual aids such as those detailed in illustrate the
methodological flow of GIS analysis, showcasing its critical role in systematic waste
disposal site assessment.

Community
Acceptance

Social Equity

Public Health
Concerns
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Suitability map resulied
From W1LC method

Fig. 1. Flowchart of GIS Analysis Methodology for Site Selection

Data integration and analysis for optimal site identification

The integration of diverse data sources is critical for achieving optimal site
identification for municipal waste landfills. By employing Geographic Information
Systems (GIS) alongside remote sensing technologies, researchers can systematically
evaluate environmental and socio-economic factors that influence landfill site
suitability. For instance, methodologies such as the Analytic Hierarchy Process (AHP)
and Weighted Linear Combination (WLC) effectively combine multiple layers of data,
including land use, proximity to water bodies, and existing infrastructure. This data-
driven approach ensures that the selected sites minimize environmental risks while
maximizing operational efficiency—key components in sustainable waste
management |(A Yadav et al., p. 4206). Moreover, studies demonstrate that thorough
data integration not only highlights suitable locations but also aids in compliance with
regulatory frameworks, fostering informed decision-making |(Ayal M, p. 1-25).
Ultimately, visual aids like the flowchart illustrating the FAHP and GIS processes can
further enhance understanding of the complex interrelationships in site selection
methodologies.

Case studies demonstrating successful applications of these technologies

Numerous case studies exemplify the effective application of Geographic
Information Systems (GIS) and remote sensing technologies in selecting alternative
locations for municipal waste landfills. For instance, a study conducted in Brazil
utilized multi-criteria decision analysis combined with GIS to identify suitable landfill
sites while considering environmental, social, and economic factors. This approach
significantly mitigated public resistance and environmental impact, demonstrating the
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technologys capabilities in facilitating stakeholder engagement and informed decision-
making . Similar successes have been reported in regions like India, where remote
sensing data helped identify potential landfill sites by analyzing land use and
topographical features, ultimately enabling planners to make data-driven choices that
align with sustainable practices |(Kahramana C et aI.)|. These case studies not only
underscore the versatility of GIS and remote sensing technologies but also illustrate
their critical role in advancing effective waste management strategies that address
contemporary urban challenges.

Conclusion

In conclusion, the effective selection of alternative locations for municipal waste
landfills emerges as a critical intersection of environmental sustainability and public
health, facilitated by Geographic Information System (GIS) and remote sensing
technologies. This study underscores the importance of integrating various factors—
including ecological, social, and economic considerations—into the decision-making
process, as evidenced by methodologies employed in various case studies (). The
application of GIS allows for a nuanced analysis of potential landfill sites, producing
suitability maps that highlight optimal locations while minimizing adverse impacts.
Ultimately, this approach not only streamlines waste management but also aligns with
broader sustainability goals, fostering an informed framework for urban planning and
development. By advancing the scientific rigor behind site selection methodologies,
future research can build upon these findings, ensuring that landfill placements are both
strategic and responsible, thereby promoting long-term societal benefits |(Goel S)|.

A. Summary of key findings and implications for future landfill site selection

The examination of various site selection methodologies using GIS and remote
sensing technologies reveals critical insights into effective municipal waste landfill
placement. The studies underscore the necessity for integrating environmental, social,
and economic factors, such as proximity to water bodies and existing urban structures,
in the site selection process, as illustrated in . Findings indicate that a substantial
proportion of land earmarked for landfill sites remains unsuitable, enhancing the
urgency for detailed suitability analyses like those performed using multi-criteria
evaluation techniques. Notably, research in regions such as Dhaka highlights the
pressing need for sustainable waste management systems that not only accommodate
increasing waste generation but also mitigate public health risks ((AKTHER A)).
Consequently, a robust approach that combines technological proficiency with
comprehensive spatial analyses can lead to more informed decision-making in future
landfill site selections, ultimately fostering improved environmental stewardship and
community health outcomes ((Ayal M, p. 1-25)).
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Recommendations for integrating GIS and remote sensing in municipal waste
management strategies
The integration of Geographic Information Systems (GIS) and remote sensing

technologies into municipal waste management strategies is critical for enhancing site

selection processes for landfills. Leveraging these technologies allows for a

comprehensive assessment of environmental, social, and infrastructural factors that

impact landfill operations. Specifically, it is recommended to utilize GIS for mapping

potential sites based on criteria such as proximity to water sources, land use patterns,

and population density, thereby ensuring compliance with regulatory standards.

Remote sensing can further augment this analysis by providing real-time data on land

use changes and environmental conditions, facilitating more informed decision-

making. As highlighted in previous studies, the integration of GIS and remote sensing

technologies has proven to be an effective tool in the selection of suitable sites for

municipal solid waste landfills.
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