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Abstract. The rapid growth of urban populations has significantly increased
municipal solid waste (MSW) generation, ©posing substantial challenges to
environmental sustainability and public health. Conventional waste management
systems often rely on manual reporting and fragmented information, limiting the
efficiency of waste monitoring, collection, and decision-making processes. In
recent years, the integration of Mobile Geographic Information Systems (Mobile
GIS) and Web Geographic Information Systems (WebGIS) has emerged as a promising
digital solution for enhancing community-based urban solid waste management. These
technologies enable real-time spatial data collection, interactive visualization,
citizen participation, and efficient communication between residents and municipal
authorities. This mini-review summarizes recent advances in Mobile-WebGIS
applications for community-based urban solid waste management, with particular
emphasis on citizen reporting, spatial monitoring, waste collection optimization,
and decision support. Furthermore, the advantages, current challenges, and future
development trends of Mobile-WebGIS technologies are critically discussed,
including system interoperability, data quality, user engagement, and the
integration of emerging technologies such as the Internet of Things (IoT),
artificial intelligence (AI), and cloud computing. Finally, a conceptual framework
is proposed to illustrate the role of Mobile-WebGIS in supporting sustainable,
participatory, and data-driven urban waste management. This review provides useful
insights for researchers, software developers, and policymakers interested in
developing next-generation smart waste management systems.

Keywords: Mobile GIS, WebGIS, Urban solid waste management, Community
participation, Smart city, Geographic information systems.

1. Introduction

Municipal solid waste (MSW) generation has increased
rapidly due to urbanization, population growth, and changing
consumption patterns, creating significant environmental and
public health challenges worldwide. In many cities,
conventional waste management systems still rely on manual
inspection, periodic surveys, and fragmented databases,
resulting in delayed information updates, inefficient waste
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collection, and limited communication between citizens and
municipal authorities. Therefore, adopting digital
technologies has become an essential strategy for improving
the efficiency and sustainability of urban solid waste
management [1].

Geographic Information Systems (GIS) have been widely
employed to support spatial analysis, environmental
monitoring, and decision-making in waste management. With the
rapid development of mobile devices, cloud computing, and
wireless communication, GIS has evolved into Mobile
Geographic Information Systems (Mobile GIS) and Web
Geographic Information Systems (WebGIS) [2]. Mobile GIS
enables users to collect georeferenced information directly
in the field wusing smartphones equipped with Global
Positioning System (GPS), cameras, and internet connectivity,

whereas WebGIS facilitates real-time visualization,
management, and sharing of spatial information through web-
based platforms. The integration of these technologies

provides an efficient framework for monitoring waste
generation, optimizing collection routes, and supporting
data-driven decision-making.

In recent years, community participation has become an
increasingly important component o0of sustainable waste
management. Mobile applications integrated with Mobile-WebGIS
allow citizens to report illegal dumping, overflowing waste
bins, and other environmental issues by submitting location-
based information and photographs in real time. Such
community-based approaches improve environmental awareness,
enhance communication between residents and local
authorities, and enable more responsive waste management
services [3]. Consequently, Mobile-WebGIS has become one of
the keys enabling technologies for developing smart and
sustainable cities. Although numerous studies have reported
the application of Mobile GIS, WebGIS, and smart technologies
in urban waste management, most focus on specific case studies
or individual technological components. A concise review
emphasizing the integration of Mobile-WebGIS with community
participation for sustainable urban solid waste management
remains limited. Therefore, this mini-review summarizes
recent advances in Mobile-WebGIS applications for community-
based urban solid waste management. It discusses the evolution
of Mobile-WebGIS technologies, their major applications,
current challenges, and future research directions. In
addition, a conceptual framework is proposed to illustrate
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the role of Mobile-WebGIS in supporting sustainable,
participatory, and intelligent urban waste management.

2. Mobile-WebGIS Technologies for Urban Solid Waste
Management

The rapid advancement of digital technologies has
transformed conventional GIS into more flexible and
intelligent platforms for environmental management. In recent
years, Mobile GIS and WebGIS have become increasingly
important in municipal solid waste management by enabling
real-time acquisition, visualization, and sharing of spatial
information. A recent systematic review covering 473 studies
published between 2000 and 2024 identified GIS as one of the
core technologies supporting landfill site selection, waste
collection optimization, transfer station planning, and
integrated waste management (Fig. 1). The review also
highlighted a growing trend toward combining GIS with real-
time data, AI, and cloud-based platforms to improve decision-
making and operational efficiency [4].
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Global research landscape of GIS-based municipal solid waste management,
showing the most frequently occurring keywords and the geographical
distribution of published studies [4]

Unlike conventional desktop GIS, Mobile GIS enables field
personnel to collect and update georeferenced information
directly using smartphones equipped with GPS, cameras, and
wireless communication. These <capabilities allow waste
collection activities, illegal dumping sites, overflowing
waste bins, and other environmental incidents to be recorded
immediately in the field with high spatial accuracy.
Meanwhile, WebGIS provides a centralized platform for
storing, managing, analyzing, and visualizing these data
through interactive digital maps and web dashboards [5]. By
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integrating spatial databases, web services, and cloud
infrastructure, WebGIS allows municipal authorities to
monitor waste management activities in real time and supports
evidence-based planning through spatial analysis and
decision-support tools. Recent studies have demonstrated that
WebGIS platforms have evolved beyond simple map visualization
tools into integrated decision-support systems for municipal
solid waste management. By consolidating spatial information
on waste collection wvehicles, recycling infrastructure,
commercial waste generators, and other environmental assets
within a wunified web-based environment, these platforms
enable authorities to monitor field operations, evaluate
infrastructure distribution, and support evidence-based
planning. Furthermore, WebGIS facilitates collaborative data
sharing among multiple stakeholders, thereby improving
operational transparency and management efficiency (Fig. 2).
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Figure 2

WebGIS applications for visualizing waste collection infrastructure and
recycling facilities in the Kadikoy case study (adapted from Karademir
and Acimert [5])

The integration of Mobile GIS and WebGIS has further
expanded the capabilities of wurban waste management by
connecting field operations with centralized administrative
systems. Information collected through mobile devices can be
synchronized instantly with WebGIS servers, allowing managers
to track collection progress, identify waste accumulation
hotspots, evaluate service performance, and optimize
collection routes wusing up-to-date spatial information.
Compared with conventional reporting approaches, this
integrated framework substantially reduces reporting delays,
minimizes manual data entry errors, and improves operational
transparency. Recent studies have demonstrated that
integrating GIS with agent-based simulation and route
optimization models can substantially improve municipal solid
waste management. In Hung Yen City, the optimized collection
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system reduced waste residue by 59% and achieved a collection
rate exceeding 80%, highlighting the effectiveness of GIS-
based decision-support systems [6] (Fig.3).
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Figure 3
GIS-based municipal solid waste collection network and its optimization
using an integrated agent-based simulation framework. (a) Existing waste
collection network showing the current service coverage and collection
routes. (b) Optimized collection network generated through GIS-
integrated agent-based modeling, illustrating improved routing and
expanded service coverage under the proposed management scenario.
Adapted from An et al. [6]

An equally important development is the growing emphasis
on community participation in smart waste management. Rather
than relying exclusively on municipal staff, many recent
Mobile-WebGIS platforms allow citizens to actively contribute
to environmental monitoring by reporting illegal dumping,
overflowing bins, or wuncollected waste using geotagged
photographs and GPS-enabled mobile applications. These
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reports are automatically integrated into WebGIS platforms,
where responsible agencies can verify incidents, prioritize
responses, and provide feedback to users. A Web-GIS framework
proposed for sustainable waste governance further
demonstrates that participatory platforms improve
communication between stakeholders and promote transparency
by allowing both authorities and communities to contribute to
and access spatial information [5]. Such participatory
approaches are increasingly recognized as essential
components of sustainable waste governance and smart city
development.

Overall, recent research indicates that Mobile-WebGIS has
evolved Dbeyond a conventional mapping technology into an
integrated decision-support platform that combines real-time
spatial information, collaborative communication, and
intelligent management. With the continued incorporation of
emerging technologies such as IoT, cloud computing,
artificial intelligence, and geospatial big data, Mobile-
WebGIS is expected to become a key technological foundation
for developing more efficient, transparent, and citizen-
centered urban solid waste management systems.

3. Applications of Mobile-WebGIS in Community-Based Waste
Management

Recent advances in Mobile-WebGIS technologies have
significantly expanded their applications in community-based
urban solid waste management. Beyond serving as mapping and
visualization tools, modern Mobile-WebGIS platforms have
evolved 1into integrated management systems that support
citizen participation, operational monitoring, route
optimization, and evidence-based decision-making. Table 1
summarizes the major application domains of Mobile-WebGIS
reported in recent studies.

One of the most widely adopted applications is citizen-
based environmental reporting. Mobile applications equipped
with GPS and cameras enable residents to report illegal
dumping, overflowing waste bins, litter accumulation, and
other environmental problems by submitting geotagged
photographs directly to municipal authorities. Compared with
conventional complaint mechanisms such as telephone hotlines
or paper-based reporting, Mobile-WebGIS provides faster
information exchange and substantially improves the spatial
accuracy of reported incidents. Studies conducted in Tirkiye,
Indonesia, and India demonstrated that integrating community-
generated reports into WebGIS platforms enables authorities
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to identify waste hotspots more efficiently while promoting
greater public engagement in environmental governance. The
availability of real-time location information also reduces
the time required for field verification and accelerates
response to environmental incidents. These findings indicate
that Mobile-WebGIS has shifted community participation from
passive feedback to active environmental monitoring, making
citizens important contributors to urban waste governance.

Another important application is real-time monitoring of
waste collection activities. Mobile GIS allows field workers
to record collection progress, update waste quantities, and
document operational conditions directly through smartphones.
The collected information is automatically synchronized with
WebGIS dashboards, allowing managers to supervise collection
activities without relying on delayed manual reports. Several
studies have shown that integrating Mobile GIS with cloud-
based WebGIS platforms improves operational transparency by
providing continuous updates on vehicle locations, collection
status, and infrastructure conditions. This capability
enables municipal authorities to monitor workforce
performance, evaluate service quality, and rapidly identify
operational Dbottlenecks, thereby improving the overall
efficiency of waste management systems.

Table 1
Representative studies highlighting recent applications
of Mobile-WebGIS in community-based urban
solid waste management

. . Maj .. .
Reference Country Application . ajpr Limitation
Findings
R
GIS-based educe@
Ghose et collection
. waste Static road
al. (2006) India . cost through
collection .. network.
[7] \ optimized
routing .
routing.
Improved
collection
Malakah .. .
alakahmad . GIS route efficiency No real-time
et al. Malaysia . ) .
optimization and reduced traffic data.
(2014) [8]
travel
distance.
Optimized
Dizgin et GIS + Hybrid vehicle High
al. (2016) Tirkiye Genetic routing under computational
[9] Algorithm road complexity.
constraints.
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Table continuation 1

Nguyen-Tron Reduced
guy 9 . GIS + Agent- transportati- | Limited to one
et al. Vietnam .
based modeling on cost by case study.
(2017) [10]
11.3%.
Optimized
Hallaqg & . waste bin .
Mosabeh Palestine ?iiufiimii? locations and Siii;iﬂxiife
(2019) [11] g collection 9 :
routes.
Reduced
Hina et al GIS travel No dynamic
(2020) [le Pakistan | transportation | distance and traffic
optimization collection integration.
time.
Improved
Mai et al. . GIS route collection No real-time
Vietnam - . route . .
(2022) [13] optimization . . monitoring.
planning in
Hue City.
] Enhanced
Ka;ademlr & WebGIS for spatial .
Ozbakir o . . . Single-city
Turkiye waste visualization | . .
Acimert . implementation.
governance and decision
(2024) [5]
support.
Improved MSW . L
Ngo The An GIS + Agent- collection Simulation
. ) based
et al. Vietnam based planning .
. . h . validation
(2024) [6] simulation using spatial
. . only.
simulation.
Improved
GIS-based rguplng Focused mainly
Das et al. efficiency
Global route on routing
(2024) [14] L . and reduced
optimization . algorithms.
operational
costs.
Identified
Systematic o) tfﬁ?gzlion Community-based
Devi et al. Y p \ Mobile-WebGIS
Global review of GIS and landfill .
(20206) [4] ) L remains
in MSWM siting as underexolored
dominant GIS p :
applications.
Reduced
Suresh et Participatory travel .
. . Single
al. India GIS route distance by municioalit
(2026) [15] optimization 32% and fuel b Y-
use by 35%.
Giiggized Reduced route
optimization . GIS network lengph by 18% Medium-sized
India . and improved .
for MSW analysis city case only.
: household
collection coverage
(2026) [16] ge-
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Mobile-WebGIS has also been extensively applied to route
optimization and collection planning, one of the most
economically important components of municipal solid waste
management. By integrating spatial information with road
networks, traffic conditions, waste generation data, and
collection schedules, WebGIS supports the optimization of
collection routes using geographic analysis and intelligent
algorithms. Previous studies have reported that GIS-based
route optimization can reduce travel distance, fuel
consumption, operational costs, and greenhouse gas emissions
while improving collection efficiency. Recent developments
further integrate optimization algorithms with IoT sensors
and real-time monitoring, allowing collection routes to be
dynamically adjusted according to the fill levels of waste

bins and traffic conditions. Such intelligent routing
strategies contribute to more sustainable and resource-
efficient waste collection services. Beyond operational
management, Mobile-WebGIS increasingly functions as a
decision-support platform for municipal authorities. By
integrating spatial information from multiple sources,
including citizen reports, waste collection records,

recycling facilities, and demographic data, WebGIS enables
comprehensive spatial analysis for planning and policy
development. Decision-makers can identify underserved areas,

evaluate the accessibility of waste collection
infrastructure, estimate future service demands, and
prioritize investments based on spatial evidence.

Furthermore, interactive dashboards facilitate communication
among government agencies, service providers, and the public
by presenting complex geographic information in an intuitive
and accessible manner. The integration of Mobile-WebGIS with
cloud computing and geospatial databases has therefore
transformed urban waste management from reactive operation
into proactive planning. Although the applications of Mobile-
WebGIS have expanded considerably, recent studies also
highlight several challenges that limit large-scale
implementation. Most existing systems have been developed as
case-specific platforms, resulting in limited
interoperability and difficulties in transferring solutions
between cities. Moreover, the effectiveness of community-
based reporting depends heavily on citizen participation,
internet accessibility, and data quality. These issues
indicate that future Mobile-WebGIS platforms should move
beyond standalone applications toward integrated smart city
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ecosystems capable of combining real-time geospatial
information with artificial intelligence, IoT technologies,
and advanced decision-support models.

4. Conclusion

Mobile-WebGIS has become an effective technology for
enhancing community-based urban solid waste management by
enabling real-time spatial data collection, efficient
information sharing, and evidence-based decision-making. The
reviewed studies demonstrate its broad applications in waste
collection monitoring, route optimization, infrastructure
management, and citizen participation. Despite these
advantages, challenges such as data interoperability,
internet dependence, and limited integration with intelligent
technologies remain. Future research should focus on
combining Mobile-WebGIS with emerging technologies, including
AI, 1IoT, and cloud computing, to develop smarter, more
sustainable, and citizen-centered waste management systems.
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