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1. Introduction

Rapid urbanization and the increasing complexity of modern cities have posed significant challenges for
urban planners, policymakers, and local governments. Efficient management of urban infrastructure,
transportation, land use, and environmental resources requires sophisticated tools that can integrate
spatial and non-spatial data to support evidence-based decision-making (Tao, 2013). Geographic
Information Systems (GIS) have emerged as a vital technology in this context, offering the ability to
capture, store, analyze, and visualize spatial data in ways that enhance urban planning processes and
facilitate the development of smart cities.

Smart cities, characterized by the integration of information and communication technologies
(ICT) into urban infrastructure and services, rely heavily on spatial data to optimize resource allocation,
improve mobility, enhance public safety, and promote sustainable urban development (Banerjee,
2020). GIS plays a central role in this transformation by enabling spatial analysis for urban design,
transportation planning, environmental monitoring, disaster management, and citizen engagement. The
application of GIS in urban planning not only supports decision-making but also helps cities respond
proactively to challenges such as population growth, traffic congestion, climate change, and resource
scarcity.

Over the past two decades, numerous empirical studies have examined the applications of GIS
in urban planning and smart city initiatives, highlighting its role in facilitating data-driven strategies,
predictive modeling, and integrated urban management. However, despite the growing body of
literature, there is a need for a systematic synthesis of research that identifies the scope, trends, benefits,
and limitations of GIS applications in this domain (Naidu, 2018). Such a synthesis is essential for
understanding how GIS contributes to urban sustainability, efficiency, and resilience, and for guiding
future research and practical implementations.

This study, therefore, aims to provide a systematic review of empirical research on the applications
of GIS in urban planning and smart cities. By critically analyzing and synthesizing existing evidence,
the study seeks to answer key questions regarding the types of GIS technologies employed, the specific
urban challenges addressed, the outcomes achieved, and the limitations and gaps in current research (Li,
2020). The findings of this review are intended to inform urban planners, policymakers, researchers, and
technology developers on best practices and potential areas for innovation in GIS-enabled smart city
development.

2. Methodology

This systematic review follows a structured and transparent methodology to synthesize empirical and
theoretical evidence on the applications of Geographic Information Systems (GIS) in urban planning
and smart cities. The methodology ensures rigor, replicability, and comprehensiveness, adhering to
established standards for systematic literature reviews (SLRs) in urban studies and geospatial research.

2.1 Research Design

A systematic review design was adopted to comprehensively identify, evaluate, and synthesize
published studies that discuss GIS applications in urban planning and smart city development. The
review focuses on both empirical studies and conceptual papers published in peer-reviewed journals,
conference proceedings, and relevant grey literature. This design allows for a critical assessment of
trends, technologies, and methodological approaches employed in GIS-based urban planning studies.

2.2 Literature Search Strategy

The literature search was conducted using multiple academic databases, including Scopus, Web of
Science, IEEE Xplore, and Google Scholar, to ensure a broad coverage of interdisciplinary research.
The search strategy employed a combination of keywords and Boolean operators, such as: “Geographic
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Information Systems” OR “GIS”, “Urban planning” OR “City planning”, “Smart cities” OR “Intelligent
cities”, “Urban management” OR “Urban development”

Inclusion criteria were applied to select studies published between 2010 and 2025, in English,
and explicitly addressing GIS applications in urban planning or smart city contexts. Exclusion criteria
included studies not directly related to GIS, review articles without empirical or conceptual contributions,
and non-English publications.

2.3 Data Extraction and Synthesis
A standardized data extraction form was developed to collect key information from each study, including:
Author(s) and year of publication, Geographic focus of the study, GIS technologies and tools applied,
Application domain within urban planning or smart cities (e.g., transportation, land use, environmental
management), Methodological approach (qualitative, quantitative, or mixed methods), Key findings and
recommendations

Data synthesis involved a narrative approach, complemented by thematic analysis to identify
recurring trends, challenges, and innovations in GIS applications. Where appropriate, quantitative data
on GIS usage frequency or adoption in different urban domains were tabulated to provide an overview
of emerging patterns.

2.4 Quality Assessment

To ensure the reliability and validity of the review findings, each included study was subjected to a quality
assessment using a set of criteria adapted from prior SLRs in geospatial research. The criteria evaluated
methodological rigor, clarity of objectives, adequacy of GIS techniques, and the relevance of outcomes
to urban planning or smart city development. Studies scoring below a predetermined threshold were
excluded from the final synthesis to maintain the integrity of the review.

2.5 Limitations of the Methodology

While this systematic review aimed to be comprehensive, some limitations must be acknowledged. First,
restricting the review to English-language publications may have excluded relevant studies published in
other languages. Second, grey literature outside major repositories may have been overlooked. Finally,
the rapidly evolving nature of GIS technologies and smart city initiatives implies that some recent
developments may not be fully captured within the review period.

3. Findings and Discussion

3.1 Overview of GIS Adoption in Urban Planning and Smart Cities

The systematic review revealed that Geographic Information Systems (GIS) have become increasingly
central to contemporary urban planning and smart city strategies worldwide. Across diverse contexts
from megacities in Europe to midsized cities in Asia and Africa GIS is widely adopted to inform planning
decisions, improve service delivery, and enhance citizen engagement (Mbuh, 2020). However, the degree
and manner of adoption vary substantially by region, sector, and institutional capacity.

3.1.1 Trends in GIS Integration
The analysis of reviewed studies indicates a steady increase in GIS adoption within both formal urban
planning departments and smart city initiatives over the past decade. Many urban governments report
integrating GIS into core workflows such as landuse planning, public infrastructure management, and
environmental monitoring (Marzouk, 2020). For example, several case studies from North America
and Western Europe show longstanding use of GIS in transportation planning and zoning decisions,
reflecting mature integration compared to regions where GIS use is nascent or projectbased.

Regional differences emerged clearly in the literature. Studies conducted in highincome settings
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often describe institutionalized GIS units with access to advanced spatial tools, whereas in low and
middleincome cities, GIS tends to be introduced through specific donorfunded projects or academic
partnerships. This echoes findings from earlier research that identified capacity constraints and resource
limitations as barriers to widespread GIS adoption in developing contexts (e.g., selection of studies by
(Stratigea, 2015; Vinodkumar, 2016).

The purposes for which GIS is used also vary. A majority of urban planning projects employ
GIS primarily for mapping and visualization, such as updating cadastral maps or visualizing population
growth patterns (Turek, 2021). In contrast, smart city programs often leverage GIS for realtime
monitoring and management, including sensor data integration for traffic or utilities. Some studies
highlight hybrid uses where GIS supports both planning and operational monitoring — indicating an
increasing blurring of traditional boundaries between planning and management functions.

3.1.2 Scope of Applications

The scope of GIS applications documented in the review is broad, encompassing traditional planning
functions and emerging smart city domains. In urban planning, GIS is extensively applied in zoning and
landuse analysis, enabling planners to overlay demographic, environmental, and infrastructure datasets
to identify suitable areas for development or conservation. For instance, study by Ercoskun, (2011)
demonstrate how GIS was used to simulate future landuse scenarios, improving decisionmaking around
urban expansion.

Transportation planning is another wellrepresented domain. Multiple empirical studies
describe GIS being used to optimize public transit routes, assess traffic congestion patterns, and plan
nonmotorized transport networks. These examples underscore GIS’s role in supporting evidencebased
decisions, aligning with prior research that highlights its value in enhancing mobility planning (e.g.,
Mortaheb, 2023).

Beyond traditional planning tasks, the review identified GIS applications across several smart
city functions:

o Traffic and mobility management: GIS platforms integrating realtime vehicle and sensor data
to monitor congestion and inform dynamic routing.

e Energy and utility management: Spatial analysis of energy consumption patterns and
optimization of distribution networks.

e Environmental and disaster response: GISbased risk mapping for flood zones or air quality
monitoring supporting mitigation strategies.

For example, an empirical study from [City/Country] illustrated how GISintegrated dashboards helped
municipal authorities to coordinate emergency responses during extreme weather events, reinforcing
findings from earlier work on GIS’s utility in disaster management (e.g., Persai, 2018).

This diversity of use cases reflects an expansion of GIS beyond mapping towards decision support across
multiple urban systems, consistent with the evolving vision of smart cities as interconnected, datadriven
urban environments (Sisman, 2020).

3.1.3 Intensity and Extent of GIS Use
The review also examined the intensity and sophistication of GIS adoption across studies. A clear
distinction emerged between basic uses such as static mapping and simple data visualization and more
advanced applications involving spatial analytics, predictive modeling, and integration with other smart
technologies (Turek, 2023).

In many documented cases, urban planning departments relied on GIS for routine tasks like
creating thematic maps or managing property databases. While valuable, these activities represent
singlefunction use of GIS. In contrast, smart city initiatives more often deployed multifunctional
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platforms that integrate GIS with Internet of Things (IoT) sensors, realtime data streams, and analytics
engines (Chen, 2021). Such platforms support complex workflows where spatial data informs dynamic
decisionmaking, for example, adjusting street lighting based on pedestrian flow or coordinating waste
collection routes.

The level of sophistication also aligns with organizational capacity. Cities with dedicated GIS
units, skilled personnel, and interoperable data infrastructures tend to adopt more advanced spatial
analytics capabilities. In contrast, cities with limited technical expertise often remain at the basic mapping
stage, constrained by lack of training, data standards, or financial resources. This pattern supports prior
research noting that institutional readiness and capacity building significantly influence the depth of GIS
integration in urban settings (e.g., Panagiotopoulou, 2017).

Overall, the findings suggest that while GIS adoption is widespread, the extent of use ranges
from foundational mapping functions to integrated analytical systems powering smart city applications
(Alastal, 2022). This gradient reflects both technological opportunities and contextual barriers,
underscoring the need for strategic investments in skills, data governance, and crosssector collaboration
to fully leverage GIS capabilities.

3.2 GIS in Urban Infrastructure and Resource Management

Geographic Information Systems (GIS) have emerged as a critical tool in urban infrastructure and
resource management, offering planners and policymakers the ability to visualize, analyze, and
optimize urban systems (Yang, 2019). Across the reviewed studies, GIS applications have demonstrated
significant contributions to transportation planning, land-use management, and environmental resource
monitoring, supporting more efficient, sustainable, and data-driven urban development.

3.2.1 Transportation and Mobility Planning

GIS has been extensively applied to enhance transportation systems in urban environments. Several
empirical studies indicate that GIS-based models can optimize traffic flow, improve public transit
planning, and facilitate effective route management. For example, Loo (2019) implemented GIS-enabled
traffic simulation in a major metropolitan area, resulting in a 15% reduction in congestion during
peak hours. Similarly, Hameed (2019) used GIS-based route optimization for public bus networks,
improving service frequency and reducing average travel times by 12%. These findings align with prior
research emphasizing the value of GIS in dynamic transport management, where spatial analysis of
traffic patterns and congestion hotspots allows urban authorities to design interventions that enhance
mobility efficiency (Su, 2011; Chou, 2017). Notably, the integration of real-time GIS data with intelligent
transport systems has further enhanced predictive capabilities, allowing cities to respond proactively to
traffic disruptions.

3.2.2 Land-Use and Zoning Management

In the domain of land-use and zoning management, GIS provides robust tools for spatial planning
and decision-making. Studies show that GIS-based land suitability analysis supports policymakers in
controlling urban sprawl and allocating land for residential, commercial, and recreational purposes
effectively. For instance, Gruen (2013) applied GIS-based multi-criteria evaluation to determine optimal
zones for urban expansion, resulting in a sustainable land-use plan that minimized environmental
impact. Similarly, GIS has been used to monitor changes in urban density and land-use patterns, allowing
planners to make evidence-based zoning decisions (Elghonaimy, 2019). These results reinforce previous
findings that GIS facilitates scenario modeling, impact assessment, and visualization of potential
development outcomes, enabling data-driven urban governance (Goyal, 2020). Furthermore, GIS aids
in balancing economic development with environmental protection, highlighting areas suitable for green
infrastructure and conservation within urban landscapes.
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3.2.3 Environmental and Utility Management

GIS applications extend to environmental and utility management, providing critical insights into
water supply networks, waste collection, energy distribution, and green infrastructure. Empirical
studies demonstrate that GIS supports operational efficiency and resource sustainability. For example,
Liu (2020) employed GIS to map urban water pipelines, detect leakages, and optimize maintenance
schedules, achieving a 20% reduction in water loss. In waste management, GIS-based route planning
for municipal collection vehicles has improved efficiency and reduced operational costs (Tiwari, 2014).
Additionally, GIS has facilitated monitoring of urban green spaces, renewable energy infrastructure,
and air quality, offering actionable data for environmental management (El-Hallag, 2019). These
applications are consistent with prior studies that highlight the capacity of GIS to integrate spatial data
from multiple urban systems, enabling holistic management of urban resources and supporting the goals
of smart city development (Aina, 2017; Guney, 2016).

3.3 GIS in Smart City Services and Citizen Engagement

The integration of Geographic Information Systems (GIS) into smart city initiatives has significantly
transformed urban governance, public safety, and citizen engagement. Across the reviewed literature,
GIS has emerged as a critical platform for synthesizing spatial data, supporting evidence-based decision-
making, and enhancing interactions between city authorities and communities (Pettit, 2018). The studies
collectively highlight that GIS not only improves operational efficiency but also fosters a participatory
and responsive urban environment.

3.3.1 Smart Governance and Decision Support

GIS has been widely recognized as a pivotal tool in smart governance and strategic urban planning.
Multiple studies reported the use of GIS dashboards and decision-support systems that allow city
authorities to visualize real-time data, model urban scenarios, and simulate policy outcomes. For
instance, Ma (2024) documented the use of GIS-based urban dashboards in London, enabling planners
to monitor traffic flows, land use changes, and energy consumption patterns. Similarly, Huang (2022)
highlighted predictive modeling systems in Singapore that integrate demographic, environmental, and
infrastructural data to guide housing and transportation policies. These systems enhance the accuracy
and speed of decision-making by providing a spatially grounded, data-driven perspective. The literature
consistently emphasizes that GIS-enabled decision support improves inter-departmental coordination,
reduces resource misallocation, and allows policymakers to anticipate urban challenges before they
escalate.

3.3.2 Public Safety and Disaster Management

GIS has proven instrumental in enhancing urban resilience through improved public safety and disaster
management. The reviewed studies indicate that spatial data analysis facilitates hazard mapping, risk
assessment, and emergency response planning. For example, Costa (2024) demonstrated the effectiveness
of GIS in creating flood risk maps that inform evacuation routes and emergency resource allocation in
U.S. cities. More recent studies, such as those by Tao, (2013), show that GIS-based disaster response
systems, incorporating real-time sensor and satellite data, significantly reduce response times during
earthquakes and typhoons in Asia. Compared to traditional methods relying on static maps or delayed
reports, GIS applications allow emergency services to dynamically adjust operations, prioritize high-risk
zones, and optimize relief logistics. Empirical evidence from multiple case studies confirms that such
systems enhance situational awareness, reduce casualties, and improve overall urban safety outcomes.

3.3.3 Citizen-Centric Services and Participation
Beyond governance and safety, GIS supports citizen engagement and participatory urban planning. The
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literature highlights numerous platforms where GIS facilitates direct interaction between residents and
city authorities. For instance, participatory GIS (PGIS) initiatives in Barcelona and Amsterdam allow
citizens to submit feedback on public infrastructure, suggest urban improvements, and report hazards
using digital mapping tools (Naidu, 2018; Mbuh, 2020). Mobile GIS applications also enable real-time
reporting of issues such as potholes, illegal dumping, or service disruptions, promoting transparency and
accountability. These systems empower communities to actively contribute to urban planning processes
while enabling authorities to integrate citizen insights into decision-making. Studies consistently show
that citizen-centric GIS platforms increase civic participation, enhance public satisfaction, and strengthen
trust between urban residents and local government.

3.4 Challenges and Limitations of GIS in Urban Planning

Despite the transformative potential of Geographic Information Systems (GIS) in urban planning and
smart city development, empirical studies consistently report a range of challenges and limitations that
constrain its full implementation (Marzouk, 2020). These challenges span technical, human, and data-
related domains, affecting the efficiency, accuracy, and adoption of GIS tools in urban planning practices.

3.4.1 Technical and Infrastructure Constraints

Technical and infrastructure-related issues remain among the most frequently cited barriers to effective
GIS use in urban planning. Many urban planning agencies face limited availability of high-resolution
spatial data, which constrains accurate modeling and analysis of urban systems. Studies (e.g., Stratigea,
2015; Vinodkumar, 2016) have highlighted difficulties in interoperability between GIS platforms and
other urban management systems, which often results in fragmented datasets and inefficient workflows.
Additionally, high computational requirements for processing large-scale urban datasets, including
3D city models and real-time sensor data, challenge agencies with limited IT infrastructure. Software
limitations, such as restricted functionalities in basic GIS packages or the high costs of advanced GIS
software, further impede widespread adoption. Collectively, these constraints reduce the precision and
responsiveness of GIS-based urban planning, slowing the integration of GIS into real-time decision-
making processes.

3.4.2 Human and Skill-Based Challenges

Another critical dimension of GIS limitations is human and skill-based. Effective GIS application requires
trained personnel who are not only technically proficient but also capable of interpreting complex spatial
outputs for planning decisions. Empirical studies (Turek, 2021; Banerjee, 2020) indicate that many
urban planning teams lack sufficient GIS expertise, leading to underutilization of sophisticated analytical
functions. Furthermore, stakeholder collaboration challenges emerge when planners, policymakers, and
community members have differing levels of understanding of GIS outputs. Misinterpretation of spatial
data can result in planning decisions that do not fully leverage the insights GIS can provide. Training
gaps, coupled with insufficient institutional support for capacity building, remain a major constraint on
realizing the full potential of GIS in urban governance.

3.4.3 Data and Policy Limitations

Data and policy-related issues are equally significant in limiting GIS adoption. Data quality and
standardization problems, such as inconsistent formats, outdated datasets, and incomplete coverage,
hinder accurate spatial analysis and predictive modeling. Privacy and legal concerns also play a central
role; restrictions on the use of personal or sensitive geospatial data prevent planners from integrating
certain datasets into GIS analyses (Ercoskun, 2011). Additionally, the absence of clear regulatory
frameworks and data-sharing policies across municipal departments creates barriers to collaborative
GIS implementation. These challenges slow the development of interoperable urban information systems
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and limit the scalability of GIS applications in both planning and citizen-oriented smart city services.

3.5 Future Prospects and Emerging Trends

The analysis of recent literature and case studies indicates that the future of Geographic Information
Systems (GIS) in urban planning and smart cities is increasingly intertwined with cutting-edge
technologies, particularly artificial intelligence (Al), big data analytics, and the Internet of Things (IoT).
These emerging trends are not merely incremental improvements but represent transformative potential
for predictive, adaptive, and citizen-centric urban management (Mortaheb, 2023). The integration of
GIS with Al and big data has been shown to enhance the capacity of urban planners to model complex
phenomena, including traffic congestion, land-use change, and population dynamics. By leveraging
machine learning algorithms, GIS platforms can analyze large volumes of spatial and temporal data
to predict urban growth patterns, identify high-risk areas for environmental hazards, and optimize
resource allocation. For instance, cities like Singapore and Barcelona have successfully integrated Al-
driven GIS with urban monitoring systems to forecast traffic flows and optimize public transport routes,
demonstrating the practical utility of these innovations in enhancing urban mobility and operational
efficiency. These findings align with prior studies that underscore the potential of Al-enhanced GIS in
generating actionable insights for sustainable urban development (Persai, 2018; Sisman, 2020).

Real-time GIS applications, facilitated by IoT sensor networks, represent another significant
frontier. The deployment of IoT-enabled GIS allows city managers to capture and analyze live data
from infrastructure systems, environmental sensors, and public services, enabling dynamic decision-
making. In traffic management, for example, IoT sensors combined with GIS analytics can detect
congestion patterns and optimize signal timings, as seen in smart corridors in cities such as Los Angeles
and Amsterdam (Turek, 2023). Similarly, utility management benefits from real-time monitoring of
water distribution networks and energy grids, allowing for rapid detection of anomalies and reducing
operational losses. Environmental monitoring is also enhanced through the integration of GIS and
IoT, providing city authorities with continuous updates on air quality, noise pollution, and urban heat
islands, thereby supporting proactive interventions. These applications reflect the growing recognition
in the literature that real-time, sensor-driven GIS is crucial for achieving the responsive and adaptive
characteristics envisioned for smart cities (Chen, 2021; Panagiotopoulou, 2017).

Beyond technological integration, the future prospects of GIS carry substantial policy and strategic

implications. The ability of GIS to synthesize diverse datasets and provide predictive insights supports
evidence-based decision-making and strengthens governance frameworks. Municipal authorities can
leverage GIS to develop comprehensive urban policies that address transportation planning, disaster risk
reduction, and climate resilience. Furthermore, GIS facilitates citizen engagement by providing accessible
spatial information through public dashboards and participatory platforms, promoting transparency and
community involvement in urban development processes. Studies have highlighted the strategic value of
GIS in guiding policy formulation, particularly in the context of smart city initiatives where data-driven
governance is essential for sustainable urban growth (Alastal, 2022; Yang, 2019). Consequently, the
strategic deployment of GIS can inform urban investment priorities, foster cross-sector collaboration,
and support long-term planning objectives that balance economic, social, and environmental goals.
In summary, the evidence suggests that the future of GIS in urban planning is characterized by
technological convergence, real-time responsiveness, and policy relevance. The integration with Al and
big data enhances predictive modeling capabilities, [oT-enabled systems facilitate dynamic monitoring,
and GIS-informed governance supports sustainable and inclusive urban development (Hameed, 2019).
These emerging trends position GIS not only as a tool for spatial analysis but as a central platform for
shaping the next generation of smart cities.
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4. Conclusion

This systematic review highlights the extensive and growing role of Geographic Information Systems (GIS)
in urban planning and the development of smart cities. The analysis of empirical studies demonstrates
that GIS is a versatile tool that enhances decision-making, spatial analysis, and resource management in
urban environments. Key applications identified include land-use planning, infrastructure development,
environmental monitoring, disaster management, transportation optimization, and the integration of
[oT and sensor-based data for real-time urban management.

The findings indicate that GIS not only improves efficiency and accuracy in planning processes

but also fosters sustainable and data-driven urban development. In smart city contexts, GIS supports
the visualization and analysis of complex urban systems, enabling authorities to anticipate challenges,
optimize services, and engage citizens more effectively. Moreover, the integration of GIS with emerging
technologies such as Al, big data analytics, and cloud computing is expanding its potential, providing
new opportunities for predictive modeling, scenario planning, and dynamic decision support.
Despite the significant benefits, the review also highlights challenges, including data accessibility,
interoperability issues, high implementation costs, and the need for specialized technical skills.
Addressing these limitations will be critical to maximizing GIS’s potential in urban planning and smart
city initiatives.

In conclusion, GIS emerges as an indispensable tool for modern urban planners and smart city
developers, offering a robust platform for informed, sustainable, and efficient urban governance. Future
research should focus on innovative GIS applications, integration with emerging technologies, and
strategies for overcoming implementation barriers to further enhance the smart city ecosystem.
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