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Abstract

The growing complexity of urban challenges in the 21st century has spurred the need for innovative, data-driven tools in urban planning.
One such emerging tool is the digital twin—a virtual replica of physical city systems that integrates real-time data, simulation models, and
advanced analytics to support sustainable and resilient urban development. This paper conducts a systematic literature review (SLR) and
thematic analysis of 548 recent studies to explore the methodologies and technological frameworks used to develop city digital twins. The
analysis identifies two major themes: (1) models, frameworks, and tools for digital twin development and (2) data management strategies
for effective implementation. By categorizing technological integrations such as GIS, BIM, remote sensing, machine learning, and IoT, this
review highlights best practices and challenges in current urban digital twin applications. The findings suggest that while digital twins hold
significant potential to advance Sustainable Development Goals (SDGs), gaps remain in terms of standardization, governance,
interoperability, and bi-directional data flow. This study concludes with a call for more empirical research on bidirectional integration
between the digital replica and its physical counterpart, particularly in developing countries, to unlock the full transformative potential of

digital twins in smart urban governance.

1. Introduction

The 21st century has witnessed unprecedented urban growth,
leading to increased challenges in infrastructure management,
environmental sustainability, and resource allocation(Caprari et
al., 2022a). As cities expand, the need for smarter, data-driven
approaches to urban planning has become crucial(Azadi et al.,
2025; Mazzetto, 2024a; Ogunkan & Ogunkan, 2025).
Sustainable urban development, which seeks to balance
economic growth, environmental protection, and social well-
being, has gained significant attention among policymakers,
researchers, and urban planners(Azadi et al., 2025; Mazzetto,
2024b). However, implementing sustainability in rapidly
growing urban environments is a complex task requiring
innovative solutions that integrate technological advancements
with traditional urban planning methodologies(Weil et al.,
2023)(Peldon et al., 2024). One such emerging technological
advancement is the concept of digital twins. A digital twin is a
virtual representation of a physical system that integrates real-
time data, simulation models, and advanced analytics to enhance
decision-making(How the UAE Is Leading the Way in Digital
Twin Integration, n.d.)(Villani et al., 2025). Initially developed
for manufacturing and aerospace industries, digital twins are
now being explored for urban planning applications. In smart
cities, digital twins offer the potential to optimize infrastructure,
monitor environmental impacts, and enhance resilience against
climate change and other urban challenges(Peldon et al., 2024).
Despite these advantages, the adoption of digital twins in
sustainable urban development remains limited due to technical,
conceptual, and governance challenges(Haraguchi et al., 2024).
The primary objective of this research is to investigate the role
of digital twins in urban sustainability. This study will explore
various methodologies for developing city digital twins, focusing
on integrating technologies such as 3D modeling, Geographic
Information Systems (GIS), remote sensing, and traffic

simulation tools like Vissim. These technologies provide the
foundation for creating accurate and dynamic urban digital
twins, allowing planners to analyze various urban scenarios in
real-time and make data-driven decisions(C. Chen et al., 2025).
The integration of digital twins in urban planning is particularly
relevant in the context of rapid urbanization and climate change.
Cities worldwide face issues such as inefficient transportation
systems, air pollution, energy consumption, and inadequate
infrastructure planning. Traditional urban planning methods
often fail to address these issues comprehensively due to a lack
of real-time data and predictive analytics. Digital twins can
bridge this gap by enabling cities to model different urban
scenarios, optimize resources, and enhance sustainability
through informed policy-making(Luo et al., 2025). Despite the
potential benefits, several challenges hinder the widespread
adoption of digital twins in urban planning. One of the key
barriers is data integration. Digital twins rely on multiple data
sources, including satellite imagery, 10T sensors, and spatial
databases. Ensuring interoperability among these diverse data
sources requires standardized frameworks and data management
strategies(Jeddoub, Nys, et al, 2024). Additionally,
computational complexity and the need for high-performance
computing resources pose significant challenges. Many cities,
particularly in developing countries, lack the technical
infrastructure and expertise required to implement digital twins
effectively.

Another critical issue is the governance and ethical implications
of digital twins. As digital twins collect vast amounts of real-time
data, concerns about data privacy and security have emerged.
The ethical use of digital twins in urban planning requires clear
policies and regulations to ensure responsible data
management(X. Wang, 2025). Furthermore, the lack of a
universally accepted definition and framework for digital twins
in urban planning leads to confusion and ambiguity, making it
difficult for cities to implement and scale these technologies
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effectively. In addition to addressing technical and governance
challenges, this research highlights the need for a more
comprehensive literature review on digital twins in sustainable
urban development. While digital twins have been extensively
studied in industrial applications, their role in achieving
Sustainable Development Goals (SDGs) remains underexplored.
This study aims to fill this gap by critically analyzing existing
literature and identifying research gaps that need further
investigation.

The research also seeks to compare the application of digital
twins across different sectors. In industries such as aerospace and
manufacturing, digital twins are used for predictive maintenance,
performance optimization, and operational efficiency. However,
their application in urban planning is more complex due to the
dynamic nature of cities and the need for interdisciplinary
collaboration among urban planners, data scientists, engineers,
and policymakers. By examining case studies of digital twin
implementations in different sectors, this research aims to draw
parallels and identify best practices that can be adapted for
sustainable urban planning. Furthermore, the COVID-19
pandemic has underscored the importance of resilient urban
systems. The pandemic disrupted urban mobility, strained
healthcare infrastructures, and highlighted inefficiencies in city
management. Digital twins have demonstrated their potential in
crisis management by enabling real-time monitoring, optimizing
resource allocation, and enhancing emergency response
planning. The lessons learned from the pandemic provide a
compelling case for integrating digital twins into urban resilience
strategies(Eumi, 2024).

In conclusion, digital twins represent a transformative approach
to sustainable urban planning, offering innovative solutions to
complex urban challenges. However, their successful
implementation requires overcoming technical, governance, and
conceptual hurdles. By critically analyzing methodologies,
challenges, and research gaps, this study contributes to a deeper
understanding of digital twins in sustainable city development
and provides a roadmap for future research and implementation
strategies.

2. Research Methodology

Research on applications of digital twin in urban planning is still
in its early stages. Although some studies have explored the use
of digital twin in developing smart cities, however, the literature
relating to the use and application of digital twin technology in
achieving Sustainable Development Goals (SDGs) in cities is
still negligible. Therefore, to establish a comprehensive research
agenda in this emerging field, a Systematic Literature Review
(SLR) is essential, which will ensure rigorous reviews of the
structured results. It is one of the most known approaches to
conducting a literature review to provide insights and knowledge
about a specific topic by ensuring the inclusion of only related
literature and biases in the source selection. The quality of SLR
depends on the clarity and completeness of the reporting process
for which the study adheres to the "Preferred Reporting Items for
Systematic Reviews and Meta-Analyses" (PRISMA) guidelines
to conduct the literature review. As per PRISMA, the SLR
consists of three steps: identification, screening, and eligibility.
The search was carried out on the world’s largest database
Scopus using the following terms out of Title, Abstract, and
Keyword:

(“digital twin” OR “digital twinning” OR “virtual twin” OR
“virtual twinning”’) AND (“urban” OR “urban planning” OR
“urban development”)

The above search resulted in 1522 documents out of which
documents relating to “social science” and “environmental
science” subject areas were considered, which led to 592
documents. Further screening was done using document type, in
which the search was limited to articles, conference papers, book
chapters, review papers, conference reviews, and books written
in the English language, which narrowed the search to 586
documents. Following this, three levels of screening were done:
title and keywords screening, abstract screening, and full-text
screening. In title and keywords screening and abstract
screening, the title of the document, index keywords, and author
keywords were searched for the words “digital twin”, “virtual
twin” or “urban” to ensure that all the studies related to the
studied topic are considered at the preliminary level, which
limited the search to 570 documents. This was followed by a full-
text screening in which all studies were categorized into three

types:

1. studies that depict the direct application of digital twin
in any urban planning aspect,

2. studies that depict the use of technology in any urban
planning aspect or contribution of technology to the
creation of urban digital twin and,

3. studies that do not include any mention of the use of
digital twin or technology for urban areas or mention
the use of digital twin for other sectors, i.e.
architecture, construction, aerospace, manufacturing,
etc.

Thus, the studies that that are irrelevant to the studied topic, i.e.
studies that do not include any mention of the use of digital twin
or technology for urban areas or mention use of digital twin for
other sectors, i.e. architecture, construction, aerospace,
manufacturing, etc. (point 3) were excluded. Accordingly, 548
documents or studies were selected to be included in this study.
After identifying the appropriate research papers for the present
study, these were arranged in Microsoft Excel to identify
different characteristics of literature like year of publication,
keywords, abstract, document type, and others. Following,
bibliometric analysis was carried out using the VOSviewer (will
be explained in detail in the section). Additionally, to answer the
research questions mentioned in the section, thematic analysis
was conducted which included analyzing the qualitative set of
data and searching for meaning in patterns of data to identify
themes. Accordingly, the thematic analysis of the study was
based on the application of digital twin technology in sustainable
urban planning and development along with challenges and
solutions in the data management aspect.

2.1 Characterization in Literature and Bibliometric
Analysis

In the table 1, three main characteristics of 548 documents are
present which are the year-wise number of published research
papers, type of document, and type of study. As the table
indicates, interest in the city digital twin research started very
recently in 2018, with one journal article, and has increased
tremendously for six years to 93 journal articles, 3 books, 43
book chapters, 83 conference papers, and 16 review papers in
2024. The present study was conducted in April 2025, and
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therefore the number of studies is 36 in number which is
expected to rise to 300 - 400 by year-end.

It was also noted from literature characterization that almost
more than half of the studies are journal articles (n=247),
followed by conference papers (n=171), the number of which are
also increasing from 2018 to 2024. At last, the third characteristic
of literature, i.e., type of study shows that 280 studies depict the
direct application of digital twin in any urban planning aspect
which is a significant number, and 268 studies depict the use of
technology in any urban planning aspect or contribution of
technology to the creation of urban digital twin. A keyword co-
occurrence analysis was conducted on VOS viewers to identify
the relationship between publications. The software allows the
extraction of keywords from the title and abstract of the
publication, or they can be taken from the author-supplied
keyword list of publications using natural language algorithm
and text mining methods.

Characteristics Categories Frequency
of Literature
Year-wise 2018 2
number of 2019 9
published 2020 24
studies 2021 43
2022 91
2023 106
2024 237
2025 36
Type of Journal Article 247
document Conference Paper 171
Book 9
Book Chapter 68
Review Paper 35
Conference Review 18
Type of Study Studies that depict the 280
direct application of
digital twin in any urban
planning aspect
Studies that depict the 268
use of technology in any
urban planning aspect or
contribution of
technology to the creation
of urban digital twin

Table 1: Characteristics of Literature

To carry out keyword co-occurrence analysis, the minimum
number of keyword occurrences was kept at two. Also, before
carrying out the analysis the similar meaning keywords like
“digital twin” or “city digital twin” or “urban digital twin and
“smart cities” or “smart city” and “BIM” and ‘“building
information modeling” and “CIM” or “city information
modeling”, etc. were merged. The result of the analysis showed
that out of 670 keywords from the studies, 94 met the threshold
and the most repeated keywords were city digital twin (134
occurrences), followed by smart city/smart cities (39
occurrences), 3D city model (25 occurrences), and urban
planning (21 occurrences).

3. Results

The thematic analysis of 548 studies related to exploration of
methodologies for developing city digital twin for sustainable

smart cities result in two broad themes:
Model/framework/technique/tool that has been
developed/suggested in terms of developing digital twin
technology and data management for digital twin technology.

3.1 Models/Frameworks/Techniques/Tools that have been
developed/suggested in terms of developing Digital Twin
Technology

The analysis of the studies showed that city digital twin and 3D

models for various urban planning aspects were suggested and

developed with assistance from various platforms frameworks

networks algorithms tools techniques technology or apps. This

section of the study addresses the following key points:

1. Studies suggest developing digital twins to address urban-
related issues.

2. Studies suggest developing 3D models for addressing
urban-related issues.

3. Studies suggest the integration of advanced technologies for
enhancing the capacity of digital twins or 3D models to
address urban issues.

3.1.1. Studies suggest developing digital twins to address
urban-related issues.

There are almost 180 studies suggesting developing digital twins
for addressing urban-related issues/aspects. For instance,
developing digital twin for investigating importance of
participatory process in urban park management(Luo et al.,
2022), assessing the quantity and quality of urban greenery in the
city(Zhukova et al., 2021), predicting changes in air
quality(Hamada et al., n.d.; Logachev & Korotun, 2023),
facilitating defect management in building at urban renewal and
conservation scale(J. Chen et al., 2022), enhancing energy
efficiency of building and reducing the carbon emission from
it(Benedetti et al., 2022; Santhanavanich et al., 2022; Veisi &
Shakibamanesh, 2023), assessing pedestrian-level thermal
comfort in urban environments(Gholami et al., 2022), enhancing
the flexibility and efficiency of the electric grids and
network(Gholami et al., 2022; Zhong & Li, 2024), managing
energy consumption at urban scale(Srinivasan et al., 2020),
assessing the impact of infrastructure projects before their
implementation(Shirowzhan et al., 2020), monitoring and
preserving the complexity of various landscapes(Gabriele et al.,
2023), addressing the current problems of water supply
systems(Zhou et al., 2024), improving the urban logistics(Lozzi
et al., 2023; Marcucci et al., 2020; Taniguchi et al., 2023),
enhancing the operation of freeway systems(Fu et al., 2023),
creating and validating the traffic models(Argota Sénchez-
Vaquerizo, 2022), managing of urban road infrastructure(Zhu et
al., 2024), improving vehicle fuel efficiency, mobility and
reduced congestion and emissions(Aguiar et al., 2022; Kapusta
& Trachly, 2023), managing the geo-spatial aspects of public
administration assets(Sammartano et al., 2021), collecting and
processing data for urban monitoring systems and supporting
urban operations centre (Dou et al., 2020; Gitahi & Kolbe, 2024;
Supangkat et al., 2023), mitigating the Urban Heat
Island(Bulatov et al., 2022; Elnabawi & Raveendran, 2024),
improve the robustness of cities to external disturbances(Li et al.,
2021), monitoring, defect inspection, and condition assessment
of sewer pipelines(Y. Wang et al., 2022), integration of social
aspects into the technology(Yossef Ravid & Aharon-Gutman,
2023), and conversion from 2D to 3D property valuation(Y.
Ying et al., 2023).
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In addition, the research also revealed that there are few case
studies in which a digital twin platform is developed for solving
city issues with advanced technology such as:

1. 3D City Digital Twin for Italy to address the challenge of
insufficient pedestrian-level greenery using the Rhinoceros
platform, Energy Plus, Honeybee, and Ladybug
components in Grasshopper software(Gholami et al., 2022),

2. Digital geoTwin, a CityGML-Based data model for Vienna
to capture various aspects of urban environments, including
buildings, infrastructure, terrain, vegetation, and
administrative boundaries, among others, in a structured
and interoperable way(Lehner et al., 2024),

3. Digital Twin for Barcelona to conduct traffic studies such
as evaluating traffic counts, trip distributions, and other
metrics evaluating traffic counts, trip distributions, and
other metrics using the Simulation of Urban Mobility
tool(Argota Sanchez-Vaquerizo, 2022),

4. Digital twin for the city of Rostov-on-Don to maintain the
new green spaces using cutting-edge technologies like GIS,
unmanned aircraft, mobile laser scanning, and automated
data recording and transmission(Zhukova et al., 2021),

5. Digital twin for Lyon city for comparison of scenarios from
now to 2040 to help the decision-maker to make the best
strategic decision for their cities using Digital Making
Decision Software(Malé & Lagier, 2021),

6. Digital twin for the city of Kermanshah in Iran for
enhancing energy efficiency of buildings in terms of
consumption and generation using two-dimensional GIS
data and a three-dimensional BIM model(Veisi &
Shakibamanesh, 2023),

7. Digital Twin for the City of Zurich for simulating urban
scenarios, planning infrastructure, and managing city
services using real-time data(Schrotter & Hurzeler, 2020),

8. Digital Twin for Helsinki city for engaging with citizens,
visualizing urban changes, and facilitating better decision-
making using Open Cities Planner application(Haméldinen,
2021),

9. Urban Digital Twin for Herrenberg, Germany aiming to aim
to facilitate participatory and collaborative urban planning
processes using Virtual Reality(Dembski et al., 2020),
Additionally, some studies have explored the integration of
human aspects into urban digital twins for better
management and operational efficiency in  urban
environments(Abdeen et al., 2023; Lei etal., n.d.; Yeetal.,
2023a).

3.1.2. Studies suggest developing 3D models for addressing
urban-related issues.
There are 100 studies suggesting developing 3D models for
addressing  urban-related issues. For instance/aspects,
developing 3D model for providing up-to date information about
urban environments(Tamort et al., 2024), detecting automatic
changes in the city over time and providing user or stakeholders
interpretation of these changes(Nguyen & Kolbe, 2020, 2021,
2022), encouraging inclusivity and democracy in community
design and policy making process(Najafi et al., 2023a; Nguyen
& Kolbe, 2021), contributing to urban analytics and water
sensitive urban design(Langenheim et al., 2022), enhancing the
assessment process for building energy performance(Anselmo et
al., 2023), managing and mitigating the effects of earthquake(Yu
et al., 2023), levee management through extraction of detailed
and accurate levee surface model(Lee et al., 2023), technological

advancement in in survey procedure(Luhmann et al., 2022),
evaluating and managing the sustainability of public
buildings(Kaewunruen & Xu, 2018), digitizing water
distribution  systems(Bonilla et al., 2023a), sustainable
development and management of urban heritage buildings(Zaker
et al, 2021), managing and evaluating carbon emission
sustainability in urban areas(Park & Yang, 2020a), enhancing
urban services and addressing the social, economic, and
environmental challenges of urban growth(Avezbaev et al.,
2023a), integrating bout indoor and outdoor scenes of
building(Shao et al., 2022a), application of modern design
techniques in retrofitting projects(Duch-zebrowska & Zielonko-
jung, 2021a), visualizing landscape(Kikuchi et al., n.d.-a;
Vinasco-Alvarez et al.,, 202la), supporting various
environmental  analysis and  strategic urban  forest
management(C. Chen et al., 2024a; Gobeawan et al., 2018a;
Miinzinger et al., 2022a), real-time modelling and management
of urban and natural drainage networks(Bartos & Kerkez, 2021),
and improving solid waste management practices(Céardenas et
al., 2024).

3.1.3. Studies suggest the integration of advance
technologies for enhancing the capacity of digital
twins or 3D models to address urban issues.

The application of city digital twin is still in the early stages, and

there are still debates on what a fully developed city digital twin

should entail. Therefore, various studies have been carried out
by researchers to enhance the capacity of digital twin technology
such as:
1. combining digital twin with machine learning(Abdeen et
al., 2023; Kumi et al., 2023), artificial intelligence(Bellini
et al., 2023; Castelli et al., 2019; J. Chen et al., 2022;
Jeddoub, Ballouch, et al., 2024; Taniguchi et al., 2023;
Urban Freight Analytics, n.d.; Ye et al., 2023b), virtual
reality(Michalik et al., 2022; Thuvander et al., 2022),
robotics(J. Chen et al., 2022), big data analysis(Fu et al.,
2023; Li et al., 2021), internet of things(Aguiar et al., 2022;
Bazazzadeh et al., 2022; Castelli et al., 2019; Charitonidou,
n.d.; Li et al., 2021; Taniguchi et al., 2023; S. ming Wang
& Vu, 2023; Yossef Ravid & Aharon-Gutman, 2023),
building information modeling (J. Chen et al., 2022; Dou et
al., 2020; Sammartano et al, 2021; Veisi &
Shakibamanesh, 2023; Xia et al., 2022), geographic
information system(Digital Twin Enabled Sustainable
Urban Road Planning, n.d.; Shariatpour et al., 2024; Veisi
& Shakibamanesh, 2023; Xia et al., 2022; Yossef Ravid &
Aharon-Gutman, 2023), user interfaces(Abdeen et al.,
2023), visualization portals(Aguiar et al., 2022), intelligent
prediction[136], [174], multi-criteria decision
making(Digital Twin Enabled Sustainable Urban Road
Planning, n.d.), advanced statistics(Bellini et al., 2023),
behavioral models(Marcucci et al., 2020), agent based
model(Logachev & Korotun, 2023), system dynamics
model(Logachev & Korotun, 2023), social sensing(Kumi et
al., 2023), procedural modeling (Shariatpour et al., 2024),
and gamification(Taniguchi et al., 2023).

2. enhancing building modelling using geo-typical
prototypes(Bulatov et al., 2022; Li et al., 2021),

3. facilitating 3D video transmission by optimal deployment
strategies for edge computing servers(Liu et al., 2023),

4. enabling bidirectional data exchange for accurate modeling,
optimization, and control of the network(Ghosh et al., n.d.;
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Tomin et al., 2020),

using open standards like CityGML for 3D city modelling
for making data produced transparent and easily
accessible(Caprari et al., 2022b; S. Ying et al., 2023),
integrating deep learning into CityGML format with
semantic information for automated facade object
detection(S. Ying et al., 2023),

augmenting geospatial data representing the capacity of
CityGML by using the concept of Application Domain
Extension(S. Ying et al., 2023),

integrating local information with Earth Observation
data(Gabriele et al., 2023; Merlo & Lavoratti, 2024),
shifting from 2D representations to more complex and
dynamic 3D digital models(Merlo & Lavoratti, 2024),
creation of a central data repository/digital archive using
GIS software by pairing the municipal geodatabase for
infrastructure monitoring, condition assessment, and
inventory management(Benedetti et al., 2022; Richter et al.,
2024; Yossef Ravid & Aharon-Gutman, 2023),

employing advanced modeling techniques such as sonar
scanning, laser 3D scanning, LiDAR, and visual inspection
robots equipped with stereo vision(Y. Wang et al., 2022),
using enriched 3D point clouds with semantics collected
using LIiDAR for representing static structures and time
series of sensor data for representing dynamic
aspects(Jeddoub, Ballouch, et al., 2024; Richter et al.,
2024),

collection of geospatial data using hybrid sensors
combining camera systems with topographic LiDAR into
an integrated aerial mapping system(Bacher, 2022),
increasing accuracy of geospatial localization by integrating
mobile crowdsensing integrated into a Digital Geotwin-
based platform(Supangkat et al., 2023),

solving the occlusion problem by integrating drone cameras
with virtual cameras so that virtual objects will correctly
appear in front of real objects in artificial
intelligence(Kikuchi et al., n.d.-b),

allowing data transfer between digital and physical realms
by integrating machine learning with the Internet of
Things(Elnabawi & Raveendran, 2024; Srinivasan et al.,
2020),

enhancing efficiency in the decision-making process by
integrating data from various sources and using decision-
making software (Malé & Lagier, 2021; Zhu et al., 2024),
emphasizing the use of big data and loT/IOE technologies
in creating more holistic 3D digital twin
representations(Alberti et al., 2023),

utilizing cutting-edge technologies like unmanned aircraft,
mobile laser scanning, and automated data recording and
transmission for developing digital twins(Zhukova et al.,
2021),

employing VGI3D, a web-based interactive system for 3D
building modelling using geographic information images(S.
Ying et al., 2023),

improving the quality of datasets by using a high-
performance portable Mobile Mapping System (MMS) for
creating digital twin(Blaser et al., 2021),

exploiting blockchain technology for sharing sensor data
among application providers and ensuring data
immutability and consistency in the development of digital
twins(Bazazzadeh et al., 2022; Charitonidou, n.d.;
Takahashi et al., 2022),

23. incorporating geometric layers in a virtual representation of
city features using pre-existing data, digital elevation
models from regional aerial surveys, and open street maps
(Scalas et al., 2022),

24. addressing and simplifying the scalability challenge of
digital twin by using automated procedural
workflow(Thuvander et al., 2022),

25. integrating computational fluid dynamic simulations and
suitability analysis with a digital twin platform for assisting
in the data analysis stage(Hamada et al., n.d.),

26. using advanced statistical ~methods, optimization
algorithms, and forecasting methods for optimal resource
allocation(Zhong & Li, 2024),

27. enhancing the satellite image classification process by using
segmentation models and U-Net network(Ahmadi et al.,
n.d.; Veisi & Shakibamanesh, 2023),

28. employing advanced computer modeling and simulation
techniques, spatial analysis, and numerical simulations for
solving problems related to urban planning, infrastructure,
and sustainability(Dembski et al., 2019),

29. identifying and solving urban planning issues by creating
virtual urban models on Gather or using serious gaming
techniques or grid-based design techniques(S. ming Wang
& Vu, 2023),

30. optimizing data management in digital twin using Open
Geospatial Consortium web services such as OGC
SensorThings APl, OGC API 3D GeoVolumes, OGC
CityGML, OGC API Features, Web Feature Service, and
Web Map Service(Santhanavanich et al., 2022),

31. integrating mobile mapping systems with various sensors
such as GNSS, INS, 3D laser scanners, and panoramic
cameras to gather LiDAR point cloud data for applications
such as large-scale topographic mapping(Castelli et al.,
2019; Guo et al., 2021),

32. advancing the visualization aspect of urban digital twins by
using game engines like Unreal and Unity complemented
by OGC standards such as 3D Tiles, GeoVolumes API, and
SensorThings(Wirstle et al., 2022),

3.2 Data management for digital twin technology

The success of a digital twin largely hinges on how well the
underlying data is handled and managed. Efficient data
management is crucial to ensure that digital twins operate as
expected, delivering accurate insights and useful predictive
capabilities. This article presents recommended approaches for
managing data in digital twin initiatives, aiming to optimize their
effectiveness and operational performance. This section of the
research paper identifies four stages in data management:

3.2.1 Data Acquisition, Processing, and Analysis

Data acquisition represents the first crucial step for creating a
digital twin and there are numerous ways to acquire data such as
the use of satellite imageries(Gobeawan et al., 2018b;
Shariatpour et al., 2024; Zaker et al., 2021), unmanned aerial
vehicles (drones)(Bonilla et al., 2023a; C. Chen et al., 2024b;
Karimet al., 2022a; Kushwaha et al., 2022; Y. Wang et al., 2023;
Zaker et al., 2021), and LiDAR(Karim et al., 2022a; Lee et al.,
2023). However, the convergence of LiDAR technology with
diverse data sources, including aerial thermography and real-
time sensor networks, is crucial for precise ground representation
and detailed data collection, especially when integrated with
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multispectral imaging and building models(Karim et al., 2022b;
Miinzinger et al., 2022a). City Information Modeling (CIM)
enhances this integration by combining CAD files,
OpenStreetMap (OSM) data, Airbus datasets, and SketchUp
models, supported by Al, machine learning, GIS, BIM, and loT
for real-time insights(Avezbaev et al., 2023b; Bartos & Kerkez,
2021; Duch-zebrowska & Zielonko-jung, 2021b; Gil, 2020; Park
& Yang, 2020b). Dynamic 3D urban modeling is further
enriched by loT sensors and UAVs, alongside satellite imagery
for GIS and open data accessibility(Rantanen et al., 2023a).
However, challenges arise in data quality assessment specifically
in completeness, consistency, and accuracy of building
attributes, when data is obtained from open street maps (OSM)
as the data is highly variable (Camacho et al., 2021).
Standardizing geospatial data around CityGML and employing
Free and Open-Source Software for Geo-spatial (FOSS4G) tools
for data management and visualization can mitigate these
issues(Seto et al., 2023a).

Data integration faces challenges such as semantic data loss and
the need for consistent identifiers across datasets, necessitating
ontology-based integration methods to minimize semantic loss
during the transformation into unified semantic graph
formats(Vinasco-Alvarez et al., 2021a). CityGML 3.0 datasets
serve as interoperable semantic RDF graphs, facilitating
improved integration of heterogeneous spatial-temporal data,
while graph-based change detection methods offer solutions for
tracking objects across various city snapshots(Vinasco-Alvarez
etal., 2021a).

3.2.2 Data Modelling

Data modeling for city digital twins is crucial for developing a
comprehensive and dynamic representation of urban
environments through diverse data sources. This modeling
facilitates the simulation, analysis, and visualization of various
scenarios, thereby enhancing decision-making and urban
planning processes(Ketzler et al., 2020). City Information
Modelling (CIM) is instrumental in integrating multiple data
sources and models, resulting in a unified digital representation
of urban areas(Gil, 2020). Despite its benefits, this approach
faces challenges, such as the fusion of data from different sensors
and perspectives, as well as the intelligent modeling of complex
urban objects(Shao et al., 2022b). The incorporation of game
engines significantly boosts accuracy, offering high-fidelity
visualizations and interactive simulations that engage
stakeholders effectively(Rantanen et al., 2023a).

Additionally, predictive systems like Pipedream can assess
correlations for accuracy and forecast behaviors, effectively
integrating with common Avrtificial Neural Networks to enhance
predictive capabilities(Bartos & Kerkez, 2021; Nguyen & Kolbe,
2022). Improved modeling and data assimilation techniques
contribute to superior system performance and cost-effective
operations, mitigating risks that traditional methods often
identify too late. Furthermore, adaptive modeling and
parameterization ensure that the digital twin remains relevant
and responsive to ongoing changes within the urban landscape,
making it an invaluable tool for contemporary urban
management(C. Chen et al., 2024a).

3.23 Data Visualization

Data visualization is a fundamental component of city digital
twins, significantly enhancing the understanding and
communication of complex urban data. By transforming raw

data into intuitive graphical representations, stakeholders can
gain valuable insights into city dynamics, which facilitates
improved decision-making and urban planning.

To accommodate users with varying levels of expertise, it is
essential to develop user-friendly interfaces that simplify
complex data visualization and analytics(Bonilla et al., 2023b;
Najafi et al., 2023b). Visualization techniques are instrumental
in topography development, employing mapping, and spatial
statistics to accurately depict urban landscapes(Bonilla et al.,
2023b; Park & Yang, 2020b).

The data visualization process incorporates a multi-level
approach known as Semantic Enrichment that involves data
comparison, pattern capture, and change interpretation, which
are crucial for managing the intricacies of updating urban digital
twins(Nguyen & Kolbe, 2024). Additionally, a web interface
plugin can effectively handle loT data, providing interactive
visualizations as a foundational step for  future
simulations(Boumhidi et al., 2024). High-accuracy visualization
of future landscape changes from an aerial perspective is possible
after addressing occlusion challenges(Kikuchi et al., 2021). The
combination of LiDAR with multispectral imagery and building
models further enhances both data collection and visualization
accuracy(Munzinger et al., 2022b).

Moreover, advances in modern game engines significantly
improve visualization capabilities, positioning them as suitable
platforms for constructing digital twins(Rantanen et al., 2023b).
The standardization of geospatial data around CityGML, coupled
with the use of Free and Open-Source Software for Geo-spatial
(FOSS4G) tools, fosters effective data visualization(Seto et al.,
2023b). Ultimately, integrating 3D visualization with semantic
information enriches the representation of urban environments,
offering  deeper insights into their structure and
functionality(Shariatpour et al., 2024).

3.2.4 Data Integration and Harmonization

Data integration and harmonization are pivotal in developing city
digital twins, enabling the consolidation of diverse datasets into
a cohesive framework that facilitates comprehensive urban
modeling. This process involves synthesizing information from
various sources, such as Geographic Information Systems (GIS),
Internet of Things (1oT) sensors, satellite imagery, and existing
urban databases, thereby providing a holistic view of city
dynamics encompassing transportation, infrastructure, and
environmental conditions. However, challenges such as varying
data quality, measurement inconsistencies, and differences in
data collection methodologies must be addressed to ensure the
reliability of the digital twin.

Collaborative 3D Building Information Modeling (BIM)
technologies can enhance information sharing and efficiency in
construction projects, while tools like the “Dynamizer”
extension of CityGML allow for real-time data
integration(Kaewunruen & Xu, 2018). Open-data integration
approaches, including static data methods, MQTT protocols, and
game engine environments, further improve
accessibility(Rantanen et al., 2023b). Effective interoperability
between BIM and GIS necessitates standardized workflows for
City Information Modeling (CIM) implementation(Omrany et
al., 2023; Vinasco-Alvarez et al., 2021b). Additionally, the
consolidation of heterogeneous spatial-temporal data into 3D
and 4D models poses challenges related to semantic data loss,
which can be mitigated through ontology-based integration
methods(Vinasco-Alvarez et al., 2021b). Ultimately, utilizing
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CityGML 3.0 datasets as interoperable semantic RDF graphs
enhances the integration process, supporting informed decision-
making and strategic urban planning(Vinasco-Alvarez et al.,

2021b).

4. Findings and Discussion

The systematic review and thematic synthesis of 548 documents
reveal a growing interest and diversity in digital twin
applications for urban sustainability. The first key finding is that
most studies are focused on developing models and tools to
address specific urban challenges such as air quality
management,  transportation  optimization, infrastructure
resilience, and energy efficiency. Case studies from cities like
Zurich, Helsinki, and Barcelona demonstrate successful
implementation of digital twin platforms using integrated tools
such as GIS, BIM, simulation engines, and real-time sensors.

Secondly, the role of emerging technologies—especially
artificial intelligence, Internet of Things (loT), big data, and
machine learning—is central to enhancing digital twins’
predictive and operational capabilities. However, technological
sophistication is not without complications. Issues of
interoperability, data harmonization, and the lack of standardized
ontologies were frequently noted. CityGML, CIM, and other
frameworks have emerged to bridge this gap, but there is limited
consensus on universal standards for city-scale digital twins.

Furthermore, the literature highlights substantial interest in data
management processes, including acquisition, modeling,
visualization, and integration. The importance of semantic
enrichment and visualization through game engines or web-
based platforms was emphasized in improving decision-making
and stakeholder communication. However, ethical and
governance issues—such as privacy, data ownership, and policy
limitations—are still underexplored, especially in low-resource
settings.

A particularly novel insight from the reviewed studies is the
potential of digital twins to act not merely as visualization tools
but as active agents in participatory planning, urban resilience,
and dynamic policy-making. The COVID-19 pandemic further
reinforced the need for cities to build adaptive systems, where
real-time feedback and simulation can support emergency
response, infrastructure resilience, and citizen engagement.

5. Conclusion

Digital twins represent a transformative tool in the evolution of
sustainable smart cities. Their capacity to integrate multi-source
data, simulate urban dynamics, and support real-time decision-
making offers promising avenues for addressing complex urban
challenges. However, despite their conceptual appeal and
growing body of literature, several gaps remain in their effective
implementation and scalability.

The most pressing limitation lies in the bidirectional flow of
information between the digital model and the physical city.
Most current applications are still unidirectional—data flows
into the model, but actionable insights are not consistently fed
back into the physical systems. Future research should focus on
establishing real-time feedback loops, dynamic model
calibration, and automated control systems that can actively

influence urban environments based on digital insights. Other

research priorities should include:

1. Development of universal data standards and
interoperability protocols.

2. Integration of citizen-generated data and social sensing into
digital twin platforms.

3. Ethical frameworks and policies to govern data usage,
privacy, and transparency.

4. Empirical studies evaluating the impact of digital twin
implementation on achieving SDGs.

In conclusion, while the potential of digital twins in urban

sustainability is immense, realizing this potential requires

interdisciplinary collaboration, governance innovation, and

continuous technological evolution. Strengthening the link

between physical systems and their digital counterparts will be

crucial for creating resilient, inclusive, and adaptive cities of the

future.

6. References

Abdeen, F. N., Shirowzhan, S., & Sepasgozar, S. M. E. (2023).
Citizen-centric digital twin development with machine
learning and interfaces for maintaining urban
infrastructure. In Telematics and Informatics (Vol. 84).
Elsevier Ltd. https://doi.org/10.1016/j.tele.2023.102032

Aguiar, A., Fernandes, P., Guerreiro, A. P., Tomés, R., Agnelo,
J., Santos, J. L., Aradjo, F., Coelho, M. C., Fonseca, C.
M., d’Orey, P. M., Luis, M., & Sargento, S. (2022).
MobiWise: Eco-routing decision support leveraging the
Internet of Things. Sustainable Cities and Society, 87.
https://doi.org/10.1016/j.5¢s.2022.104180

Ahmadi, M., Lonbar, A. G., Nouri, M., Javidi, A. S., Beris, A.
T., Sharifi, A., & Salimi-Tarazouj, A. (n.d.). Supervised
Multi-Regional ~ Segmentation  Machine  Learning
Architecture for Digital Twin Applications in Coastal
Regions.

Alberti, F., Alessandrini, A., Bubboloni, D., Catalano, C.,
Fanfani, M., Loda, M., Marino, A., Masiero, A., Meocci,
M., Nesi, P., & Paliotto, A. (2023). MOBILE MAPPING
TO SUPPORT AN INTEGRATED TRANSPORT-
TERRITORY MODELLING APPROACH. International
Archives of the Photogrammetry, Remote Sensing and
Spatial Information Sciences - ISPRS Archives, 48(1/W1-
2023), 1-7.  https://doi.org/10.5194/isprs-archives-
XLVIII-1-W1-2023-1-2023

Anselmo, S., Ferrara, M., Corgnati, S. P., & Boccardo, P. (2023).
Aerial urban observation to enhance energy assessment
and planning towards climate-neutrality: A pilot
application to the city of Turin. Sustainable Cities and
Society, 99. https://doi.org/10.1016/j.5¢cs.2023.104938

Argota Sanchez-Vaquerizo, J. (2022). Getting Real: The
Challenge of Building and Validating a Large-Scale
Digital Twin of Barcelona’s Traffic with Empirical Data.
ISPRS International Journal of Geo-Information, 11(1).
https://doi.org/10.3390/ijgi11010024

Avezbaev, S., Avezbaev, O., Tashpulatov, S., & Sharipov, S.
(2023a). Implementation of GIS-based Smart Community
Information System and concepts of Digital Twin in the
field of urban planning in Uzbekistan. E3S Web of
Conferences, 386.
https://doi.org/10.1051/e3sconf/202338605006

This contribution has been peer-reviewed. The double-blind peer-review was conducted on the basis of the full paper.
https://doi.org/10.5194/isprs-annals-X-5-W2-2025-235-2025 | © Author(s) 2025. CC BY 4.0 License. 241



ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume X-5/\W2-2025
Unleashing the power of Geospatial & Frontier Technologies for a Sustainable Future — GIFTS Summit 2025,
1-3 September 2025, Symbiosis International University, Pune, India

Avezbaev, S., Avezbaev, O., Tashpulatov, S., & Sharipov, S.
(2023b). Implementation of GIS-based Smart Community
Information System and concepts of Digital Twin in the
field of urban planning in Uzbekistan. E3S Web of
Conferences, 386.
https://doi.org/10.1051/e3sconf/202338605006

Azadi, S., Kasraian, D., Nourian, P., & Wesemael, P. van.
(2025). What Have Urban Digital Twins Contributed to
Urban Planning and Decision Making? From a Systematic
Literature Review Toward a Socio-Technical Research
and Development Agenda. Smart Cities, 8(1), 32.
https://doi.org/10.3390/smartcities8010032

Bacher, U. (2022). HYBRID AERIAL SENSOR DATA AS
BASIS FOR A GEOSPATIAL DIGITAL TWIN.
International Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences - ISPRS

Archives, 43(B4-2022), 653-659.
https://doi.org/10.5194/isprs-archives-XLI111-B4-2022-
653-2022

Bartos, M., & Kerkez, B. (2021). Pipedream: An interactive
digital twin model for natural and urban drainage systems.
Environmental  Modelling and  Software, 144.
https://doi.org/10.1016/j.envsoft.2021.105120

Bazazzadeh, H., Pourahmadi, B., Pilehchi ha, P., Safaei, S. S. H.,
& Berardi, U. (2022). Urban scale climate change
adaptation through smart technologies. In Urban Climate
Adaptation and Mitigation (pp. 253-283). Elsevier.
https://doi.org/10.1016/B978-0-323-85552-5.00011-7

Bellini, P., Bilotta, S., Collini, E., Fanfani, M., & Nesi, P. (2023).
Mobility and Transport Data for City Digital Twin
Modeling and Exploitation. Proceedings of 2023 IEEE
International Smart Cities Conference, 1SC2 2023.
https://doi.org/10.1109/1SC257844.2023.10293300

Benedetti, A. C., Costantino, C., Gulli, R., & Predari, G. (2022).
The Process of Digitalization of the Urban Environment
for the Development of Sustainable and Circular Cities: A
Case Study of Bologna, Italy. Sustainability
(Switzerland), 14(21).
https://doi.org/10.3390/su142113740

Blaser, S., Meyer, J., & Nebiker, S. (2021). Open urban and
forest datasets from a high-performance mobile mapping
backpack - A contribution for advancing the creation of
digital city twins. International Archives of the
Photogrammetry, Remote Sensing and  Spatial
Information Sciences - ISPRS Archives, 43(B1-2021),
125-131.  https://doi.org/10.5194/isprs-archives-XLIII-
B1-2021-125-2021

Bonilla, C., Brentan, B., Montalvo, I., Ayala-Cabrera, D., &
Izquierdo, J. (2023a). Digitalization of Water Distribution
Systems in Small Cities, a Tool for Verification and
Hydraulic Analysis: A Case Study of Pamplona,
Colombia. Water (Switzerland), 15(21).
https://doi.org/10.3390/w15213824

Bonilla, C., Brentan, B., Montalvo, I., Ayala-Cabrera, D., &
Izquierdo, J. (2023b). Digitalization of Water Distribution
Systems in Small Cities, a Tool for Verification and
Hydraulic Analysis: A Case Study of Pamplona,
Colombia. Water (Switzerland), 15(21).
https://doi.org/10.3390/w15213824

Boumhidi, K., Nys, G.-A., & Hajji, R. (2024). Integrating
Dynamic Data with 3D City Models via CityJSON

Extension (pp. 745-758). https://doi.org/10.1007/978-3-
031-43699-4_45

Bulatov, D., Kottler, B., Strauss, E., Haufel, G., May, M.,
Helmholz, P., & Mancini, F. (2022). Assessing geo-
Typical techniques for modeling buildings using thermal
simulations. ISPRS Annals of the Photogrammetry,
Remote Sensing and Spatial Information Sciences, 5(4),
251-258. https://doi.org/10.5194/isprs-Annals-V-4-2022-
251-2022

Camacho, P. H. T., Santiago, V. M. R., & Sarmiento, C. J. S.
(2021). Semi-Automatic generation of an lod1 and lod2
3d city model of tanauan city, batangas using
openstreetmap and taal open lidar data in qgis.
International Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences - ISPRS
Archives, 46(4/W6-2021), 77-84.
https://doi.org/10.5194/isprs-Archives-XLVI-4-W6-
2021-77-2021

Caprari, G., Castelli, G., Montuori, M., Camardelli, M., &
Malvezzi, R. (2022a). Digital Twin for Urban Planning in
the Green Deal Era: A State of the Art and Future
Perspectives.  Sustainability  (Switzerland), 14(10).
https://doi.org/10.3390/su14106263

Caprari, G., Castelli, G., Montuori, M., Camardelli, M., &
Malvezzi, R. (2022b). Digital Twin for Urban Planning in
the Green Deal Era: A State of the Art and Future
Perspectives.  Sustainability — (Switzerland), 14(10).
https://doi.org/10.3390/su14106263

Cardenas, I., Koeva, M., Davey, C., & Nourian, P. (2024). Solid
Waste in the Virtual World: A Digital Twinning Approach
for Waste Collection Planning (pp. 61-74).
https://doi.org/10.1007/978-3-031-43699-4_4

Castelli, G., Tognola, G., Campana, E. F., Cesta, A., Diez, M.,
Padula, M., Ravazzani, P., Rinaldi, G., Savazzi, S.,
Spagnuolo, M., & Strambini, L. (2019). Urban
Intelligence: A Modular, Fully Integrated, and Evolving
Model for Cities Digital Twinning. HONET-ICT 2019 -
IEEE 16th International Conference on Smart Cities:
Improving Quality of Life Using ICT, loT and Al, 33-37.
https://doi.org/10.1109/HONET.2019.8907962

Charitonidou, M. (n.d.). Urban Scale Digital Twins Vis-a-Vis
Complex Phenomena Datafication and Social and
Environmental Equity. https://doi.org/10.17613/8ebv-
wg50

Chen, C., Han, Y., Galinski, A., Calle, C., Carney, J., Ye, X, &
van Westen, C. (2025). Integrating Urban Digital Twin
with Cloud-Based Geospatial Dashboard for Coastal
Resilience Planning: A Case Study in Florida. Journal of
Planning Education and Research.
https://doi.org/10.1177/0739456X251316185

Chen, C., Wang, H., Wang, D., & Wang, D. (2024a). Towards
the digital twin of urban forest: 3D modeling and
parameterization of large-scale urban trees from close-
range laser scanning. International Journal of Applied
Earth  Observation and  Geoinformation, 127.
https://doi.org/10.1016/j.jag.2024.103695

Chen, C., Wang, H., Wang, D., & Wang, D. (2024b). Towards
the digital twin of urban forest: 3D modeling and
parameterization of large-scale urban trees from close-
range laser scanning. International Journal of Applied
Earth  Observation and  Geoinformation, 127.
https://doi.org/10.1016/j.jag.2024.103695

This contribution has been peer-reviewed. The double-blind peer-review was conducted on the basis of the full paper.
https://doi.org/10.5194/isprs-annals-X-5-W2-2025-235-2025 | © Author(s) 2025. CC BY 4.0 License. 242



ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume X-5/\W2-2025
Unleashing the power of Geospatial & Frontier Technologies for a Sustainable Future — GIFTS Summit 2025,
1-3 September 2025, Symbiosis International University, Pune, India

Chen, J., Lu, W,, Ghansah, F. A., & Peng, Z. (2022). Defect
digital twinning: A technical framework to integrate
robotics, Al and BIM for facility management and
renovation. 1OP Conference Series: Earth and
Environmental Science, 1101(2).
https://doi.org/10.1088/1755-1315/1101/2/022041

Dembski, F., Woéssner, U., & Letzgus, M. (2019). The Digital
Twin Tackling Urban Challenges with Models, Spatial
Analysis and Numerical Simulations in Immersive Virtual
Environments.  Proceedings of the International
Conference on Education and Research in Computer
Aided Architectural Design in Europe, 1, 795-804.
https://doi.org/10.5151/proceedings-
ecaadesigradi2019_334

Dembski, F., Wéssner, U., Letzgus, M., Ruddat, M., & Yamu,
C. (2020). Urban digital twins for smart cities and
citizens: The case study of herrenberg, germany.
Sustainability (Switzerland), 12(6).
https://doi.org/10.3390/su12062307

Digital twin enabled sustainable urban road planning. (n.d.).

Dou, S. Q., Zhang, H. H., Zhao, Y. Q., Wang, A. M., Xiong, Y.
T, & Zuo, J. M. (2020). RESEARCH on
CONSTRUCTION of SPATIO-TEMPORAL DATA
VISUALIZATION PLATFORM for GIS and BIM
FUSION. International Archives of the Photogrammetry,
Remote Sensing and Spatial Information Sciences - ISPRS

Archives, 42(3/W10), 555-563.
https://doi.org/10.5194/isprs-archives-XLII-3-W10-555-
2020

Duch-zebrowska, P., & Zielonko-jung, K. (2021a). Integrating
digital twin technology into large panel system estates
retrofit projects. Urban Planning, 6(4), 164-171.
https://doi.org/10.17645/up.v6i4.4464

Duch-zebrowska, P., & Zielonko-jung, K. (2021b). Integrating
digital twin technology into large panel system estates
retrofit projects. Urban Planning, 6(4), 164-171.
https://doi.org/10.17645/up.v6i4.4464

Elnabawi, M. H., & Raveendran, R. (2024). Meta-pragmatic
investigation of passive strategies from ‘UHI-
climatology’ nexus perspective with digital twin as
assessment mechanism. Journal of Urban Management.
https://doi.org/10.1016/j.jum.2024.03.002

Eumi, E. M. (2024). A systematic review of Digital Twins in
efficient pandemic management with challenges and
emerging trends. Decision Analytics Journal, 12, 100502.
https://doi.org/10.1016/j.dajour.2024.100502

Fu, H., Zhao, T., Chen, Y. Yao, Y. & Leng, J. (2023).
Framework and operation of digital twin smart freeway.
IET Intelligent Transport Systems, 17(3), 616-629.
https://doi.org/10.1049/itr2.12288

Gabriele, M., Cazzani, A., Zerbi, C. M., & Brumana, R. (2023).
Digital twin to monitor, understand and preserve the
complexity of multi-scale natural, agricultural, designed
landscapes and architecture: Biodiversity conservation,
transformation and decline at villa arconati site at
castellazzo of bollate (mi). International Archives of the
Photogrammetry, Remote Sensing and  Spatial
Information Sciences - ISPRS Archives, 48(M-2-2023),
613-620. https://doi.org/10.5194/isprs-Archives-XLVIII-
M-2-2023-613-2023

Gholami, M., Torreggiani, D., Tassinari, P., & Barbaresi, A.
(2022). Developing a 3D City Digital Twin: Enhancing

Walkability through a Green Pedestrian Network (GPN)
in the City of Imola, Iltaly. Land, 11(11).
https://doi.org/10.3390/land11111917

Ghosh, J., Banerji, O., & Banerji, M. O. (n.d.). Excavating the
Role of Digital Twins in Upgrading Cities and Homes
Amidst 21st Century: A Techno-Legal Perspective.
https://doi.org/10.1007/s43762-021

Gil, J. (2020). City Information Modelling: A Conceptual
Framework for Research and Practice in Digital Urban
Planning.  Built  Environment, 46(4), 501-527.
https://doi.org/10.2148/benv.46.4.501

Gitahi, J., & Kolbe, T. H. (2024). Requirements for Web-Based
4D Visualisation of Integrated 3D City Models and Sensor
Data in Urban Digital Twins. Lecture Notes in
Geoinformation and Cartography, 707-725.
https://doi.org/10.1007/978-3-031-43699-4_43

Gobeawan, L., Lin, E. S., Tandon, A., Yee, A. T. K., Khoo, V.
H. S., Teo, S. N, Yi, S, Lim, C. W.,, Wong, S. T., Wise,
D. J, Cheng, P., Liew, S. C., Huang, X., Li, Q. H., Teo,
L.S., Fekete, G. S., & Poto, M. T. (2018a). Modeling trees
for virtual Singapore: From data acquisition to CityGML
models. International Archives of the Photogrammetry,
Remote Sensing and Spatial Information Sciences - ISPRS

Archives, 42(4/W10), 55-62.
https://doi.org/10.5194/isprs-archives-XLII-4-W10-55-
2018

Gobeawan, L., Lin, E. S., Tandon, A., Yee, A. T. K., Khoo, V.
H. S., Teo, S. N, Yi, S., Lim, C. W.,, Wong, S. T., Wise,
D. J, Cheng, P., Liew, S. C., Huang, X., Li, Q. H., Teo,
L.S., Fekete, G. S., & Poto, M. T. (2018b). Modeling trees
for virtual Singapore: From data acquisition to CityGML
models. International Archives of the Photogrammetry,
Remote Sensing and Spatial Information Sciences - ISPRS

Archives, 42(4/W10), 55-62.
https://doi.org/10.5194/isprs-archives-XLII-4-W10-55-
2018

Guo, M., Zhou, Y., Zhao, J., Zhou, T., Yan, B., & Huang, X.
(2021). Urban Geospatial Information Acquisition Mobile
Mapping System based on close-range photogrammetry
and IGS site calibration. Geo-Spatial Information Science,
24(4), 558-579.
https:/doi.org/10.1080/10095020.2021.1924084

Hamada, T., Chabi, F., Chakir, R., Lejri, D., Dugay, F., &
Waeytens, J. (n.d.). Smart placement of depolluting panels
in urban areas as regards of the airflow using adjoint
framework and district digital twin.
https://doi.org/10.1016/j.buildenv.2023.1111117

Hamal&inen, M. (2021). Urban development with dynamic
digital twins in Helsinki city. IET Smart Cities, 3(4), 201
210. https://doi.org/10.1049/smc2.12015

Haraguchi, M., Funahashi, T., & Biljecki, F. (2024). Assessing
governance implications of city digital twin technology:
A maturity model approach. Technological Forecasting
and Social Change, 204, 1234009.
https://doi.org/10.1016/j.techfore.2024.123409

How the UAE is leading the way in digital twin integration.
(n.d.). Retrieved March 6, 2025, from
https://www.theinfinitereality.com/enterprise/blog/uae-
leading-digital-twin-integration

Jeddoub, I., Ballouch, Z., Hajji, R., & Billen, R. (2024). Enriched
Semantic 3D Point Clouds: An Alternative to 3D City
Models for Digital Twin for Cities? Lecture Notes in

This contribution has been peer-reviewed. The double-blind peer-review was conducted on the basis of the full paper.
https://doi.org/10.5194/isprs-annals-X-5-W2-2025-235-2025 | © Author(s) 2025. CC BY 4.0 License. 243


http://www.theinfinitereality.com/enterprise/blog/uae-

ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume X-5/\W2-2025
Unleashing the power of Geospatial & Frontier Technologies for a Sustainable Future — GIFTS Summit 2025,
1-3 September 2025, Symbiosis International University, Pune, India

Geoinformation and Cartography, 407-423.
https://doi.org/10.1007/978-3-031-43699-4_26
Jeddoub, 1., Nys, G.-A., Hajji, R., & Billen, R. (2024). Data
integration across urban digital twin lifecycle: a
comprehensive review of current initiatives. Annals of
GIS, 1-20.
https://doi.org/10.1080/19475683.2024.2416135
Kaewunruen, S., & Xu, N. (2018). Digital twin for sustainability
evaluation of railway station buildings. Frontiers in Built
Environment, 4. https://doi.org/10.3389/fbuil.2018.00077
Kapusta, J., & Truchly, P. (2023). Web-Based Visualization and
Control of Traffic Simulation. 2023 21st International
Conference on Emerging ELearning Technologies and
Applications (ICETA), 277-282.
https://doi.org/10.1109/ICETA61311.2023.10344055
Karim, H., Abdul Rahman, A., Abdul Halim, N. Z., Buyuksalih,
G., & Rashidan, H. (2022a). 3D Citygml building models
development  with  cross-scale  query  database.
International Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences - ISPRS

Archives, 46(4/W3-2021), 161-170.
https://doi.org/10.5194/isprs-archives-XLVI-4-W3-2021-
161-2022

Karim, H., Abdul Rahman, A., Abdul Halim, N. Z., Buyuksalih,
G., & Rashidan, H. (2022b). 3D Citygml building models
development  with  cross-scale  query  database.
International Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences - ISPRS

Archives, 46(4/W3-2021), 161-170.
https://doi.org/10.5194/isprs-archives-XLVI-4-W3-2021-
161-2022

Ketzler, B., Naserentin, V., Latino, F., Zangelidis, C.,
Thuvander, L., & Logg, A. (2020). Digital Twins for
Cities: A State of the Art Review. Built Environment,
46(4), 547-573. https://doi.org/10.2148/benv.46.4.547

Kikuchi, N., Fukuda, T., & Yabuki, N. (n.d.-a). Landscape
Visualization by Integrating Augmented Reality and
Drones with Occlusion Handling to Link Real and Virtual
Worlds Towards city digital twin realization.

Kikuchi, N., Fukuda, T., & Yabuki, N. (n.d.-b). Landscape
Visualization by Integrating Augmented Reality and
Drones with Occlusion Handling to Link Real and Virtual
Worlds Towards city digital twin realization.

Kikuchi, N., Fukuda, T., & Yabuki, N. (2021). Landscape
Visualization by Integrating Augmented Reality and
Drones with Occlusion Handling to Link Real and Virtual
Worlds - Towards city digital twin realization. 521-528.
https://doi.org/10.52842/conf.ecaade.2021.2.521

Klebanov, B., Antropov, T., & Zvereva, O. (2019). Hybrid
Automaton Implementation For Intelligent Agents’
Behavior Modelling. 2019 International Conference on
Information Science and Communications Technologies
(ICISCT), 1-4.
https://doi.org/10.1109/ICISCT47635.2019.9011955

Kumi, S., Lomotey, R. K., & Deters, R. (2023). Integrating
Machine Learning and Social Sensing in Smart City
Digital Twin for Citizen Feedback. 2023 IEEE
International Conference on High Performance
Computing &amp; Communications, Data Science
&amp; Systems, Smart City &amp; Dependability in
Sensor, Cloud &amp; Big Data Systems &amp;
Application (HPCC/DSS/SmartCity/DependSys), 980-

987. https://doi.org/10.1109/HPCC-DSS-SmartCity-
DependSys60770.2023.00141

Kushwaha, S. K. P., Mokros, M., & Jain, K. (2022).
ENRICHMENT OF UAV PHOTOGRAMMETRIC
POINT CLOUD TO ENHANCE DSM IN A DENSE
URBAN REGION. International Archives of the
Photogrammetry, Remote Sensing and Spatial
Information Sciences - ISPRS Archives, 48(4/W4-2022),
83-88. https://doi.org/10.5194/isprs-archives-XLVIII-4-
W4-2022-83-2022

Langenheim, N., Sabri, S., Chen, Y., Kesmanis, A., Felson, A.,
Mueller, A., Rajabifard, A., & Zhang, Y. (2022).
ADAPTING A DIGITAL TWIN TO ENABLE REAL-
TIME WATER SENSITIVE URBAN DESIGN
DECISION-MAKING. International Archives of the
Photogrammetry, Remote Sensing and Spatial
Information Sciences - ISPRS Archives, 48(4/W4-2022),
95-100. https://doi.org/10.5194/isprs-archives-XLV11-4-
W4-2022-95-2022

Lee, J., Yoo, S., Kim, C., & Sohn, H. G. (2023). Automatic levee
surface extraction from mobile LiDAR data using
directional equalization and projection clustering.
International Journal of Applied Earth Observation and
Geoinformation, 116.
https://doi.org/10.1016/j.jag.2022.103143

Lehner, H., Kordasch, S. L., Glatz, C., & Agugiaro, G. (2024).
Digital geoTwin: A CityGML-Based Data Model for the
Virtual Replica of the City of Vienna (pp. 517-541).
https://doi.org/10.1007/978-3-031-43699-4_32

Lei, B., Su, Y., & Biljecki, F. (n.d.). Humans As Sensors in
Urban Digital Twins.

Liu, D., Ding, P., Shen, Y., Zhang, Z., & Li, D. (2023).
Deployment Strategy of Edge Computing Server for 3D
Video Transmission in Digital Twin Cities. 2023 IEEE
International Symposium on Broadband Multimedia
Systems and Broadcasting (BMSB), 1-6.
https://doi.org/10.1109/BMSB58369.2023.10211511

Li, W., Zhu, W., & Zheng, J. (2021). Research on Resilience
Urban under the Background of New Generation
Information and Communication Technology. 2021 IEEE
11th International Conference on Electronics Information
and Emergency Communication (ICEIEC)2021 IEEE
11th International Conference on Electronics Information
and Emergency Communication (ICEIEC), 1-5.
https://doi.org/10.1109/ICEIEC51955.2021.9463811

Logachev, M., & Korotun, O. (2023). Simulation modelling as a
tool for urban air pollution forecasting. E3S Web of
Conferences, 460.
https://doi.org/10.1051/e3sconf/202346008011

Lozzi, G., lannaccone, G., Maltese, I., Gatta, V., & Marcucci, E.
(2023). City Logistics landscape in the era of on-demand
economy: challenges, trends and influencing factors.
Transportation Research Procedia, 72, 3086-3093.
https://doi.org/10.1016/j.trpro.2023.11.858

Luhmann, T., Chizhova, M., Gorkovchuk, D., Popovas, D.,
Gorkovchuk, J., & Hess, M. (2022). DEVELOPMENT
OF TERRESTRIAL LASER SCANNING
SIMULATOR. International  Archives of the
Photogrammetry, Remote Sensing and Spatial
Information Sciences - ISPRS Archives, 46(2/W1-2022),
329-334. https://doi.org/10.5194/isprs-archives-XLV1-2-
W1-2022-329-2022

This contribution has been peer-reviewed. The double-blind peer-review was conducted on the basis of the full paper.
https://doi.org/10.5194/isprs-annals-X-5-W2-2025-235-2025 | © Author(s) 2025. CC BY 4.0 License. 244



ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume X-5/\W2-2025
Unleashing the power of Geospatial & Frontier Technologies for a Sustainable Future — GIFTS Summit 2025,
1-3 September 2025, Symbiosis International University, Pune, India

Luo, J., Liu, P., & Cao, L. (2022). Coupling a Physical Replica
with a Digital Twin: A Comparison of Participatory
Decision-Making Methods in an Urban Park
Environment. ISPRS International Journal of Geo-
Information, 11(8). https://doi.org/10.3390/ijgi11080452

Luo, J., Liu, P., Xu, W., Zhao, T., & Biljecki, F. (2025). A
perception-powered urban digital twin to support human-
centered urban planning and sustainable city
development. Cities, 156, 105473.
https://doi.org/10.1016/j.cities.2024.105473

Malé, C., & Lagier, T. (2021). Simulating the interactions of
environmental and socioeconomic dynamics at the scale
of an ecodistrict: urban modeling of Gerland (Lyon,
France). In Ecosystem and Territorial Resilience (pp.
299-321). Elsevier. https://doi.org/10.1016/B978-0-12-
818215-4.00011-0

Marcucci, E., Gatta, V., Le Pira, M., Hansson, L., & Brathen, S.
(2020). Digital twins: A critical discussion on their
potential for supporting policy-making and planning in
urban logistics. Sustainability (Switzerland), 12(24), 1-
15. https://doi.org/10.3390/su122410623

Mazzetto, S. (2024a). A Review of Urban Digital Twins
Integration, Challenges, and Future Directions in Smart
City Development. Sustainability, 16(19), 8337.
https://doi.org/10.3390/5u16198337

Mazzetto, S. (2024b). A Review of Urban Digital Twins
Integration, Challenges, and Future Directions in Smart
City Development. Sustainability, 16(19), 8337.
https://doi.org/10.3390/5u16198337

Merlo, A., & Lavoratti, G. (2024). Documenting Urban
Morphology: From 2D Representations to Metaverse.
Land, 13(2). https://doi.org/10.3390/Iand13020136

Michalik, D., Kohl, P., & Kummert, A. (2022). Smart cities and
innovations: Addressing user acceptance with virtual
reality and Digital Twin City. IET Smart Cities, 4(4), 292—
307. https://doi.org/10.1049/smc2.12042

Miinzinger, M., Prechtel, N., & Behnisch, M. (2022a). Mapping
the urban forest in detail: From LiDAR point clouds to 3D
tree models. Urban Forestry and Urban Greening, 74.
https://doi.org/10.1016/j.ufug.2022.127637

Miinzinger, M., Prechtel, N., & Behnisch, M. (2022b). Mapping
the urban forest in detail: From LiDAR point clouds to 3D
tree models. Urban Forestry and Urban Greening, 74.
https://doi.org/10.1016/j.ufug.2022.127637

Najafi, P., Mohammadi, M., van Wesemael, P., & Le Blanc, P.
M. (2023a). A user-centred virtual city information model
for inclusive community design: State-of-art. Cities, 134.
https://doi.org/10.1016/j.cities.2023.104203

Najafi, P., Mohammadi, M., van Wesemael, P., & Le Blanc, P.
M. (2023b). A user-centred virtual city information model
for inclusive community design: State-of-art. Cities, 134.
https://doi.org/10.1016/j.cities.2023.104203

Nguyen, S. H., & Kolbe, T. H. (2020). A MULTI-
PERSPECTIVE APPROACH to INTERPRETING
SPATIO-SEMANTIC CHANGES of LARGE 3D CITY
MODELS in CITYGML USING A GRAPH
DATABASE. ISPRS Annals of the Photogrammetry,
Remote Sensing and Spatial Information Sciences,
6(4/W1), 143-150. https://doi.org/10.5194/isprs-annals-
V|1 4-W1-2020-143-2020

Nguyen, S. H., & Kolbe, T. H. (2021). MODELLING
CHANGES, STAKEHOLDERS and THEIR

RELATIONS in SEMANTIC 3D CITY MODELS.
ISPRS Annals of the Photogrammetry, Remote Sensing
and Spatial Information Sciences, 8(4/W2-2021), 137—
144. https://doi.org/10.5194/isprs-annals-V11-4-W2-
2021-137-2021

Nguyen, S. H., & Kolbe, T. H. (2022). Path-Tracing Semantic
Networks to Interpret Changes in Semantic 3D City
Models. ISPRS Annals of the Photogrammetry, Remote
Sensing and Spatial Information Sciences, 10(4/W2-
2022), 217-224. https://doi.org/10.5194/isprs-annals-X-
4-W2-2022-217-2022

Nguyen, S. H., & Kolbe, T. H. (2024). Identification
and Interpretation of Change Patterns in Semantic 3D
City Models (pp. 479-496). https://doi.org/10.1007/978-
3-031-43699-4_30

Ogunkan, D. V., & Ogunkan, S. K. (2025). Exploring big data
applications in sustainable urban infrastructure: A review.
Urban Governance, 5(1), 54-68.
https://doi.org/10.1016/j.ugj.2025.02.003

Omrany, H., Ghaffarianhoseini, A., Ghaffarianhoseini, A., &
Clements-Croome, D. J. (2023). The uptake of City
Information Modelling (CIM): a comprehensive review of
current implementations, challenges and future outlook.
Smart and Sustainable Built Environment, 12(5), 1090-
11186. https://doi.org/10.1108/SASBE-06-2022-0116

Park, J., & Yang, B. (2020a). GIS-enabled digital twin system
for sustainable evaluation of carbon emissions: A case
study of Jeonju city, south Korea. Sustainability
(Switzerland), 12(21), 1-21.
https://doi.org/10.3390/su12219186

Park, J., & Yang, B. (2020b). GIS-enabled digital twin system
for sustainable evaluation of carbon emissions: A case
study of Jeonju city, south Korea. Sustainability
(Switzerland), 12(21), 1-21.
https://doi.org/10.3390/su12219186

Peldon, D., Banihashemi, S., LeNguyen, K., & Derrible, S.
(2024). Navigating urban complexity: The transformative
role of digital twins in smart city development.
Sustainable Cities and Society, 111, 105583.
https://doi.org/10.1016/j.5¢s.2024.105583

Rantanen, T., Julin, A., Virtanen, J. P., Hyyppa, H., & Vaaja, M.
T. (2023a). Open Geospatial Data Integration in Game
Engine for Urban Digital Twin Applications. ISPRS
International Journal of Geo-Information, 12(8).
https://doi.org/10.3390/ijgi12080310

Rantanen, T., Julin, A., Virtanen, J. P., Hyypp4, H., & Vaaja, M.
T. (2023b). Open Geospatial Data Integration in Game
Engine for Urban Digital Twin Applications. ISPRS
International Journal of Geo-Information, 12(8).
https://doi.org/10.3390/ijgi12080310

Richter, R., Knospe, F., Trapp, M., & Ddllner, J. (2024).
Dynamic Digital Twins: Challenges, Perspectives and
Practical Implementation from a City’s Perspective (pp.
671-691). https://doi.org/10.1007/978-3-031-43699-
4 41

Sammartano, G., Avena, M., Cappellazzo, M., & Spano, A.
(2021). Hybrid GIS-BIM approach for the torino digital-
twin: The implementation of a floor-level 3D city
geodatabase. International ~ Archives  of  the
Photogrammetry, Remote Sensing and Spatial
Information Sciences - ISPRS Archives, 43(B4-2021),

This contribution has been peer-reviewed. The double-blind peer-review was conducted on the basis of the full paper.
https://doi.org/10.5194/isprs-annals-X-5-W2-2025-235-2025 | © Author(s) 2025. CC BY 4.0 License. 245



ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume X-5/\W2-2025
Unleashing the power of Geospatial & Frontier Technologies for a Sustainable Future — GIFTS Summit 2025,
1-3 September 2025, Symbiosis International University, Pune, India

423-430. https://doi.org/10.5194/isprs-archives-XLI1I-
B4-2021-423-2021

Santhanavanich, T., Padsala, R., Wiirstle, P., & Coors, V. (2022).
The Spatial Data Infrastructure of An Urban Digital Twin
in the Building Energy Domain Using Ogc Standards.
ISPRS Annals of the Photogrammetry, Remote Sensing
and Spatial Information Sciences, 10(4/W2-2022), 249
256. https://doi.org/10.5194/isprs-annals-X-4-W2-2022-
249-2022

Scalas, A., Cabiddu, D., Mortara, M., & Spagnuolo, M. (2022).
Potential of the Geometric Layer in Urban Digital Twins.
ISPRS International Journal of Geo-Information, 11(6).
https://doi.org/10.3390/ijgi11060343

Schrotter, G., & Hirzeler, C. (2020). The Digital Twin of the
City of Zurich for Urban Planning. PFG - Journal of
Photogrammetry, Remote Sensing and Geoinformation
Science, 88(1), 99-112. https://doi.org/10.1007/s41064-
020-00092-2

Seto, T., Furuhashi, T., & Uchiyama, Y. (2023a). ROLE OF 3D
CITY MODEL DATA AS OPEN DIGITAL
COMMONS: A CASE STUDY OF OPENNESS IN
JAPAN’S DIGITAL TWIN “PROJECT PLATEAU.”
International Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences - ISPRS
Archives, 48(4/W7-2023), 201-208.
https://doi.org/10.5194/isprs-archives-XLVI11-4-W7-
2023-201-2023

Seto, T., Furuhashi, T., & Uchiyama, Y. (2023b). ROLE OF 3D
CITY MODEL DATA AS OPEN DIGITAL
COMMONS: A CASE STUDY OF OPENNESS IN
JAPAN’S DIGITAL TWIN “PROJECT PLATEAU.”
International Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences - ISPRS
Archives, 48(4/W7-2023), 201-208.
https://doi.org/10.5194/isprs-archives-XLVI11-4-W7-
2023-201-2023

Shao, Z., Cheng, G., & Yi, Y. (2022a). INDOOR AND
OUTDOOR STRUCTURED MONOMER
RECONSTRUCTION OF CITY 3D REAL SCENE
BASED ON NONLINEAR OPTIMIZATION AND
INTEGRATION OF MULTI-SOURCE AND MULTI-
MODAL DATA. International Archives of the
Photogrammetry, = Remote Sensing and  Spatial
Information Sciences - ISPRS Archives, 48(3), 51-57.
https://doi.org/10.5194/isprs-archives-XLVI11-3-W2-
2022-51-2022

Shao, Z., Cheng, G., & Yi, Y. (2022b). INDOOR AND
OUTDOOR STRUCTURED MONOMER
RECONSTRUCTION OF CITY 3D REAL SCENE
BASED ON NONLINEAR OPTIMIZATION AND
INTEGRATION OF MULTI-SOURCE AND MULTI-
MODAL DATA. International Archives of the
Photogrammetry, = Remote Sensing and  Spatial
Information Sciences - ISPRS Archives, 48(3), 51-57.
https://doi.org/10.5194/isprs-archives-XLVII1-3-W2-
2022-51-2022

Shariatpour, F., Behzadfar, M., & Zareei, F. (2024). Urban 3D
Modeling as a Precursor of City Information Modeling
and Digital Twin for Smart City Era: A Case Study of the
Narmak Neighborhood of Tehran City, Iran. Journal of
Urban  Planning and  Development,  150(2).
https://doi.org/10.1061/jupddm.upeng-4650

Shirowzhan, S., Tan, W., & Sepasgozar, S. M. E. (2020). Digital
twin and CyberGIS for improving connectivity and
measuring the impact of infrastructure construction
planning in smart cities. In ISPRS International Journal
of Geo-Information (Vol. 9, Issue 4). MDPI AG.
https://doi.org/10.3390/ijgi9040240

Srinivasan, R. S., Manohar, B., & Issa, R. R. A. (2020). Urban
Building Energy CPS (UBE-CPS): Real-Time Demand
Response Using Digital Twin. In Cyber-Physical Systems
in the Built Environment (pp. 309-322). Springer
International Publishing. https://doi.org/10.1007/978-3-
030-41560-0_17

Supangkat, S. H., Ragajaya, R., & Setyadji, A. B. (2023).
Implementation of Digital Geotwin-Based Mobile
Crowdsensing to Support Monitoring System in Smart
City. Sustainability (Switzerland), 15(5).
https://doi.org/10.3390/su15053942

Takahashi, K., Kanai, K., & Nakazato, H. (2022). Performance
Evaluation of Blockchains Towards Sharing of Digital
Twins. 2022 IEEE 4th Global Conference on Life
Sciences and Technologies (LifeTech), 128-129.
https://doi.org/10.1109/LifeTech53646.2022.9754902

Tamort, A., Kharroubi, A., Hajji, R., & Billen, R. (2024). 3D
CHANGE DETECTION FOR SEMI-AUTOMATIC
UPDATE OF BUILDINGS IN 3D CITY MODELS.
International Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences - ISPRS
Archives, 48(4/W9-2024), 349-355.
https://doi.org/10.5194/isprs-archives-XLVI11-4-W9-
2024-349-2024

Taniguchi, E., Thompson, R. G., & Qureshi, A. G. (2023). Urban
Freight Analytics. CRC Press.
https://doi.org/10.1201/9781003261513

Thuvander, L., Somanath, S., & Hollberg, A. (2022).
PROCEDURAL DIGITAL TWIN GENERATION FOR
CO-CREATING IN VR FOCUSING ON
VEGETATION. International  Archives of the
Photogrammetry, Remote Sensing and  Spatial
Information Sciences - ISPRS Archives, 48(4/W5-2022),
189-196. https://doi.org/10.5194/isprs-archives-XLVIII-
4-W5-2022-189-2022

Tomin, N., Kurbatsky, V., Borisov, V., & Musalev, S. (2020).
Development of Digital Twin for Load Center on the
Example of Distribution Network of an Urban District.
E3S Web of Conferences, 209.
https://doi.org/10.1051/e3sconf/202020902029

Urban Freight Analytics. (n.d.).

Veisi, O., & Shakibamanesh, A. (2023). The Application of CIM
and BIM to the Simulation of Energy in Urban
Superblocks; an Effort to Develop the Initial Digital
Twins (Case Studies: Kermanshah, Iran) (pp. 733-760).
https://doi.org/10.1007/978-3-031-24767-5_32

Villani, L., Gugliermetti, L., Barucco, M. A., & Cinquepalmi, F.
(2025). A Digital Twin Framework to Improve Urban
Sustainability and Resiliency: The Case Study of Venice.
Land, 14(1), 83. https://doi.org/10.3390/land14010083

Vinasco-Alvarez, D., Samuel, J., Servigne, S., & Gesquiére, G.
(2021a). TOWARDS LIMITING SEMANTIC DATA
LOSS in 4D URBAN DATA SEMANTIC GRAPH
GENERATION. ISPRS Annals of the Photogrammetry,
Remote Sensing and Spatial Information Sciences,

This contribution has been peer-reviewed. The double-blind peer-review was conducted on the basis of the full paper.
https://doi.org/10.5194/isprs-annals-X-5-W2-2025-235-2025 | © Author(s) 2025. CC BY 4.0 License. 246



ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume X-5/\W2-2025
Unleashing the power of Geospatial & Frontier Technologies for a Sustainable Future — GIFTS Summit 2025,
1-3 September 2025, Symbiosis International University, Pune, India

8(4/W2-2021), 37-44. https://doi.org/10.5194/isprs-
annals-VI11-4-W2-2021-37-2021

Vinasco-Alvarez, D., Samuel, J., Servigne, S., & Gesquiére, G.
(2021b). TOWARDS LIMITING SEMANTIC DATA
LOSS in 4D URBAN DATA SEMANTIC GRAPH
GENERATION. ISPRS Annals of the Photogrammetry,
Remote Sensing and Spatial Information Sciences,
8(4/W2-2021), 37-44. https://doi.org/10.5194/isprs-
annals-VI11-4-W2-2021-37-2021

Wang, S. ming, & Vu, L. H. (2023). The integration of digital
twin and serious game framework for new normal virtual
urban exploration and social interaction. Journal of Urban
Management, 12(2), 168-181.
https://doi.org/10.1016/j.jum.2023.03.001

Wang, X. (2025). An Ethical Study of Digital Twin Urban
Governance from the Perspective of New Quality
Productivity. ICCREM 2024, 1238-1245.
https://doi.org/10.1061/9780784485910.117

Wang, Y., Ho, I. W. H., & Wang, Y. (2023). Real-Time
Intersection Vehicle Turning Movement Counts from
Live UAV Video Stream Using Multiple Object Tracking.
Journal of Intelligent and Connected Vehicles, 6(3), 149—
160. https://doi.org/10.26599/J1CV.2023.9210014

Wang, Y., Li, P., &Li, J. (2022). The monitoring approaches and
non-destructive testing technologies for sewer pipelines.
Water Science and Technology, 85(10), 3107-3121.
https://doi.org/10.2166/wst.2022.120

Weil, C., Bibri, S. E., Longchamp, R., Golay, F., & Alahi, A.
(2023). Urban Digital Twin Challenges: A Systematic
Review and Perspectives for Sustainable Smart Cities.
Sustainable  Cities and Society, 99, 104862.
https://doi.org/10.1016/j.5¢s.2023.104862

Wirstle, P., Padsala, R., Santhanavanich, T., & Coors, V. (2022).
Viability Testing of Game Engine Usage for Visualization
of 3D Geospatial Data with OGC Standards. ISPRS
Annals of the Photogrammetry, Remote Sensing and
Spatial Information Sciences, 10(4/W2-2022), 281-288.
https://doi.org/10.5194/isprs-annals-X-4-W2-2022-281-
2022

Xia, H., Liu, Z., Efremochkina, M., Liu, X., & Lin, C. (2022).
Study on city digital twin technologies for sustainable
smart city design: A review and bibliometric analysis of
geographic information system and building information
modeling integration. Sustainable Cities and Society, 84,
104009. https://doi.org/10.1016/j.s¢cs.2022.104009

Ye, X., Du, J., Han, Y., Newman, G., Retchless, D., Zou, L.,
Ham, Y., & Cai, Z. (2023a). Developing Human-Centered
Urban Digital Twins for Community Infrastructure
Resilience: A Research Agenda. Journal of Planning
Literature, 38(2), 187-199.
https://doi.org/10.1177/08854122221137861

Ye, X., Du, J., Han, Y., Newman, G., Retchless, D., Zou, L.,
Ham, Y., & Cai, Z. (2023b). Developing Human-Centered
Urban Digital Twins for Community Infrastructure
Resilience: A Research Agenda. Journal of Planning
Literature, 38(2), 187-199.
https://doi.org/10.1177/08854122221137861

Ying, S., Van Oosterom, P., & Fan, H. (2023). New Techniques
and Methods for Modelling, Visualization, and Analysis
of a 3D City. Journal of Geovisualization and Spatial
Analysis, 7(2). https://doi.org/10.1007/s41651-023-
00157-x

Ying, Y., Koeva, M., Kuffer, M., & Zevenbergen, J. (2023).
Toward 3D Property Valuation—A Review of Urban 3D
Modelling Methods for Digital Twin Creation. In ISPRS
International Journal of Geo-Information (Vol. 12, Issue
1). MDPI. https://doi.org/10.3390/ijgi12010002

Yossef Ravid, B., & Aharon-Gutman, M. (2023). The Social
Digital Twin:The Social Turn in the Field of Smart Cities.
Environment and Planning B: Urban Analytics and City
Science, 50(6), 1455-1470.
https://doi.org/10.1177/23998083221137079

Yu, S, Lei, Q., Liu, C., Zhang, N., Shan, S., & Zeng, X. (2023).
Application research on digital twins of urban earthquake
disasters. Geomatics, Natural Hazards and Risk, 14(1).
https://doi.org/10.1080/19475705.2023.2278274

Zaker, R., Eghra, A., & Pahlavan, P. (2021). Documentation and
hbim of industrial heritage using drone images: Petroleum
reservoir of mashhad. International Archives of the
Photogrammetry, Remote Sensing and Spatial
Information Sciences - ISPRS Archives, 46(M-1-2021),
917-923. https://doi.org/10.5194/isprs-Archives-XLVI-
M-1-2021-917-2021

Zhong, Y., & Li, Y. (2024). Statistical Evaluation of Sustainable
Urban Planning: Integrating Renewable Energy Sources,
Energy-Efficient Buildings, and Climate Resilience
Measures. Sustainable Cities and Society, 101, 105160.
https://doi.org/10.1016/j.5¢s.2023.105160

Zhou, S.-W., Guo, S.-S., Xu, W.-X,, Du, B.-G., Liang, J.-Y.,
Wang, L., & Li, Y.-B. (2024). Digital Twin-Based Pump
Station Dynamic Scheduling for Energy-Saving
Optimization in Water Supply System. Water Resources
Management, 38(8), 2773-2789.
https://doi.org/10.1007/s11269-024-03791-2

Zhukova, M., Atkina, L., & Rakhmatullina, 1. (2021). Modern
approach to inventory of urban green spaces using GIS-
technologies (in terms of the city of Rostov-on-Don). IOP
Conference Series: Earth and Environmental Science,
876(1). https://doi.org/10.1088/1755-1315/876/1/012086

Zhu, S., Peng, B., Li, D., Bai, Y., Liu, X., & Li, Y. (2024).
Methods for Addressing Pavement Defects Based on
Digital Twin Technology-A Case Study of Snow and
Water Accumulation on Road Surface. E3S Web of
Conferences, 512.
https://doi.org/10.1051/e3sconf/202451204015

This contribution has been peer-reviewed. The double-blind peer-review was conducted on the basis of the full paper.
https://doi.org/10.5194/isprs-annals-X-5-W2-2025-235-2025 | © Author(s) 2025. CC BY 4.0 License. 247



	Abstract
	1. Introduction
	2. Research Methodology
	2.1 Characterization in Literature and Bibliometric Analysis
	3. Results
	3.1 Models/Frameworks/Techniques/Tools that have been developed/suggested in terms of developing Digital Twin Technology
	3.1.1. Studies suggest developing digital twins to address urban-related issues.
	3.1.2. Studies suggest developing 3D models for addressing urban-related issues.
	3.1.3. Studies suggest the integration of advance technologies for enhancing the capacity of digital twins or 3D models to address urban issues.
	3.2 Data management for digital twin technology
	3.2.1 Data Acquisition, Processing, and Analysis
	3.2.2 Data Modelling
	3.2.3 Data Visualization
	3.2.4 Data Integration and Harmonization
	4. Findings and Discussion
	5. Conclusion
	6. References



