2 Full Paper

A Systemic Review of Landscape Heritage
Preservation and Development in the Context
of Digital Technology

Ziyu Chen', Xueyu Dong?

'Southwest Architectural Design and Research Institute, Chengdu/China - chenziyu@gmail.com
Politecnico di Milano, Milano/Italy - xueyu.dong@mail.polimi.com

Abstract: The rapid advancement of digital technologies has revolutionized heritage landscape preser-
vation and management. This paper explores current trends in digital heritage preservation, emphasiz-
ing multi-technology integration, data management, and enhanced user experience. Key technologies
such as virtual reality, artificial intelligence, and photogrammetry are expanding their roles through
integration with emerging tools. However, the field faces significant challenges, including data acqui-
sition complexities, lack of standardization, long-term data storage, and the need for user-friendly pub-
lic engagement platforms. Future trends are likely to include improved interoperability, sustainable data
management solutions, and greater public engagement through immersive technologies. This shift will
be guided by increasing collaboration with local communities and a focus on cultural sensitivity.
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1 Introduction

Heritage landscapes refer to areas that hold historical, cultural, and natural value, formed
through the interaction between the natural environment and human activities (ROSSLER
CHIEF 2006, STEPHENSON 2008). As a vital category of human heritage, these landscapes
carry specific historical or cultural memories (LOWENTHAL 1975). The protection and trans-
mission of heritage landscapes not only involve issues related to natural ecology, historical
culture, socioeconomics, and urban planning but also directly concern the continuity and de-
velopment of human civilization, making them of great contemporary relevance (SCAZZOSI
2004, TAYLOR & LENNON 2011).

With the continuous advancement of technology, the application of digital technology has
become an essential tool that facilitates various methods in the preservation of landscape
architectural heritage (CHEN et al. 2023, GOMES et al. 2014, Liu et al. 2024). From
UNESCO?’s use of Geographic Information System (GIS) technology in 1992 to assist the
Cambodian government in protecting Angkor Wat (FLETCHER et al. 2007), to the adoption
of the “Charter on the Preservation of Digital Heritage” in 2003 (LUSENET 2007), the estab-
lishment of the “International Centre on Space Technologies for Natural and Cultural Herit-
age” in 2011 (CHEN et al. 2021), and the inclusion of “The Impact of Information Technol-
ogy” as one of the twelve key issues in the “Our World Heritage” global initiative in 2021
(TAN et al. 2024), digital technology has gradually become one of the primary tools in herit-
age preservation (LIAN & XIE 2024). Taking this opportunity, various technologies and dig-
ital tools have been successively applied to the conservation of heritage landscapes (CAYLA
2014). These include point clouds, LiDAR, digital photography for documentation, BIM
(Building Information Modeling), and 3D construction techniques for modeling, as well as
more versatile platforms like GIS (Geographic Information Systems) and DT (Digital Twins)
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EL BARHOUMI & HAJII 2024, LiU et al. 2024). These tools are applied in diverse contexts,
including the digital preservation and management of modern landscapes, the management
and analysis of historical gardens (PENG et al. 2024), the protection of historic landscape
relics, and the conservation and policy development for agricultural or urban heritage land-
scapes (JIANG & ZHANG 2023). However, there has been little research that reviews the cur-
rent state of the field or its past development.

This paper aims to fill this gap by collecting, filtering, and analyzing literature from the past
decade (2014-2024) related to the use of digital technology in the preservation of landscape
architecture heritage. The study explores the current applications and development trends of
digital technology in the field of landscape architecture, providing a reference for the future
application of these technologies in landscape heritage preservation.

2 Methodology

Identification of studies via databases (WOS)

5 Records identified from Records removed before screening:(n=0)
s Databases searching: 1 Duplicate records removed;

g D

g ‘Web of Science:(n=622)

2

e .

Records screened:(n =622) Records excluded:(n=482)
1 Identifying literature that ‘1 Exclude non-English literature;
meets the screening criteria; (2 Exclude literature published before 2014;

N dentifying literature that E> ‘3 Exclude literature unrelated to the field of
meets the criteria for title landscape heritage, digital;

screening

and abstract review; % .
31dentifying literature that 437301udeb:lteratm'ee§or which the full text
meets the criteria for full text could not be retrieved,

‘5 Exclude literature that only focuses on
theory or technology without practical
application or experimental validation.

6 Exclude previous review papers.

\g \Ug

Records screened based on title and abstract screening by evaluating manually:
(n=140)

¥

500 papers were included in the bibliometric analysis.
Conduct spatial-temporal analysis, application scenarios and technical analysis

review.

included

Fig. 1: PRISMA flow diagram for paper screening



4 Journal of Digital Landscape Architecture - 10-2025

The literature analysis method employed in this study can be divided into three parts. Firstly,
using the Web of Science (WoS) to search for and collect literature. These databases will
serve as the primary sources for subsequent analysis. Secondly, we utilized PRISMA 'to vis-
ually obtain an overview of the paper's basic information (e. g., the number of studies pub-
lished each year and site coverage) through paper coding and statistical methods. PRISMA
was also used to establish multiple criteria to classify and identify the specific content of the
target literature in a detailed manner. Thirdly, we used VOSviewer and CiteSpace to illustrate
and simulate the scientometric network between research literature on a macro level. This
approach enabled us to gain a more integrated understanding of the academic gaps and
tendencies in the research field and to identify gaps in the current research landscape. In
another paper, we will look closely at how selected variables and parameters influence the
outcomes. For the purpose of this paper, we discuss seven variables detailed above and shown
in Table 1. The model results shown in the table illustrate the contribution of each variable,
thereby indicating what variables influence the overall probability distribution for potential
future occurrences (Fig. 1).

2.1 Data Collection

WoS offers diverse, accessible databases for publications that explicitly articulate and use
digital approaches to conserve and develop architectural heritage from multiple disciplines,
including architecture, archaeology, engineering, and urban planning. For this study, we
chose the Conference Proceedings Citation Index-Social Science & Humanities, Emerging
Sources Citation Index, Conference Proceedings Citation Index-Science, Science Citation
Index Expanded, Social Sciences Citation Index, and Arts & Humanities Citation Index as
data sources. The WoS database was searched using the keywords “landscape heritage” and
“digital.”

2.2 Literature Screening

In alignment with the PRISMA guidelines (PAGE et al. 2021) (Fig. 1), the search yielded a
total of 622 documents from the WOS database. After filtering out non-English publications,
papers published before 2014, those unrelated to landscape heritage or the digital domain,
documents without full-text availability, literature focusing exclusively on theoretical or
technical aspects without practical application or experimental validation, as well as exclud-
ing previous review articles, 140 papers were selected as the final references for this study
(Appendix A).

A paper coding process was employed to classify the literature for both statistical and quali-
tative analyses. Following the taxonomic and thematic analysis methods outlined by
ONWUEGBUZIE et al. (2012) for qualitative research (ONWUEGBUZIE 2012), we revised the
classification system to include six categories: research design, study questions, research ob-
jectives, qualitative and quantitative (or mixed) data, analysis techniques, and findings. This
approach allowed us to systematically break down the content, creating a structured classifi-
cation system for more effective analysis. Through thematic analysis, various domains were

I PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) is a framework

that provides guidelines for reporting systematic reviews and meta-analyses, ensuring transparency,
completeness, and reproducibility in research.
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extracted from the papers and a constant comparison method was applied to identify shared
patterns, which were organized under distinct headings used for clustering (YAN et al. 2024).

PRISMA was utilized for analysis. This tool facilitates the identification of core topics within
papers, linking them to nodes for efficient management of complex data and allowing for the
exploration of patterns and relationships between concepts within the broader context
(RODRIGUEZ-MAZAHUA et al. 2016). Following several discussions to refine the grouping
criteria, the first author standardized the coding process within PRISMA and conducted the
final categorization and organization of the data.

2.3 Literature Analysis

For the bibliometric analysis and visualization of connections between different papers, two
widely recognized software tools, VOSviewer and CiteSpace, were employed. By gathering
a comprehensive collection of papers, a complete database was assembled for subsequent
screening and analysis. These Java-based programs facilitated the generation of color-coded
bibliographic maps, offering insightful visualizations of the data. CiteSpace, in particular, is
well-suited for co-citation and co-occurrence analyses, identifying clusters of frequently co-
cited references and generating networks of co-occurring keywords (WANG et al. 2024). This
approach highlights key terms in the literature and uncovers emerging trends and concepts
within the research field.

3  Results

Annual distribution of the studies.

Fig. 2: Annual distribution of the studies

In the past decade, despite a decline in the number of articles in 2016, the overall trend in
recent years has shown an increase in publication volume. By 2023, there was a significant
surge in the number of published papers, with 30 more studies published compared to 2022.
As for 2024, the year is still ongoing, so the data is not yet complete.

Additionally, we observed that research in this area began earlier and has produced a rela-
tively higher number of publications in Italy, China, and the United States, with 32, 14, and
12 papers, respectively. Furthermore, a significant proportion of these studies have been pub-
lished in Europe, indicating that other regions have not yet focused extensively on this field
of research.
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Fig. 3: Annual research publications by country

3.1 Preliminary Data Visualization Results

Based on the concept network diagram, this study's analysis reveals the complex relationships
between multiple key themes that form the core framework of the digital heritage field. The
different colored nodes represent various time periods and categories of research focus, with
green nodes potentially indicating emerging concepts, while blue and purple nodes represent
earlier research areas.

From the size and position of the nodes, it is evident that certain concepts such as “photo-
grammetry,” “3D model,” and “documentation” are central to the network, indicating their
importance as core research directions in the field of digital heritage preservation. These con-
cepts are not only widely applied but are also closely linked to other areas, such as “virtual
reality” and “laser scanning.” Moreover, the numerous connections between nodes illustrate
the interdependence and interactions between these technologies and methods. The strong
connection between photogrammetry and 3D modeling suggests that these two are often used
in conjunction for documenting and preserving digital artifacts. The relationship between
“digital archives” and “cultural heritage” highlights the significance of digital archives in the
long-term preservation of cultural heritage.

3.2 Current Status and Trends in the Application of Digital Technology

Based on the concept network diagram, this study's analysis reveals the complex relationships
between multiple key themes that form the core framework of the digital heritage field. The
different colored nodes represent various time periods and categories of research focus, with
green nodes potentially indicating emerging concepts, while blue and purple nodes represent
earlier research areas.

Based on the concept network diagram, several technological trends can be observed, reflect-
ing the evolving direction of digital heritage preservation:

(a) Emergence of New Technologies: The green nodes in the diagram represent newer con-
cepts or technologies that are gaining traction in recent research. Technologies such as
“virtual reality” and “artificial intelligence” may be indicative of rapidly developing ar-
eas within the digital heritage field. The increasing connections between these emerging
technologies and core technologies, such as photogrammetry and 3D modeling, suggest
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their growing potential in practical applications.

(b) Steady Development of Core Technologies: Traditional core technologies in digital
heritage, such as “photogrammetry,” “3D modeling,” and “documentation,” remain cen-
tral in the diagram. These technologies continue to play a foundational role in heritage
preservation but are expanding their application through integration with newer technol-
ogies. Their continued prominence indicates sustained development and refinement over
time.

(¢) Trend towards Multi-Technology Integration: The dense network of connections be-
tween nodes highlights the growing trend of integrating different technologies. For ex-
ample, traditional techniques like photogrammetry and laser scanning are increasingly
linked with newer technologies such as virtual reality and augmented reality. This inte-
gration enhances not only the precision of heritage documentation but also facilitates the
development of emerging areas, such as virtual exhibitions and heritage tourism.

(d) Rising Importance of Data Management: Nodes such as “digital archives” and “data
storage” are closely connected with several other technological concepts, emphasizing
the growing significance of data management in the field. With the exponential growth
in data generated by scanning and modeling techniques, effective storage, management,
and accessibility of this data have become critical challenges in digital heritage preser-
vation.

(¢) Introduction of User-Centric Technologies: The presence of nodes related to user ex-
perience, such as “virtual tour” and “interactive interface,” reflects an increasing focus
on enhancing the public’s interaction with digital heritage. This indicates a shift not only
towards technical accuracy but also towards improving how heritage content is presented
and experienced by the public, making cultural heritage more accessible and engaging.

In conclusion, the diagram reveals that the technological trends in digital heritage preserva-
tion are evolving towards multi-technology integration, optimized data management, and en-
hanced user experience. As emerging technologies continue to mature, the methods and ap-
proaches to preserving and presenting cultural heritage will become increasingly diverse and
efficient.

3.3 Connections between Different Digital Technologies

In this concept network diagram, the relationships between technologies are depicted through
the connections between nodes, illustrating the interdependence and collaboration among
various technologies in the field of digital heritage preservation. These connections can be
analyzed from several perspectives:

3.3.1 Complementarity

Core technologies like “photogrammetry” and “3D modelling” are closely linked with
emerging technologies such as “virtual reality” and “augmented reality.” This relationship
reflects how core technologies provide the foundation for data acquisition and model crea-
tion, while emerging technologies expand the applications of this data through virtual presen-
tations and immersive experiences.

In addition, laser scanning technology provides precise 3D spatial data, while BIM is used to
create and manage this data in architectural and heritage preservation processes (ALSHAWA-
BKEH et al. 2021). The connection between these two highlights the critical role of laser scan-
ning as a data input source for BIM.
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3.3.2 Data Processing and Storage

The strong connection between “digital archives” and “data storage” reflects the growing
importance of managing large volumes of data. Many technologies rely on digital archiving
and data storage to ensure the long-term preservation and accessibility of heritage data
(CLARK 2016). Moreover, nodes related to “artificial intelligence” and “machine learning”
indicate the increasing role of these intelligent technologies in automating data analysis, clas-
sification, and pattern recognition as data volumes grow. These technologies are closely
linked with traditional recording and documentation methods, emphasizing their importance
in data processing.

3.3.3 Application of Multi-Technology Integration

The connections between virtual reality and augmented reality technologies suggest their
collaborative use in digital heritage display and experience (BEKELE et al. 2018). For exam-
ple, virtual reality is often used for fully immersive presentations, while augmented reality
overlays digital content on real-world settings to enhance the visitor experience (FAN et al.
2022). Additionally, the strong links between 3D modeling and both virtual and augmented
reality technologies highlight that 3D models serve as the foundation for virtual displays and
interactive experiences. This connection illustrates how 3D modeling is not only used for
heritage documentation but also extends its applications through virtual presentations.

documentatio
conservation
gis

nanagement

tion

3ndscapaiafchaeoiog

Fig. 4: Annual research publications by country
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4  Discussion

4.1 Gaps and Challenges for Digital Applications in Heritage Landscapes’
Conservation and Management

The application of digital technologies in the conservation and management of heritage land-
scapes presents numerous opportunities for innovation, yet it is not without significant chal-
lenges (RICCIARINI 2024). These challenges arise across several key areas, which impact the
effectiveness and sustainability of digital interventions.

One of the foremost challenges is the complexity of data acquisition and processing. Ad-
vanced technologies such as laser scanning, drone mapping, and photogrammetry require
specialized expertise and expensive equipment (MIHIC et al. 2023), often limiting their ac-
cessibility to well-funded projects (COOK et al. 2019). Small or underfunded heritage organ-
izations may struggle to implement these technologies due to high costs and the technical
skill required. Furthermore, the vast amounts of data generated, particularly when dealing
with large-scale landscapes, introduce additional complexities. Processing, storing, and man-
aging these data efficiently can be time-consuming and resource-intensive, particularly when
working with high-resolution images and 3D point clouds (ROBERT 2024). This bottleneck
in data handling significantly slows down project timelines and demands substantial compu-
tational resources.

Another prominent challenge is the lack of standardization and interoperability across digital
tools and platforms (ARGASINSKI & KUROCZYNSKI 2023). Currently, the field lacks unified
standards for data formats, metadata, and archiving practices. Different organizations or pro-
jects often employ varying standards, which can create significant difficulties when attempt-
ing to share or integrate data across multiple stakeholders (DAGA et al. 2022). This issue is
further exacerbated by incompatibilities between digital platforms, such as BIM (Building
Information Modeling), GIS (Geographic Information Systems), and virtual reality software.
The lack of interoperability between these platforms complicates the workflow, impeding
efficient collaboration and cross-platform data sharing, which are crucial for heritage land-
scape conservation (SILIUTINA et al. 2024).

Long-term data storage and management is another pressing issue. While digital tools gen-
erate valuable data for conservation efforts, ensuring the long-term preservation of this data
poses substantial difficulties. Many current storage solutions are not designed for the sus-
tained retention of large datasets, and there are concerns about the longevity of digital formats
and storage media (XIAO et al. 2018). As technologies evolve, data formats may become
obsolete, and without proper maintenance, data loss becomes a significant risk. Additionally,
many heritage organizations face resource constraints in managing and maintaining extensive
digital archives, particularly in areas such as data backups, access control, and regular up-
dates. These limitations hinder the sustainable use and accessibility of digital data in the long
term.

In terms of public engagement, there are limitations in public accessibility to digital heritage
content (SERRANO-ESTRADA et al. 2024). Although technologies such as virtual reality (VR)
and augmented reality (AR) have the potential to revolutionize the way heritage landscapes
are presented to the public, many of these platforms remain difficult for non-specialists to
access or navigate. Issues such as non-intuitive user interfaces, lack of interactivity, and the
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need for specialized hardware can diminish public engagement and limit the broader dissem-
ination of cultural knowledge (MARCAL 2019). Moreover, balancing digital enhancement
with the authenticity of heritage sites remains a challenge. Excessive reliance on virtual dis-
plays may create a disconnection from the tangible, physical experience of heritage land-
scapes, potentially distorting the perception of their cultural and historical significance.

A further concern lies in the potential conflict between technological efficiency and cultural
sensitivity. While digital technologies are designed to optimize the recording, analysis, and
presentation of heritage sites, they can sometimes clash with the cultural or religious values
of local communities (POULOPOULOS & WALLACE 2022). Certain heritage landscapes pos-
sess profound cultural and spiritual significance, and the introduction of intrusive technolo-
gies may not align with the needs and expectations of these communities. Ethical considera-
tions must be taken into account to ensure that the deployment of technology respects the
cultural sensitivities and local traditions inherent to heritage landscapes (MAZZETTO 2024).

Finally, the rapid pace of technological advancement presents an ongoing challenge for her-
itage professionals. The constant evolution of digital tools and methodologies requires con-
tinual learning and adaptation (BURAGOHAIN et al. 2024). Heritage professionals need to not
only maintain proficiency in current technologies but also stay abreast of emerging trends
and tools (HUTSON 2024). For institutions with limited resources, this places significant pres-
sure on staff to continually update their knowledge base, creating a gap between technologi-
cal development and practical application in heritage conservation.

4.2 Future Trends in the Development of Digital Applications for Heritage
Landscapes

Looking forward, the future development of digital technologies in heritage landscape con-
servation is poised to evolve along several key trajectories. These trends reflect both techno-
logical advancements and a growing recognition of the need for more inclusive, sustainable,
and user-centric approaches in heritage management.

One major trend is the increased integration of multiple technologies. As digital tools become
more advanced, there will be greater emphasis on combining different technologies, such as
laser scanning, photogrammetry, Geographic Information Systems (GIS), and Building In-
formation Modeling (BIM), into comprehensive, unified platforms (RASHDI et al. 2022). This
integration will allow for more holistic and detailed documentation of heritage landscapes,
offering a multidimensional understanding that can encompass everything from physical
structures to intangible cultural values. Emerging technologies, such as Artificial Intelligence
(AI) and machine learning, are likely to play a key role in automating data processing and
analysis, making it easier to synthesize large datasets from diverse sources (OTERO 2022).
This could significantly reduce the time and resource burden currently associated with data
handling while also improving accuracy and consistency in heritage documentation.

In addition, there will be a continued shift towards standardization and interoperability. The
establishment of universal standards for data formats, metadata, and archival processes will
be crucial in addressing the current challenges of data fragmentation and incompatibility.
Global organizations, in collaboration with local heritage institutions, will likely play a piv-
otal role in setting these standards. Increased interoperability between digital platforms will
enable seamless data exchange and collaboration across different stakeholders, fostering
more effective international and interdisciplinary cooperation in heritage conservation pro-
jects.
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Another important trend will be the growing focus on sustainable data management. As her-
itage institutions amass ever-larger datasets, there will be a critical need for more efficient,
long-term storage solutions. Cloud-based services and decentralized data storage systems,
such as blockchain technology, may emerge as viable options for ensuring data permanence
and security (ZHOU et al. 2024). Furthermore, there will be greater attention to data curation
and accessibility, ensuring that future generations can access and utilize digital heritage ar-
chives. This shift will be accompanied by enhanced protocols for data migration, ensuring
that heritage data remains accessible despite changes in technology and storage formats. The
integration of Artificial Intelligence (AI) and blockchain technology into heritage landscape
conservation represents a significant shift in how cultural heritage is documented, preserved,
and managed (ABGAZ et al. 2021, TRCEK 2022). These technologies not only address existing
challenges but also open new pathways for innovation and interdisciplinary collaboration, as
highlighted in the literature.

Public engagement and democratization of heritage access will also play a central role in
shaping future trends (ARNABOLDI & DIiAz LEMA 2022, FOROUGHI et al. 2023). As virtual
reality (VR), augmented reality (AR), and other immersive technologies become more widely
available, they will continue to transform the way heritage landscapes are presented to and
experienced by the public (BOBOC et al. 2022, TOM DIECK & JUNG 2017, ZHANG et al. 2024).
However, challenges such as non-intuitive user interfaces, lack of interactivity, and the need
for specialized hardware must be addressed. These technologies have the potential to create
more inclusive and engaging experiences, breaking down barriers between experts and the
general public. Future developments in interactive and user-friendly interfaces, along with
cloud-based solutions that reduce hardware requirements, will enable broader audiences, in-
cluding non-specialists, to engage with heritage in meaningful ways (PERRY 2019). Combin-
ing digital experiences with physical site visits, such as using AR to overlay historical recon-
structions onto real-world views (SOTO-MARTIN et al. 2020), can enhance engagement while
preserving the authenticity of heritage landscapes. Transparent narratives that clearly distin-
guish between reconstructed, interpreted, and speculative elements will also ensure the in-
tegrity of cultural representation.

Additionally, mobile applications and open-access digital platforms will further democratize
heritage, making it more accessible to people regardless of geographic location or socioeco-
nomic background (TAYLOR & Gibson 2017). This democratization is likely to be a key
driver in increasing public awareness and participation in heritage conservation.

The trend toward community involvement and cultural sensitivity will grow in importance
as digital technologies increasingly engage with local contexts. Ensuring that digital inter-
ventions are co-created with local stakeholders will help align technological solutions with
cultural and ethical considerations specific to each heritage landscape (SANTANA QUINTERO
et al. 2020). This participatory approach will not only enhance the authenticity of digital
content but also empower communities to take an active role in preserving their heritage.
Additionally, integrating indigenous knowledge systems and traditional conservation meth-
ods into digital frameworks can create hybrid models that respect and preserve cultural di-
versity.

Lastly, rapid advancements in digital infrastructure will accelerate the pace at which new
technologies can be adopted in the heritage sector (BOAMAH 2021). The expansion of high-
speed internet access and the deployment of 5G networks will enable the real-time streaming
of high-quality digital content, such as virtual tours of heritage sites, to a global audience.
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This development will significantly enhance the immediacy and interactivity of digital herit-
age experiences, allowing for more dynamic, immersive, and personalized engagement with
cultural landscapes. Additionally, with the advancement of edge computing and Internet of
Things (IoT) devices, real-time monitoring of heritage sites will become increasingly feasi-
ble, enabling better protection and management of these sites through constant data collection
and analysis (BARRETT 2018, LI et al. 2024, PERLES et al. 2018).

5 Conclusion

In conclusion, the application of digital technologies in heritage landscape conservation is
progressing towards a more integrated and sustainable approach. The current technological
trends highlight the importance of combining traditional methods with newer innovations
such as virtual and augmented reality, artificial intelligence, and machine learning. These
technologies not only enhance the precision of heritage documentation but also provide new
opportunities for public engagement and interactive experiences. However, the challenges of
data management, lack of standardization, and accessibility remain critical issues that must
be addressed to ensure the long-term viability of digital preservation efforts. As the field
evolves, collaboration between heritage professionals, local communities, and international
organizations will be crucial in fostering inclusive and culturally sensitive digital solutions.
Ultimately, the future of digital heritage landscape conservation lies in the development of
interoperable platforms, sustainable data management practices, and broader public accessi-
bility, ensuring that heritage sites can be preserved and appreciated by future generations.
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