
Citation: Spreafico, A.; Chiabrando, F.

3D WebGIS for Ephemeral

Architecture Documentation and

Studies in the Humanities. Heritage

2024, 7, 913–947. https://doi.org/

10.3390/heritage7020044

Academic Editors: Antonino Fotia

and Vincenzo Barrile

Received: 19 January 2024

Revised: 7 February 2024

Accepted: 9 February 2024

Published: 11 February 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

heritage

Article

3D WebGIS for Ephemeral Architecture Documentation and
Studies in the Humanities
Alessandra Spreafico * and Filiberto Chiabrando

Politecnico di Torino, Department of Architecture and Design, Viale Mattioli, 39, 10125 Torino, Italy;
filiberto.chiabrando@polito.it
* Correspondence: alessandra.spreafico@polito.it

Abstract: The documentation and visualization of ephemeral CH, especially for World’s Fairs
architecture, remains a neglected endeavor on the global scale. While digital products like 3D models
find extensive application in CH, the use of a WebGIS has scarcely been explored in this domain.
When a WebGIS is used for CH, it serves to communicate the output of research, not as a tool to
support the development of the research itself. Moreover, aspects like procedural development for
the creation of a WebGIS platform, its upgrading, and its long-term preservation are key factors for
the maintenance of the digital tool, but they have scarcely been considered in the literature. Through
the Turin 1911 project, this paper defines a procedure for the creation of a WebGIS for ephemeral
architectural documentation, showing how a WebGIS platform can be designed, implemented, tested,
and maintained. The novelty of this study lies in the creation of a 2D/3D WebGIS based on a tailored
spatial database; the WebGIS is coupled with a dedicated website for the constant updating of the
research data documenting the Turin 1911 International Exposition. The discussion emphasizes
the transformative role of a WebGIS in not only sharing information but also serving as a dynamic
platform for conducting digital humanities studies in 3D environments.

Keywords: 3D WebGIS; spatial database; digital humanities; 3D documentation; online sharing; web
application; cultural heritage; long-term preservation; maintenance; World’s Fairs

1. Introduction
1.1. From GIS to 3D WebGIS for the Humanities

Geographical information system (GIS) platforms have been proven to be an effective
analysis tool not only in different fields, especially in cultural heritage (CH) [1–3], but also
in studying historical data (like maps, drawings, and statistical data), becoming historical
GIS (HGIS) [4]. Having data stored in a structured way, as in GIS, allows the performance
of queries on large records that could be challenging for a human, demonstrating effec-
tiveness in analyzing phenomena’s evolution over time, such as in the cases of historical
earthquakes [5] or political boundaries changing [6]. Additionally, an HGIS can be used to
collect and catalog historical documents—like newspapers and depictions [7]. Historical
data can be connected to past landscapes they represent, they can be attached as simple
attachments, or they can be georeferenced, and geometries can be extracted, as in [4,8].
Environments not visible today can be reconstructed by extracting 2D features from the
georeferenced historical maps; then, the reconstructed space can be navigated through
space and time, thanks to the database (DB) structure, as in [7]. Unfortunately, most of
these studies remain relegated to GIS projects loaded on local computers. Moreover, a GIS
requires downloading software, and users must be GIS experts; meanwhile, to understand
data, it is not required to have GIS skills. These limitations were overcome through the
advent of WebGIS platforms [9]; this term is sometimes replaceable with GeoWeb [10].

A WebGIS offers advantages such as global coverage of an audience, a large number of
users working on the same project thanks to scalability, a low cost per user, cross-platform
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capabilities in terms of devices’ typology and related operating systems, and ease of use [11].
Today, WebGIS applications are commonly used as providers of geographical data [12], in
planning territorial maintenance [9], and for disaster analysis and risk prevention [13,14].
Moreover, other innovative WebGIS applications have recently arisen in the CH domain [15–20].
Very few studies have exploited a WebGIS for the humanities, but it demonstrates great potential
in these areas. Especially when research deals with archival materials, a WebGIS opens the
door to material stored in uneasy-to-access depots, also providing access to georeferenced
historical cartography, like in the cases of the Portals of the Geological Survey of Italy [21], the
State Archive of Como (Italy) [22], and 19th-century maps of Cyprus [23,24]. In addition to
being georeferenced and representing digital archives, a WebGIS also allows the spatialization
and visualization of conceptual places, like Dante’s Inferno [25], or the comprehension of
a huge amount of documentation of physical places, as in Mapping Ancient Athens, which
covers 160 years of archaeological excavations [26]. Past events can be retraced and narrated
in WebGIS applications, and the visualization of ephemeral architecture can be achieved by
reconstructing structures, thanks to historical depictions and maps, as in the case of Napoleon‘s
journey to Venice [27]. A WebGIS is used not only for data archiving, visualization, queries,
and downloads but also for generating analysis maps—such as density maps and statistical
data—allowing the retrieval of, for instance, the distribution of historical images for the Yunnan–
Vietnam Railway [28]. Relationships between historical events, their locations, and people
can be observed over time, such as the influence played by an important Chinese politician
across China [29] or the Australian places visited by the explorer Sir Joh Forrest over the 19th
century [30]. In [31], a WebGIS was applied to research the Chinese diaspora in Southeast Asia,
connecting religious sites with archival and historical sources. More advanced studies have
provided analytical tools in a 3D WebGIS to analyze 3D models georeferenced in space, as in
the MayaArch3D project for the UNESCO site of Copan (Honduras), where 2D and 3D data are
integrated [32].

As demonstrated in these studies, WebGIS applications enable experts in the humani-
ties and non-information and communication technologies (ICT)—and non-GIS experts in
general—to integrate information and explore relationships hidden in various documents
that, without the use of a WebGIS, would remain difficult to discover. Structuring a WebGIS
platform helps researchers reduce the complexity of querying numerous data, spatializing
them, referring them to a specific time, and saving time for experts [29]. Unfortunately,
these studies are limited in different ways. In general, people experience places from
the human point of view and in a 3D visualization, and not using 2D representations
from a bird’s-eye view. In almost all the studies here considered, a WebGIS is solely con-
ceived as 2D, missing an opportunity to make historical places more understandable to
everyone [21,28,29]. Ontologies and cataloging standards for historical documents and
architectures are rarely adopted and declared; good examples are the study conducted
by Wei [29] for ontologies’ applications in relating people, events, places, and time—and
the Istituto Superiore per la Protezione e la Ricerca Ambientale (ISPRA) geoportal—regarding
the application of cataloging standards to maps. Relationships are not always considered,
missing an opportunity to expand knowledge; a good example is provided by [28]. Often, a
WebGIS is employed to publish research results, but the link is not provided or is no longer
available—like in the MayaArch3D project [32] 1—overlooking the opportunity provided
by a WebGIS to exchange data and stressing the need for maintenance or archival plans
for WebGIS applications. In general, WebGIS maintenance is neglected in the observed
literature, risking tool inaccessibility and, thus, data loss.

1.2. WebGIS Overview

From the users’ side, a WebGIS does not require downloading GIS software or expertise
in using it; only a device and the internet are necessary, showing the ease of WebGIS
usage [9]. From WebGIS creators’ side, different types of expertise are requested to design
and create a WebGIS application, mainly depending on the usage of commercial or free and
open-source solutions [33,34]. When the architecture of a WebGIS relies on free and open-
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source solutions—such as QGIS 2, gvSIG 3, GRASS GIS 4, and Thuban 5—many software
are involved, and more ICT skills are needed 6. Commercial solutions—such as ArcGIS Pro
7 (ESRI), GeoMedia 8 (Hexagon), and AutoCad Map 3D 9 (Autodesk)—offer services and
packages ready to be used, simply inserting the desired data, and they provide customized
solutions that request minimal interface design; otherwise, application programming
interfaces (APIs) are provided for developers to fully customize their applications [14].
Commercial solutions have proven to be more costly but less time-consuming than open-
source solutions that request operator expertise in GIS and ICT [33].

Technically, a WebGIS 10 is based on a DB that can be managed using the GIS software
itself [10] or that can be based on different DB models—relational, object-oriented, hierar-
chical, or network DBs—managed via a specific database management system (DBMS), like
MySQL 11 or PostgreSQL 12 [29,32]. Due to their nature, relational DBs allow the relation
between entities, representing the most logical solution for projects dealing with cataloging
and archiving [35], common activities performed when dealing with CH. Data can be stored
in spatial DBs to handle geometries and their coordinates in a defined reference system [28].
Data can be queried using structured query language (SQL), and predefined queries can be
integrated into the application, enabling users to apply them just by clicking a button and
without knowing SQL [32]. When dealing with CH, building the data structure—especially
in the case of relational DBs—is the most costly and time-consuming stage of a GIS project,
but structured data are more usable for computers than unstructured ones [36,37]. Using
thesauri, linked open data (LOD), and ontologies clearly define concepts and their mutual
relations, avoiding misunderstandings among experts in different fields and promoting
data exchange. Connecting a WebGIS to a DB stored on an online server allows a more
collaborative working solution [5]. In addition to textual data, images are paramount
sources of information, providing more data than the metadata about what is represented.
Therefore, the combination of text-based and image-based searches could constitute a pow-
erful tool that led us to rethink the method we use for our studies [38] and how WebGIS
interfaces are designed. A WebGIS can constitute a helpful tool for many studies, but it
cannot be exhaustive or be overloaded with data; thus, integration with other interfaces like
websites could be beneficial [39,40]. However, the observed literature does not consider the
use of geo-DBs for WebGIS design, and integration with websites is scarcely applied in the
digital humanities [21,22,27–29,31].

Different data types can be inserted into a WebGIS (raster and vector data); tables stor-
ing only textual and/or numerical data and relations between them can be displayed [28].
Moreover, GIS can exploit standardized geospatial services provided by different carto-
graphic services—like the Open Geospatial Consortium (OGC)—as online services, such as
a web map service (WMS), to display maps as image files, a web feature service (WFS) to
display vector data in geographical markup language (GML) coding, and web coverage
services (WCSs) to provide access to geodata describing phenomena varying in space [34].
The usage of standardized geospatial services is beneficial because they provide interop-
erability in geographical data, allowing data exchange and integrability. Recently, some
steps forwards have extended WebGIS potentialities and applications. Three-dimensional
models—such as point clouds, triangular irregular networks (TINs), and building informa-
tion models (BIMs)—can also be loaded into GIS software and uploaded onto a WebGIS,
giving birth to 3D WebGIS applications [32]. Three-dimensional models can be loaded with
different levels of detail (LoD)—to provide a synthetic index of the geometric level of detail
of a model [41]—and queried. Three-dimensional elements can be selected according to
time, and new relationships can be discovered on a WebGIS, providing a new collaborative
working tool in the humanities [32]. Three-dimensional visualization can be generated in
many ways. Two-dimensional footprints can be extruded according to the height stored
in a field, as in [3,42]. More detailed 3D models—reality-based or documents-based—can
be integrated with a simple link in the record that opens a dedicated software for its vi-
sualization, such as in [4], or 3D models can be loaded into GIS environments. Different
data types can cooperate to generate other data, as point clouds and vector files can be
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combined to extract roof shapes and obtain digital terrain models (DTMs) and digital
surface models (DSMs), as in the case of the urban model of the City of Turin [42]. A
WebGIS is limited by the ability to visualize large, complex and large, polygonal mod-
els [32], but thanks to WebGL and graphics-processing power, today, 3D scenes are loaded
faster and smoother than what happened some years ago on the web, providing more
intuitive ways for understanding [11]. Alongside 3D visualizations in a WebGIS, virtual
reality (VR) visualization is supported [11,42,43], and recently, machine learning algorithms
have been combined with a WebGIS to predict landslide risk [44], observe traffic behavior
through social media data [45], detect and quantify forest damage [46], and evaluate hotel
locations [47]. Additionally, real-time data can be collected and displayed in WebGIS
applications, creating smart workflows and expanding the potentialities of collaborative
works [11], like taking advantage of the acquisition of crowdsourcing data [13]. A We-
bGIS is a tool that facilitates access to culture and makes knowledge understandable to
a broader audience, but it could also be a teaching tool [48]. From this perspective, We-
bGIS applications have become more appealing learning, teaching, and working tools, but
VR applications, artificial intelligence, real-time data, and crowdsourcing data are rarely
exploited in a WebGIS for the CH domain or in the humanities. WebGIS applications, as
digital products, risk data loss and rapid application obsolescence due to their inherent
vulnerability in the ever-evolving technological panorama. The ease of web content pub-
lication and the rapid content updates pose two fundamental questions: what should be
archived, and is it worth the effort? Acknowledging the challenge of maintaining digital
products, especially on institutional platforms, initiatives like the Internet Archive 13 and
its Wayback Machine 14 have emerged [49]. The Wayback Machine allows users to archive
web pages for future access, mitigating the impact of web page unavailability. The usage of
persistent identifiers, like the Digital Object Identifier (DOI), is another solution, ensuring
reliable retrieval and access to digital items [50]. However, DOI availability is limited to
recognized institutions, enhancing credibility. Yet, when dealing with cultural heritage
(CH), the focus often shifts to preserving CH through digital products, sidelining essential
digital preservation aspects. The London Charter [51] addresses the topic of sustainable
strategies to ensure the long-term preservation of CH-related digital visualizations, em-
phasizing the importance of maintaining access to digital objects, rather than preserving
the storage medium. While it provides a general framework, technical issues are not
explicitly addressed. Many research projects documenting CH lack a plan for the long-term
preservation of digital objects, as reported by [52]. For 3D models’ long-term preservation,
some aspects should be addressed in relation to digital products’ life cycle (like storage
space, the data format, accessibility, usability, metadata, cost, documentation, and the
preservation scope), aspects that often are not discussed or defined when starting a digital
project [53–55]. When dealing with spatial data like with GIS, other issues arise. File format
adoption in GIS presents challenges for data preservation, with proprietary formats posing
compatibility risks. Relational databases with spatial data require attention to preserve
relationships for data integrity. Open-source DBMS like PostgreSQL are suggested, but
the preservation aspect is often overlooked when selecting DBMS or GIS software. The
complexity increases when considering applications running on the web, as highlighted by
the National Geographical Digital Archive. In addition to content preservation, medium
preservation has also become crucial for the survival of the entire web system. Actions
such as software upgrades, data backups, monitoring, and migration to stable technologies
are crucial for preserving digital products on the web. Without proper life cycle planning,
data may become inaccessible, and recovery costs may outweigh maintenance expenses,
like in the case of the Canada Land Inventory [56]. While extensive documentation and
working procedures are recognized as fundamental for mitigating risks, not all institutions
and groups invest in these actions, leaving room for uncertainty but also opportunities for
improvement [57,58].
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1.3. Research Aim

Recognizing the need for documentation describing a WebGIS that could be useful
for its long-term preservation, which aspects should be included in the documentation,
and how can they be summarized? Additionally, considering the potential offered through
a WebGIS application, can this be beneficial to study past events in the humanities field?
This paper outlines the development of a new, dedicated 2D/3D WebGIS for the Turin
1911 project, detailing the procedural workflow and its integration into a dedicated website
and considering aspects sometimes neglected in the literature—like WebGIS testing and
maintenance. The aim is to propose a tailored workflow and a novel report to document
how the WebGIS is achieved and maintained. This WebGIS can be replicated for other
World’s Fairs and, if properly readapted, to ephemeral or no-longer-visible architecture
in general. Conversely to much research considered in the previous section, in this paper,
a WebGIS is not solely applied for dissemination purposes but also demonstrates how
WebGIS applications can be used as easy tools supporting the research itself, providing
a new, interactive way to explore ephemeral architecture and unveil hidden connections.
Section 2 explains the Turin 1911 project—the applicative case study—focusing on the
analysis of the digital documentation of Worlds’ Fairs, and it describes the designed
workflow. Section 3 illustrates the obtained results. Section 4 discusses how WebGIS
applications can be fruitfully applied to ephemeral architecture studies and documentation.
Section 5 presents the final conclusions and recommendations.

2. Materials and Methods

This study takes a single fair, the Turin 1911 International Exposition, as a case study
for ephemeral architecture documentation. After the presentation of the Turin 1911 project,
this section illustrates the state of the art of the digital documentation of World’s Fairs to
introduce the topic. Finally, the workflow for the development of a tailored WebGIS is
illustrated, covering all phases involved, from the design of the WebGIS to its maintenance.

2.1. The Turin 1911 Project

World’s Fairs, prominent mass gatherings in the 19th and 20th centuries, highlighted
the evolving world of modernity but were ephemeral events conceived to showcase,
rather than preserve, ephemeral architecture and what they displayed. The Esposizione
Internazionale delle Industrie e del Lavoro (International Exposition of Industry and Labour)
held in Turin (Italy) in 1911 was no exception; after its closing, documents—sole witnesses
of magnifying but ephemeral architecture—found shelter in several repositories worldwide,
making their study nearly impossible.

Led by the University of California San Diego (USA) and Politecnico di Torino (Italy),
Turin 1911 [59] is a digital project (https:italyworldsfairs.org accessed on 8 Feruary 2024)
dedicated to the documentation and study of the 1911 World’s Fair held in Turin on the
occasion of the 50th anniversary of the Reign of Italy. The World’s Fair took place in the
fabulous location of Valentino Park, covering around 1 million m2—of which 250,000 m2

were covered [60]—an area that is larger than the actual park (Figure 1) and has mostly
changed over time. Around two hundred ephemeral objects in different styles were built
for the fair and predestined to be dismantled or destroyed at the closing of the event.
This architecture reappeared on fragile paper documents (Figure 2) and in a few historical
documentaries. In 2009, the Turin 1911 project team developed a website devoted to the
documentation and analysis of the 1911 Turin International Exposition. The website was
mainly conceived as a digital archive and was based on a DB designed to display all the
documents dispersed in numerous archives, libraries, museums, and collections spread
worldwide, both public and private. The archival goal responded to a global need. Before
2010, there was no dedicated archive exclusively focused on World’s Expositions, when the
first international institution for the World’s Fairs documentation was created, the World
Fairs Museum.

https:italyworldsfairs.org
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Figure 1. The actual perimeter of Valentino Park on the 2018 orthophoto (above) and the perimeter 
of the 1911 fair on the historical map (below), N.A. [1911]. Esposizione internazionale di Torino 1911. 
Planimetria generale. Turin: Grand Didier, original scale 1:1000, 90 × 35 cm (Cristina Della Coletta 
Collection, CDC-TM-0001). 

 
Figure 2. Esposizione internazionale di Torino 1911. Panorama generale by A.D.T. N.1, 10 × 14 cm cover, 
70 × 13.5 cm panorama (Cristina Della Coletta Collection, CDC-PA-0001). 

The website dedicated to the Turin 1911 exposition sought to establish a more 
enduring and structured platform for the numerous materials associated with this fair, 
streamline research processes, and evolve into an innovative forum for exploration. In 
2018, the Turin 1911 project moved a step forward by virtually reconstructing a few of the 
1911 Turin pavilions. Starting from the collected archival materials, and thanks to the 
contributions of architects and engineers, ephemeral architecture can now be easily 
observed in 3D [61,62]. Furthermore, various methods were experimented with to conduct 
the 3D metric survey of the Medieval Hamlet and Valentino Castle that are still visible 
today [63,64]. After more than 10 years since its construction, the Turin 1911 website seems 
obsolete in content navigation, and the DB presents many issues. The website displays a 
dated appearance (Figure 3) and requires re-platforming; the content lacks optimal 
organization and presentation, and the tools for visualizing images and books are 
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Figure 2. Esposizione internazionale di Torino 1911. Panorama generale by A.D.T. N.1, 10 × 14 cm cover,
70 × 13.5 cm panorama (Cristina Della Coletta Collection, CDC-PA-0001).

The website dedicated to the Turin 1911 exposition sought to establish a more enduring
and structured platform for the numerous materials associated with this fair, streamline research
processes, and evolve into an innovative forum for exploration. In 2018, the Turin 1911 project
moved a step forward by virtually reconstructing a few of the 1911 Turin pavilions. Starting
from the collected archival materials, and thanks to the contributions of architects and engineers,
ephemeral architecture can now be easily observed in 3D [61,62]. Furthermore, various methods
were experimented with to conduct the 3D metric survey of the Medieval Hamlet and Valentino
Castle that are still visible today [63,64]. After more than 10 years since its construction, the
Turin 1911 website seems obsolete in content navigation, and the DB presents many issues.
The website displays a dated appearance (Figure 3) and requires re-platforming; the content
lacks optimal organization and presentation, and the tools for visualizing images and books
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are outdated. The DB is not a spatial DB; nor are thesauri and standards followed to catalog
the archival materials. Thus, it is not optimal for studying the Turin 1911 Fair [65]. Hence, a
new geo-DB comprising georeferenced data and organized following cataloging standards and
thesauri was created. The new website was designed, prototyped, and integrated with WebGIS
applications to also display the 3D models of the reconstructed structures [39,40]. The website
domain (italyworldsfairs.org) was preserved, and from 27 October 2023, the new Turin 1911
website is visible instead of the old one. The old website was archived, thanks to the Internet
Archive Wayback Machine 15, and it is visible on its dedicated webpage 16.
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spectators to showcase the latest innovations; additionally, they are places of international 
architectural impact where iconic structures survive in cultural memory. Only a few 
structures survive after the closing of these events, like the Space Needle in Seattle (WA), 
while others are dismantled or destroyed, like the Crystal Palace in London (UK). Due to 
their intrinsically ephemeral aspect, World’s Fairs architecture is destined not to endure 
every time physically, and this innovative architecture faces the risk of being lost. If little 
regard is afforded to architectural survival, even less attention is given to preserving the 
materials documenting a World’s Fair—such as guidebooks, photographs, technical 
drawings, and videos—that often represent the sole physical witnesses of these ephemeral 
events. Various private or public institutions—like archives, museums, and libraries—
preserve the original documents but are located worldwide, so the identification, consultation, 
and study of all the documents related to a World’s Fair become hard tasks. Classical access 
to archival materials is even more complex if we consider aspects like incomplete and 
monolingual inventories and fragile or difficult-to-handle materials [66]. Archives are 
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Fairs, but the accessibility of repositories is still the main obstacle in CH research, also due to 
budget limitations [38]. 

On one side, archival research can be extremely time-consuming and costly; on the 
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2.2. Digital Documentation of World’s Fairs

As already reported, World’s Fairs 17 are ephemeral events able to attract millions of
spectators to showcase the latest innovations; additionally, they are places of international
architectural impact where iconic structures survive in cultural memory. Only a few struc-
tures survive after the closing of these events, like the Space Needle in Seattle (WA), while
others are dismantled or destroyed, like the Crystal Palace in London (UK). Due to their
intrinsically ephemeral aspect, World’s Fairs architecture is destined not to endure every
time physically, and this innovative architecture faces the risk of being lost. If little regard
is afforded to architectural survival, even less attention is given to preserving the materials
documenting a World’s Fair—such as guidebooks, photographs, technical drawings, and
videos—that often represent the sole physical witnesses of these ephemeral events. Various
private or public institutions—like archives, museums, and libraries—preserve the original
documents but are located worldwide, so the identification, consultation, and study of all
the documents related to a World’s Fair become hard tasks. Classical access to archival
materials is even more complex if we consider aspects like incomplete and monolingual in-
ventories and fragile or difficult-to-handle materials [67]. Archives are paramount sources
of primary data for researchers, especially for ephemeral CH like World’s Fairs, but the
accessibility of repositories is still the main obstacle in CH research, also due to budget
limitations [38].

On one side, archival research can be extremely time-consuming and costly; on the
other side, the rapid development of ICT offers unprecedented conditions for easing
archival research. Among the ICT available in everyday life, the most-used technologies
for communication and information are the internet, computers, and smartphones since
they ease daily activities [68]. Today, the internet represents a new place to start a research
project [69,70], and the advent of mobile devices has redefined access to the documentation



Heritage 2024, 7 920

of CH and how research is conducted [68]. The digitization of archival material and online
publishing expose them to a broader audience while preserving the original. Nevertheless,
online research can be counter-productive due to the huge amount of data available on-
line; thus, metadata have become relevant to perform productive queries when the online
data amount becomes huge [71]. Additionally, starting from visual documentation like
photographs, maps, and drawings, a 3D digital reconstruction can be achieved. While not
always essential, a 3D representation of an object can enhance comprehension, making
the invisible architecture visible and comprehensible to non-experts in architecture mod-
eling [67]. Digital projects for CH often lack coordination among institutions, a common
language, and shared procedures [72].

In this framework, the digital documentation of World’s Fairs is no exception. Unlike
other CH—like archaeological excavations or underwater CH—World’s Expos have no
dedicated international conventions, guidelines, or recommendations for their documenta-
tion, nor is a single cataloging standard well suited to describe a historical event, providing
a 360◦ overview. World’s Fairs are only regulated by the Bureau International des Exposi-
tions (BIE) [73], according to the 1928 Paris Convention [74], which focuses only on event
organization. Thus, World’s Fairs’ protection and study are not undertaken despite their
relevance to humankind’s culture. Regarding ICT applications, the BIE website provides
an inventory of all World’s Fairs [75], but this inventory is only browsable by clicking on
a single exposition; data cannot be queried, filtered, or compared. In addition to BIE, the
most important institution for World’s Fairs is the World Expo Museum [76] in Shanghai,
which is today the only international center for World’s Fairs’ documentation recognized
by the BIE. The World Expo Museum gathers all kinds of original materials, promotes
World’s Fairs-related activities, and has a documentation center and a library. Nevertheless,
the World Expo Museum lacks digital tools to disseminate what it preserves; for instance,
sending an email, making a phone call, or making an in-person visit are the only ways
to verify whether the library owns a book because the institution lacks an online catalog.
In addition to the World Expo Museum, many institutions demonstrate a great interest
in preserving World’s Fairs heritage, carrying on digitization activities and the online
dissemination of the archival material documents that they own. Few museums have
permanent collections related to individual exhibitions, such as the Queens Museum in
New York [77] and the Museum of the City of New York [78]. In addition to a physical
exhibition, both institutions try to digitally display their materials online, providing digital
images for the collected materials that are accompanied by metadata.

Only a few libraries, mainly based in the United Kingdom and the United States,
are creating digital collections specifically dedicated to Universal Expos 18. Among these,
notable for their effort—especially in digitization, online publishing, metadata provision,
and free access—are the Century 21 World’s Fair Digital Document Library by the Seattle
Public Library and the Louisiana Purchase Exposition: The 1904 St. Louis World’s Fair by the
Missouri State Library and Archives. Furthermore, the Smithsonian Library provides a
DOI to guarantee a never-changing string to store and retrieve the digital element and its
metadata. The University of Maryland Collections websites provide a subdivision of the
material according to the fair name and object type (like photographs and catalogs), but
there is no connection with a thesaurus, nor are terms’ definitions provided, leaving space
for ambiguity. Despite all these efforts, these collections are always part of institutional
websites, remaining trapped in data structures not specifically designed for World’s Fairs’
documentation. Additionally, content navigation design often creates obstacles, rather than
facilitating research. Mainly, a search is performed by typing keywords and selecting filters,
which is perfect for expert users who already know the collection, but these tools are not
welcoming for non-experts.

Two publishing companies have created digital collections about World’s Fairs for research
and education purposes; they base their repositories on original archival materials preserved
by other libraries and archives. The Smithsonian Collections Online; World’s Fairs and Expositions,
Visions of Tomorrow [79]—by the GALE company 19—simply shows the digitized material for
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7 sample expositions. Users are free to explore the digital documents by interactive flip books
but can also download PDF files. The World’s Fairs. A Global History of Expositions [80] digital
collection—by Adam Matthew (SAGE publishing company) 20—shows the most interesting
system to systematically collect and display digitized and categorized materials. In addition to
images, the digital collection extensively uses 360◦ object viewers, sound-play tools for audio,
and flip books. Furthermore, using interactive plans, Adam Matthew is the sole one trying to
locate the archival material in space using a 2D map. Despite all this, access is restricted, and no
information about the meaning of the categories is provided.

Finally, very few digital projects—ExpoMuseum [81], the 1939 New York World’s Fair 21,
and the World’s Columbian Expositions of 1893 [82]—started through the initiative of individuals
(and not institutions) with the primary aim to create something digital. The World’s Columbian
Exposition Reconstruction represents the sole case in which 3D modeling aspires to reconstruct
a fair entirely. Despite this effort, the main aim is not the study of the fair itself and its online
public sharing; rather, the fairground is used as a testbed for educational and research purposes.
Therefore, many aspects are not considered, such as the long-term archiving of the models or
the connection to the original documents that are the sources for the 3D modeling.

All of these digital collections are basically physical collections converted into a digital
form, regarding dissemination on the internet as a support but not as the primary aim.
With the technologies available today, much more can be done to facilitate public access
to documents closed in many depots, combine them to expand knowledge, extract other
information, and empower their study.

2.3. Workflow Definition

Many software types, models, and methodologies are available to develop a WebGIS;
in this paragraph, we propose a tailored workflow that can be applied not only to the
Turin 1911 case study but also to other WebGIS platforms for CH documentation. The
present workflow is particularly focused on a WebGIS for CH, and it improves the WebGIS
development cycle proposed by Alesheik in 2002 [12]. The proposed workflow also takes
inspiration from the waterfall method 22—it is subdivided into planning, analysis, design,
implementation, testing, and maintenance phases—and it integrates other key aspects.
When designing a WebGIS for a specific project, it is important to consider technical as-
pects influencing the cost, development time, and needed expertise, as suggested in [33].
Additionally, other aspects, like the scope of usage, target audience, data interoperability,
software compatibility, WebGIS application configuration (like for smartphones, tablets,
and desktops), operating systems, languages, terms’ definitions based on thesauri, ontolo-
gies, working documentation, and data authorship, should be considered. The proposed
workflow can be summarized in 4 phases: design, implementation, testing, and main-
tenance. In the following subparagraphs, for each phase, aspects to be considered are
reported for comprehensive guidance; then, results regarding the Turin 1911 WebGIS are
reported in Section 3.

2.3.1. WebGIS Design

When designing a WebGIS, the first aspects to be clarified are the scope and target
users. Then, devices, browser applications, and operating systems should be defined. After
these preliminary steps, the most relevant aspect to consider is the data. In some cases,
data can be already available—like data that come from existing repositories—they can
be generated from specific acquisitions like questionnaires, or they can be acquired via
sensors. Existing data should be searched, analyzed, and harmonized in a data structure.
Building or adapting a data structure could be the most challenging step [36,37]. Data
should be structured according to their goal and users, and a DBMS has to be selected
according to needs [28], using—as far as possible—cataloging and geographical standards
or guidelines. A reusable data structure for CH documentation does not exist, and it needs
to be tailored according to the case study, requesting time and expertise in cataloging
and systematizing [19,33]. In the design process, using a common thesaurus for CH is
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essential for the dialogue between different experts [33], and LOD can expand on the
contextualization of CH, as demonstrated in [83]. In this phase, entities composing the DB—
like tables, polygonal features, and raster features—and the data schema can be defined
using different approaches. Codd [84] proposed a method that uses conceptual, logical,
and physical models, following an ever-increasing level of detail. According to Sensini [85],
there are three approaches for DBs’ design: top-down, bottom-up, and mixed. Technically,
according to Ismanto [9], a WebGIS should include 5 key components: a web application,
digital base maps, operational layers, one or more geo-DBs, tools, and tasks 23. Considering
the above, we propose a list of key aspects that must be defined and can be used as concise
documentation for a WebGIS: the scope, users, uses, devices, browsers, existing data, data
entities, data structure, DB model, DBMS software, GIS software, WebGIS applications, GIS
server, interoperability with other software, cataloging standard, geographical standard,
thesauri, LOD, ontologies, data, and WebGIS authorship. WebGIS specifications for Turin
1911 are discussed and summarized in a table reported in Section 3.

2.3.2. WebGIS Implementation

Independently from the selected software, we propose the following steps to imple-
ment a WebGIS:

1. Raster maps and vector data preparation;
2. Online data sharing;
3. Two- or three-dimensional WebGIS creation.

These steps were used for the Turin 1911 case study, and their results are reported
in Section 3. In raster maps and vector data preparation, historical maps are selected,
georeferenced, and used to extract 2D and 3D vector data. A data source, georeferencing
method, and reference system are specified. The process of deriving geometries from
historical maps is briefly explained. Some aspects related to the selected software—ESRI
produces—are addressed. In detail, regarding vector data, ArcGIS Pro (ESRI) provides
different types of vector data to create 3D elements: 2D polygonal feature classes, multi-
patch feature classes, and 3D objects. An analysis of the three types is proposed. Regarding
online publishing, sharing data contained in a spatial DB on the GIS server can lead to the
generation of various visualization types. Several tests were performed to verify the most
efficient data type visualization since online performance differs according to the settings.
Finally, for the 2D/3D WebGIS creation, ArcGIS Online 24 and ArcGIS Enterprise 25 were
both tested in combination with Web App Builder (WAB) 26 and Experience Builder 27.
Many technical issues were faced during the creation process and were solved with an
iterative process that concurrently considered the three main steps: data preparation in
ArcGIS Pro, online publishing with ArcGIS Online and Enterprise, and WebGIS creation.
Many issues were related to the available options—since the ArcGIS Enterprise and ArcGIS
Online interfaces can be slightly different—and to the compatibility between Map Viewer
or Map Viewer Classic and the applications available to develop a WebGIS, like WAB.
Representational state transfer (REST) services, the hypertext transfer protocol secure
(HTTPS), uniform resource locators (URLs), the web map tile service (WMTS), and caching
systems were adopted to facilitate the retrieval of online data on the WebGIS and access
it. All these challenges were considered during the WebGIS creation step, influencing
the choice of one application over another. Finally, the WebGIS configuration, tools, and
integration into the Turin 1911 project website are illustrated.

2.3.3. WebGIS Testing

WebGIS testing refers to visualization, accessibility, data uploading, integration into the
website, and possible research uses. The WebGIS configurations were checked on different
devices (a desktop computer, a tablet, and a smartphone), and accessibility from different
browsers was tested. The WebGIS was integrated into the website (https://italyworldsfairs.org/
accessed on 8 February 2024), and its visualization was tested from a desktop computer, a

https://italyworldsfairs.org/
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tablet, and a smartphone. How data on the WebGIS can be updated is illustrated. Finally, some
examples of the usage from a digital humanities research point of view are illustrated.

2.3.4. WebGIS Maintenance

In this paper, maintenance refers to all actions performed to keep the WebGIS acces-
sible, ensuring its functionality and usability, surviving operating systems and software
obsolescence over the years. Section 3 discusses key aspects considered for Turin 1911,
namely data, software and server updates, compatibility preservation, data and application
backups and security settings, and strategies for long-term accessibility and archiving.

3. Results
3.1. WebGIS Design

The Turin 1911 WebGIS was designed as an interactive map for non-GIS scholars and the
general public to be incorporated into the conventional website. The WebGIS is a tool for both
the dissemination and study of the Turin 1911 Fair, taking the Adam Matthew Collection (see
Section 2.2) as a guiding example. The WebGIS was designed for desktop computers, tablets,
and smartphones using the browsers Apple Safari 28, Google Chrome 29, Mozilla Firefox 30,
Microsoft Edge 31, Opera 32, or Samsung Internet 33. In the past years, a research group at the
University of Virginia created and connected a DB to a website for the Turin 1911 project. The
DB was a PostgreSQL relational DB running on an Ubuntu server. The DB model was designed
for the Divina Commedia and re-used for the Turin 1911 project. The structure of this former DB
was analyzed, stressing challenges—such as the lack of structured terms and geometries—and
potentialities—such as the archival materials’ classification and the usage of a website retrieving
data from a relational DB. A first attempt to preserve and enable the existing DB as a geo-DB
was reported in [40]. After critical considerations about preserving the DB, a new strategy was
designed and followed. Following the DB modeling defined by Codd [84] and a bottom-up
approach, a new geo-DB was conceived based on a fresh conceptual model in which entities
and the relations between them were identified, as in Figure 4. The spatial entities are built
environment objects and components 34.
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WebGIS serves as a straightforward tool aimed at offering a comprehensive view of all 
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Figure 4. Conceptual model of the new geo-DB. 

A simplified 3D visualization of all the expositive built environment objects was pre-
ferred instead of more expensive and detailed 3D modeling. The 3D rendering of the ob-
jects, obtained by extruding the 2D geometry according to its height, enabled editors with-
out GIS expertise in editing the geometries to simply type the numerical height of the 
object. Though schematic, this visualization makes visible what is no longer observable 
today. The WebGIS was conceived only for visualization and not data editing. The 
WebGIS works as an entry point to individual built-environment objects’ and compo-
nents’ web pages, providing minimal information on the WebGIS and allowing a thor-
ough examination of the conventional web pages. The website shows all the entities con-
tained in the geo-DB, connecting textual data, images, videos, music, and 3D models. The 
website and the WebGIS work in parallel, and they do not substitute each other. On the 
WebGIS, a few options for navigation (like zooming, panning, rotation, and localization), 
image and text searching tools, and preset filters allow the user to analyze data in space. 
After a careful evaluation with ICT experts who developed the website and managed the 
servers, we selected commercial software by ESRI since it provides extensive documenta-
tion, technical support, and many solutions for WebGIS development that do not require 
ICT expertise. ArcGIS Pro was selected as the GIS software, PostgreSQL as the RDBMS, 
and Lavarel38 as the web application framework. For compatibility issues, the following 
versions were selected for this implementation: ArcGIS Pro 2.9, ArcGIS server 10.8.1, Post-
greSQL 13.3 (64 bit), PostGIS 3.1, and Ubuntu 20.4.4. The DB and software for web devel-
opment and DBMS are stored on a Linux 5.4.0 (64-bit) machine in San Diego, providing a 
stable repository for the geo-DB. ArcGIS Enterprise and ArcGIS Online offer different 

Figure 4. Conceptual model of the new geo-DB.

The non-spatial entities are architectural documents, archival materials, a glossary,
lists, locations, protagonists, and secondary sources 35.
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The glossary entity collects all the indexing terms derived from thesauri, while the
lists entity defines the categories to which the terms in the glossary belong. Additionally,
blocks of the City of Turin (vector data), a 1911 City of Turin map (raster data), a 1911 Turin
fairground map (raster data), and a City of Turin DTM (raster data) were used but not
inserted into the geo-DB stored on the server. Entities and fields were structured according
to an ad hoc schema developed for the Turin 1911 World’s Fair; this is a novel combination of
the International Standard Bibliographic Description (ISBD) in the International Federation
of Library Association 36 (IFLA) and Getty Research Institute 37 documents, namely the
Guide to the Description of Architectural Drawings by the Foundation for Documents
of Architecture (FDA) and the Categories for the Description of Works of Art (CDWA).
The classification established in the old website was improved upon using terminologies
extracted from Getty thesauri—the Art and Architecture Thesaurus (AAT), Union List of Artist
Names (ULAN), and Thesaurus of Geographic Names (TGN)—which are also available as LOD.
In addition to their use as cataloging standards, WMS and WFS are used as geographical
standards. The architecture overseeing geo-DB management and data visualization adheres
to the schema depicted in Figure 5. It manages two methods of interactions: a more
prevalent one through a website and a less common one via a WebGIS.
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applications to create a web app or website39; among these, WAB and Experience Builder 
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Figure 5. The architecture design for Turin 1911 operational environment [40]. 

Table 1. Synthesis of the Turin 1911 WebGIS specifications. 

Scope 
Simple tool to explore and research the built-environment objects and components of the 
Turin 1911 World’s Fair. WebGIS integrated into a website. Little information is inserted 

into the WebGIS; in-depth information is on the website. 
Users Scholars without GIS expertise and the general public. 

Uses 
Only 2D/3D visualization with little information using basic tools (navigation, preconfig-

ured searching, and querying tools). 
Devices Desktops, tablets, and smartphones. 

Browsers Apple Safari, Google Chrome, Mozilla Firefox, Microsoft Edge, Opera, and Samsung In-
ternet. 

Existing data Retrieved data harmonized in a new data model. 

Data entities 

1911 City of Turin map (raster data), 1911 Turin fairground map (raster), architectural 
documents (non-spatial data), archival materials (non-spatial data), blocks of the City of 
Turin (vector data), built-environment objects (vector data), components (vector data), 

DTM (raster data), glossary (non-spatial data), lists (non-spatial data), locations (non-spa-
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DB model Relational geo-DB stored on an Ubuntu server. 
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Figure 5. The architecture design for Turin 1911 operational environment [40].

The website (https://italyworldsfairs.org/ accessed 8 February 2024) has a dedicated
back-office for data editing, pointing at the same geo-DB of the WebGIS. The devised WebGIS
serves as a straightforward tool aimed at offering a comprehensive view of all constructed
environmental objects for the exposition and the corresponding archival documentation. It aids
users in locating and contextualizing every object within the 2D/3D environment.

A simplified 3D visualization of all the expositive built environment objects was
preferred instead of more expensive and detailed 3D modeling. The 3D rendering of the
objects, obtained by extruding the 2D geometry according to its height, enabled editors
without GIS expertise in editing the geometries to simply type the numerical height of the
object. Though schematic, this visualization makes visible what is no longer observable
today. The WebGIS was conceived only for visualization and not data editing. The WebGIS
works as an entry point to individual built-environment objects’ and components’ web

https://italyworldsfairs.org/


Heritage 2024, 7 925

pages, providing minimal information on the WebGIS and allowing a thorough examination
of the conventional web pages. The website shows all the entities contained in the geo-DB,
connecting textual data, images, videos, music, and 3D models. The website and the
WebGIS work in parallel, and they do not substitute each other. On the WebGIS, a few
options for navigation (like zooming, panning, rotation, and localization), image and text
searching tools, and preset filters allow the user to analyze data in space. After a careful
evaluation with ICT experts who developed the website and managed the servers, we
selected commercial software by ESRI since it provides extensive documentation, technical
support, and many solutions for WebGIS development that do not require ICT expertise.
ArcGIS Pro was selected as the GIS software, PostgreSQL as the RDBMS, and Lavarel 38

as the web application framework. For compatibility issues, the following versions were
selected for this implementation: ArcGIS Pro 2.9, ArcGIS server 10.8.1, PostgreSQL 13.3 (64
bit), PostGIS 3.1, and Ubuntu 20.4.4. The DB and software for web development and DBMS
are stored on a Linux 5.4.0 (64-bit) machine in San Diego, providing a stable repository
for the geo-DB. ArcGIS Enterprise and ArcGIS Online offer different applications to create
a web app or website 39; among these, WAB and Experience Builder were selected and
evaluated in the implementation phase (see Section 3.2). As proposed in the workflow
definition (see Section 2.3.1), suggested key aspects summarizing the Turin 1911 WebGIS
specifications are reported in Table 1.

Table 1. Synthesis of the Turin 1911 WebGIS specifications.

Scope
Simple tool to explore and research the built-environment objects and components of the Turin 1911

World’s Fair. WebGIS integrated into a website. Little information is inserted into the WebGIS;
in-depth information is on the website.

Users Scholars without GIS expertise and the general public.

Uses Only 2D/3D visualization with little information using basic tools (navigation, preconfigured
searching, and querying tools).

Devices Desktops, tablets, and smartphones.
Browsers Apple Safari, Google Chrome, Mozilla Firefox, Microsoft Edge, Opera, and Samsung Internet.

Existing data Retrieved data harmonized in a new data model.

Data entities

1911 City of Turin map (raster data), 1911 Turin fairground map (raster), architectural documents
(non-spatial data), archival materials (non-spatial data), blocks of the City of Turin (vector data),
built-environment objects (vector data), components (vector data), DTM (raster data), glossary

(non-spatial data), lists (non-spatial data), locations (non-spatial data), protagonists (non-spatial
data), and secondary sources (non-spatial data).

Data structure Novel.
DB model Relational geo-DB stored on an Ubuntu server.

DBMS software PostgreSQL 13.3.
GIS software ArcGIS Pro 2.9.

WebGIS
applications ArcGIS Online and Enterprise; WAB and Experience Builder.

GIS server ArcGIS server 10.8.1.
Interoperability with

other
software

Lavarel for website development.

Cataloging
Standard Getty CDWA and FDA guide; ISBD.

Geographical standard WMS and WFS.
thesauri Getty AAT, ULAN, and TGN.

LOD Getty AAT, ULAN, and TGN.
Ontologies Not used.

Data and WebGIS
authorship Turin 1911 team, Politecnico di Torino and University of California San Diego.
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3.2. WebGIS Implementation
3.2.1. Raster Maps and Vector Data Preparation

Among all the collected maps documenting the Turin 1911 fairground and the City
of Turin (see [39]), one map describing the fair (1:3000 original scale) and one of the City
of Turin (1:15,000 original scale) were selected as references to recreate the geometries
as they were supposed to be in 1911. For the fairground map, the selected one is by the
Gran Didier publisher (Figure 6) since it is the most detailed and reliable. For the City of
Turin map, the one contained in the Torino e dintorni book (Figure 7) was selected since,
among the available maps, it is the most detailed and displays a larger area of the city.
Shapefiles from the Base Dati Territoriale di Riferimento degli Enti (BDTRE) 40 were used as
references to georeference the historical maps, following the approach reported hereafter.
Once the historical map was loaded into ArcGIS Pro, the fairground map was georeferenced
using adjust transformation type 41 with 60 control points spread over the city, finding
homologous points in the historical map and the current map, such as corners of bridges
and buildings. The georeferencing reported 0.53 m as a root mean square (RMS) error
that is compatible with the maximum graphic error (0.6 m) of the original scale of the
drawing (1:3000). For the City of Turin map, the same approach was followed, using
the spline transformation with 64 points 42. Since ArcGIS Online is based on the WGS
1984 Web Mercator (Auxiliary Sphere) as a reference system (EPSG:3857) 43—a conformal
projection preserving shape and directions but altering area and distances 44—this system
was used for the creation of raster and vector datasets. The raster files were converted
locally from WGS84 UTM 32N (EPSG:32632) to Web Mercator in ArcGIS Pro using the
Project Raster geoprocessing tool. Then, only the map of the fair was loaded in the geo-DB
using the Raster to Geodatabase geoprocessing tool; the software took 1 h and 4 min to
complete the process since the file weight was 4.56 GB and had a ground sampling distance
(GSD) of 3.3 cm/pixel. ArcGIS Pro provides three data types to create 3D geometries
(polygonal feature classes, multi-patch feature classes, and 3D objects). Creating 3D geometries
is a straightforward process involving the extrusion of 2D polygonal feature classes based
on a field that stores height information. Without using an API for JavaScript and without
having 3D editing skills, the 3D depiction is editable online just by entering a different
value for the height.
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are not represented. Hence, the elevation is less reliable and accurate in comparison with 
the footprint representation. Even if more detailed 3D modeling of the entire fair is desirable, 
this is time-consuming and expensive, and it demands extensive research interpretations of 
historical sources to rebuild around 200 buildings. Additionally, not all architecture has 
graphical representations, and archival research is still ongoing. The Turin 1911 team is 
working on the LOD 3 representation of a few pavilions, generated on the basis of the avail-
able historical documentation [39,40]. Feature classes (components and built-environment ob-
jects) are created in the spatial DB in ArcGIS Pro using WGS 1984 Web Mercator as a refer-
ence system. The polygons of the shapefiles are loaded into the components and built-envi-
ronment objects feature classes in the spatial DB. The height of polygons in components and 
built-environment objects is contained in the elevation field in meters; this field is used to ex-
trude polygons starting from the ground. This visualization reaches an outdoor LoD 1 with-
out indoor spaces, following the LoD schema proposed by [85], which distinguishes be-
tween indoor LoDs and outdoor LoDs. The City of Turin DTM45—depicting the shape of the 
city visible today—integrates the data. 

 
Figure 6. N.A. [1911]. Esposizione internazionale di Torino 1911. Planimetria generale. Turin: Grand 
Didier, 1:3000 original scale, 90 × 35 cm (Cristina Della Coletta Collection, CDC-TM-0001). 

3.2.2. Online Data Sharing 
To create a 3D WebGIS in ArcGIS Pro, a 2D map was created with the vector and 

raster data obtained following the procedure reported before. Labels’ appearance and fea-
ture classes’ colors were defined for components and built-environment objects; aliases 
were set for each entity. Labels display the title text of the single component and built-
environment object in a balloon callout; when zooming in, starting from a certain zoom 
level, the callout is displayed, facilitating the localization of the geometries. Since the his-
torical map of the fairground is not oriented north-up, contains text at the bottom, and has 
a horizontal layout, this configuration was followed for the WebGIS design. Once these 
steps are completed, the data are ready to be shared online. 

As explained in [40], with an ArcGIS Online account, it is not feasible to develop a 
WebGIS that directly references the geo-DB, permitting the online sharing of data only as cop-
ied data. The ArcGIS Enterprise account allows for pointing directly to a spatial DB; hence, if 
an edit is applied to the data on the geo-DB, it is immediately visible on the WebGIS. To 
achieve this, it is requested to register the spatial DB connection (.sde file) using an ArcGIS 
server on the ArcGIS Enterprise Portal. With ArcGIS Enterprise, it is possible to select between 
referencing registered data or copying all data. Referencing registered data enables the display of 
information stored in the geo-DB and accommodates real-time updates. Conversely, copying 
all data generates a duplicate on the GIS server at the moment of online sharing, leading to a 

Figure 6. N.A. [1911]. Esposizione internazionale di Torino 1911. Planimetria generale. Turin: Grand
Didier, 1:3000 original scale, 90 × 35 cm (Cristina Della Coletta Collection, CDC-TM-0001).
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loss of connection with the spatial DB. Then, three configurations can be selected: exploratory, 
editable, and visualization. The exploratory configuration dynamically displays a rendered map 
image layer on which queries are supported. The editable configuration displays also feature 
layers that are editable in addition to the characteristics of the previous one. The visualization 
configuration shows only cached map image layers for fast visualization. Editing functionality 
can be activated for both reference-registered data and copied data. However, in the former sce-
nario, edits are directly applied in real time to the spatial DB itself, whereas in the latter case, 
data edits do not affect the geo-DB, as it is a duplicate of the data stored on the ArcGIS server. 
Many factors influence the data loading speed, such as the number of layers, polygons, verti-
ces, the use of shadows, labels, symbols, and layer visibility,46 but most of all, the configuration 
settings. When layers are published with any kind of configuration that references registered 
data, geometries may not consistently load in the Map Viewer application. Often, errors in 
data loading are reported, making the creation of a WebGIS based on these data impossible 
with ArcGIS Enterprise. In addition to configurations, other settings (time zones, coordinate 
system, and Z- and M-values)47 are available during the sharing phase; these must be properly 
configured to finalize the data publishing. The time zones of date fields must match the DB 
time, while the coordinate system of the layers must match the Web Mercator coordinate sys-
tem; otherwise, base maps cannot be used. Feature classes with Z- and M-values are not ed-
itable online; therefore, during the geo-DB creation, they are not set. After considering all these 
aspects, AcrGIS Online was used instead of ArcGIS Enterprise to deliver a reliable online ap-
plication with swift data loading. Predefined scales and corresponding bounding boxes were 
applied to cache the historical maps; then, they were shared as copied WMTS to be loaded 
faster. A single WFS containing the two entities—built-environment objects and components—
was published as non-editable copied data, while city blocks of Turin 1911 are published as 
individual WFS. Instead of directly pointing to the spatial DB—as should be possible with 
ArcGIS Enterprise—the raster and feature classes are copied with ArcGIS Online; since they 
are copies, the editable function is useless and, thus, was not applied. Necessary WFS layers 
can be readily overwritten to keep the WebGIS content up to date. It is important to note that, 
if there are changes to the data schema, the layer cannot be replaced; instead, it must be re-
published. 
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This 3D visualization is appropriate for LoD 1 visualization. Utilizing a multi-patch
feature class allows for the creation of complex 3D geometries, extending up to LoD 2
and beyond. However, proficiency in 3D modeling is required, and the online editing of
geometries without JavaScript API support is not possible. Three-dimensional objects share
similarities with multi-patches, but they offer additional fields for controlling the origin,
rotation, and scale of each record. Since Turin 1911 aims to recreate ephemeral objects in
an urban context, and considering that we do not have enough information about all the
geometries, a simple solution was requested to assist non-GIS experts in adding new data
over time, according to new discoveries. GIS and WebGIS environments render 3D models—
which are hypothetical representations of what is no longer visible today—by extruding 2D
geometries according to a numeric field. The principal height of a façade is measured on
technical drawings, when available, or the height is derived from descriptive texts. Roofs,
domes, and towers are not represented. Hence, the elevation is less reliable and accurate in
comparison with the footprint representation. Even if more detailed 3D modeling of the
entire fair is desirable, this is time-consuming and expensive, and it demands extensive
research interpretations of historical sources to rebuild around 200 buildings. Additionally,
not all architecture has graphical representations, and archival research is still ongoing.
The Turin 1911 team is working on the LOD 3 representation of a few pavilions, generated
on the basis of the available historical documentation [39,40]. Feature classes (components
and built-environment objects) are created in the spatial DB in ArcGIS Pro using WGS 1984
Web Mercator as a reference system. The polygons of the shapefiles are loaded into the
components and built-environment objects feature classes in the spatial DB. The height of
polygons in components and built-environment objects is contained in the elevation field in
meters; this field is used to extrude polygons starting from the ground. This visualization
reaches an outdoor LoD 1 without indoor spaces, following the LoD schema proposed
by [86], which distinguishes between indoor LoDs and outdoor LoDs. The City of Turin
DTM 45—depicting the shape of the city visible today—integrates the data.
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3.2.2. Online Data Sharing

To create a 3D WebGIS in ArcGIS Pro, a 2D map was created with the vector and raster
data obtained following the procedure reported before. Labels’ appearance and feature
classes’ colors were defined for components and built-environment objects; aliases were set
for each entity. Labels display the title text of the single component and built-environment
object in a balloon callout; when zooming in, starting from a certain zoom level, the callout
is displayed, facilitating the localization of the geometries. Since the historical map of the
fairground is not oriented north-up, contains text at the bottom, and has a horizontal layout,
this configuration was followed for the WebGIS design. Once these steps are completed,
the data are ready to be shared online.

As explained in [40], with an ArcGIS Online account, it is not feasible to develop a
WebGIS that directly references the geo-DB, permitting the online sharing of data only
as copied data. The ArcGIS Enterprise account allows for pointing directly to a spatial
DB; hence, if an edit is applied to the data on the geo-DB, it is immediately visible on
the WebGIS. To achieve this, it is requested to register the spatial DB connection (.sde
file) using an ArcGIS server on the ArcGIS Enterprise Portal. With ArcGIS Enterprise,
it is possible to select between referencing registered data or copying all data. Referencing
registered data enables the display of information stored in the geo-DB and accommodates
real-time updates. Conversely, copying all data generates a duplicate on the GIS server
at the moment of online sharing, leading to a loss of connection with the spatial DB.
Then, three configurations can be selected: exploratory, editable, and visualization. The
exploratory configuration dynamically displays a rendered map image layer on which
queries are supported. The editable configuration displays also feature layers that are
editable in addition to the characteristics of the previous one. The visualization configuration
shows only cached map image layers for fast visualization. Editing functionality can be
activated for both reference-registered data and copied data. However, in the former scenario,
edits are directly applied in real time to the spatial DB itself, whereas in the latter case,
data edits do not affect the geo-DB, as it is a duplicate of the data stored on the ArcGIS
server. Many factors influence the data loading speed, such as the number of layers,
polygons, vertices, the use of shadows, labels, symbols, and layer visibility, 46 but most of
all, the configuration settings. When layers are published with any kind of configuration
that references registered data, geometries may not consistently load in the Map Viewer
application. Often, errors in data loading are reported, making the creation of a WebGIS
based on these data impossible with ArcGIS Enterprise. In addition to configurations, other
settings (time zones, coordinate system, and Z- and M-values) 47 are available during the
sharing phase; these must be properly configured to finalize the data publishing. The
time zones of date fields must match the DB time, while the coordinate system of the
layers must match the Web Mercator coordinate system; otherwise, base maps cannot be
used. Feature classes with Z- and M-values are not editable online; therefore, during the
geo-DB creation, they are not set. After considering all these aspects, AcrGIS Online was
used instead of ArcGIS Enterprise to deliver a reliable online application with swift data
loading. Predefined scales and corresponding bounding boxes were applied to cache the
historical maps; then, they were shared as copied WMTS to be loaded faster. A single
WFS containing the two entities—built-environment objects and components—was published
as non-editable copied data, while city blocks of Turin 1911 are published as individual
WFS. Instead of directly pointing to the spatial DB—as should be possible with ArcGIS
Enterprise—the raster and feature classes are copied with ArcGIS Online; since they are
copies, the editable function is useless and, thus, was not applied. Necessary WFS layers
can be readily overwritten to keep the WebGIS content up to date. It is important to note
that, if there are changes to the data schema, the layer cannot be replaced; instead, it must
be republished.
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3.2.3. Two-/Three-Dimensional WebGIS Creation

Using an ArcGIS Online account, it is not possible to establish a WebGIS directly linked
to a spatial DB, while ArcGIS Enterprise allows the creation of a WebGIS that points to the
data contained in the spatial DB on the server. Data published online—in ArcGIS Enterprise or
Online—can be visualized online with Map Viewer Classic or Map Viewer, the newer version
of Map Viewer Classic. These two visualizers do not have the same options (namely, pop-up
configuration and map rotation management) 48. An ArcGIS map published with a rotation
different from 0 m is displayed wrongly in Map Viewer Classic because rotation is not supported.
In Map Viewer, the rotated map is displayed correctly. The combination of Experience Builder and
Map Viewer is preferred because WAB does not support map rotation 49 or pop-up configuration
50. Additionally, ESRI has announced that WAB is being retired, and it recommends migrating to
Experience Builder 51. Due to variations in options between Map Viewer on ArcGIS Online and
ArcGIS Enterprise—with certain features, like rotation and pop-up configuration, not available
in Enterprise—ArcGIS Online was the preferred choice. Additionally, the decision to work with
copied data, rather than referenced registered data, further supported this preference. However,
data can be published in Enterprise, and later maps or web apps can be created, retrieving
published data from ArcGIS Online and using URLs based on HTTPS and the REST service.

Once the raster and vector data are shared online, a 2D map is generated in Map Viewer
within ArcGIS Online. All published data are loaded on the 2D map and the rotation is
correctly visualized. Built-environment objects are categorized based on object/work type—
using terms derived from Getty AAT—and colored according to them (Figure 8). Pop-ups
are configured for built-environment objects, showing for each of them only a few pieces
of information retrieved from a selection of related fields for each record (title text, a
representative image, alternate title text, object/work type, creator description, code in the 1911
map, and the link to the specific web page), as is visible in Figure 9. If an image is not
available for an element, a placeholder image is displayed. For components, the fields are
similar; instead of object/work type, the component/part of is shown. The dark gray ESRI base
map was selected as the base map, while layer styles (color and transparency) and labels
were already set in the ArcGIS Pro project and are used also here. Then, similar to what
was done for the 2D map, a local 3D scene is created with Scene Viewer. The 3D scene was
created as a drawing style, thanks to 3D extrusion using the values stored in the elevation
field. After the creation of the 2D map and 3D scene, the sharing options are set to public
for all shared data and maps to allow everyone to see them without an ESRI account.
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Following the preparation of web services, maps, and scenes, the WebGIS was con-
structed using ArcGIS Experience Builder in ArcGIS Online. This platform facilitates the
creation of web applications without the need for coding, employing configurable widgets
for customization. Additionally, Experience Builder provides automatic configurations
of templates for desktop, tablet, and smartphone versions that can be manually adapted.
The Turin 1911 WebGIS is accessible at https://arcg.is/1HfSqG (accessed on 21 December
2023), as shown in Figure 10. A specific template was designed to display the 2D map or,
alternatively, the 3D scene as the main window. The 2D and 3D scenes are synchronized,
ensuring that when the user switches between them, the framed portion and zoom levels
remain consistent. The map/scene showcases the Map of the Turin 1911 World’s Fair, the
Map of the City of Turin in 1911, components, built-environment objects, and the city blocks
of Turin in 1911. Two image galleries feature all the components and built-environment ob-
jects, and they are synchronized with the 2D map and 3D scene. These galleries exclusively
show elements framed in the current map/scene view; hence, during zoom operations, only
the objects visible in the window at that moment are presented in the galleries. Conversely,
when a search is active in the image gallery, only the records visible in the gallery are
presented on the 3D scene/2D map. Similar to the pop-ups, the galleries provide only a
few pieces of information for each record (an image, title text, the code in the 1911 map, and
alternate title text). As is visible in Figure 11, several tools were configured in Experience
Builder, namely searching, the selection of 2D maps/3D scenes, a layer list and legend,
layer information, an informative button, and navigation. Search tools were configured: a
free text search bar insisting on the title text and alternate title text fields and a tool to order
results by title text, alternate title text, or the code in the 1911 map. Two buttons allow the
selection of a 2D map or 3D scene.

https://arcg.is/1HfSqG
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Figure 10. The Turin 1911 2D/3D WebGIS. 
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Figure 11. WebGIS tools’ configuration in ArcGIS Experience Builder.

A filter allows the display of built-environment objects according to the object/work type
field—namely, city and province pavilions, colonial exhibits, entrance structures, exhibition
kiosks, gardens (open spaces), national pavilions, office buildings, permanent structures,
recreation structures, theme structures, and transportation structures 52. A layers list and
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legend are provided. A Layer Info button was created to provide a description of the layers
composing the scene. An informative button—displayed with a question mark symbol
(?)—shows all the tools available in the WebGIS. In the navigation tools, a button toggles
the geo-localization of the device on/off. Consequently, when users explore Valentino Park
with a mobile device, the device’s integrated global navigation satellite system (GNSS)
retrieves their real-time position. This allows for a comparison of the user’s location with
historical maps using the WebGIS (Figure 12).
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is an interactive tool to navigate the environment digitally; upon querying a geometry, a 
pop-up displaying relevant information appears. 

Alternatively, users can browse the image gallery or seek a specific object in the list. 
Once identified and selected, the active 3D scene or 2D map will pan and zoom to the 
chosen object, highlighting it, and when queried, the geometry displays the associated 
pop-up (Figure 13). After having configured the WebGIS desktop version, ArcGIS Experi-
ence automatically configured the WebGIS for small-sized devices (such as smartphones) 
and medium-sized devices (such as tablets). These configurations were manually adjusted 
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Turin 1911 project (https://italyworldsfairs.org/explore accessed on 21 December 2023). 

Figure 12. The user’s position in Valentino Park (blue dot) is available thanks to the GNSS device.

Actions and events are set to define what happens when hovering, clicking, and
selection are done on records in the lists and on geometries on the map/scene. The WebGIS
is an interactive tool to navigate the environment digitally; upon querying a geometry, a
pop-up displaying relevant information appears.

Alternatively, users can browse the image gallery or seek a specific object in the list.
Once identified and selected, the active 3D scene or 2D map will pan and zoom to the
chosen object, highlighting it, and when queried, the geometry displays the associated pop-
up (Figure 13). After having configured the WebGIS desktop version, ArcGIS Experience
automatically configured the WebGIS for small-sized devices (such as smartphones) and
medium-sized devices (such as tablets). These configurations were manually adjusted
to improve the visualization in a vertical configuration (Figures 14 and 15). Finally, the
embedded code was generated and inserted into the traditional website devoted to the
Turin 1911 project (https://italyworldsfairs.org/explore accessed on 21 December 2023).

https://italyworldsfairs.org/explore
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Figure 15. Configuration for iPhone 12. 

3.3. WebGIS Testing 
The WebGIS is accessible from and properly works with different browsers, namely 

Apple Safari, Google Chrome, Mozilla Firefox, and Microsoft Edge, as declared by ESRI53, 
and also with Opera and Samsung Internet. Large raster files are smoothly rendered on the 
WebGIS; for instance, the historical fairground map (4.56 GB) is rapidly rendered as a single 
raster on the WebGIS. The loading time is calculated with PageSpeed Insight (Google)54, and 
basic metrics—first contentful paint (FCP)55, largest contentful paint (LCP)56, and total block-
ing time (TBT)57—are reported for computers and mobile devices in Table 2. For the Turin 
1911 WebGIS, FCP reported good results for both computers and smart devices—less than 
1.8 s, which is the value indicated by Google58 for a good FCP. LCP is higher than the sug-
gested value, which is 2.5 s. TBT exceeds the suggested time of 50 ms. 

Table 2. Results of the page speed insight tests for the Turin 1911 WebGIS. 

 Computers Mobile Devices 
First contentful paint (s) 0.3 1.2 

Largest contentful paint (s) 4.6 19.5 
Total blocking time (ms) 1.72 9.5 

The non-optimal FCP and LCP values are probably due to WMTSs and WFSs, which 
are large files but based on a caching system. Hence, once the content is loaded, the visu-
alization is smooth and efficient59, thanks to the caching system. Regarding the positioning 
option available on the WebGIS, the device must grant access to positioning data. Auto-
matically, the application recognizes the device (desktop, tablet, or smartphone) on which 
the WebGIS is open and renders the correct configuration. The WebGIS integrated into the 
website is properly visible from a desktop device, while from smartphones and tablets, 
some actions do not properly work (like exiting the full-screen view). Moreover, the ex-
perience from a smartphone is not optimal due to the small size of the screen and the 
availability of several options that request larger screens. 
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3.3. WebGIS Testing

The WebGIS is accessible from and properly works with different browsers, namely Apple
Safari, Google Chrome, Mozilla Firefox, and Microsoft Edge, as declared by ESRI 53, and also
with Opera and Samsung Internet. Large raster files are smoothly rendered on the WebGIS;
for instance, the historical fairground map (4.56 GB) is rapidly rendered as a single raster on
the WebGIS. The loading time is calculated with PageSpeed Insight (Google) 54, and basic
metrics—first contentful paint (FCP) 55, largest contentful paint (LCP) 56, and total blocking time
(TBT) 57—are reported for computers and mobile devices in Table 2. For the Turin 1911 WebGIS,
FCP reported good results for both computers and smart devices—less than 1.8 s, which is the
value indicated by Google 58 for a good FCP. LCP is higher than the suggested value, which is
2.5 s. TBT exceeds the suggested time of 50 ms.

Table 2. Results of the page speed insight tests for the Turin 1911 WebGIS.

Computers Mobile Devices

First contentful paint (s) 0.3 1.2
Largest contentful paint (s) 4.6 19.5

Total blocking time (ms) 1.72 9.5

The non-optimal FCP and LCP values are probably due to WMTSs and WFSs, which
are large files but based on a caching system. Hence, once the content is loaded, the
visualization is smooth and efficient 59, thanks to the caching system. Regarding the
positioning option available on the WebGIS, the device must grant access to positioning
data. Automatically, the application recognizes the device (desktop, tablet, or smartphone)
on which the WebGIS is open and renders the correct configuration. The WebGIS integrated
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into the website is properly visible from a desktop device, while from smartphones and
tablets, some actions do not properly work (like exiting the full-screen view). Moreover,
the experience from a smartphone is not optimal due to the small size of the screen and the
availability of several options that request larger screens.

Regarding configuration editing, any edits done to the WebGIS in Experience Builder
are immediately visible on the website after publishing since the embedded code is based
on a stable URL that is not affected by editing. Data editing on the geo-DB is not visible on
the WebGIS because the data have been published as copied data. Hence, an overwriting
process is requested.

The designed WebGIS represents a navigation tool, making visible what is no longer
visible today, but it also serves as a research tool capable of revealing concealed observations,
helping digital humanities experts study fair design. For instance, the filter to display
a built-environment object based on the object/work type can be applied to show only
national pavilions; these are mostly aligned on the right riverside, or on the left side
as Hungary, and the small pavilions of Russia, Bulgaria, and India, except for Turkey
and Great Britain (Figure 16). The WebGIS makes evident what is not always clear and
visible to everyone. Historical pictures integrated into a simplified 2D/3D depiction of
objects facilitate the discovery of previously unknown architecture, as tested for the Eternit
Pavilion. An unidentified shape on the 1911 Turin map corresponds to the Eternit Pavilion,
as it is situated to the left of the Touring Club Alpine Hotel in a photograph (Figure 17).
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Figure 17. The Eternit Pavilion is localized through a combination of historical images and the map. 

3.4. WebGIS Maintenance 
For the Turin 1911 case study, several actions were undertaken and are here specified 

to guarantee the long-term preservation of the WebGIS. Since the WebGIS is based on the 
geo-DB and it is integrated into a website, these three components cannot be dissociated, 
especially for maintenance. 

Concerning the data updates, up to now, the WebGIS direct connection to the spatial DB 
experiences slow performance when rendering 3D geometries online. As a result, data are 
copied online, and updates to the WebGIS require intervention from a GIS expert following a 
concise procedure. The WFS and WMTS layers can be readily overwritten as necessary to keep 
the WebGIS content up to date. However, it is important to note that, if there are changes to 
the data schema, layers cannot be overwritten; instead, they must be reshared online. 

As regards data and applications backups and security settings, automatic backups 
(daily, weekly, monthly, and yearly) are set up on the Turin 1911 server to avoid data 
losses and permit data retrieval in the case of errors on the server. This refers not only to 
data stored in the geo-DB but also to all software, applications, and files that concur with 
the geo-DB, WebGIS, and website development. Files have security settings active to avoid 
overwriting or deleting files by mistake. 

Regarding software and server updates, careful attention is paid when software and 
hardware are updated since this procedure requests updating the geo-DB; otherwise, the 
geo-DB will be inaccessible from ArcGIS Pro. Every year, ESRI releases a new version of 
ArcGIS Pro; when the software version is updated, the geo-DB must be updated to pre-
serve its accessibility from ArcGIS Pro. Similarly, when the ArcGIS server is updated, the 
license must be updated; finally, the geo-DB can be updated. Therefore, if the software or 
server is updated, the geo-DB is no longer accessible via ArcGIS Pro—nor via PgAdmin—
until updates are applied to the geo-DB itself. The WebGIS will be accessible because it 
has been created as copied data, but to update data on the WebGIS, it is necessary to access 
the geo-DB from ArcGIS Pro and overwrite the data. For the Turin 1911 project, the ArcGIS 
Pro and ArcGIS Server update procedures are carried out annually to keep the system in line 
with ESRI’s development. Regarding servers, Ubuntu releases a long-term version every 2 
years and provides 5-year standard security maintenance for each stable release. Therefore, 
for the Turin 1911 project, the server updating is planned to take effect every 5 years. For the 
ArcGIS server, ESRI has less stable planning for release and retirement than Ubuntu60; hence, 
planning for its upgrading cannot be established in advance. Currently, the migration from 
ArcGIS 10.7 to 11.1 for the Turin 1911 project is ongoing and is still under testing. 

Figure 17. The Eternit Pavilion is localized through a combination of historical images and the map.

3.4. WebGIS Maintenance

For the Turin 1911 case study, several actions were undertaken and are here specified
to guarantee the long-term preservation of the WebGIS. Since the WebGIS is based on the
geo-DB and it is integrated into a website, these three components cannot be dissociated,
especially for maintenance.

Concerning the data updates, up to now, the WebGIS direct connection to the spatial
DB experiences slow performance when rendering 3D geometries online. As a result,
data are copied online, and updates to the WebGIS require intervention from a GIS expert
following a concise procedure. The WFS and WMTS layers can be readily overwritten as
necessary to keep the WebGIS content up to date. However, it is important to note that, if
there are changes to the data schema, layers cannot be overwritten; instead, they must be
reshared online.

As regards data and applications backups and security settings, automatic backups
(daily, weekly, monthly, and yearly) are set up on the Turin 1911 server to avoid data losses
and permit data retrieval in the case of errors on the server. This refers not only to data
stored in the geo-DB but also to all software, applications, and files that concur with the
geo-DB, WebGIS, and website development. Files have security settings active to avoid
overwriting or deleting files by mistake.

Regarding software and server updates, careful attention is paid when software and
hardware are updated since this procedure requests updating the geo-DB; otherwise, the
geo-DB will be inaccessible from ArcGIS Pro. Every year, ESRI releases a new version of
ArcGIS Pro; when the software version is updated, the geo-DB must be updated to preserve
its accessibility from ArcGIS Pro. Similarly, when the ArcGIS server is updated, the license
must be updated; finally, the geo-DB can be updated. Therefore, if the software or server
is updated, the geo-DB is no longer accessible via ArcGIS Pro—nor via PgAdmin—until
updates are applied to the geo-DB itself. The WebGIS will be accessible because it has
been created as copied data, but to update data on the WebGIS, it is necessary to access the
geo-DB from ArcGIS Pro and overwrite the data. For the Turin 1911 project, the ArcGIS
Pro and ArcGIS Server update procedures are carried out annually to keep the system in
line with ESRI’s development. Regarding servers, Ubuntu releases a long-term version
every 2 years and provides 5-year standard security maintenance for each stable release.
Therefore, for the Turin 1911 project, the server updating is planned to take effect every
5 years. For the ArcGIS server, ESRI has less stable planning for release and retirement than
Ubuntu 60; hence, planning for its upgrading cannot be established in advance. Currently,
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the migration from ArcGIS 10.7 to 11.1 for the Turin 1911 project is ongoing and is still
under testing.

Concerning compatibility preservation, before updating, compatibility issues are
always checked since a lot of software is involved.

Since digital elements are much more unstable than non-digital ones, long-term
preservation strategies are considered for Turin 1911. The WebGIS is accessible via the URL
https://arcg.is/1HfSqG (accessed on 21 December 2023); moreover, a stable quick response
(QR) code was generated (Figure 18) to provide another accessibility option that is faster
and easier for mobile devices because QR-code-scanning avoids the manual entry of the
URL. This is a low-cost or zero-cost solution to enhance accessibility. Finally, the archiving
of the WebGIS is tested using the Internet Archive Wayback Machine, as done for the old
Turin 1911 website. The WebGIS was saved five times, and it should be visible at this link 61.
Tests to successfully visualize the archived WebGIS were made with Safari, Google Chrome,
Mozilla Firefox, Opera, and Microsoft Edge. Unfortunately, the application loading never
ends in any browser; hence, the archived WebGIS is not visible.
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at this link61. Tests to successfully visualize the archived WebGIS were made with Safari, 
Google Chrome, Mozilla Firefox, Opera, and Microsoft Edge. Unfortunately, the applica-
tion loading never ends in any browser; hence, the archived WebGIS is not visible. 
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4. Discussion

Typically, online archives offer a bidimensional display of documents, and research
involves entering a few keywords into a search bar. However, with a WebGIS, research
can be undertaken by exploring space in either 3D or 2D. Leveraging commonly used
smart devices, such as tablets or smartphones, has the potential to enhance discoveries in
this context. Considering the state of the art of the digital documentation of World’s Fairs
(see Section 2.2), the substantial improvement provided via a WebGIS application for the
documentation of a complex phenomenon like a World’s Fair is demonstrated in this paper.

The Turin 1911 3D WebGIS, retrieving data from the geo-DB, guarantees access to
spatialized information through various devices—laptops, tablets, and smartphones—
thanks to an internet connection and solely via a browser, avoiding the need for dedicated
software and expanding the audience. The Turin 1911 WebGIS was designed as user-
friendly because it was conceived for non-experts in geomatics or ICT. Additionally, the
integration into a website allows the WebGIS to be graphic-centered, leaving the complete
textual information into the traditional website. Data integrity between the website and the
WebGIS is preserved because both take data from the same geo-DB, avoiding duplicates.
The usage of terms selected from international thesauri and cataloging guidelines and
standards guarantees disambiguation and allows data implementation and exchange.
Regarding the WebGIS design, the key aspects summarized in the WebGIS specification
table (Table 1) provide an overall, synthetic but clear and detailed documentation of the
Turin 1911 WebGIS. Documentation describing a WebGIS is often neglected in the literature
but is fundamental for good preservation planning and to guarantee an ever-working
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system. Additionally, topics like testing and maintenance are less considered. Hence, the
workflow definition proposed in Section 2.3 and the synthesis of the Turin 1911 WebGIS
specification in Table 1 can be used as guidance in creating a user-friendly WebGIS in the
CH domain. As regards the implementation phase, the creation of a WebGIS connected to
a geo-DB is not an easy task, even for a GIS expert, and many competencies are needed.
Some issues remain open, and challenges have influenced the procedure development and
adopted solutions (see Section 3.2). For the Turin 1911 project, currently, an efficient WebGIS
pointing directly at the geo-DB—developed in ArcGIS Enterprise—is not affordable but
must be developed to overcome the procedure to update data on the WebGIS. Even if a
commercial GIS solution is tested, some challenges have influenced the development of
the procedure for creating an operable WebGIS that is easy to use for non-GIS experts. For
instance, ArcGIS Online has forced us to use the WGS 1984 Web Mercator reference system,
requesting data reprojection before uploading the entities online. The 3D visualization is
very schematic and could be improved with an LoD 2 representation that is more time-
consuming and requests more expertise in 3D modeling. The type of 3D visualization is
selected according to zero editors’ expertise in 3D modeling. Even a non-expert in ICT,
GIS, or 3D modeling can generate 3D geometries. Since the 3D geometry is created as
an extrusion of the 2D footprint—based on the georeferenced historical map—anyone
can create and edit the simplified 3D representation (LoD 1) by simply typing a value
for the object height. The graphical representation of 3D objects is automatically made
through the software when editing is saved without reloading or running a command.
This solution facilitates the collaboration of different experts in the Turin 1911 study. Many
products are available on ArcGIS Online to create an application, but due to incompatibility
issues among them, some functionalities are not available across all the products, such as
the rotation of a map, the possibility of combining data with different reference systems,
and the configuration of the visibility range scales in Map Viewer, Map Viewer Classic,
WAB, and Experience Builder. Additionally, different options are available according to the
type of ESRI license (ArcGIS Online and ArcGIS Enterprise). These options allow for the
displaying of elements in different ways and the performing of various actions. Therefore,
selecting the software, the license, and the combination of them should be planned carefully,
considering the results to achieve. Additionally, future application retirement should be
considered to avoid early obsolescence of the designed WebGIS, as in the case of WAB.

The steps proposed for the WebGIS implementation phase (see Section 2.3.2) are
consequential, but an iterative process involving all steps could be necessary to obtain the
desired results or because of technical issues. Hence, the design phase can take a long
time and much effort. WebGIS implementations on different browsers and devices are
easily achieved, but each configuration must be tested because some minor issues can be
retrieved, as in the case of Turin 1911 WebGIS for mobile devices, in which some tools do
not properly work. Even if we opted for a commercial solution to reduce the requested
expertise for developing the WebGIS, some procedures require time for testing, going back
and forth between ArcGIS Pro and ArcGIS Online or Enterprise. Even if a WebGIS can be a
powerful tool to share vector and raster data worldwide, it can be inefficient due to slow
data loading. For Turin 1911, data loading verified with Google PageSpeed Insight does
not fully satisfy reference values for a good web application; hence, further improvements
are needed. Many objects depicted on the historical map of Turin 1911 are currently not
identified or not located in the fairground; hence, much more must be done. The WebGIS
assists experts in localizing objects on the map—like for the Eternit Pavilion—and aids in
examining subtle dynamics, like the arrangement of national pavilions along the riverbanks.
The geo-localization feature offered through these devices allows users strolling in the park
to be positioned on the WebGIS. Consequently, users can juxtapose their actual location
in the park with the virtual navigation within the digital 1911 world. The WebGIS is
rich in visual content but not overwhelmed by text or relations. The Turin 1911 website,
working in parallel with the 3D WebGIS, can provide in-depth information about the many
aspects of the expositive phenomenon. This solution combines innovative tools—like a
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WebGIS—with more traditional tools—like a website. The WebGIS integrates the website
without substituting it but while proposing a new approach to discovery.

Regarding WebGIS maintenance, using a WebGIS avoids requesting users to upgrade
software, but developers must oversee the project to keep the WebGIS accessible to users
and update the software and servers on which the web application relies. Software and
hardware updating require geo-DB updating; otherwise, the DB would not be accessible,
and data could not be updated on the WebGIS. Before updating, compatibility issues must
always be checked since a lot of software is involved, requiring good collaboration between
IT and GIS experts and time to plan, perform, and test the updating. Digital tools like
WebGIS applications are more fragile than physical items, and if maintenance operations
are not taken into consideration, they risk rapidly becoming obsolete or inaccessible. Even
if the Turin 1911 WebGIS is developed with a commercial solution (available through a
paid subscription), the software and server upgrading and backups would have to be
coordinated with IT members of the Turin 1911 project, similar to what could be requested
in the case of free and open-source applications. This reduces the advantages offered
by adopting commercial solutions. Predicting technological development is challenging,
but opting for a free and open-source DBMS is a solution that ensures a prolonged and
robust life cycle for data storage. As addressed in this paper, QR codes can ease the access
of WebGIS applications, but they do not solve long-term preservation problems. A DOI
should be favored to provide a stable URL to access the WebGIS, but it requires institutional
and paid subscriptions. Even if a DOI is provided, the web application can suffer from
obsolescence if actions like upgrading are not undertaken. The preservation of digital
objects in general is an issue that has emerged in the last decades; as faced in this paper,
some actions should be considered and tested in the literature to avoid losing in a few
years what was achieved with great efforts in time, cost, and expertise. Archiving the
WebGIS using the Internet Archive is a solution, but—as explained in this paper—it is still
a challenge and requires further study. Even if the results of this research present some
limitations, some risks—almost neglected in the digital humanities and CH fields—have
been highlighted and addressed by this research, such as WebGIS testing and strategies
for its long-term preservation. The schematic summary (Table 1) and the overall process
illustrated in this paper can be a valuable guide for designing, developing, maintaining,
and documenting a WebGIS in the digital humanities field, particularly for long-term
projects like Turin 1911. The proposed implementation of a WebGIS, coupled with a
dedicated website, represents a comprehensive platform where humanities research itself
is undertaken. If properly adopted, the WebGIS illustrated in this paper can revolutionize
how experts in the humanities tackle their research, reducing time and costs in the archival
research and dissemination phases.

5. Conclusions

World’s Fairs are ephemeral by definition, and it is not possible to preserve physically
what is conceived to not be eternal, nor can every item be preserved by a single institution.
The digital means could be the most effective solution to face this challenge, and in this
way, the memory of World’s Fairs could be traced forever in a digital way. The digital
documentation of World’s Fairs is scarce; solely one project has used 3D models (World’s
Columbian Expositions of 1893), and only two projects have used data spatialization on
2D maps (Adam Matthew and ExpoMuseum). Digital technologies’ application should be
undertaken globally, led by an international institution like the World Expo Museum and
supported by the BIE.

In the World’s Exposition documentation topic, the Turin 1911 project emerges as a
groundbreaking initiative, aiming to digitally document and study an entire international
exposition. Considering the state of the art of the digital documentation of World’s Fairs
(Section 2.2), Turin 1911 is not only a digital archive but also a place to study the fair in a
3D-reconstructed environment that, despite the schematic 3D rendering, gives a general
idea of what has been lost today and provides a connection between reconstructed built
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objects and original archival material. The integration of more detailed 3D models is
under development, applying BIM modeling [39,40]. In the near future, further digitally
reconstructed 3D architecture will be available online to the public. Utilizing spatial
DBs and a 3D WebGIS alongside standards for cataloging, Turin 1911 is a pioneer in
the application of these innovations in digital humanities to facilitate online information-
sharing. The usage of a 2D/3D WebGIS with a 3D virtual reconstruction of the fairground
was addressed in this paper. This application can be expanded to other World’s Fairs and
connected to the institutions preserving the original material. The designed 3D WebGIS
points at a geo-DB based on cataloging principles and also using controlled vocabularies
and LOD. In this way, the data are understandable, consistent, linked, and able to withstand
technological changes. The 3D WebGIS provides an environment for the visualization and
textual and visual query of the content to an audience of non-GIS experts, non-IT experts,
and the public. A simplified 3D model assists non-experts in generating the idea of what
has been physically lost today and relating it to the context. The development of a WebGIS
can deal with a single geo-DB and work in pairs with a traditional website designed as a
‘generous interface’, assisting the researchers in documenting and studying the World’s Fair.
A tailored data structure was conceived to create a dedicated geo-DB; different guidelines
and standards for cataloging were mixed, and indexing terms derived from thesauri were
extensively used to describe elements of the fair. The entire workflow was reported and
validated, and it can be adapted and replicated for other case studies, like those concerning
other World’s Fairs. In the overall procedure, constant software and server updating is
crucial, as well as the data population, to guarantee digital data survival and access. Data
and system survival require time and an action plan for each project, even if commercial
solutions like ESRI are used.

A 3D WebGIS for a World’s Fair did not exist. The usage of a 2D/3D WebGIS recreates
the ‘world’ of the World’s Fair and constitutes a new way of doing research. By adopting
this tool, we imagine that research will be more interdisciplinary, collaborative, and, piece
by piece, immediately available online to the public. The Turin 1911 WebGIS, developed
to document and present the Turin 1911 International Exposition online, provides the
necessary foundation for future studies that would otherwise be impossible. The Turin
1911 WebGIS guarantees affordable and public access to information and the continuous
dissemination of ongoing research. Additionally, a maintenance plan guarantees that this
research will not be obsolete or inaccessible soon. As the volume of digitized information
continues to grow, the rapid advancements in information technology contribute to the
obsolescence of the software and hardware necessary for accessing and viewing digital
information. Considering the life cycle of digital products and real CH, digital objects
are more fragile than physical ones and deserve maintenance planning. When a project
involves the use of a WebGIS, a preservation plan must be outlined, allocating a budget
and specifying the actions to be undertaken along with their frequency. Obsolescence is an
emerging risk for all kinds of digital items; we wish for the scientific community to find a
way to maintain WebGIS applications online that is resilient to technological changes. We
hope that other researchers will consider and address this topic moving forward, research
on preserving not only the physical CH but their digital replica as well.
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Notes
1 The current unavailability of the WebGIS is declared on the website https://mayaarch3d.org/en/about/project-history/

(accessed on 19 December 2023).
2 https://qgis.org/en/site/ (accessed on 19 December 2023).
3 http://www.gvsig.com/it/prodotti/gvsig-desktop (accessed on 19 December 2023).
4 https://grass.osgeo.org/ (accessed on 19 December 2023).
5 http://thuban.intevation.org/ (accessed on 19 December 2023).
6 A free and open WebGIS solution can be based on GIS software for data preparation like QGIS, Node.js—https://nodejs.org/en/

(accessed on 19 December 2023), and Leaflet—https://leafletjs.com/ (accessed on 19 December 2023) to render interactive
maps in a web interface, Bootstrap—https://getbootstrap.com/ (accessed on 19 December 2023) to develop the webpage, a
PostGIS extension to manage spatial functions in DBs, a DBMS such as PostgreSQL to handle the DB and its graphic interface like
PgAdmin—https://www.pgadmin.org/ (accessed on 19 December 2023) and GeoServer—https://geoserver.org/ (accessed on
19 December 2023) as a web server to handle geospatial data [19,28,29].

7 https://www.esri.com/en-us/arcgis/products/arcgis-pro/overview (accessed on 19 December 2023).
8 https://hexagon.com/products/geomedia (accessed on 19 December 2023).
9 https://www.autodesk.com/products/autocad/included-toolsets/autocad-map-3d (accessed on 19 December 2023).

10 A WebGIS consists of a web browser as a client to send and visualize requests, a web server where the application runs
and replies to client requests, and a GIS server able to provide geospatial services—like WFS and WMS—and perform GIS
functionalities [28,34], also using URLs and REST services. Since they run on web servers, WebGIS applications can be visualized
independently by many users simultaneously [34]. The requests are sent through an HTTP protocol from the client browser (like
Internet Explorer, Mozilla Firefox, Google Chrome, or Safari) to the server. The server responds in an amount of time according
to the bandwidth and type of architecture, which, in the case of thick architecture, can also exploit the web client to process
data [9,10,34].

11 https://www.mysql.com/ (accessed on 19 December 2023).
12 https://www.postgresql.org/ (accessed on 19 December 2023).
13 https://archive.org/ (accessed on 2 February 2024).
14 https://help.archive.org/help/wayback-machine-general-information/ (accessed on 2 February 2024).
15 https://archive.org/web/ (accessed on 19 December 2023).
16 https://web.archive.org/web/20231207081745/http://iwf.ucsd.edu/ (accessed on 19 December 2023).
17 A World’s Fair is defined by John Findling [66] as a ’large international exhibition of a wide variety of industrial, scientific, and

cultural items that are on display at a specific site for a period of time, ranging usually from three to six months. World’s fairs
include exhibits from a significant number of countries and often have an entertainment zone in which visitors can enjoy rides,
exotic attractions, and food and beverages’.

18 The most relevant collections concerning World’s Fairs are the Smithsonian Library’s World’s Fairs digital library (available
online: https://library.si.edu/digital-library/collection/worlds-fairs, accessed on 16 December 2023), the University
of Chicago Library’s Chicago Collections (available online: https://guides.lib.uchicago.edu/c.php?g=525812&p=3633977,
accessed on 16 December 2023), the University of Maryland Hornbake Library’s A Treasury of World’s Fair Art and Architecture
collection (available online: https://digital.lib.umd.edu/worldsfairs, accessed on 16 December 2023), the Special Collection
and University Archives of the University of Maryland’s World’s Fair Ephemeral and Graphic Materials collection (available online:
https://archives.lib.umd.edu/repositories/2/resources/1351, accessed on 16 December 2023), the Missouri State Archives and
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Missouri State Library’s Louisiana Purchase Exposition: The 1904 St. Louis World’s Fair collection (available online: https://www.so
s.mo.gov/archives/mdh_splash/default.asp?coll=muellis, accessed on 16 December 2023), the New York Public Library with the
collection dedicated to the 1939-1940 New York World’s Fair, the New York World’s Fair 1939 and 1940 Incorporated records collections
(available online: https://archives.nypl.org/mss/2233, accessed on 16 December 2023), the Seattle Public Library with the
Century 21 World’s Fair Digital Document Library (available online: https://www.seattle.gov/cityarchives/exhibits-and-education
/digital-document-libraries/century-21-worlds-fair and https://cdm16118.contentdm.oclc.org/digital/collection/p15015coll3,
accessed on 16 December 2023), the San Diego History Center’s Panama-California Exposition. San Diego 1915-1916 Exposition
Postcard and Postcard Tour1 collection (available online: https://sandiegohistory.org/collection/photographs/sdexpo4/,
accessed on 16 December 2023), the University of Delaware Library’s Progress Made Visible: American World’s Fairs and Expositions
collection (available online: https://exhibitions.lib.udel.edu/worlds-fairs/, accessed on 16 December 2023), the Library of the
California State University of Fresno’s Donald G. Larson Collection on International Expositions and Fairs collection (available online:
https://calisphere.org/collections/26551/, accessed on 16 December 2023).

19 https://www.gale.com/intl (accessed on 5 December 2023).
20 https://www.amdigital.co.uk/ (accessed on 5 December 2023).
21 Currently, the original website (https://www.1939nyworldsfair.com/about.htm) does not work; fortunately, it has been saved on

the Internet Archive and is visible at https://web.archive.org/web/20231116011715/https://www.1939nyworldsfair.com/
(accessed on 16 December 2023).

22 The waterfall method is an approach applied in engineering to manage an information system project according to a linear
progression. For further information, see Ismanto [9].

23 Base maps are static maps—like satellite imagery, toponomastic, political, or thematic maps—providing the geographical context
to layers. Their selection is based on the use of the WebGIS; WMS are effective and cheap solutions as base maps. Operational
layers are an entire dataset or the result of an operation—such as a query—and generally are dynamic elements with which
users work on top of base maps. Operational layers—like raster or vector files—can be stored in a geo-DB, surpassing the use of
shapefiles.

24 https://www.arcgis.com/index.html (accessed on 20 December 2023).
25 https://enterprise.arcgis.com/en/ (accessed on 20 December 2023).
26 https://www.esri.com/en-us/arcgis/products/arcgis-web-appbuilder/overview (accessed on 20 December 2023).
27 https://www.esri.com/en-us/arcgis/products/arcgis-experience-builder/overview (accessed on 20 December 2023).
28 https://www.apple.com/safari/ (accessed on 20 December 2023).
29 https://www.google.com/ (accessed on 20 December 2023).
30 https://www.mozilla.org/ (accessed on 20 December 2023).
31 https://www.microsoft.com/ (accessed on 20 December 2023).
32 https://www.opera.com/ (accessed on 20 December 2023).
33 https://www.samsung.com/us/support/owners/app/samsung-internet (accessed on 20 December 2023).
34 The built-environment objects term is defined by Getty AAT as a ‘General term for any built works or other things classified

as being of the built environment, whether extant or not, constructed or not’ (http://vocab.getty.edu/page/aat/300422821,
accessed on 20 December 2023). The components term is defined by Getty AAT as the ‘Constituent parts of a larger object.
A component differs from an item in that the item can stand alone as an independent work but the component typically
cannot or does not stand alone. Examples are a panel of a polyptych or a discrete architectural component such as a dome’
(http://vocab.getty.edu/page/aat/300241583, accessed on 20 December 2023). For the Turin 1911 purpose, components belong
to a single built-environment object.

35 The definition of each term is extracted from Getty AAT: architectural documents, http://vocab.getty.edu/page/aat/300343615;
archival materials, http://vocab.getty.edu/page/aat/300379505; glossary, http://vocab.getty.edu/page/aat/300026189;
lists, http://vocab.getty.edu/page/aat/300027119; location, http://vocab.getty.edu/page/aat/300248479; protagonists
http://vocab.getty.edu/page/aat/300410266; and secondary sources, http://vocab.getty.edu/page/aat/300448977 (accessed on
20 December 2023).

36 https://www.ifla.org/ (accessed on 20 December 2023).
37 https://www.getty.edu/research/ (accessed on 20 December 2023).
38 https://laravel.com/ (accessed on 20 December 2023).
39 Configurable Apps, Dashboard, Experience Builder, Hub, Instant Apps, Story Maps, and Web AppBuilder are available on

ArcGIS Online. Except for ArcGIS Hub, all of these apps are also available on ArcGIS Enterprise. Besides these, other apps are
available: App Studio, App Studio developer edition, Business Analyst, Drone2Map, Enterprise Sites, Excalibur, Experience
Builder developer edition, Field Map, ArcGIS for Office, ArcGIS for SharePoint, GeoPlanner, Indoors, Insights, Maps for Adobe
Creative Cloud, Mission Manager, Navigator, QuickCapture, Solutions, StreetMap Premium, Survey 123, Web AppBuilder

https://www.sos.mo.gov/archives/mdh_splash/default.asp?coll=muellis
https://www.sos.mo.gov/archives/mdh_splash/default.asp?coll=muellis
https://archives.nypl.org/mss/2233
https://www.seattle.gov/cityarchives/exhibits-and-education/digital-document-libraries/century-21-worlds-fair
https://www.seattle.gov/cityarchives/exhibits-and-education/digital-document-libraries/century-21-worlds-fair
https://cdm16118.contentdm.oclc.org/digital/collection/p15015coll3
https://sandiegohistory.org/collection/photographs/sdexpo4/
https://exhibitions.lib.udel.edu/worlds-fairs/
https://calisphere.org/collections/26551/
https://www.gale.com/intl
https://www.amdigital.co.uk/
https://www.1939nyworldsfair.com/about.htm
https://web.archive.org/web/20231116011715/https://www.1939nyworldsfair.com/
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developer edition, Workflow Manager, Workforce, Map Viewer, and Scene Viewer (https://doc.arcgis.com/en/arcgis-online/cr
eate-maps/create-map-apps.htm and https://enterprise.arcgis.com/en/apps/, accessed on 20 December 2023).

40 BDTRE is the geographic DB for the Piedmont territory; it is available online: https://www.geoportale.piemonte.it/cms/bdt
re/bdtre-2 and https://www.geoportale.piemonte.it/cms/images/bdtre_doc/Specifica2.0.pdf (accessed on 20 December
2023). BDTRE shapefiles are dated back to 2019; they are in the Monte Mario reference system (EPSG:3003) and are converted in
WGS84UTM32N with ConveRgo—https://www.cisis.it/?page_id=3214 (accessed on 20 December 2023).

41 The adjust transformation is optimized for both global and local accuracy; it uses an algorithm combining a polynomial
transformation and a TIN interpolation technique. It uses control points for the polynomial transformation and adjusts control
points’ positions using the TIN interpolation techniques.

42 The spline transformation is optimized for local and not global accuracy; it is based on a spline function, and it registers precisely
the control points giving a null error, but pixels far away from the control points are not necessarily accurate.

43 https://pro.arcgis.com/en/pro-app/2.9/help/sharing/analyzer-warning-messages/20034-your-web-layer-will-use-the-w
gs-1984-web-mercator-coordinate-system.htm (accessed 20 December 2023).

44 https://support.esri.com/en/technical-article/000011356#:~:text=WGS%201984%20Web%20Mercator%20and,created%20for
%20use%20in%20navigation (accessed 20 December 2023).

45 The DTM is obtained from the 1:10000 Carta Tecnica Regionale Numerica (CTRN). It has 10-m resolution and 5-m accuracy; the
original reference system is WGS84 UTM 32N and is converted into WGS 1984 Web Mercator.

46 https://enterprise.arcgis.com/en/portal/latest/use/best-practices-scene-performance.htm and https://enterprise.arcgis.co
m/en/server/10.6/publish-services/windows/10070-tracking-layer-referencing-large-dataset-may-cause-poor-performance
.htm (accessed on 21 December 2023).

47 The Z-value indicates the geometry elevation, while the M- value can record other distance values, such as the distance value
from a selected starting point. https://developers.sap.com/tutorials/hana-spatial-intro5-z-m-coordinates.html (accessed on 21
December 2023).

48 https://geomarvel.com/comparing-the-new-map-viewer-with-map-viewer-classic/#:~:text=In%20Mapviewer%20classic,%2
0users%20have,which%20it%20will%20be%20saved (accessed on 21 July 2023).

49 https://community.esri.com/t5/map-viewer-beta-ques-read-only/will-the-new-map-viewer-be-supported-in-web/td-p/2
75111 (accessed on 21 December 2023).

50 https://support.esri.com/en/technical-article/000026323 (accessed on 21 December 2023).
51 https://www.esri.com/arcgis-blog/products/web-appbuilder/announcements/arcgis-web-appbuilder-roadmap-for-retir

ement/ (accessed on 21 December 2023).
52 Except for city and province pavilions and colonial exhibits, all of these classification terms are taken from the Getty AAT: entrance

structures, http://vocab.getty.edu/page/aat/300445044; exhibition kiosks, http://vocab.getty.edu/page/aat/300448853;
gardens (open spaces) and national pavilions, http://vocab.getty.edu/page/aat/300448941; office buildings, http://vocab.
getty.edu/page/aat/300007043; permanent structures, http://vocab.getty.edu/page/aat/300448942; recreation structures,
http://vocab.getty.edu/page/aat/300122263; theme structures, http://vocab.getty.edu/page/aat/300448978; and transportation
structures http://vocab.getty.edu/page/aat/300120693 (accessed on 28 December 2023).

53 https://developers.arcgis.com/experience-builder/guide/requirements/#:~:text=Only%20WebGL-enabled,%2064-bit%20bro
wsers%20are%20supported (accessed on 21 December 2023).

54 https://pagespeed.web.dev/ (accessed on 21 December 2023).
55 FCP measures the amount of time needed to load any content—like images and text—on the web page opened by a user for the

first time. https://web.dev/articles/fcp (accessed on 21 December 2023).
56 LCP measures the amount of time requested for the larger content—an image or text block—to be fully visible on the web page

opened by a user for the first time. https://web.dev/articles/lcp (accessed on 21 December 2023).
57 TBT measures the amount of time after the FCP during which the main thread is blocked; during this time, the browser has to

wait to finish the task before responding. https://web.dev/articles/tbt?hl=it (accessed on 21 December 2023).
58 https://developers.google.com/speed/docs/insights/v5/about?hl=it (accessed on 21 December 2023).
59 The test was performed using a computer with a WiFi connection and a 125.82 Mbps download speed and a smartphone with a

4G internet connection and a 37.95 Mbps download speed.
60 See https://support.esri.com/en-us/products/arcgis-enterprise/life-cycle (accessed on 22 December 2023).
61 https://web.archive.org/web/20231207100007/https://experience.arcgis.com/experience/607c73706bb04aac8f77cb4d9da16

dc9/?draft=true&org=UCSDOnline (accessed on 22 December 2023).
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