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Summary: At the end of the 20th Century, IFLA proposed to national bibliographic agencies
the adoption of a uniform standard for cartographic cataloguing: ISBD(CM). In the Italian
context, these criteria were incorporated through ICCU and its Guida alla Catalogazione in
SBN — Materiale Cartografico (2022). Following a critical analysis of the diverse interna-
tional state of the art, this intervention endeavours to delve into the relationship between the
cataloguing of historical cartography and Geographic Information Systems (GIS), which
enable spatial analyses comparing the territory depicted on maps to the current landscape.
Cartography can be integrated into an interactive consultation portal, albeit encountering
challenges and needs associated with the processes essential for its realisation. The estab-
lishment of a well-structured geodatabase involves multiple steps, some of which are not
readily executable, especially concerning georeferencing. The latter, indeed, may prove in-
effective for representations lacking geometric precision, as spatial accuracy may be con-
sidered unreliable for certain types of documents. Therefore, drawing upon the case study
of the digital cataloguing of the historical cartographic heritage of Trentino-Alto Adige held
at the Centro Geo-Cartografico di Studio e Documentazione (University of Trento), this
paper aims to present the techniques and solutions used to solve the hurdles encountered
thus far in the ongoing research.

Lastly, a general overview of the technical project conducted so far is provided, identifying
it as a potentially exportable and replicable model in other contexts. Although the National
Central Libraries of Rome and Florence lack an interactive cartographic catalogue, other
countries or institutions appear more proactive. This is the case, for instance, of the Biblio-
théque Nationale de France's CartoMundi portal, which, however, falls short of providing a
sufficiently exhaustive cartographic filing. Hence, it is of interest, as the ultimate objective
of this research, to develop a system that thoroughly satisfies both the cataloguing and il-
lustrative aspects in presenting the available digital cartographic corpus by allowing multi-
ple queries.

Introduction

A cartographic resource can be considered as a «representation, in whole or in part, of the Earth or
any celestial body at any scale, such as two- and three-dimensional maps and plans; aeronautical,
nautical and celestial charts; globes and planetaria; block-diagrams; map sections; aerial, satellite
and space photographs; remote-sensing imagery; atlases; bird's-eye views; cartograms and spatial
data sets» (Escolano Rodriguez et al. 2021: 244).

Such definition, proposed by the International Federation of Library Associations and Institutions
(IFLA), highlights the importance of the integration between remote sensing technologies and dig-
ital cartographic production. In this context, historical cartography still represents a contentious
element. While it can be partially merged with modern technology through the digitisation of the
original material - a beneficial process also for its preservation and consultation - it simultaneously
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can shave significant challenges in terms of its incorporation into georeferencing systems. Further-
more, we believe that insufficient attention has yet been paid to the development of a standard
approach for the census and cataloguing of cartographic materials. Such a method would be capable
of exhaustively and meticulously handling both modern and historical cartography, i.e. both digital
and printed maps as well as manuscript ones.

The handling of cartography in the Italian and international scene

Despite its significant historical cartographic heritage, Italy did not witness a genuine interest in the
census of this material until the final decades of the 19th Century (Pressenda 2018). Nevertheless,
even during the 1900s, there was a general trend of buck passing in official institutions, which
tended to defer the establishment of a standardised method in concert with the various national and
international institutes, libraries and archives.

After decades of international controversies and debates regarding the attempt to define and pro-
mote a conventional procedure for the classification of bibliographic materials, in 1969 IFLA hosted
a global meeting in Copenhagen to put the matter in a definitive order. The summit gave rise to the
rules concerning the forms and the contents to be used in bibliographic cataloguing, fully embodied
in the new International Standard Bibliographic Description (ISBD) concept, which is currently
used in many national and international codes, libraries, bibliographic agencies, etc. Depending on
the type of classified material, the ISBD provides a specific conformation of fields and data, which
can be traced back to a suffix identifying the specific subject of study: the one for cartography is
ISBD(CM)?® (Escolano Rodriguez et al. 2021; Manzoni 2022).

During the last decade of the 20th Century, IFLA asked to national bibliographic agencies to present
a definitive cataloguing plan following the corresponding ISBD. In Italy, the adoption of these
standards for cartographic materials was already envisaged in 1985 by the National Central Library
of Florence, whose director at the time, Anna Lenzuni, asserted that the institution was determined
to move towards the computerisation of the cataloguing method (Lenzuni 1987). This integration
was fully implemented in 2022, when Istituto Centrale per il Catalogo Unico delle biblioteche
italiane e per le informazioni bibliografiche (ICCU) published the Guida alla catalogazione in SBN®
— Materiale cartografico (ICCU 2022).

In contrast to the Italian situation, other countries such as France, Great Britain and the United
States, witnessed a more decisive top-down imposition of norms and protocols to be followed in
cartographic cataloguing (Azzini 2005). However, it must be considered that, unlike the Italian case,
the above-mentioned countries have significantly fewer cartographic archives, which means that it
is easier to survey and manage national cartographic material. This is evidenced also through the
online availability of numerous portals for the consultation of georeferenced historical cartography
held by the principal competent institutions. The most significant and exemplary ones are indeed
attributed to foreign entities, such as OldMapsOnline (British, American, Russian and Czech carto-
graphic collections), CartoMundi (French collections), MapSearch (Australian collections), etc.
These examples are useful for understanding the representation and systematisation behind the
online consultation of maps, but they do not represent excellence from the perspective of the cata-
loguing, which is often minimal or even entirely absent.

5> ISBD(CM): International Standard Bibliographic Description for Cartographic Materials.
6 SBN: Servizio Bibliotecario Nazionale.
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In summary, Italian geographical and geographic-historical studies have extensively assessed the
validity of cartography as a source for the history of the territory, as well as the history of cartog-
raphy itself. At the same time, various exploratory proposals have been presented to conduct cen-
suses and inventories of cartographic sources. Many pioneering studies have moreover recognised
the importance of associating the description of the cartographic document with its visual represen-
tation, which nowadays provides significant insights into the technological evolution of current
digital cartographic portals. Indeed, we believe that these two aspects can no longer exist separately
within the same consultative system.

The historical cartography of GeCo (University of Trento): a project of digitalisation

The Centro Geo-Cartografico di Studio e Documentazione (GeCo) was founded in 2019 through a
memorandum of understanding among the University of Trento, the Province of Trento and the
Municipality of Rovereto. The primary purpose of GeCo is to create a research and consultation
hub capable of providing and enhancing the available cartographic, photographic, photogrammet-
ric, iconographic documentation, in the context of research and territorial governance, as well as
educational and dissemination initiatives at local, national and/or international levels.

The historical cartographic corpus held by GeCo

Much earlier than the establishment of GeCo, the historical geography research group of the Uni-
versity of Trento has carried out the acquisition in digital format of historical manuscript cartog-
raphy primarily related to the present-day Trentino-Alto Adige region, but also extending to the
regional and interregional territories of the Alpine arc, with a portion of material illustrating border
areas. The archival sources from which this material has been drawn are mainly located in Northern
Italy, though some foreign archives, such as Austrian, German and French ones, have also been
accessed. Notable among these are numerous state archives (e.g. State Archives of Milan, Trento,
Venice), provincial and local archives (e.g. Stdtiroler Landesarchiv in Bozen, Provincial Historical
Archives of Trento, Archives of the Magnifica Comunita of Fiemme), municipal historical archives
(e.g. Municipal Historical Archives of Trento, Rovereto, Riva del Garda), libraries (e.g. Biblioteca
Civica Bertoliana of Vicenza, Marciana National Library of Venice), museums (e.g. Italian War
History Museum of Rovereto, Palazzo d’Arco Museum in Mantua), the Historical Archives of the
Military Geographic Institute (Florence), the Historical Archives of the Army General Staff (Rome)
and various foreign archives (e.g. Osterreichische Staatsarchiv in Vienna, Tiroler Landesmuseum
Ferdinandeum in Innsbruck, Ecole Militaire in Paris) (Dai Pra 2013; 2018).

The vast quantity and heterogeneity of the material make this progressively collected cartographic
corpus an intriguing source of historical territorial information useful for reconstructing the evolu-
tion of Triveneto territories. The cartographic variety is evident in a wide range of map types: plans,
bird's-eye views, cartographic drawings and sketches, hydraulic maps and profiles (Fig. 1), sections,
iconographic maps, boundary maps (Fig. 2), road maps, cadastral maps, profiles, situation plans,
overview maps, perspectives, aerial photographs, models, dioramas, military maps, palimpsest
maps, lithographs and more.
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Figure 1: Steffanelli G. Carta topografica de’ due consorzi della destra, e della sinistra sponda del torrente Fersina, con
progetto di deviazione dal Sale’, di bacini di deposito alla foce; della insenatura dello scanno, e della connessa inalveazione
dell’Adige alla Virginia di Ravina, col circostante tratto della valle dal Campo-Trentino fino all’ischia Perotti (Trento:
Delegazione Fersinale, 1850). Municipal Library of Trento, TG 1 d 10, A/2/e/7.

Figure 2: Ispezione del Monte di Bondon ed Aranno con altri siti particolari con discretta mano delineati da noi N. N. anno
1767 (1767). Municipal Historical Archives of Trento, Pretorio 4558.
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Methodology

As part of the GeCo 2020 PAT project’, the present research focuses on the creation of a spatial
database (geodatabase) aimed at the census and systematic cataloguing of the historical cartography
currently available at GeCo. Because of the substantial quantity and variety of the collection, the
development of the database must necessarily consider numerous variables, with the aim of achiev-
ing a result that is as coherent and useful as possible, while also allowing for potential future en-
hancements based on the state of the art and the needs of the users. To complete the work, the
ongoing project envisages the association of the cataloguing process with the visualisation of the
georeferenced cartographic documents, both incorporated within a Historical WebGIS portal allow-
ing for direct remote consultation (Ptidal and Southall 2012; Grava 2012; Grava et al. 2020).

The process that will be examined in this paper involves three main stages: the creation of the da-
tabase and its integration into GIS, the georeferencing of historical cartography and the association
of georeferenced materials with cataloguing data.

Creating and integrating the cataloguing database into QGIS

To create the cataloguing database, we structured a spreadsheet in .xIsx format within Excel, result-
ing in 26 columns based on the fields exposed in the Guida alla catalogazione in SBN — Materiale
cartografico. However, the ICCU cataloguing methodology has not fully met the requirements of
our project. We decided to make further integrations to better describe the diversity of the carto-
graphic documentation under study, especially because the ICCU method seems more designed for
printed rather than manuscript maps. Consequently, we proceeded with enhancing the initial spread-
sheet by inserting several additional fields, developed after consulting relevant literature and ana-
lysing the project needs. Eventually, 58 columns were integrated into the initial database, making a
total of 84 final fields.

The resulting database was then exported in .dbf format to generate an attribute table consultable in
GIS software. In our case, we use the open source QGIS. Adapting the table to the chosen Geo-
graphic Information System requires defining specific norms for the columns. Specifically, each
field must have a designation abbreviated within the system's allowable characters (max. 10), a data
type and the maximum number of characters allowable per fillable record.

Also considering the aim of exporting this model to a WebGIS, we have taken inspiration from the
Italian norms of the Istituto Centrale per il Catalogo e la Documentazione (ICCD) on cataloguing
records for cultural heritage to define the internal structure of the database, particularly regarding
field hierarchy, data access regulation, etc. (Mancinelli 2018).

The 84 fields of the database are organised according to logical criteria. They can be divided into
sections based on the specific thematic investigation, thus making the structure more effective and
comprehensible for both the compiler and the viewer. According to the ICCD model, the fields of
the table can be distinguished into simple fields, which are single entries to be filled, and structured
fields, which include one or more simple fields within them. The adoption of this division method
is also considered beneficial for our project, as it renders the internal organisation functional for
computerised management.

It is also crucial to define the specific properties of each field. Beyond the type and length of char-
acters allowed, it is possible to set a closed range of values to choose from, in order to facilitate a

" Qur project is financed by the Autonomous Province of Trento under the GeCo 2020 PAT initiative, for which
the PAT (Al) fund has been allocated.
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quicker cataloguing process. Where the data is repeated multiple times or is limited to a defined
range of possibilities, a drop-down menu can be created to select the necessary information from
those listed®. In the project context, this database compilation mode was selected for a total of 32
fields.

Another topic of interest addressed by the cultural heritage regulations is the obligation to compile
a field. In the context of our research, it is useful to distinguish between fields that must be com-
pulsorily completed, and thus essential for the validity of the cataloguing model, and optional ones.
The latter can be left blank if the required information is neither directly obtainable from the carto-
graphic resource nor indirectly from deductions or related investigations. Since in this case we are
dealing with a set of heterogeneous types of cartographic resources, many fields are identified as
optional, as the requested information may not always be present.

It is also possible to distinguish between fields that can be defined as independent or dependent.
The former are standalone and are not linked to any other field regarding the information to be
inserted. The latter, on the other hand, may depend on the completion of other related data.
Ultimately, concerning the management and public dissemination of the entered data, it is funda-
mental to assign a certain visibility value to each editable element, considering the possibility that
a given field may contain sensitive information for privacy and protection reasons.

Georeferencing historical cartography

Having defined the structure of the .dbf and the organisation of its data, the next step involved
establishing the methodology for georeferencing digital historical cartography. The aim was to com-
pare historical territorial realities with modern ones, thereby placing each map in its current geo-
graphical context. This process allows for the study of historical geographical evolution of territorial
boundaries, as well as of human settlements, urban developments, transportation networks, etc.
According to Balletti, georeferencing can be defined as «the process, which assigns to non-metrical
maps (usually the early maps) a ‘metric reference’ from the actual geospacer or its mapping. When
the metric reference is related to the system of earth coordinates or their map-projection counter-
parts, it is called georeferenced» (Balletti 2006: 34). It is a process that occurs through two funda-
mental steps: the geometric transformation between the image and the reference system and the
subsequent resampling of the obtained raster - i.e. assigning a specific radiometric value to each
pixel of the new georeferenced image.

Regarding the first step, the determination of parameters useful for the transformation begins with
identifying the coordinates of a given number of Ground Control Points (GCPs) recognised on the
historical map. This way, the process calculates the best fit between the image plane and the object
reference system plane. The number of required GCPs depends on the type of transformation
adopted; generally, the more points, the better the quality of the process (Balletti 2006). However,
it is important to emphasise that historical cartography often lacks a geographical datum or employs
one no longer in use today. Additionally, identifying GCPs that are still recognisable on current
maps can be particularly challenging due to territorial and urban changes or inaccuracies in histor-
ical cartographic types (Grava et al. 2020).

8 Once the table properties are opened, one goes to the «attribute form» section. Among the available widgets, the
field for which the drop-down menu is to be created must be selected, and once the dialog window opens, the
widget type is defined as «value map». From here, it is then possible to enter the data that will comprise the menu,
and once the change is applied, the predefined list will be created.
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Existing transformations are divided into two main categories: global and local ones. Global trans-
formations calculate their parameters altogether a priori for the entire image area, resulting in an
overall deformation of the image and a displacement of GCPs from their initial positions due to
compensation and changes in starting coordinates. In contrast, local transformations calculate pa-
rameters for small specific areas near the control points, causing more localised deformations while
maintaining the position of GCPs and forcing other points in the image to adapt (Gatta 2010; Fa-
vretto 2012).

The choice of one algorithm over another depends not only on the number of identified GCPs but
also on the type of raster and input data and on the geometric distortion one is willing to accept in
the final outcome. Given the variety of historical cartography in .jpg, .tif and .pdf format held by
GeCo, it is certainly not always possible to operate with the same type of transformation, as the
object may undergo deformations that excessively compromise graphical representation. This is
due to the fact that the material to be edited often has a non-geometric nature or lacks specific useful
information such as spatial coordinates, metric accuracy, recent and accurately positioned topo-
nyms, identifiable elements of the territory (e.g. boundaries, hydrography or orography) (Williams
2012). However, in some cases, despite the deficiencies found in the material, it is possible to use
some details present (e.g. cadastral parcels, boundaries, coastlines, etc.) to perform a georeferencing
that is at least vaguely traceable.

After analysing the characteristics of each algorithm available in QGIS, it was deemed necessary to
primarily use the Thin Plate Spline algorithm. This is the most useful method for georeferencing
damaged, distorted, imprecise maps or poorly orthorectified aerial images or maps with unknown
projections or parameters, typical characteristics of much of the historical cartography under study.
According to this local transformation, areas far from the GCPs are shifted to match them, while
the rest of the image is locally deformed minimally. It usually requires a minimum of 10 Ground
Control Points to be successful but can be initiated with fewer ones (QGIS Project 2022). In cases
where geometric precision is more present (e.g. military cartography with IGM print base map), a
polynomial algorithm was occasionally chosen.

Subsequently, we decided to adopt the nearest neighbour resampling method for all maps.

Once the necessary steps are defined, georeferencing can be activated. In this way, predicted coor-
dinates are assigned to all points on the historical map, based on previously assigned information.
The resulting product is a .tif image containing georeferencing data (GeoTIFF)°.

The planimetric accuracy of the map and the potential margin of error of the georeferencing process
can be verified and assessed through cartometric analyses (Jenny 2006; Dai Pra and Mastronunzio
2014). In the most extreme cases, where georeferencing is practically impossible due to the absence
of exploitable geometric features for correct spatial positioning (a not uncommon situation in this
corpus), we simply decided to refer to the centroid of the municipality, building, etc. of reference.
In this case, an algorithm that does not deform the map was adopted, prioritising the approximate
indication of the general location represented on the map.

% One issue encountered after georeferencing images is the appearance of marginal areas due to map rotation
compensation, where pixel values are null. For better visualisation in QGIS, these areas can be removed by adjust-
ing raster properties under the «Transparency» section, setting «Additional no data value» to 0, effectively hiding
black pixel outlines.
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Matching georeferenced maps with cataloguing data

After associating a spatial dimension with the available historical cartography, the next step was to
identify the coordinates for each catalogued document in order to connect each image to its relative
record in the dbf. table.

The proposed approach to meet this requirement involved creating a bounding box for each raster
to derive approximate coordinates of its vertices and subsequently calculating its centroid, i.e. its
geometric centre. The tool used to achieve this objective is called «Tile index» and it generates a
polygon vector representing the extent of each selected raster'®. Longitude (X) and latitude (Y) val-
ues were then computed for each centroid according to WGS 84 (lat,lon) system.

Once bounding boxes were established, it was necessary to populate fields related to the four coor-
dinates of their vertices. Each vertex of the polygon was selected using the Lat Lon Tools plugin,
which directly provides coordinates in the selected EPSG. Subsequently, a point vector correspond-
ing to the centroid of each bounding box (and thus of each georeferenced image) was derived using
«Geometry tools». From these centroids, longitude and latitude values were calculated?!.

The final required process was to associate centroid points with information stored in the .dbf data-
base using the Join function. The latter operates based on associative logic related to matching fields
between elements, specifically identifying columns with matching names and content in the two
linked tables. In this case, the chosen linking field was the one containing the unique identification
code associated with each map within the database. Join can be found in the properties of the cen-
troid vector, where the bounding box polygon was added as the join layer. The process took place
based on the identification code acronym as both the join and destination field and by selecting the
fields to be added to the final vector, while removing the prefix from the custom field name. This
operation was repeated for a second Join with the cataloguing table.

Achieved and expected results

It should be noted that the results of georeferencing for historical cartography should not be con-
sidered as mathematically exact or geometrically precise, considering the premises already dis-
cussed. In fact, it is always necessary to take into account that the interest in georeferencing a his-
torical map in this project is mainly aimed at allowing its selection based on geographic search
criteria within this particular archive in a GIS environment.

It is also important to consider that, except for documentation produced for technical use, especially
in the past, cartography is to be understood as a social product. For this reason, as with any other
historical source, it is imperative to evaluate the perspective of the cartographer and the mandant,
the cultural and political context of the time, etc. (Grava et al. 2020). Moreover, certain examples
of representations, in which some elements or proportions are particularly emphasised rather than
concealed or diminished, often arise from political motivations. One example can be found in maps
drawn to justify the dominance of certain powers over other peoples by depicting the conquerors'
territories as significantly larger than those of the conquered, even though the physical reality might
have been proportionally opposite (Harley 1989).

At times, however, representations depend on the varying importance that different components of
the territory assume in different epochs. For instance, the scant or almost non-existent presence of

10 Note that resulting elements include the original image area, encompassing black margins due to map rotation.
11 The calculation was performed using the $x and $y functions within the «Field Calculator».

[104]



e-Perimetron, Vol. 19, No. 3, 2024 [97-108] www.e-perimetron.org | ISSN 1790-3769

communication routes in printed chorographic cartography between the 16th and 17th Centuries
can be attributed to strategic reasons as well as the limited importance of the roads. Conversely, the
hydrographic network almost always appears depicted with considerable detail, sometimes even
exaggerated, particularly due to its dominant role in communications, at least until the 18th Century
(Federzoni 2010).

Achieved results

The ongoing research project has so far yielded results based on the methodology outlined in the
previous chapter. The cataloguing table is structured to appropriately host the information that can
be extracted from each cartographic document, allowing direct access to the storage path of its
digital image. Additionally, the historical map can be consulted on QGIS after proper georeferenc-
ing, which enables its contextualisation and availability for technical territorial analysis, also allow-
ing cross-referencing within the geodatabase (Fig. 3). The inclusion of historical cartographic ma-
terial within Geographic Information Systems permits some fundamental operations: identification,
search, consultation and analyses, as well as conservation. Specifically, the investigations permitted
within the system allow, for example, the search for elements based on spatial criteria or specific
attributes, simple or more complex queries and comparisons between multiple layers simultane-
ously. These operations generally grant a focus on the current area of interest and a retrospective
analysis with the overlay of historical cartographic layers covering the territory, thus enabling a
diachronic analysis of the evolution of the area over the centuries.
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Figure 3: Example of georeferenced historical map and associated database portion on QGIS. Map references: Turrini B.,
Mappa ichonografica del distretto della comunita di Avio delineata da Bartolomeo Turrini I’anno MDCCLXXV (1775).
Municipal Historical Archives of Avio, ACAv 1.14-2 40.

Purposes of the project and expected outcomes
To make the work done so far available to a wider audience, the intention is to export the locally
created model on QGIS to a Historical GIS portal in the near future. This online platform would

also offer various investigation tools: data management, information retrieval, spatial analyses, que-
ries, specific visualisations, printing options and more.
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The cartographic portal envisaged for this project aims not only to appropriately include georefer-
enced historical maps (where possible), catalogued through a custom-designed form, but also to
facilitate interactive search and interaction within the system, enabling quick and easy retrieval of
the required materials. Therefore, it is essential to consider the need for setting up queries and in-
dexing useful for potential system users to optimise the valorisation of the research.

The goal is to achieve a more visually appealing and graphically effective representation of the
dualism between cartography and cataloguing, translated into a useful research tool.

Conclusions

In conclusion, we can assert that, at least for the Italian context, there has not yet been the creation
of a cartographic portal capable of combining an appropriate collection of georeferenced historical
maps and a comprehensive and exhaustive cataloguing sheet on the same platform, able to extract
the necessary information. Despite some exemplary cases, such as the Tuscan Imago Tusciae®?, the
two aspects are often not given equal emphasis: frequently, one encounters excellently geolocated
maps with high resolution but accompanied by only a brief description or a superficial attempt at
cataloguing.

In this context, our research project aims to set an example that values both aspects, acting as a
bridge between the past and the present and enabling historical cartography to serve as a useful tool
for understanding the evolution of the territory. This, in turn, enriches current and future territorial
knowledge and investigative techniques, especially regarding urban planning and human activities.
Considering the objectives still to be achieved within the ongoing project, it is important to highlight
that, for the time being, access to the cartographic heritage of GeCo through the envisioned WebGIS
portal will be permitted only with the entity’s consent, as each digitised material is copyright-pro-
tected. Concerning intellectual propriety rights compliance, the most used strategies to allow docu-
ment consultation include using low-resolution images, watermarks or inhibiting the ability to save,
print or screenshot the displayed item (Azzari 2010).

The hope is to disseminate the methodology and the overall vision adopted during this research
project, thereby encouraging the academic community and sector experts to seriously revisit the
theme of historical geography and historical cartographic cataloguing in a context increasingly de-
voted to new data digitisation technologies.
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