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Abstract: This article observes the main trends in GPR research through a bibliometric analysis of
a large corpus of contributions published between 1996 and 2021. This review aims to identify the
scope of a flourishing methodology that has changed with technological advances and improvements.
GPR research is at a similar development stage to other geophysical analysis techniques. Among
archaeologists and historians interested in applying new techniques, the use of GPR has emerged
as a critical tool to review historical themes. Covering from a new perspective with possibilities
of success to the extent that there is active collaboration with experts who bring to the research
experience an appropriate multidisciplinary prism. This allowed us to highlight positive experiences
and errors that help us improve and move forward. This article is presented in two distinct but
ultimately complementary parts. First, bibliometric analysis of the use of GPR in archaeology is
addressed based on Publish or Perish Software. Second, we narrow the discussion using GPR results
applied to rural /urban archaeological contexts from Roman times and how they can contribute to the
knowledge of past societies, being an essential resource for understanding the historical expression
of the occupation, management, and uses of the territory and landscape.
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1. Introduction

Research applying ground-penetrating radar (GPR) in ancient history, particularly on
the issues of rural and urban occupation during antiquity, has a relatively short history
in the field of historiography. It is an incipient perspective that aims to critically explore
geophysical methods to obtain visualisation models of archaeological data for the historical
analysis of settlements and their stratigraphic contexts and to contribute to promoting
traditional lines of research currently conditioned by the scarcity of new and reliable
documentary sources.

The development achieved in recent decades by the GPR technique has meant a real
revolution for ancient studies in obtaining archaeological documentation, especially relat-
ing to the material manifestations of the urban phenomenon and forms of rural occupation
and uses of territories from civic communities. This potential has become particularly
evident through the incorporation of multi-channel equipment in an array configuration
developed by various commercial companies, which has proved to be a powerful instru-
ment for obtaining data on large surfaces and land with varied topographies. Moreover,
this documentation of large archaeological surfaces can be carried out in a few working
days, being highly profitable from the point of view of the investment of effort and eco-
nomic resources in the knowledge of a given settlement. The result is a notable advance in
the knowledge of the immovable material culture associated with the urban, public, and
domestic manifestations in antiquity. However, the GPR technique has been reserved, at
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least during what we could characterise as its first phase of the application, to specialists in
geophysics and, specifically, to teams of archaeologists who showed interest in this type
of method and whose results were initially somewhat abstract due to the characteristics
of the first equipment used. A second phase in using the GPR technique in the histori-
cal/archaeological discipline has extended its use as an important tool for its application in
research projects on various archaeological sites. In this second phase, an archaeological
perspective has taken precedence over more far-reaching historical analytical approaches
which connect with the problems of the forms and evolution of urban planning associated
with the control and exploitation of the territory.

The authors of this paper argue that it is now necessary to fully move to a third stage.
Following this, it is proposed to define a close relationship between the GPR technique,
its results, and interpretations with some of the most relevant lines of historical research
in studying ancient societies. More specifically, those aspects related to the genesis and
evolution of ancient urban planning applied to cities and the forms of occupation of
the territory in general and rural space in particular. In other words, it is necessary to
initiate a stage with a greater weight of historical thought and analysis to interpret and use
geophysical information provided by modern GPR equipment and others based on similar
techniques. It is now a matter of reconnecting the study of geophysical results with the
historical epistemology related to the analysis of ancient urban planning.

In order to develop this argument and proposal, we will address two lines of work
in this contribution. On the one hand, the authors conducted an analytical study of a
representative selection of bibliographical contributions based on the use of GPR in archae-
ological cases of study. On the other hand, authors developed the historical perspectives
that constitute outstanding lines of research on the classical world considering, further-
more, its occupation of the territory, which, in our opinion, can now be taken up and
strengthened thanks to the results that can be obtained from the use of these geophysical
instruments. However, it is necessary to mediate the knowledge of antiquity and the
historical interpretation of the classical world.

Publish or Perish (PoP) software has been used for this study [1]. PoP offers a quick
tool to generate bibliometric indicators from the results of Google Scholar, Scopus, or Web
of Science (although in this article, only the first two have been used as a reference). PoP
generates rankings that allow identifying the principal authors (or at least the most cited)
in a thematic area and a specific publication. The search allows filtering through several
chained keywords (for this article, some keywords were GPR; archaeology; structures;
burial; Bronze Age; Iron Age; Phoenician; Roman; Greek; medieval; villa; urban). However,
this type of software, which focuses on the so-called h-index or the number of citations a
publication receives, also implies a series of limitations. Among these limitations is the
creation of unfair assessments of each author’s research contributions. Identifying how an
author’s number of N articles with N citations shows his or her real impact on the field of
research he or she represents is questionable [2]. The authors of this article are aware of
this. For this reason, we add throughout the content authors and institutions that, without
appearing in the results of the study through PoP, have shown a relevant contribution to
the advancement of the use of GPR in archaeology in general and for the area of Roman
archaeology in particular. Despite these limitations, PoP allows for a broad review of the
selected field of study to identify through the use of “big data” patterns that help us better
understand trends in a speciality.

The bibliometric analysis is a set of 999 publications based on Google Scholar citations
and is on the use of GPR in archaeological issues in a generic way (although, as part of
the analysis, a restricted search of the data was applied to the period from 1951 to 2021).
Complementarily, authors applied a search of 200 publications based on a more accurate
source as Scopus, applied to a narrower search in the use of GPR in Roman settlements.
This analysis of bibliographic metrics also covers a period from 1996 to 2021. Additional
publications derived from those in the initial sample were subsequently included. These
publications have been manually assessed to determine whether or not they meet our
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selection criteria. It is relevant to mention that the publications used to show metrics
on GPR application have a more general character. The publications we have used for
applying GPR to Roman sites include articles that only apply, develop, or explicitly address
GPR methods in urban and rural contexts of antiquity. Those that are dedicated to other
historical chronologies or focused on refining the method are excluded from this analysis
(see Table S1 in Supplementary Material).

This paper explores chronological trends in the number of publications per year,
research trends, and co-authorship among antiquity researchers who apply GPR in their
research. Of course, all the patterns we document below are limited to the 200 publications
collected for the specific case of Roman chronologies. It is almost certain that we have
not drawn on works using GPR methods in relevant contexts, but the values shown are
still representative. It is also important to note that this is a bibliometric analysis focused
on a single area of research, so it is more difficult to draw firm conclusions, although we
consider the contributions of the analysis to be indicative of the direction and trends that
this discipline is pointing out.

In summary, it should be stressed that this document is not intended to be a complete
bibliographical review but rather an orientation that allows us to obtain a general picture
of the use of the GPR method in historical research to assess its evolution and to glimpse
its current path and direction. The aim is, therefore, to offer a quantified view of a sub-
discipline related to historical and archaeological research. Finally, it should be mentioned
that other in-depth reviews of the use of GPR in archaeology provide more contextual
information on the development of the technique and its use [3-10].

Regarding the possibilities of the technique for historical study, it is stated that it
first proposes the need to characterise and recognise the results of GPR exploration as a
beneficial primary source. Secondly, a review of the current state of studies dedicated to
public and private urban planning in rural and urban areas is proposed, subsequently
focusing on Roman Hispania. We will identify the main lines of research that, in the authors’
opinion, is enhanced by the use of GPR, and we will propose a reflection on the need to
connect literary sources and analytical perspectives with the information provided by
GPR surveys.

2. Bibliographic Analysis
2.1. Methodology

One of the objectives of this contribution is to carry out a bibliometric analysis that
allows us to monitor the dynamics and evolution of research topics linked to the use of non-
invasive methods and, specifically, to the application of GPR in historical /archaeological
research. Along the lines of bibliometric analysis, methods and tools have been developed
that allow this type of analysis. The citations, keywords, and textual descriptors extracted
from the textual body of the publications is used in this paper as a methodology based on
the co-citation system.

However, it should be noted that there are limitations to this type of method [11]
which must be taken into account when developing this type of analysis. One of the
main limitations is the time scale set for such analyses, which can sometimes be too
long to detect new research topics. However, considering this limitation and the above-
mentioned h-index-centred search, it is clear that bibliographic analysis based on a co-
citation methodology has obvious advantages compared to other systems [12].

Most importantly, as soon as articles are published and indexed in the database,
directly related contributions highlight the evolution of an emerging research topic. As we
have seen roughly in the previous sections, for the present bibliometric study, the scales
of use of a non-invasive methodology in archaeology have been selected from a more
general perspective to more specific fields. Differentiation based on areas of specialisation
has been used as categories of association to produce a selection by co-citation for the
analysis of clusters over a specific period. Thus, the outline of the bibliometric analysis
developed can be summarised as follows. For the metric analysis, the use of GPR in
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historical/archaeological studies has been selected as an emerging theme; then, a broad
chronological period has been subdivided into sub-periods based on the use of GPR
by field of specialisation. A separate structural analysis has been carried out in these
specialisations based on the emerging themes, the participating authors own expertise, and
their collaboration on the selected theme.

In the same way, to detect emergence, the evolution of specialisations within the
historical/archaeological disciplines has been monitored by observing the internal struc-
tures. Finally, linking relationships have been established between each temporal moment’s
sub-structures (clusters) obtained in the first step. This last step constitutes the real core
of the analysis. Over time, the change in cluster structures is assessed, and new emerging
or substantially changing clusters are identified. As an added analysis to the emerging
themes, identifying the main actors has been included to identify patterns of international
collaboration, analysis of publication activity, and citation impact.

2.2. Results

Formal remote sensing approaches have been applied in archaeological research since
the late 1960s but have only recently become widespread [13]. This trend is illustrated in
Figure 1, which shows the number of research publications per year (only data from 1996
to 2021 have been selected for the use of GPR in archaeology to match the comparative
application in Roman archaeology—Figure 2). The early application of GPR in archaeology
was primarily dedicated to methodological articles and reviews focusing on using the
techniques in archaeology. In these early publications, the methods, the anomalies recorded
by the radargram, and the visualisation tools were suggested as potentially helpful methods
for reviewing and analysing archaeological data [14-16]. Perhaps the first examples of
the application of GPR to address archaeological questions in a relevant way, without
focusing on methodological issues, appear reliably from the beginning of the 21st century,
with examples of case studies such as Neubauer W. et al. (2002); Piro S. et al. (2003); or
Campana, S. et al. (2009) [17-19].
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Figure 1. Analysis using Publish or Perish Software analytics, examining Google Scholar metrics
with up to 1000 entries as the maximum result range from 1996 to 2021.
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Figure 2. Analysis using Publish or Perish Software analytics, examining Scopus metrics with up to
200 entries as the maximum result range from 1996 to 2021.

This research was very influential in Roman archaeology, demonstrating great success
in effectively mapping sites and extended data record capabilities of GPR. In the subsurface,
the foundations and walls of destroyed Roman buildings often have strong reflection
contrasts that can be detected and mapped with GPR. If we take a closer look at the
applications of GPR in Roman archaeology (Figure 2), we see how the graph applied to
the metrics obtained from Scopus reflects the broader trends, which increase exponentially
between the years 2015 and 2021, where a large number of formal methods were introduced
into multidisciplinary survey approaches [20].

Similar methods have recently been applied in different regional contexts, raising
the number of examples in this ‘Roman’ speciality compared to other areas of histori-
cal/archaeological studies (Figure 3). Within the specialisation in Roman chronologies,
in the period analysed (1996-2021), research in GPR seems to have focused almost ex-
clusively on isolated publications or the result of conferences. Significantly, few authors
published books dedicated to applying GPR on sites or around archaeological issues, and
contributions to other research as part of a book chapter were equally rare (Table 1). This
situation can be partly explained by the derivation of purely geophysical studies on case
studies and the lack of full integration of the application of non-invasive methods into
the historical /archaeological training. In this sense, the best example is the parallel that
can be found in introducing geographic information systems (GIS) in historical studies,
experiencing the same technical limitations in its beginnings. For this reason, it is exposed,
as a possible cause of the interdisciplinary presence of authors of works in the beginnings of
the application of GPR in archaeological analysis, where on multiple occasions, we can see
how different professionals collaborate in the analysis of case studies separately, without
the sufficient complementarity.

Recent years have seen GPR approaches in historical /archaeological studies explore
different directions across regional contexts. Complexity-based approaches to applying
GPR influenced by physics and related fields have remained popular and incredibly influ-
ential in Europe. It is possible to describe trends further using GPR in Roman chronologies
through the metrics analysed. Following this, most of the studies have been applied to
identify settlements or the urban layout of a site. It is a less common practice for the
applications in rural case studies, and the last position is the use in the analysis of villas and
the identification of their constructive spaces. Finally, we find the use of GPR in studying
historical landscapes from a broader point of view. This type of analysis (Figure 3) undoubt-
edly, shows us the shortcomings or opportunities of applying non-invasive methodology
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and, precisely, the use of GPR on settlements of Roman chronology. There is also an increase
in the development of original models and methods designed to address archaeological
research questions. Thus, researchers are no longer exclusively adopting non-invasive
techniques from other disciplines but are now actively contributing to the methodology of
their application.

GPR per ARCH. EXPERTISE  BrONZEAGE |, onician

ARCH.

1% ARCH.
’ 1%
GREEK ARCH.
MEDIEVAL 1%
28%
ROMAN ARCH.
59%

B BRONZE AGE ARCH. B PHOENICIAN ARCH. B GREEK ARCH. B ROMAN ARCH. & MEDIEVAL

Figure 3. Percentage comparison of GPR application per field of expertise.

Table 1. Division of the number of authors per type of publication.

Type of Publication Count of Authors
Article 125
Book 1
Book Chapter 7
Conference Paper 60
Conference Review 0
Review 6
Grand Total 199

Returning to the global analysis of the use of GPR in our discipline through Google
Scholar metrics, we see that 423 authors participated in writing the 999 publications
analysed. We can explore co-authorship in this corpus of past publications by considering
it a network in which authors are represented as nodes with connections defined by co-
authorship. The resulting co-authorship network is shown in Figure 4 and further illustrates
that co-authorship is the norm in applying GPR in antiquity studies. Furthermore, it adds
to the fact that the use of this particular formal method by historians and archaeologists
on an individual basis is infrequent. Collaboration with experts in the field, usually
from outside the humanities, is therefore often sought. The most significant connected
component includes mainly authors whose recent research output is dominated by the
formal science of geophysics. Figure 4 shows, that most publications are collaborative. In
this specific corpus dedicated to applying GPR in archaeology, we find 12 groups with
two collaborations, 51 with more than three collaborating authors, and 8 finally representing
extensive collaborations with 10 authors. These trends would corroborate the idea put
forward earlier that, for most archaeologists, the use of GPR in an autonomous way is rare,
being linked to a specific aspect of their research and not dominating their research output
and being limited to collaboration with experts in the field, without these necessarily being
professionals in the field of humanities.
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Figure 4. Co-authorship network of GPR in archaeology based on Google Scholar metrics.

The use of Louvain’s clustering method (Figure 5) [21] on the network analysis pre-
sented allows us to identify groups of authors who have more or less co-authorship between
them. The two largest groups are those dominated by A. Novo and A. Casas, with several
co-authors and papers in which one of these authors is a co-author. The relevance of these
authors acting as a “bridge” to other co-authors is identified by the centrality measure [22]
between them (represented as node size in Figures 5 and 6). The two authors mentioned
above are co-authors with members of different groups, which gives them a high degree-of-
connectedness score with other authors. We can see how A. Novo is in a central position
between two groups although sharing relevance with other authors, while A. Casas is not
only positioned centrally in a group but also shows the highest ranking in the connectivity
function within the collaboration. Therefore, we can interpret that the groups of authors
identified with a higher connection function pursue a methodological interest in investi-
gating the use of GPR in archaeological applications (together with their research), which
leads them to be co-authors with some authors who share their methodological interests.

Using as a sample the two main clusters detected through the correlation of publi-
cations by authors, we can glimpse relevant data. In this line, the majority presence of
the male gender compared to the female gender in publications related to GPR applied
in archaeology is evident (Figure 7). Despite focusing on a small sample, the proportions
shown are still significant, with 18% for female authors, while male authors account for
82%. Similarly, based on the interdisciplinary presence at the beginning of the application
of GPR, as mentioned above, we have drawn attention to the professional profile of the
researchers who make up the research groups applying GPR (Figure 8). Visualising the
data obtained in the main co-authorship clusters gives us a characteristic image that seems
to mark a continuity of the interdisciplinary profile detected at the beginning of applying
GPR in archaeological studies. That is to say, a predominance of professionals from outside
humanistic disciplines who technically support the development of specific studies. In
this way, we can observe how the presence of professionals from the field of geophysics is
overwhelming compared to other fields of expertise. Likewise, the specific field of ancient
history is practically absent when compared with the works that use an archaeological ap-
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proach to study the realities of the past, leaving a gap in the analyses that use a perspective
from ancient history itself. Finally, it is worth noting that when we analyse which countries
contribute to developing studies involving GPR in the knowledge of the past (Figure 9),
the main clusters of co-authorship show a significant difference, with Spain and Italy at the
forefront of this type of practice.
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Figure 5. Grouping co-authorship by Louvain method.
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Figure 6. The largest connected component of co-authorship networks. Node size represents be-
tweenness centrality; nodes are grouped following the Louvain clustering algorithm.

Gender in GPR
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Figure 7. Pie-chart showing the presence of females versus males within the largest clusters of the
co-authorship network of GPR in archaeology based on Google Scholar metrics.
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Figure 8. Clustered bar graph showing the field of expertise within the largest clusters of the
co-authorship network of GPR in archaeology based on Google Scholar metrics.
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Figure 9. Clustered bar graph showing the author’s country within the largest clusters of the co-
authorship network of GPR in archaeology based on Google Scholar metrics.

3. GPR Survey and Its Potential for Historical Studies
3.1. The Radargram as a Historical/Archaeological Source

The progress in applying historical /archaeological studies of methods based on ad-
vanced techniques for detecting and documenting master cultures and their digital results
leads to a reflection on the definition of primary sources and their representations. Al-
though this is not our contribution’s primary purpose, we believe initiating this debate
is appropriate.

As we have indicated, the GPR technique provides valuable information for develop-
ing certain lines of research into antiquity, lines that already have a long historiographical
tradition and to which recognised specialists are dedicated. However, it is striking how
little impact the contributions and results of GPR surveys carried out on relevant archaeo-
logical sites have on publications from historians of antiquity. It seems important to identify
the reasons for this compartmentalisation between the documentation obtained by this
geophysical technique and its use by specialists in antiquity from a historical rather than
an archaeological perspective.

Firstly, as detailed in previous sections, the very evolution of the technique and its
application has led to it being perceived, on the one hand, as a geophysical discipline and,
on the other, as a strictly archaeological discipline. The value of the results that can be
obtained has not yet been generalised among historians of antiquity. Improving techniques
and instruments has brought a dimension to GPR results similar to what primary historical
documentation can offer. The second is because the configuration of the research groups
that incorporate the technique in their projects and the leadership of these teams made the
development of geophysical surveys, generally, a collaborative work, requiring specific
instruments and specialised technicians. This scenario implies a significant investment in
infrastructure and qualified training. The model developed in Europe in recent decades,
due to these same circumstances—investment and specialisation—has been linked to
universities or research institutes of particular importance and capacity.

There are a number of prominent centres specialised in historical/archaeological re-
search rather than in geophysical application in general. Some but not all of them are
the Ludwig Boltzmann Institute for Archaeological Prospection and Virtual Archaeology,
Vienna; the Foundation for Research and Technology, Hellas (F.O.R.T.H.); the Laboratory
of Landscape Archaeology and Remote Sensing at the University of Siena; the Unidad
de Geodeteccion y Georeferenciacion del Patrimonio Histérico-Arqueolégico, IVAGRO,
Universidad de Cadiz; PATRICIA: Unidad de Investigacion, Innovacion y competitivi-
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dad para el medio Patrimonial, Universidad de Cérdoba; the Geoarchédologisches Labor
des Vorgeschichtlichen Seminars, Philipps University of Marburg; or the MINARQLAB-
Laboratorio de Arqueologia no Invasiva, Instituto de Arqueologia de Mérida, CSIC. The
management of these specialised teams (together with others not mentioned in this paper
for space reasons) has rarely been linked to the areas of knowledge of ancient history but
usually to the fields of geophysics and archaeology. This situation contributes to the sepa-
ration that exists between the results this kind of innovative methods, potentially useful
for ancient history and the academics who really represent this field. It is also interesting
to highlight the fact that many of these groups that are currently contributing to the field
appear underrepresented within PoP analysis.

Moreover, the products obtained, once they have undergone the necessary post-
processing in the laboratory, even though they are digital products, can and usually are
presented as analogue results through publications. However, the conversion of digital and
three-dimensional archaeological data, with all the potential for analysis that this entails,
into analogue formats limits the historical analysis that can be made of the results. Even
so, the resulting maps from geophysical surveys at archaeological sites are not usually
considered at the same level as the maps derived from traditional excavations, an essential
source in studying ancient urban layouts and public and private spaces within rural
and urban contexts. To a large extent, this circumstance can be explained by the lack of
utilisation of geographic information systems (GIS) by many historians of antiquity. GIS is
an essential tool for correctly treating and analysing digital and georeferenced cartographic
products created by GPR techniques.

As a result of the causes described above, such as the non-identification of GPR
exploration as a methodology specific to historians, the lack of involvement of ancient
historians in the leadership of teams specialised in non-invasive techniques, the lack of
predisposition in certain areas of knowledge to the analysis of digital sources and the use
of GIS, the perception that the information provided by geophysical equipment such as
GPR is not considered as a source that can be analysed from the perspective of historians’
competences. It can be concluded that, as a general rule, the documentary products offered
by modern geophysical equipment are not perceived and recognised by specialists studying
antiquity as a primary source, at least not on the same level of recognition as cartography
derived from traditional archaeological excavations. Because of this, the need to characterise
and recognise the results of the GPR surveys as a record of a primary historical source is
argued. In this sense, this information should be considered an essential step to revitalise
research in lines of study that today can be considered a priority. For example, identifying
ancient urban layouts is understood as a form of historical expression of the occupation,
management, and uses of the territory and landscape.

As is well known to specialists, modern multi-channel GPR equipment and the soft-
ware developed for processing the results provide an accurate three-dimensional image
of the archaeological space explored. Although the optimum depth ranges for the visu-
alisation of these results do not generally exceed —2.5 metres in depth, the information
provided can be of high quality, as well as allowing, as a digital product, a detailed analysis
in plan and longitudinal and transversal profiles, i.e., three-dimensionally, of all detected
anomalies that correspond to structural archaeological remains, regardless of their nature.

The data obtained from the diverse process described above is analysed, processed,
and put under evaluation of the necessary historical criticism. It is necessary to highlight
then that the mapping resulting from this type of exploration should be considered as
a representation of a source of primary information, as reliable, as the one provided by
a traditional archaeological intervention. Further, it contributes to the advantages of its
potential three-dimensional analysis, its georeferenced nature, and the preservation of
the original state of the archaeological site under study. Precisely therein lies one of the
advances achieved in the GPR application, and that is that the skills required for the
interpretation of these planimetric models are no longer, neither primarily nor preferably,
those of geophysicists but those of historians and archaeologists specialised, in this case,
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in the classical world. Thus, for example, the explorations we have carried out at the site
of El Carrascal (Figure 10) are related to the problem of the location of the municipality of
Flavia Sabora, a new city established in the time of Vespasian. The image obtained can be
analysed by historians, and from the current knowledge about the urban patterns of the
Flavian period, identify its architectural elements and confirm or refute the identification of
the site with the foundation of the last third of the first century AD.

Figure 10. Urban plan obtained from the GPR survey at El Carrascal (Cafiete La Real, Malaga, Spain) ar-
chaeological site. Probable municipality of Flavia Sabora. Source: Unidad de Geodeteccion-UCA.

It can be argued that the field has witnessed an advance in methodology based on
technology and new instruments without alteration of the epistemology of our disciplines
when resorting to the use of GPR but instead has accomplished the strength and reac-
tivation of the discipline, acquiring new sources of information of great qualitative and
quantitative value.

It is the historical analysis of the product obtained, in its archaeological context, with
the help of previous historiographic knowledge and the help of other primary sources,
which can turn the radargram into a primary source, as if the information came from a
site that has already been excavated. Our historically based interpretation of the mapping
obtained by geophysical methods, even if they are considered, in the author’s opinion, a
primary source, still retains a margin of hypothesis. They can be discussed and interpreted
differently, but in the same way that the interpretation of an archaeological site published
by its excavators can be discussed, or the interpretation of a literary or epigraphic source,
which has been historically analysed, can be disagreed with diverse arguments.

It can be objected that there are limitations to the results provided by the GPR sur-
vey, e.g., that the quality of the data depends on somewhat random natural factors, such
as the environmental, orographic, or lithological conditions of the area under study. Ad-
ditionally, methodological strategies limit the results of the survey. These circumstances
may be comparable to traditional archaeological practice, i.e., the state of conservation
and the physical characterisation of the archaeological elements condition the result of
the intervention, or that not all teams, projects or researchers base their projects on the
same level of methodological quality. Therefore, the valuation of the data must be based
on the quality of its collection, whether conditioned by the context of the study or the
methodology applied. Once these two conditions have been positively assessed, there is
nothing to prevent us from analysing the results regarding their veracity and reliability.

It is also reasonable to consider that the data may lack information to help characterise
the detected materials and their dating. Nevertheless, it is also true that technical advances
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in the equipment used show an increasing ability to define anomalies and provide quanti-
tative information concerning the nature of the response of archaeological materials to the
pulses emitted and the responses received. Another objection derives from the inability of
the geophysical results to determine the chronologies of the elements detected. However,
the possibility of combining the results with other techniques allows these shortcomings to
be at least partially overcome. We are referring to surface surveys, whether extensive or
micro-surface (Figure 11).
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Figure 11. Example of a combination of GPR and micro-survey techniques at the archaeological site
of Miramundo. (Puerto Real, Cadiz, Spain). Source: Lagostena et al. 2021.

A preliminary assessment of the life of a settlement based on the analysis of the material
culture documented on the surface is part of the usual archaeological skills. When we also
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have the possibility of georeferencing the position of archaeological artefacts and relating
them to the construction spaces detected by the GPR, the possibility of dating and identifying
phases of occupation in settlements based on geophysical readings increases [23].

On the other hand, in terms of stratigraphic analysis, the possibilities of the GPR data
offered visually interpolated in plan and individualised in longitudinal and transversal
profiles or exported three-dimensionally as point clouds seem to us to be very relevant.
We are in a position to characterise the archaeological anomalies detected in all their
dimensions stratigraphically, establishing their structural relationships, both in plan and in
elevation, making it possible to conclude the urban configuration of the settlement studied
and often determining different occupational phases that may concur in the diachrony of a
settlement [24]. It is possible to establish preliminary archaeological readings of the main
stratigraphic features detected by the GPR, at least in the first few metres of the explored
subsoil (Figure 12).

4m

Figure 12. Photogrammetry of the archaeological excavation process combined with GPR volumetrics
in La Rana (La Gata de Gorgos, Alicante, Spain). Source: Lagdstena & Molina 2021.

In addition to stratigraphic analysis, a building plan obtained using the GPR method
can be studied using the skills of historians of antiquity, with the help of Greco-Latin
literary sources, to establish hypotheses about its categorical identification, functionality,
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and chronologies. The geophysical equipment does not provide this information directly.
However, the knowledge of cultural practices deduced from the literary information is vital
in carrying out this analysis and establishing historical hypotheses that lead to interpreting
the spaces explored, as a whole and in their contexts, is explained next.

As we have been arguing, the extension of the use of geo-radar has made it possible to
revitalise new lines of research whose frontiers of knowledge have been heavily conditioned
by the practice of traditional archaeology and the characteristics of the information it
provides. Among these lines, we wanted to highlight and exemplify the potential of two
of them: first, those related to the study of the ancient city and second, the study of rural
settlements. For the academic reactivation of these lines of study to occur, the research
community must recognise the representative character of the results of GPR surveys as a
primary source. In the same way, it is possible to postulate for other geophysical techniques.
Moreover, this synergy between the use of GPR and the revitalisation of long-standing lines
of research derives from the versatility of the technique for use in many spatial contexts,
subject to varied geographical conditions, from its potential to explore large surface areas
in very reasonable times and at very reasonable costs and from the relative speed with
which we can access the results of the explorations. In our presentation, we will focus on
the cases of study from Hispania, resorting to published explorations, being aware that
much of geophysical work carried out in recent decades has not been made public through
the usual academic formats [25].

3.2. The Study of the City and Ancient Urban Layout

The study of ancient urban planning is one of the most traditional lines of research in
the historiography of antiquity. Its importance derives from the civic and urban nature of
the development of the great ancient cultures of the Mediterranean. In the case of Rome,
the role played in the social and political structure of the empire by the civitas as a civic
community and the urbs, as an architectural and urban expression of that historical reality,
is evident, transcending the Italic experiences to the geographical whole of the imperial
construction. Obviously, the formae urbes were not an immutable reality but underwent their
own processes of transformation and adaptation which responded to historical changes and
which can help the researcher to identify the chronological framework of the construction
under study.

The study of the ancient city was initially based on the exegesis of written sources,
with notable contributions to understanding Greco-Roman culture [26]. Much outstanding
urbanistic research is based on literary and epigraphic information and archaeological
information, such as the encyclopaedic works of A Topographical Dictionary of Ancient
Rome and the Lexicon Topographicum Urbis Romae and its supplements [27,28], to cite a few
paradigmatic contributions. From the point of view of the archaeological analysis of urban
parcels and various urban elements, there have also been many contributions, such as
those collected in the collection Atlante Tematico Di Topografia Antica, published since 1990,
by Stefania Quilici Gigli and Lorenzo Quilici, [27] which, in the authors’ opinion, is an
excellent example of research based on archaeological and geographical information.

Nowadays, the number of ancient cities whose urban planning is known thanks to
geophysical methods is increasing considerably [29-33]. For example, in the case of the
provinces of Hispania, we can highlight in Lusitania, Ammaia [34-36], and Balsa [37]; in
Baetica, Arva [38], Carissa Aurelia, and Hasta Regia [39]; and in Tarraconensis, Emporiae [40],
Libisosa, Ilici, and Segisamo [41]. Other cases of cities in Hispania well known through
geophysical techniques have not been using GPR but magnetometry, as is the case of
Ategua, Contributa Iulia, and Regina Turdulorum [42—44].

The analysis of ancient cities through the classical archaeological method faces several
difficulties, some of which can be overcome thanks to current geophysical instruments. For
example, the primary constraint is the time required for the exhumation of the archaeologi-
cal remains, which requires many years of work campaigns to achieve a complete urban
visualisation of a given city, as we have already mentioned. The speed of data collection and
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interpretation provided by the GPR technique, and its reasonable costs, make it possible to
somewhat overcome this handicap of traditional research.

The second problem identified is the overlapping urban layouts. This fact is a preva-
lent characteristic in Mediterranean contexts with long urban tradition. It can be seen in
the documentation of different urban phases on the same site implies an additional com-
plexity in the excavation and the correct interpretation of the archaeological remains, with
stratigraphic levels which, at the same time, are being destroyed by the excavation process.
These contexts mean an additional difficulty in understanding the processes of genesis,
development, growth, reorganisation, or contraction of the urban nucleus, a difficulty,
in short, in understanding their historical evolution. In the case of 3D GPR studies, the
possibility of analysing the results by stratigraphic packages allows for identifying different
stages in the building life of a city, although, logically, this potential is still conditioned by
the penetration capacity and the quality of the signal resolution of the equipment at depths
of more than 2.5-3 m (Figure 13).

0 10 20 3 40

A

50

0 10 20 30 40 50
— — —

h

C

0 10 20 30 40 50
— —w—

N

A
i

N Y

Figure 13. Example of a stratigraphic layouts study of urban phases in the case of the Phoenician-
Punic settlement of Castillo de Dofia Blanca (El Puerto de Santa Maria, Cadiz). (A) shows the
multi-layered recording with GPR based on depths. (B-F) show different depth ranges with their
own characteristics in the urban layout. Source Unidad de Geodeteccion. UCA.
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Other circumstances hindering traditional archaeological analysis are related to topo-
graphical conditions or current land uses. The former often conceal the original foundations
of ancient cities and their adaptation to the physical environment, which in specific geo-
graphical contexts do not respond to pre-established canons. Concerning the latter, when,
for example, we find ourselves in former tree plantations (fruit orchards, olive groves,
vineyards), the development of archaeological activities interferes with the local economy
and presents many problems in terms of research logistics. As in previous cases, our expe-
rience in the study of settlements with these geographical and productive conditions [45]
confirms the improvement in obtaining historical information using GPR combined with
other current techniques (LiDAR, Magnetometry) (Figure 14).

Figure 14. Exploration of the Flavian municipality of Arva, currently in an olive plantation, and
identification of the possible forum of the city. Source: Ruiz Barroso et al. 2022.

As we have been arguing, the analysis of urban layout maps obtained using geo-
physical techniques must be based on the historical/cultural principles that govern urban
evolution in the framework of antiquity, which in turn derive essentially from the exegesis
of Greco-Latin sources, especially books V and VI of De Architectura by Vitruvius. Most of
the contributions to date have been merely descriptive analyses of the results of geophysical
explorations of urban settlements, without making any real contribution to the historical
analysis of the processes that affect ancient urban planning. In this sense, we consider it
necessary to connect classical literary sources and historical analytical perspectives with the
information provided by GPR surveys. Within this approach, it is essential to incorporate
urbanistic aspects relating to the proportion, orientation and dimensions of urban contexts
as historical and cultural features into the analysis. In the same way, it is appropriate to
analyse the characteristics of architectural elements in depth. This analysis can be made
by paying attention to the ancient cities” diachronic elements, the evolutionary features
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related to the changes in the Latin civitates, and the various juridical expressions reflected
in their urban physiognomy. Furthermore, this analysis can be completed by observing the
connection with the various pre-existing cultural traditions in the later provincial territories,
which generated regional adaptations that must also be studied.

3.3. The Study of Rural Settlements and Agricultural Organisation

Inherent to the city’s importance in territorial planning is the role of the secondary
settlements, related to the occupation, planning, and use of agriculture dependent on the
city, the villae, and other types of establishments typical of rural areas. The problem of
rural settlements, expressed by the empire’s geographies in very diverse ways, constitutes
another line of research with a long historiographical tradition. These contexts are another
of the great beneficiaries of the incorporation of non-invasive techniques into the methods of
historical/archaeological documentation, as it can be promoted thanks to the contribution
of abundant unpublished information obtained with geophysical methods.

Studies on the ancient rural world have been based on analysing agronomic literary
sources and traditional archaeological practice, into which techniques such as extensive
surface prospecting or analyses derived from aerial remote sensing of their vestiges have
been incorporated. As in the case of cities, ancient secondary settlements have been
preferred areas for geophysical research.

The GPR survey of rural settlements makes it possible to understand their building
organisation without the need for lengthy traditional excavation campaigns. It allows
the historian’s skills to analyse the different phases of occupation and the constructive
modifications undergone by a given settlement [46]. It is also an effective tool to help solve
the problem of the diversity and polymorphism presented by the establishments linked
to the rural space, which do not necessarily relate exclusively to agricultural activities,
such as buildings related to the road network [47], to the concentration and distribution of
surpluses, to territorial control or even to the symbolic landscape.

Although most of geophysical explorations carried out in this area have focused on
the partes urbanae and fructuariae of the villae [24], no less attractive is the application to
the pars rustica to understand better elements of the fundus related to other aspects of the
villa, such as the actual limits of the fundus, its internal communications, and, especially, its
agricultural plantations, in this case through the study of the relict plantation frames of, for
example, olive groves and vineyards [48-50].

Among the challenges that concern the study of the villa system in Hispania and which
can be tackled with non-invasive techniques, those related to the knowledge of its establish-
ment and constructive evolution stand out. These originated in the late Republican period,
with establishments that did not completely lose their role of strategic territorial control,
maintaining their legionary imprint while at the same time deploying the exploitation of the
territory’s agricultural resources. The expansion of the villas in Early Imperial times, with
a gradual occupation of the Hispanic geography, must have been due to the importation of
Italic architectural models with diverse regional influences. The extension of the known
cartographies of the pars urbana of the villae, which allows the use of GPR, can answer the
questions posed in this sense, establishing relationships between the Hispanic models and
their Italic influences. On the other hand, the evolution of rural buildings over time, the
transformations they underwent, especially in periods of crisis and instability, and, finally,
the rise of the so-called late-Roman aulic villae are historical phenomena closely linked to
the history of the rural world, which can be revisited with the help of GPR techniques.

In the case of Hispania, regarding the application of the GPR technique and the pub-
lication of its results, the following examples can be highlighted: in Lusitania, the villa of
Orta da Torre in Fronteira [51]; in Baetica, the rural settlement of Miramundo in Puerto Real,
Cadiz [23]; in Tarraconensis, the surroundings of the villa of Almenara de Adajas [52].
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4. Conclusions

Although the use of GPR in particular, and geophysical methods in general, in one
form or another, have a long history in archaeology, it is only recently that we have been
able to begin to draw the boundaries of this emerging sub-discipline. Archaeologists, in
particular, have traditionally absorbed the methodological advances that other fields could
offer. Moreover, in the case of geophysics, the first experiences on archaeological sites
can be traced back to the middle of the 20th century. Since the early 2000s, the growing
interest in interdisciplinary teams has fuelled a new boom in historical /archaeological
research. Advances in computer software and the increasing availability of large databases
have undoubtedly contributed to the current boom in research into applying non-invasive
methods to historical /archaeological questions. However, the review developed in this
paper suggests that there are factors to consider that may help the development of this
specialisation, particularly from the point of view of the analysis of historical contexts
directly linked to antiquity.

Perhaps as a sign of the maturing of the sub-discipline, we can see that specialised
groups have emerged that combine expertise in techniques such as GPR and historical
and archaeological training background. However, there is still a clear need to valorise
GPR data and other non-invasive methods as primary sources. Although many researchers
and teams are increasingly resorting to geophysical models and methods such as GPR to
address social science questions from archaeological data, it is necessary to emphasise that
this methodology can reactivate traditional lines of historical research. Although these
approaches are now spreading to different fields within archaeology itself, the results of
GPR exploitation are still predominantly descriptive. Moreover, it is still rare to find their
application in the field of historical research itself. In a young sub-discipline such as this,
we see these divergent approaches positively as potential sources of innovation. The biblio-
metric study presented here paints a picture of a field driven by several complementary
processes. The co-authorship analysis shows that a few researchers and research teams
have devoted much effort to developing and applying archaeology. However, there are
also many researchers whose field of expertise is more closely linked to geophysics than to
history or archaeology itself. This reality is reminiscent of similar trends in GIS applications
to archaeology in the 1990s and early 2000s.

Finally, the potential that GPR can have in discussing case studies focused on both
urban and rural contexts in antiquity has become clear, allowing for deepening the data
from a perspective that considers the final products of these techniques as interpretative
primary sources. The various products resulting from GPR, whether in urban or rural
contexts, can help understand historical phenomena of the past that can be contrasted with
traditional sources such as the classical authors themselves. Historians and archaeologists
interested in establishing the application of geophysical methods as a key tool for exploring
social change will have a better chance of success to the extent that they actively collaborate.
Additionally, it will help to share a complementary discourse of results that will allow this
type of more innovative studies to be adopted within traditional discourses.
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