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Abstract
We propose a thesis within the framework of this 11th International 
Conference of the Graduate Student Association of the History Depart­
ment of Université Laval from the fields of ancient history, environmental 
history and the protection of historical and archaeological heritage of water 
management in the Roman province of “ Hispania Baetica ”. The main 
purpose of this paper is the exposure of our research into water management 
and the interactions between society and the environment in the Roman 
Empire, specifically in the Roman province of Andalusia (Spain). Moreover, 
we intend to present a methodological proposal that combines historical, 
archaeological and geographical data from the Geographic Information 
Systems (GIS) applications, as a method of remote exploration of ancient 
aqueducts. Research on historic aqueducts faces specific problems because 
of certain characteristics inherent in their morphology. This adds to the 
difficulty of implementing protection measures and also for their preser­
vation by government.
In this paper, we will present the principles of our doctoral research by 
defining the problem, establishing the objectives and stating our 
methodology. Subsequently, within the scope of our research, we would 
like to apply our methodology to the existing knowledge and boundaries 
of one of the most important elements of hydraulic heritage, namely 
aqueducts. Ancient aqueducts, due to their morphology and structural 
characteristics, present difficulties in defining them precisely, with the 
consequent problems around establishing a protection and conversation 
regime by government agencies. To overcome this issue of definition, 
we propose to use a remote sensing technique to gather the complete 
shape of aqueducts through the use of GIS methodologies. To validate 
this approach, we applied this technique to a real case, namely a stretch 
of the Roman aqueduct in Cadiz; we therefore present the initial results 
of this methodology for scrutiny. These preliminary results are given in 
this paper to reveal the problems we encountered.
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Our research is focused on the application of the concepts of 
“environment-society interactions” and “integral management of 
natural resources”: namely, water in the Roman province Hispania 
Ulterior Baetica. This research from the so-called “New Environmental 
History” began with studies of North America in order to study the 
relationship between man and his environment and is based on the 
principle that human changes made in the environment may affect 
societies and their historical development2. This type of trend is applied 
to different historical eras and through the benefit of hindsight, the 
research can contribute to solving current environmental problems3. 
The current interest of historians in environmental issues from the past 
is to discover and preserve traditional knowledge by viewing it as a 
cultural heritage. There are also benefits to be gained through com­
munication between ancient and modern historians that may pose the 
same questions4.

Influenced by this trend is the concept of “society-environment 
interaction” applied to the Roman Empire as a long-term phenomenon 
and this can be taken as the same interpretive paradigm. To observe 
this interaction and to reconstruct this paradigm, in this case the 
Roman Empire and its ways of managing natural resources, taking into 
account the political formation generating these forms of management, 
we have two scales of analysis: global and peripheral5.

Integrated management of natural resources and integrated spaces 
are concepts from ecology that have influenced the study of the Roman 
Empire. The concept of “integrated area” in this analysis is applied as a 
catalyst for interaction between society and natural environment that 
creates and renews it6. Water management is a key issue at present 
mainly due to the social awareness of the problems associated with this 
resource. More specifically, the concept of “integrated water mana­
gement” comes from a holistic approach to the complexity of the 
interactions involving humans and their activities within their supply 
chain operations, collection, storage, distribution and employment, 
and their relationship to the environment. Their interaction with 
society allows us to analyse the technical, legal and economic 
dimensions of natural resource management and water management7. 
Understanding water as a heritage to protect and conserve, we must 
make a conceptual examination of past experiences of water mana­
gement at different times and places in order to see its relevance and 
influence on modern management practices8. One of the main 
proponents of this new line of research is Professor Ella Hermon, 
holder of the Canada Research Chair in Society and the Natural 
Environment in the Roman Empire, who is dedicated to the analysis of 
these concepts in the Roman Empire and who has organized numerous 
conferences regarding this issue relating to different historical periods.
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These concepts are applied to the Roman Empire as the first society 
to legally protect its natural environment and they pose a particular 
concern regarding the collective goods that ensure the protection of the 
values shared by the whole community. Within this context, these 
studies focus mainly on the different domains of the ecosystem, in 
urban areas and techniques of management and exploitation of water 
in ancient times. Our research is placed within this conceptual frame­
work, from the integrated management of water in the peripheral area 
of ​​the Empire and in the province Baetica.

Relating to the study of Hispanic provinces, these concepts are 
being introduced in the current historiography topically9. Overall, 
water management strategies and the establishment of this resource 
planning have been studied as a contribution to a territory of a whole 
system of water supply and management associated with the cities. One 
of the most important elements that has been the subject of much 
research in this area is the aqueduct, a hydraulic structure that 
transported and distributed water to Roman cities. There are many 
remains of aqueducts throughout Hispania. Studies from the historical, 
archaeological and technical aspects of Hispanic territory aqueducts 
were carried out from different perspectives. On the one hand, current 
research has developed a technical aspect dedicated to the study of 
Roman aqueducts from the field of engineering. These studies are 
discussed in purely technical aspects and do not discuss the merits or 
historical significance of these structures10.

From the disciplines of archaeology and history, aqueducts have 
been analyzed as parts of a water supply system to the city. There are 
many archaeological and technical studies on the main aqueducts of 
Hispania. These studies analyse the solutions and construction 
techniques employed in building the aqueducts. They also consider 
documentation and registration of the sections of the aqueduct and 
descriptive analysis in relation to construction techniques employed in 
Hispania. In general these studies have not responded to the need to 
include these elements as part of a complex system of water supply to 
the city: as a comprehensive management system that some authors 
have called a global system of water management in Roman cities11. A 
study using the latest advances in geographical analysis of the Roman 
water supply systems in the city of Toledo is very interesting and 
innovative in this regard, as it analyses all the water distribution systems 
as a whole12.

 “Integrated water management” in the Roman cities of Baetica is 
an aspect that is of great historical importance for the Roman conquest 
of this territory. The Romans brought a new form of interaction to the 
societies inhabiting this space and a new form of natural resources 
management, in this case: water. We believe that the analysis of this 
new relationship necessitates a detailed study of cases in order to 
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analyse the forms of water management and their technical, legal, 
social, cultural and economic implications and so on.

Those are the main objectives that we seek from this research:
	 •	 We pursue to address and distinguish the historical changes 

made by the introduction of new forms of water management 
and the establishment of a hydraulic supply network in the 
province Hispania Baetica, taking this space as an interpretive 
paradigm for the entire Roman Empire.

	 •	 To analyse how new “society-environment interaction” and 
integrated management of water were produced from the 
Roman conquest of an area which had a previous settlement.

	 •	 Study different models of water management in indigenous 
communities and Roman cities of Baetica, through the analysis 
of archaeological remains associated with the territory where 
they are based.

	 •	 The study of Roman hydraulic structures and their relationship 
with the municipal and civic settlements of Baetica.

	 •	 The systems analysis of water management and its link with 
economic activities and productive operation.

The methodology being used to achieve the goals set for our 
research in the study of water management in the province Hispania 
Ulterior Baetica is mainly based on historical analysis of the various 
related sources, the use of archaeological methods and the application 
of different tools, especially the Geographic Information Systems (GIS). 
This method will help us to collect historical and archaeological 
information and allow for the spatial analysis of this information.

There are many studies that analyse the different water management 
systems developed in these communities. One of the most characteristic 
material elements of the water management developed in the province 
of Baetica from coming into contact with the Romans are the aqueducts. 
Aqueducts will be examined in this article in relation to territory, 
settlements and related financial holdings.
The protection and conservation of hydraulic heritage
The aqueducts are one of the most characteristic and representative 
systems for water supply and management in different historical 
periods and the most representative element of the hydraulic culture, 
related to the study of “integrated water management” and a contribu­
tion to the so-called “water culture”. Because social awareness of the 
scarcity of this vital resource is being promoted at different levels, a 
common culture of water is being created to influence laws on water 
management. Also this concept is in line with the trend that defends the 
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work of recovery of cultural and historical heritage related to water 
management from different historical periods, and the recovery of 
traditional knowledge of water management that may help current 
policy13.

The identification, protection, management and conservation of 
cultural and historical heritage is a project with contributors from 
different fields, mainly from the agencies involved in the investigation 
and from public authorities that have the responsibility for their 
protection, as provided by legislation and following the model of 
regional powers and institutions that ensure the protection of our 
heritage. These agencies carry out a series of management strategies 
applied to heritage based on the so-called Cultural Resources Manage­
ment. One of the management strategies that has become a major 
instrument for the protection policies of historical heritage14 is to 
develop catalogues or archaeological site inventories.

Aqueducts, as far as they represent the techniques of water 
management in Roman times and in successive historical periods, need 
to be protected and preserved under the auspices of the protection and 
management of historic heritage. Aqueducts have their own charac­
teristics that make research into them difficult and therefore we need 
full protection and implementation of management strategies by 
agencies responsible for them. An aqueduct is a type of infrastructure 
to transport and supply water to a particular site, whether it is a town 
centre or an industrial area. They are intended to move water, based on 
the principle of maintaining a certain slope with minimal variation to 
allow the transport of water and taking into account the morphology of 
the terrain. Such structures have a specific problem due to certain 
characteristics.

Their characterization is that they are linear and continuous 
structures. The aqueducts are spread over for a continuous and uninter­
rupted length and can reach 80 km in length. Various construction 
solutions are necessary to help maintain the minimum slope in adapting 
to the topography. These characteristics cause an irregular path, which 
makes it difficult to document them using ground survey techniques. 
Because of this, there is a real lack of understanding of the aqueducts as 
assets to be identified, protected and conserved.

In Spain, there are many examples of ancients and moderns aque­
ducts that are not protected due mostly to ignorance or limited 
knowledge. Others have limited protection measures and only their 
visible parts are catalogued. We can mention as an example the case of 
the aqueduct of the Caños of Carmona, which supplied water to the city 
of Seville in the Islamic time and probably in the Roman times and that 
recently has been the subject of exploration and documentation15, or 
the case that we presented referring to the present situation of the 
Roman aqueduct of Cadiz. This aqueduct has in four registries in the 
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Database of the Andalusian Real Estate Heritage (BDI), that is part of 
the Information System of the Andalusian Historical Heritage 
(SIPHA)16. The Roman aqueduct course are protected in this parts: 
reference to the Roman aqueduct’s passage through San Jose del Valle, 
the visible structure siphon of the Valley of the Arquillos, structures in 
the municipality of Puerto Real in the denominated place Llanos de 
Guerra and the rest of the aqueduct in its arrival at Cadiz, still 
unprotected its integral course.

Faced with this problem, we propose a method for applying 
technology to gain a remote view of the territory or as a predictive 
model in order to know the entire path of the aqueduct and thus to 
serve as a tool to its further protection. This method is based on the 
application of the GIS. The GIS has been used for the management and 
protection of archaeological heritage, to develop predictive models of 
reservoir location and as one of the methods used in the CRM and 
archaeological survey17. The GIS is a tool used in historical studies of 
territory due to the possibility to link historical to geographical 
information and to get spatial analysis from historical variables18.
The roman aqueduct of the city of Gades (Cadiz):  
example of application of the methodology
Gades is one of the major cities in the historical process of Romanization 
of the south of the Iberian Peninsula19. The Phoenician colonies, 
specifically the city of Tyre, bearing the name of Gadir, began to hear of 
its existence from ancient authors from the early 7th century BC, but it 
was not until the late 4th century BC20 that Gadir began to have contact 
in the Mediterranean, becoming one of the major commercial colonies 
in the West21. The city’s geographical location is unique because of its 
importance both in ancient times and in more recent historical periods. 
It is located at the southern end of the Iberian Peninsula, close to the 
Strait of Gibraltar22. This important Phoenician-Punic settlement made 
contact with Rome during Second Punic War against Carthage (218-
202 BC) and contributed to the final dominance of the Mediterranean. 
Military events took place mostly in the territory of the Iberian 
Peninsula, and it is in this context, specifically in 206 BC, that Gadir23, 
after a long war, became part of the Roman hegemony. It then began a 
process of conversion into a Roman city from a legal, politic, social, 
economic, planning and ideological point of view. From this moment 
in the late 3rd century BC, the city became a major focus for 
Romanization of the peninsular South, especially during the late 
Republic and Early Empire. It started a process of urban conversion in 
the image and likeness of Rome following the policy of the seat of 
imperial power and its leaders including members of the local oligarchy 
of Gades24.
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Location map of the ancient city of Gades

One of the greatest urban projects that express the magnificence of 
the city is its aqueduct. Roman aqueducts are one of the most striking 
and representative expressions both of Roman engineering and of the 
techniques and methods of water supply and management within the 
city. They are also one of the main legacies received by successive 
civilizations, since many of them have remained in use and have been 
the main source of supply for human populations well into the 20th 
century. They have been studied both by historians and engineers and 
even today impress us with the construction techniques, hydraulic 
engineering and topographical and geographical knowledge of a 
civilization that lived more than two thousand years ago.

The aqueduct of the Roman city of Gades, constructed mainly for 
supply of the city, has an uncertain chronology and an unknown 
developer25. We know that it is between 70 and 75 km in length. The 
remains are well-known, its functional rehabilitation has been attemp­
ted in the past26 and there have been some studies on the subject, but 
none that are appropriate for its size27. That is because of the many 
surface surveys and rescue excavations carried out in recent decades 
that have often affected areas crossed by the route of the aqueduct. It 
has been documented in different representations and there has 
recently been research in the Roman aqueduct of Gades with the 
application of new computing methodologies such as GIS. After a first 
attempt to reconstruct the path using the GIS28, members of the 
research group Seminar Agustín de Horozco Economic Studies of 
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Ancient and Medieval History of University of Cadiz resumed the study. 
Developing it in depth and establishing a protocol for application of the 
method in order to reconstruct the entire path of the historic aqueduct 
that we will summarise later, as they have been discussed in other 
publications and it is not the main objective of our paper29.

Proposed route of the Roman aqueduct of Cádiz (blue) and the ancient settlement

References to the aqueduct of Gades made in writing began almost 
immediately after its abandonment. Muslims named it30, and after them 
medieval Christians and humanists31. There are known documents 
resulting from the research commissioned by Count Alejandro O’Reilly 
at the end of the 18th century to several engineers of the time with the 
firm intention of rehabilitating the aqueduct to supply the city32.

In the framework of this project, our research team has traced the 
hypothetical reconstruction of the aqueduct with the application of GIS 
methodology and software for remote sensing33.

The methodology applied in the reconstruction of the path was the 
study of the topography, measured from the level heights and contours 
and also the hydrography. We gave a numerical value to the workforce 
needed for the building of different architectural constructs34 and 
pointed out known points through the remains observed in the field. By 
interpolation of this data and the use of the GIS software tool, ArcGIS 
9, “Shortest path”, we created a track in a hypothetical way that reflected 
the path of the Roman aqueduct of Cadiz. These results were compared 
with the rests described in the reports to the Count O’Reilly, as well as 
those who still could be observed in the mapping of 195635, with in situ 
checking of the remains of the aqueduct at the surface.
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This method of restoration of the aqueduct’s path is presented as a 
technique for remote exploration of the territory. After obtaining the 
hypothetical path using GIS software, we can make a buffer, or area of 
influence, which we can call the area of high probability for the path of 
the aqueduct. With the exact coordinates, we can check the ground and 
thus provide effective protection measures.

Representation of the path and the affectations and risks observed

Presentation of the demarcation and protection measures 
of the roman aqueduct of Cadiz
As noted, the Roman aqueduct of Cadiz went over 70 km from its 
source to the distribution tanks of the ancient city. In this paper, we 
study a part of the entire path between the points of Spring of Tempul, 
municipality of San José del Valle and Torre de Los Arquillos, 
municipality of Puerto Real. In this article we contribute with a portion 
of our research since they are being maken up by our group at this time. 
Therefore we only present a section of the complete trail of the Roman 
aqueduct, because we are working on the rest of the trail.

To the path obtained by applying the GIS, we apply an option of a 
buffer to define a reasonable protection area that accompanies the entire 
path36. The ultimate aim, which we wanted to suggest above, is a 
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prediction to help the understanding of the full path of the aqueduct 
and not, as has happened so far, only occasional or random findings.

Carrying out this research, we identified up to 65 risks of various 
kinds: the most damaging were those caused by road traffic37 and 
modern pipes pipelines, gas pipelines and aqueducts. We have also 
found examples of transformations of the environment made by 
humans that are so violent they have destroyed or threatened to 
completely wipe out the remains could be preserved. Such is the case 
with mines, quarries, wind farms, and so on.

Proposed route of the Roman aqueduct of Cádiz (blue) and buffer (orange) and 
risks detected from modern roads and paths

It is notable as an observation from the research that occasionally 
the damage to the aqueduct was made longitudinally. That is, along a 
stretch of the trace elements and especially from infrastructure 
construction features and requirements similar to the old pipe38. This is 
so because the technical requirements for these works are almost the 
same as those that which faced by Roman engineers, especially 
contours, slopes and soil types. This could help identifying future 
damages in linear constructions because we would have a better idea 
how they develop. From its caput aquae we will note briefly the most 
serious intrusions affecting the possible remains of the Roman aqueduct 
of Cadiz.
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The first risk to the aqueduct is only 500 metres away from its 
source. This is the road that runs along the old Cañada Real de la Sierra 
in the area of ​​Los Cuquillos. The Roman aqueduct is reached through an 
area that is a natural pass between El Vicario and Tempul. With the 
construction of the road, it was necessary to destroy the aqueduct, and 
there are now only a few traces of it on the edge of the road. In the 
construction of a rear hydraulic line that supplied the city of Jerez de la 
Frontera, the aqueduct of engineer Ángel Mayo39 of the late 19th century, 
the remains of Roman work were discovered. Both pipelines maintain 
direction, altitude and a very similar path until the area known as Vegas 
de Elvira.

Another type of intrusion on the path is caused by the rural 
buildings such as cottages, and also by their access roads. We have part 
of Cortijo de Fuente Imbro, Cortijo de Las Vegas de Elvira, Cortijo La 
Arenosa, Cortijo de los Isletes Bajos, Cortijo de las Piletas, and so on. We 
also know that they influence the path of the Roman aqueduct for 
drainage of the fields that cross our track on numerous occasions.

As we mentioned earlier, we also analyzed the impact of the 
construction of modern pipelines, gas pipelines and aqueducts40 in the 
path of the Roman one. Thus, apart from the hydraulic work of the 
engineer Ángel Mayo that lies at a short distance from archaeological 
heritage, we have found the intrusions of the Tarifa-Córdoba gas 
pipeline in the area called Isletes Bajos, and the oil pipeline of San 
Roque-Rota-Arahal-Moron de la Frontera in the area called Haza 
Marina. These were because there was no knowledge or legal necessity 
to protect the path of the Roman aqueduct.

Finally, we note that the most destructive effect that we have found 
to the path of the Roman aqueduct is Malduerme II. The main local 
construction took place in 1960 for purely residential use. Later, the 
land was dedicated to industrial use41, with permits for the extraction of 
silica sand. As can be seen in the picture, the path of the aqueduct 
crossed completely what is now the mining space.
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Proposed route of the Roman aqueduct of Cádiz (blue) and buffer (orange) as it 
passes through Malduerme II

***
This is only a small contribution to the work being undertaken 

within the framework of this project with the overall purpose being to 
study water management and the interaction of society and the 
environment in these communities. Without doubt, to understand the 
need to protect this vital element for our survival we must learn from 
our mistakes and avoid future ones.

On the one hand we have clarified the main points of our doctoral 
research on the application of concepts of “society-environment 
interaction” and “integrated water management” in the province 
Hispania Ulterior Baetica, all this without departing entirely from the 
combination of Ancient History and New Environmental History and 
without applying a strictly analytical model to the study. Similarly, 
there are no overall historical conclusions generated from this form of 
historical analysis.

On the other hand, and in relation to our doctoral research as part 
of a body of work that represents an extraordinary method of integrated 
water management, we have presented a method for researching the 
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aqueducts in order to protect our historical heritage. In this paper we 
want to draw attention to the destruction of an important part of our 
common heritage that is representative of different water management 
systems developed in various historical periods and whose conservation 
is the responsibility of everyone. It is a reality not only in Andalusia 
(Spain) but for all sites that have this type of hydraulic infrastructure. 
We have to provide real and valid solutions from the fields of history, 
heritage management and archaeology and the GIS method provides us 
with these.
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