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of a collaboration involving the CNR 
Institute of Ancient Mediterranean 
Studies (CNR-ISMA), the Scientific 
Office at the Embassy of Italy in 
Egypt, the Nubia Museum and the 
Nubia Fund (Egyptian Ministry 
of Antiquities), UNESCO – Cairo 
Office and Aswan University. The 
theme of the Conference can be 
summarized in three words: Science 
meets Archaeology. Geologists, 
physicists, meteorologists, biologists, 
experts in ICT, remote sensing and 
in the analysis of satellite data, met 
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and conservators to discuss, initially, 
how climatic and cataclysmic events 
affected the evolution of ancient 
civilizations in the course of history. 
Inevitably, it became an occasion to 
discuss how scientists, archaeologists 
and more generally operators of 
cultural heritage can work together.
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Abstract
The city of  Rome and its landscape still show an extraordinary stratification of  traces of  the 

past. As a river city, its birth and development have been conditioned at all times by the natural and 
geographical characteristics, in particular by the presence of  the Tiber River. 

A multitude of  data coming from historical and archaeological records allowed to highlight how to 
the conflictual relationship between Rome and the Tiber have contributed also human activities. 

Actually, from the very funding of  the city the landscape have been extensively and deeply 
manipulated and domesticated in order to establish an artificial balance between the settlement and the 
territory, and to address if  not prevent, weather fancies and natural disasters linked to the Tiber.

The aim of  the research have been to understand if, even in ancient times, human activity 
influenced territory resilience in facing stresses related to climatic variations, contributing at various 
levels to speed up or slow down, but also increase or contain its effects. 

1. Introduction
Recently, the particularly unfavourable climate situation has increased the common attention 

to climate changes and natural disasters related to them. The frequency of  natural disasters 
linked to excess or shortage of  water, having direct and indirect impacts on the environment and 
on almost every human activity has aroused a particular concern. Indeed, these phenomena have 
highlighted the fragility of  a system that requires new long-term strategies for better react to 
natural stresses and reconcile human needs (e.g. settlements, production, etc.) with a sustainable 
management of  the environment. 

Public and private bodies, at a national and international level scale, are now evaluating 
possibilities to make places more resilient1, with respect to climate changes, starting from the 
consideration of  contemporary problems. 

Moreover, the scientific research in the last decades have demonstrated the long-term history 
of  climatic oscillations, weather disorders and natural disasters, with which man has had to deal 
constantly, highlighting not only the tight interdependence between men and environment, but 
the deep influence of  climate on almost every human activity. 

In this context, the study of  the past came to the foreground, considered as a relevant step 
towards the better understanding of  the present scenario, useful for the evaluation of  what to 
expect in the future and how to face it2.

Slowly, a multidisciplinary approach to the topic has been spread, and a valuable contribution 
has come from studies in the Human Sciences. Progressively precious evidence has been produced 
through interlinking historic sources (such as archival documents, iconography, cartography, etc.) 
and scientific data derived from archaeological excavations. These results have gradually allowed 
a more complex and deep understanding of  the past which is essential in order to grasp the 
transformations generated at various levels (e.g. in political, economic, social and even cultural 
frameworks) by phenomena related to climate changes3. 

However, still more data need to be evaluated and many issues are waiting to be dealt, as the 
environmental resilience. Although the tight interdependence between men and environment has 
been already proved, it still has to be understood if  and in what proportion, even in ancient times, 
human activities have influenced territory resilience in facing stresses related to climatic oscillations, 
contributing at various levels to speed up or slow down, but also increase or contain its effects. 

1 Resilience is the capacity of  a system to experience shocks while retaining essentially the same function, structure,  
 feedbacks, and therefore identity: Walker et al. 2006.
2 Cusset 2003; Acot 2004; Mauch – Pfister 2009, xi-382; Guidoboni – Navarra – Boschi 2010.
3 Allinne 2008; Hermon 2009; Matheus et al. 2010; Schenk – Janku – Mauelshagen 2011; Galtarossa – Genovese 2014.
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The issue is very complex and almost two principal aspect need to be taken into consideration. 
On one hand, it has been established that weather solicitations can become disasters if  the 
environmental conditions are not able to provide appropriate responses, but on the other, man has 
systematically transformed the habitat, changing its characteristics and its internal balance. Thus, 
man might have a share of  responsibility in environmental response to climate stresses.

In this perspective, the history of  the ancient river civilizations, like the Egyptians or the 
Romans, offers much food for thought. In fact, the undoubted influence of  both natural and 
geographical characteristics on the birth and flowering of  these civilizations, has paid in change 
an extensive and deep manipulation, domestication and exploitation of  the environment, aiming 
at establishing an artificial balance between settlements and territory, and to address, if  not 
prevent, weather fancies and natural disasters4. 

In this regard, the case of  Rome and its historic landscape appears to be very significant, 
still showing an extraordinary stratification of  traces of  the ancient Roman civilization. Besides, 
the evaluation of  this issue has become particularly urgent in the last two recent years, within 
the context of  a project of  Rome’s municipality aiming at adapting and transforming some 
city’s aspects in order to make it more resilient5. However, without taking into consideration 
the archaeological discoveries and the geo-hydrological aspects, characterising the eternal city’s 
history, this project is bound to fail.

2. The Natural Context: Between Land and 
Water

The birth and development of  Rome have 
been conditioned at all times by the natural and 
geographical characteristics of  the site. The 
consideration of  the shape of  the mountains and 
the hydrological regime is crucial for a better 
understanding of  the process of  the urban growth 
and its impact on the landscape6. In particular, as 
a river city, the relationship between Rome and its 
main river, the Tiber, has been essential. 

Tiber originates on the slopes of  Fumaiolo Mount, 
on the side facing the Tuscany, and covers a distance 
of  about 405 km from the source to the mouth, for 
an average annual flow at the mouth of  almost 240 
m³ / s, that makes it the first river of  the Apennines 
Mountains for length and flow. The Tiber is the second 
longest Italian river basin (17,375 km²) and it is rich 
in tributaries and sub-tributaries. Only in the Lazio 
region, particularly from the Sabina area to the Agro 
Romano, the basin also includes the system of  Nera 
and Aniene tributaries; the last one intercepts the 
Tiber only in Rome (fig. 1).

4 Luciani 1985; Le Gall 2005; Guidoboni – Navarra – Boschi 2010, 50-53.
5 Rome has been selected to become a resilient city thanks to funds coming from the Rockefeller Center; http:// 
 www.100resilientcities.org/pages/about-the-challenge#/-_/; http://www.100resilientcities.org/cities/entry/romes- 
 resilience-challenge#/-_/
6 De Rita – Funiciello – Parotto 1988; Boni – Bono – Capelli 1988; Funiciello 1995; Bersani – Bencivenga 2001, 3-5;  
 Leveau 2008, 140-141.

Fig. 1 - The modern Tiber River basin
(after Bersani – Bencivenga 200, fig. 1)
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Given the characteristic shape and the 
surface extension of  its basin, the rainfall 
distribution and the regimentation of  the 
different sub-basins, such as those of  the 
Paglia and the Aniene Rivers, compared 
to those of  the higher basin or the Nera 
River, the Tiber is characterized by 
changes in flow regime. 

From the combined evaluation of  
archaeological and historical evidence, 
and geological analysis compared with 
the current hydrography has emerged 
that the river has always had a torrential 
nature with strong seasonal variations 
and irregularities. 

It has been evaluated that, like 
many Mediterranean rivers, Tiber has 
always been characterized by long dry 
summers and sudden autumn overflows, 
which caused frequent floods, sometimes 
catastrophic (fig. 2)7.

Thanks to this alluvial character, the 
shores and plains along its course had to 
be almost inhospitable and unsuitable to 
permanent settlement. 

Various underground circulations of  
water, at variable depth, also characterize 
the complex hydrology of  Rome. That 
is why the area where the city stands 
straddles two major hydrogeological 
structures, the group of  Vulsini-Monti 
Cimini-Sabatini and the system of  the 
Albano Hills, both consisting of  volcanic 
soils, almost permeable, and surrounded 
by low permeability soils that determine a 
well-defined limit of  permeability. 

In proximity of  Rome, the very 
geo-lithological constitution of  soil 
and subsoil determines the presence 
of  abundant groundwater that easily 
re-emerge as springs after copious and 
prolonged rains (fig. 3)8.

7 Given the serious consequences and the emotional impact on the population, Tiber’s floods have been widely  
 documented by the sources, so that a complete chronological list since the 5th century BC can be obtained: Bersani  
 – Bencivenga 2001, 6-8; Muzzioli 2009, 392-393; Aldrete 2007, 10; Le Gall 2005, 35-37; Mocchegiani Carpano 1986,  
 147-148.
8 Ventriglia 1971; Luciani 1985; Funiciello 1995; Corazza – Lombardi 1995; Lanciani 1975; Annoscia 2007, 40-44.

Fig. 2  - List of  the floods of  the river Tiber
in Ancient Roman time (414 BC - 389 AD)

Fig. 3 - Hydrological map of  the area of  Rome
with location of  springs (after Lombardi – Corazza 2008 , fig. 13)
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According to recent years studies, the morphological structure of  the city’s central areas, 
although much altered over the centuries, through accomplices and earthworks cuts already 
begun in early Roman time, would have been characterized on the right bank of  the Tiber 
from the predominance of  the ridge of  Monte Mario Vatican-Janiculum, which stretched 
towards the south. The eastern side of  this ridge shows a series of  short and deep transverse 
incisions that drain rainwater and small springs. 

On the left bank of  the river, morphology was more complex: the hills, with lower 
elevations compared to the opposite ridge, were affected by a dense network of  river incisions 
related to the presence of  the Seven Hills of  Rome. The Quirinal, Esquiline and the Viminale 
Hills were separated by deep incisions caused by small streams that flowed into the valley of  
the Spinons River, which caused the presence of  a swamped area between the Capitol and the 
Palatine Hills (Lacus Curtius and Velabrum Minus).

The Esquiline and Celio Hills were scanned from the valley corresponding to the current via 
Labicana, which was crossed by a stream whose confluence with the important waterway (Nodicus 
Flumen), coming from the Decenniae Marshes and passing through the Camene valley, determined a 
wide marshy area (Velabrum) corresponding to the plain of  the Circus Maximus. 

Besides, the hills sited on the left bank of  the Tiber had as natural limits the Aniene to the 
north, the ditch of  Aqua Bullicante to the east, Almo Flumen (current Marrana at Caffarella 
valley) to the south, and the Tiber to the west9 .

3. Rome from the Foundation to the Imperial Age 
Since the most remote antiquity, the presence of  the Aniene upstream and of  the extensive 

wetlands, downstream, made Rome’s site an obligatory crossing point of  the Tiber. In 
correspondence of  the Tiber Island, the river was easily crossed for many months of  the year, 
given its torrential regime. Already in the second half  of  the second millennium BC, the ford 
became the area of  communications and trades between Etruscan coming from the north, 
people coming from Magna Graecia, in the south, and Italics living in the central inland area 
of  the Lazio Region10. 

Gradually, the site attracted more settlements, raising on the top of  the hills all around, for 
obvious defence reasons both military and natural, which means from the floods of  the Tiber river. 

The settlement typology at high altitude was preserved even with the ritual foundation 
of  a fortified city, in the mid-8th century. The settlement arose on the Palatine Hill and the 
Acropolis stood on the top of  the Velia, while on the Esquiline Hill there was the necropolis11. 

Under Tarquini’s kingdom (ca. 753-509 BC)12, the city gradually incorporated the dual 
marshy plain of  Forum Romanum and Velabrum, in communication with the Tiber and poorly 
defended by its floods. 

In order to make liveable areas on which the city was developing, it appealed to drain 
the swampy lowlands through the construction of  sewers13. These were conducts placed at 
suitable depth on the ground, and running along the line of  the gutter of  the valleys, standing 
between the hills and leading directly into the river. With this technique, areas between the 
Palatine and the Capitoline Hills, and between the Quirinal, Esquiline and Viminale, were 

9 Mocchegiani Carpano 1985, 164-165; Ammerman 1990; Id. 1992; Funiciello 1995.
10 Acanfora 1976, 99-146; Colonna 1988, 411-528; Torelli 1980, 1-17; Pallottino 1993.
11 Ball Platner 1929; Marazzi – Mocchegiani Carpano 1978, 467-472; Coarelli 1984; Pallottino 1993, 174-195;  
 Carandini 2000; Id. 2004.
12 Pasquali 1936; Cristofani 1990; Quilici 1990.
13 Rosicarelli 1985; Mocchegiani Carpano 1985, 165-178; Adam 1988, 284-288; Tölle-Kastenbein 1993, 205-217;  
 Hopkins 2007.
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progressively reclaimed.
Tarquinius Superbus, in the last period 

of  his kingdom, did also the Cloaca Maxima 
to drain the areas of  the Forum Romanum, 
the Circus Maximus, and the Suburra. Due 
to the Cloaca Maxima was also drained 
the Velabrum’s marshy plain, close to 
Foro Boario14. However, sewers flowed 
directly into the Tiber, so that at each 
river flood, they were incapable to work, 
also regurgitating waters and extensively 
flooding into lower parts of  the city. 

In the Republican period and in 
the Imperial one, sewers from the pre-
eminently hydraulic works turned into 
a hydraulic hygienic network, to dispose 
surface waters and waste ones, and to 
gutter waters coming from the countryside 
through a large number of  magnificent 
aqueducts15. 

The reclamation of  the most depressed 
areas and the construction of  sewers can 
be considered the first attempt to control 
surface waters and, therefore, to defend the 
city of  Rome from Tiber’s floods (fig. 4).

The situation radically changed during 
the Empire, when there was a growing 
development of  the city in the Campus Martius and beyond the Via Lata (now Via del Corso) 
where, in the 2nd century AD, entire neighbourhoods of  houses were built16. In this unbridled 
development, Rome improved its surface also in the Campus Martius, and in two other low-
lying areas near the river, the Transtiberim area and the one at the Aventine Hill base.

Because of  the new organization of  the city, during the Imperial Era, floods had to assume 
an impact deeper than until the end of  the Republic Period, when public buildings occupied 
areas at lower levels17. Moreover, floods had to be even more severe in modern times as the 
ground level was minor than today. Indeed, although even the bed of  the river was located 
at an inferior level, at about one meter below the present one, in some areas of  the city the 
ground was at a much lower levels18. 

14 Ball Platner 1929, 126-127; Coarelli 1983; 1988; Mocchegiani Carpano 1985, 171-173; Ammerman 1990;   
 Richardson 1992; Carandini 1992; Segarra Lagunes 2004, 85.
15 Bersani – Bencivenga 2001, 9-11; Ball Platner 1929, 20; Adam 1988; Hodge 1992; Tölle-Kastenbein 1993.
16 Cesar emperor pointed in the Campus Martius as the new development zone of  the city. After him, Augustus (31  
 BC -14 AD) encouraged the development of  this area through the erection of  his family mausoleum and other  
 monumental buildings. Robinson 1992, 17-22; Coarelli 1997; Le Gall 2005, 130-132.
17 Coarelli 1984.
18 At Pantheon, the primitive Agrippa’s building had the floor at approximately 2.5m below the current one, while  
 temples that stood in the area of  Torre Argentina were more than 3m below the present level of  the soil. Le Gall  
 2005, 20; Massard-Guilbaund – Platt – Schott 2002; Matheus et al. 2010.

Fig. 4 - Areas of  Rome exposed to Tiber’s floods in 
Antiquity (after Le Gall 2005)
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4. Man and Environment in a Complex Relationship
As a river city, the birth and development of  Rome have been conditioned at all times by 

the presence of  the Tiber River. However, a multitude of  data coming from historical and 
archaeological sources have progressively highlighted how also human activities have contributed 
to the conflictual relationship between the city and the river.

In this perspective, it is important to note that from the very funding of  the city the 
landscape has been manipulated in order to keep it liveable and suitable for a settlement. 
The geographical and hydrological characteristics of  the site made it appropriate only to 
the establishment of  a small town, but the urban growth, with infrastructures and roads, 
necessitated an intensive and sustained actions of  processing of  the natural landscape, thus the 
regularization of  both the Tiber and its basin was one of  the major problems to face with.

On this regard, starting from the Imperial Era, a project of  diversion of  the Tiber River 
that had never been realised, could be inscribed in a larger climate of  modernization of  urban 
structures started by Cesar emperor (45 BC)19. Thus, Augustus can be considered as the first to 
address concretely the problem of  floods defense, making widen and fixing the Tiber bed. After 
him, Tiberius (14-37 AD) established the roles of  curators alvei Tiberis et riparum, with the task 
of  keeping clear the riverbed. However, these provisions did not interrupt the flooding incidence 
even when the interventions were extended to a wider geographical area20. 

In fact, following the severe flooding in 15 AD, Tiberius decided to solve the problem of  floods 
and delegated Ateius Capito and Lucius Arruntius to evaluate a strategy. They proposed to reduce 
the Tiber’s water flow through depriving it of  two of  its tributaries, the Chiana and the Nera. The 
first would have to be diverted towards the Arno River, and the second dispersed in the countryside 

of  Terni, after being deprived of  the waters of  Velino Lake. 
This hydrographic revolution was averted thanks to 

the protests from local residents who feared, rightly, to see 
their campaigns turned into swamps or, in the case of  the 
Florentines, who feared most severe flooding by the Arno.

Few years later, in 52 AD, Claudius emperor ordered the 
construction of  an artificial channel at the mouth of  the 
Tiber, now known as Fiumicino. This would have had the 
dual purpose of  connecting Rome to the new seaport of  Ostia 
and of  facilitating the venting of  water to the sea, aiming at 
reducing the floods pressure in the urban area (fig. 5).

After him Trajan emperor seems to have designed and 
built a septic drain side of  the flood waters that had to cross 
the Prati di Castello, but they do not retain traces21. 

Although other emperors faced with the defence of  the 
city against floods22, epigraphic and literary sources are 
prodigal of  information related to water disasters occurred 
in the later centuries, thus returning evidence of  the 
inadequacy of  many of  these interventions (fig. 2).

Unfortunately, it is not yet possible to determine the 

19 Segarra Lagunes 2004, 117; Leveau 2008, 142.
20 On the imperial projects of  both Augustus and Tiberius, Robinson 1992, 86-89; Segarra Lagunes 2004, 70-71, 307- 
 308; Leveau 2008, 139.
21 On the imperial projects of  both Claudius and Trajan, Robinson 1992, 89; Le Gall 1986, 113-116; Id. 2005, 134- 
 136; Bersani – Bencivenga 2001, 26-27; Aldrete 2007, 181; Leveau 2008, 137.
22 Segarra Lagunes 2004, 71-72, 308; Bersani – Bencivenga 2001; Guidoboni – Navarra – Boschi 2010, 55.

Fig. 5 - The cloacae of  Rome under 
the Empire (image processing after 
Moccheggiani Carpano 1985, fig. 3)
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proportion of  the impact of  these transformations, in particular on the resilience of  the environment, 
mostly because we do not know with certainty the characteristics of  the river and the land at this stage23. 
Furthermore, there are many other data that still wait to be considered, as large-scale phenomena of  
deforestation and intensive and extensive soil cultivation, which accompanied the development of  Rome, 
causing an increased soil erosion, river flow and hydrological disorders, as in other Mediterranean areas.

Moreover, the relationship between these transformations and climate still have to be proved, in order 
to understand, for example, if  floodings were accentuated by the particular climate of  the time or if, vice 
versa, human action, affecting the progress of  the surface waters, had an impact on the microclimate24.

Nevertheless, studies of  recent years have highlighted the continuity of  floods and revealed 
an increase in Tiber’s level, at least during periods of  flood, which required a continuous effort to 
adapt urban infrastructure25.

This presentation aimed at delineating concisely the matter, basing on the state of  the 
art in recent years. However, the issue is very complex and surely a most extensive and 
multidisciplinary analysis, conducted with the aid of  new technologies, satellite and processing, 
could provide new opportunities for a better understanding of  the historical dynamics.

23 Le Gall 2005, 25-33.
24 Allinne 2008, 139; Leveau 2008, 139, 144-145; Guidoboni – Navarra – Boschi 2010, 53-54.
25 Di Martino – Belati 1980; D’Onofrio 1980; Bersani  – Bencivenga 2001; Le Gall 2005; Segarra Lagunes 2004.

Fig. 6 - The delta of  Tiber River (after Le Gall 2005,  fig. 11)
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