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Thursday, 23 June 
 

Morning session - chair: Maaike van Berke/ (Radboud University) 
 

10:00-10:15: Introduction by Maaike van Berkel 
 

10:15-11:00: Hugh Kennedy (SOAS, London), "The Importance of Water Transport in Travel 
and the Provisioning of Baghdad" 

11:00-11:15: Coffee/Tea Break 
 

11:15-12.00: Ingrid Hehmeyer (Ryerson University, Toronto), "Sharing water during medieval 
times: The underground canal systems of Ghayl Ba Wazir, Yemen" 

12:00-12:45: Majid Labbaf Khaneiki (University of Nizwa, Oman/University of Oulu, Finland), 
"Qanat System and Urbanization in Yazd Region, Iran. Between the 12th and 14th Centuries 
AD" 

13:00-14:30: Lunch 
 
 

Afternoon session - chair: Angela /so/di (Radboud University) 
 

15:00-15:45: Mariette Verhoeven (Radboud University), "The multi-layered history of the 
Valens aqueduct in Constantinople/Istanbul" 

15:45-16:00: Coffee/Tea Break 
 

16:00-16:45: Mohamed Soliman (National Research Institute of Astronomy and Geophysics, 
Cairo), "Delineation of Historic Cairo water system: a medieval water management 
approach" 

16:45-17:30: Amalia Levanoni (Haifa University), "Water Conveyance Facilities in Medieval 
Cairo" 

17:30-18:30: Drinks 
 

19:00-22:00: Dinner 
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Friday, 24 June 

Morning session - chair: Khodadad Rezakhani (Leiden University) 

10:00-10:45: Louise Rayne & Jen Lavris Makovics (Newcastle University), "Mapping 
desertification in Southern Morocco" 

10:45-11:00: Coffee/Tea Break 
 

11:00-11:45: Ed Hayes (Radboud University), "An Umayyad Response to Environmental 
Scarcity: Patronage, Popular Mobilisation and Governance" 

11:45-12.30: Jaafar Jotheri (University of AI-Qadisiyah/Durham University), "How to grow 
crops in the marshes of the southern Mesopotamia?" 

12:45-14:15: Lunch 
 
 

Afternoon session - chair: Nathalie de Haan (Radboud University) 
 

14:45-15:30: leva Reklaityte (independent scholar), "Current Water Studies in the Urban 
Environment of AI-Andalus: a Brief Revision of Historical and Archaeological Data" 

15:30-15:45: Coffee/Tea Break 
 

15:45-16:30: Josephine van den Bent & Peter Brown (Radboud University), "On strong vaults 
with solidly constructed arches: Urban aqueducts in the cities of early Islam" 

16:30-17:00: Closing remarks/final discussion 

17:00-18:30: Drinks 

19:00-22:00: Dinner 
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ABSTRACTS 
 
 

Hugh Kennedy (SOAS) 
 

The Importance of Water Transport in Travel and the Provisioning of Baghdad 
 
 

Baghdad was certainly the biggest city in Western Eurasia in the late eighth and ninth 
century. With a population of around 500,000, the city was dependent on grain from the 
Jazira and dates from southern Iraq. Water transport was the only way in which sufficient 
quantities of foodstuffs could be transported. When the system broke down in the first half 
of the tenth century, the result was famine and social unrest. The evidence for water 
transport is very sparse but in this paper I shall try to assemble some evidence and show how 
it may have worked. 

 
 

Ingrid Hehmeyer (Ryerson University) 
 

Sharing water during medieval times: The underground canal systems of Ghayl Ba Wazir, 
Yemen 

 
 

Ghayl Ba Wazir is an urban centre some 15 km inland from the Gulf of Aden on the southern 
coastal plain of Yemen. The town's name gives a clear indication of the kind of water system 
that allowed Ghayl Ba Wazir to prosper since ghaylin colloquial Yemeni Arabic means a man- 
made often subterranean canal. Ghayl Ba Wazir lies at the edge of a gypsum shield, or karst. 
Typically, this rock is quite porous and also water soluble. Over time, seeping subsurface 
water dissolves the rock and underground stream flow can lead to the creation of caverns 
that hold considerable volumes of water. The rock ceiling of such a solution cavern may 
eventually become thin and collapse, in which case a "collapse sink" appears at the surface. 
In the past, these groundwater-filled reservoirs in the town's immediate hinterland were the 
only source of water in an otherwise bleak and arid environment. The challenge was to find 
an engineering approach to lead the water by gravity flow to where it was needed, that is, 
the fields and the human settlement several kilometers away. 

 
The technical solution involved tunnelling from the intended destination back through the 
bedrock in order to tap the reservoir and direct the water through a gently sloping 
underground canal to the place of use. To provide access and facilitate removal of the 
excavated rock, vertical shafts were cut at intervals from the surface down to the tunnel. This 
makes the engineering principle similar but not identical to that of the qanat systems of Iran. 
Afer all, the underground canal systems of Ghayl Ba Wazir are a technical response to 
specific hydrogeologial and geomorphological conditions. 

 
The underground canals originate in all probability in the 14th century and have been fully 
functional until the 1990s. The water was carried first to the settlement so that people could 
use the water for domestic purposes. After the underground canals had crossed the town, 
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Qanat System and Urbanization in Yazd Region, Iran. Between the 12th and 14th Centuries 

 
 

they emerged eventually at ground level and continued as surface canals. The water, now 
grey water and no longer suitable for domestic use, was perfectly adequate for irrigation. 

 
The value of the water is explained by both the arid environment and the enormous 
investment involved in construction. In the past, a canal was owned by a group of people on 
a time-share system. Since the flow of water was continuous, an issue of central significance 
was how the scarce resource was allocated equitably to the different users. Proper 
maintenance was another prerequisite for long-term use. Equally important for the 
successful operation of the canal systems was consideration for the natural resources in 
order not to compromise the ability of future generations to provide for themselves. 

 
 

Majid Labbaf Khaneiki (University of Nizwa /University of Oulu) 
 

AD 
 
 

Yazd is geographically bereft of any surface stream, and its inhabitants have had to transfer 
groundwater exclusively through qanat systems across great distances. A qanat system 
consists of a series of shaft wells interconnected by a subterranean tunnel that drains out the 
groundwater seepage and conveys it onto the earth surface using the height difference 
between the two ends of the tunnel. In combination with aqueducts, cisterns, watermills, 
pāyābs (stairways for water collection), pools, irrigation canals, and ice-houses, the qanats 
constitute a multifarious historic hydraulic system. 

Yazd was spared from the Mongolian invasion in the 13th century. This fact along with its 
geographical peculiarities set the stage for Yazd to appear as the hub of "process industries", 
in which raw materials were imported from across Iran, and the processed products were 
exported to such distant regions as India and China. The economic importance of Yazd - 
especially under the Muzaffarids and Timurids - brought this city to the fore in the historical 
records, resulting in a suitable density and consistency of data. 

In the wake of the Mongolian invasion that reduced many Iranian great cities to rubble, Yazd 
witnessed a surge of migrants who fled the destruction, including Mubariz al-Din 
Muhammad, the founder of Muzaffarid dynasty in Yazd in the early 14th century, whose 
grandfather was originally from Khurasan. One can regard the Mongolian invasion as the 
actual beginning of Yazd's history, because the most important economic centers in 
Khurasan were destroyed and accordingly a considerable number of craftsmen took refuge 
in Yazd that had well survived the calamity. Thus, a variety of crafts - especially textiles - 
began to burgeon in Yazd. In the 10th century, Bukhara enjoyed a global fame for textiles, but 
after the Mongolian invasion in the 13th century Yazd took its place according to Narshakhī. 

Therefore, Yazd's considerable number of migrants raised the demand for water supply, 
which was embodied in the construction of many new qanats at the time. The qanats of 
Zarch, Hasan Abad, and Dowlat Abad are among the greatest and most important qanats of 
Yazd, which were initially built between the 13th and 14th centuries, following the 
aforementioned population growth. The landless migrants became involved mostly in the 
local industries whose product surplus had to be exported to other regions from where a 
variety of goods could be imported in return. Thus, the development of trading 
infrastructures came to the fore, and accordingly many caravanserais sprang up along the 



 

 

{t; 

' Larger Migration to Yazd I 

Mongoli) I

 

' 

hlcrease in the Landless Population I 
Invasion \ I/ 

- 
The Growth of Local Industries I 

\ I 

\I \[/ 

I A Rise in Sufism ' 
I/ 

\/ I 

/ 

Development of Trading Infrastrnctures I 

Development ofRibat-Khanqah (caravanserai-monasteiy) I 
Rising Maintenance Costs I 
Endowment ofl\ilore Qanats I Development of Qanats 

A Rise in Water Demand 

 
Radboud Universiteit 

i:)"111,;c.i 
 
 
 
 
 
 

roads. Most of those caravanserais were khanaqas (Sufi monasteries) as well, and thus had 
an important socio-economic function. Although most of the caravanserais were built by 
Yazd's rulers, their maintenance rested with the public and the rich tended to donate their 
shares of qanats to caravanserais/khanaqas. 

This paper argues that the Mongolian invasion resulted in a boom in Yazd's population that 
could not be sustained only by agricultural economy. Although the growing population was 
economically dependent on local industries and trading, it paved the way for the 
development of qanat systems in two ways; 1- the expanding urbanization led to a dramatic 
increase in Yazd's water demand for domestic uses. 2- Yazd's growing local industries 
entailed expanding the network of roads to facilitate the circulation of goods and capital, and 
as a result more caravanserais/khanaqas were built along the roads. Those 
caravanserais/khanaqas needed permanent maintenance to keep their functions, and then 
the qanats served as a financial source to provide such maintenance cost, according to many 
historical evidences. The craftsmen and merchants invested part of their wealth in building 
more qanats, and then they donated the revenues of those qanats for the purpose of the 
maintenance of caravanserais/khanaqas through the tradition of "waqf". As shown in the 
following figure, this paper examines the causal relationship between urbanization, proto- 
industrialization and the development of qanat systems in Yazd. 
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Relationship between Mongolian invasion and development of qanats in Yazd during the 
13th and 14th centuries 

 
 



 

 

 
In today's metropolis of Istanbul, the remains of the aqueduct built under Emperor Valens 
(364-78) still survive. The 971 m long aqueduct bridge with 86 arches was part of a long 
distance waterway of over 250 km that brought fresh water from Thrace to Constantinople. 
This made it the longest water supply line of the Roman world. In my contribution I will focus 
on the history of the Valens Aqueduct (Turkish: Bozdoğan Kemeri) from the early Middle Ages 
to the conquest of Constantinople by the Ottomans in 1453, during which periods of drought, 
epidemics, enemy attacks and the resulting decline in population alternated with periods of 
prosperity and growth. The city's water supply always had to be managed and adapted to 
the changing conditions and the Valens aqueduct is the still visible witness of this centuries- 
long process. 

 
 

Mohamed Soliman (National Research Institute of Astronomy and Geophysics) 
 

Delineation of Historic Cairo water system: a medieval water management approach 
 
 

The Nile River plays a central role in Egyptians' daily life as the sustainable source of fresh 
water. As a result of the water value in Islam and its link to agriculture and taxation, Muslim 
rulers paid attention to water management projects for irrigation and supplying it to the 
urban area. Historic Cairo contains a variety of water system dealing with the shift of the Nile 
course westward frequently, due to the natural topographic inclination. In addition, 
relocating the capital of Islamic Egypt from Alexandria to al-Fustat (641) that developed later 
north-eastward (al-cAskar (750), al-Qata3ic (870), Cairo (969)) to the Citadel of Cairo (1183), 
causing constant displacement further away from the eastern bank of the Nile River. 

 
The sound of survived water constructions such as; aqueduct, waterwheel, and Sabil, reflect 
water management approach in Medieval Cairo that delineate the water infrastructure and 
the adopted supplying methods that conduct freshwater to the urban area, basically the 
governmental institutions, the Citadel of Cairo. In addition, serving water for people passers- 
by for free as an Islamic ethics for charity requires organization to secure freshwater to the 
city, frequently, which represented in water carrier union "Tayifat al-Suqa". 

 



 

 

 
In spite of its location on the Nile bank, medieval Cairo suffered from serious problems of 
water supply because of its topography and the Nile regime that necessitated water storing. 
Direct canalization was not adopted to channel the Nile to inhabited quarters, either on the 
riverside or inland because of the dangers entailed in an uncontrolled water race during the 
Nile inundation. The Nile water was safely conveyed inland in canals, dammed by dikes at 
their mouths on the Nile before the inundation, and opened when the water level reached 
sixteen arms. Aqueducts and conduits carried the water from the canals to inland open 
reservoirs from which the water was conveyed to cisterns and above ground tanks that were 
used as closed water reservoirs scattered in central sites within the quarters. From there the 
water was conveyed in underground conduits to wells in residential complexes. Residences 
of the elite and bourgeoisie were equipped with water systems as befitted their status. 

This contribution will focus on the complicated means that conveyed the Nile waters to the 
Citadel, the center of government in Cairo. The projects that led the Nile waters to the 
Citadel were technologically complicated and involved spiral and carrying wells, 
waterwheels, on the ground and underground pipelines, aqueducts and cisterns. 

 
 

Louise Rayne & Jen Lavris Makovics (Newcastle University) 
 

Mapping desertification in Southern Morocco 
 
 

The impact of anthropogenic climate change and pressures on water resources will be 
significant in the oases of the Northern Sahara but there is a paucity of detailed records and 
a lack of knowledge of traditional cultivation and water management approaches in the long 
term. The remote sensing approach used in this research aims to assess the desertification 
rate in the oasis-dominated area of the Ourzazate-Draa-Tafilalet regions of Morocco, aiming 
to identify areas of former cultivation as distinct from active cultivation and from other types 
of land cover with similar spectral properties. 

Remote sensing technologies are increasingly being recognised as effective tools for 
documenting and managing landscape heritage including water management systems, 
especially when used in conjunction with archaeological data. We took advantage of the 
processing power of Google Earth Engine (GEE) to apply this to a large collection of over 200 
Sentinel-2 images covering our AOI south of the Atlas. The GEE platform combines a multi- 
petabyte catalogue of geospatial datasets and provides a library of algorithms and a powerful 
application programming interface (API). The highest resolution available in GEE (up to 10 
m/pixel) is offered by the Copernicus Sentinel-2 satellite constellation, which represents an 
invaluable free and open data source to support sustainable and cost-effective landscape 
monitoring. 
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The Google Earth Engine script uses the technique tasselled cap to determine areas of 
desertified fields and visually assess the effect of climate change on the landscape heritage 
features in the area. The Sentinel-2 collection was filtered to remove the affects of clouds 
and a median composite was generated. A set of coefficients was then applied and the result 
separated into the components of brightness, wetness and greenness. The difference 
between the wetness and brightness components was also calculated (TCW-TCB). 

We compared this data to the location of archaeological sites. High-resolution imagery (e.g. 
Hezagon, and modern imagery through Google Earth) and a standardised image 
interpretation workflow was used for digitising sites. The region was investigated on the 
ground and the data validated in the field in November 2021. A sample of relict and active 
oases were visited near Ourzazate, in the Draa and the Tafilet. 

Areas of desertified traditional fields were distinguishable in the tasselled cap image and in 
the difference between the wetness and brightness (TCW-TCB) index, allowing them to be 
delineated accurately using unsupervised classification. A small number of false positives 
were detected, representing areas of disturbed sediment beside streams. When combined 
with archaeological data, these algorithms allowed us to detect both areas of fields which 
were recently desertified, and those which may have been abandoned during the medieval 
period. The field visit confirmed the status of areas identified as desertified by the script, and 
built on work we have been doing in collaboration with the Middle Draa Project since 2015. 
For example, we found dry irrigation networks and preserved field systems, many of which 
had been abandoned prior to the earliest satellite imagery available (19602-B0s), but others 
had begun to desertify in the last 5 years. 

Desertification is an environmental problem worldwide and is one of the most decisive 
changing factors in the Moroccan landscape, especially in the oases in the south-eastern part 
of the country. This region is well known for its oasis agroecosystems and the earthen 
architectures of its Ksour and Kasbahs, where oases have been supplied by a combination of 
traditional water management systems including 'seguia' canals and 'khattara' (groundwater 
collecting tunnels) since at least the medieval period. The survival of the unique and 
invaluable landscape heritage of the region is threatened by several factors such as the 
abandonment of traditional cultivation and farming systems, overgrazing and increased 
human pressure on land and water resources. 

 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

lbn ʿAsākir's description of the physical features of Damascus in his Tārīkh madinat 
Dimashq includes detailed accounts of both the water infrastructure that existed in his day 
as well as certain details of water management in the past. In one chapter, he outlines the 
interventions made by Umayyad caliphs to the canal systems which brought water from the 
Baradā river which ran from the mountains above down to Damascus and to the Ghouta, 
the agricultural lands surrounding it. This chapter is an important attestation to the 
interaction between the intervention of rulers, the interests of their elite protegees, and 
those of broader local communities. In particular, it shows us how environmental scarcity, 
in the form of a decreased flow of water in the Baradā river, was an issue that was met by 
the intervention of ruling caliphs: both in the form of infrastructure projects; and, when that 
failed, in the introduction of stricter regulations for the allocation of water-usage rights. I 
argue that this provides us a rare framework for understanding how government, elites and 
user-communities negotiated water resources in the heartland of the Umayyad caliphate. 

 
 

Jaafar Jotheri (University of AI-Qadisiyah/Durham University) 
 

How to grow crops in the marshes of the southern Mesopotamia? 
 
 

Geomorphologically, the land of floodplain of southern Mesopotamia is a relatively flat, 
fertile, and generally irrigatable. The essential infrastructures for irrigation in this floodplain 
were the natural rivers and the manmade canals that take water from it. The relatively high 
elevated levees regarding to the irrigated land were playing a significant factor in enabling 
farmers to irrigate their farm using the gravitational irrigation. However, in some cases, 
farmers used different water bodies when rivers and canals are not available. In this paper I 
will discuss how the water of marshes and lakes were used to grow some crops using two 
methods one the manmade platform-like island and second the grooves. These two methods 
were common in the marshland area where rivers levees are not Higley elevated than the 
surrounding area and therefore the advantage of a gravity flowing is not available. 

 
 

leva Reklaityte (independent scholar) 
 

Current Water Studies in the Urban Environment of Al-Anda/us: a Brief Revision of 
Historical and Archaeological Data 

 
 

Through this brief presentation we would like to expose part of the complexity and variety of 
aspects related to water in the towns of AI-Andalus. It's worth noticing that the inhabitants 
of AI-Andalus as well as of other medieval Islamic territories had to struggle against the soil 
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aridness and lack of potable water during centuries, therefore the access to water was one 
of the most important concerns of the governors and common citizens. 

The inhabitant of AI-Andalus constructed and repaired hydraulic installations leaving an 
important legacy after the doom of the Islamic dominion. The importance of the Islamic 
hydraulic enterprise in Spain can be observed just after the fall of Grenade city in 1492 when 
a German traveler Hieronymus Munzer witnessed the presence of channeled water within 
the houses of the well-to-do citizens of Grenade: "Also the nobles and the rich Saracens 
possess in Grenade magnificent and famous houses with atriums, gardens, channeled water 
and other things". 

When referring to the public water supply we should remember the Qur'anic prescription to 
satiate the thirst, which, no doubt, influenced in the proliferation of works for water supply 
that were carried out as pious acts. We can remember the fountain that was built by 'Abd al- 
Rahman Ill in 930 AD in Ecija, where a slab foundation explains the reasons that encouraged 
the sovereign to carry out the work: "hoping to get a good reward from God". Some of the 
sovereigns of AI-Andalus were thus remembered because of their financial support in 
building hydraulic installations for the benefit of the citizens. The Umayyad ruler Muhammad 
I (852-886 AD) was the first, according to lbn Athir (d.1233), to start public works for drinking 
water supply in the city of Cordoba, in addition to building a huge cistern of free access to 
all the citizens of Cordoba. Not only the sovereigns but also their wives, concubines and the 
Andalusians of high social classes sponsored public water supply systems. 

In spite of public fountains, wells, cisterns and other hydraulic constructions the 
consumption of river water was also very common in the cities of AI-Andalus. However, most 
of the rivers that passed through the city were exposed to pollution as they also served as a 
city main sewer. Nevertheless, according to our opinion, despite the indications of physicians 
on water quality, common people most probably used to drink water according to its 
availability and their own tastes. Al-ldrisi when describing Malaga, narrated that its residents 
drank water from wells as water was almost at ground level, and it was abundant and sweet. 
In the case of Eiche, according to al-ldrisi, people used wells despite of having a river nearby, 
because its water was not drinkable. 

When referring to the urban hydraulics in a smaller, that is, domestic scale and the problems 
related to them we should think that the lack of municipal authorities that would have taken 
care of the questions related to water was substituted by muhtasib authority and the sense 
of citizenship. In order to resume, we can say that all the questions related to the capture, 
channeling and evacuation of fresh or residual water, were based on a principle of not 
troubling and making harm to anyone. Apart from the existence of good vicinity and respect 
to the wellness of the neighbor, in a densely populated town the disputes concerning the 
canals of rain and dirty water were quite frequent. In an overpopulated town urban 
constructions were divided into smaller components and sold apart, demolished and 
constructed again, there was a continuous transformation that inevitably caused numerous 
impediments for the installation and an appropriate function of water canals. 

On the other hand archaeological investigations support some historical data and supply us 
with new information on the medieval hydraulics. First of all we should distinguish between 
the urban environments of newly built urban areas such as, for example, the town of Murcia 
or Caliphal suburbs of Cordoba where water supply systems as well as dirty water evacuation 
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were planned and introduced at the very first moment of urbanization. Nevertheless, in 
previously inhabited towns with an important Roman heritage such as Cordoba or Zaragoza 
the situation was quite different. In such cities Andalusians reused the hydraulic legacy, 
repaired it or even remodeled. Where it was impossible as, for example, in case of Roman 
sewers that stopped functioning due to the abandonment and river fluids, the structures 
were perforated and used as cesspits. Not only large scale hydraulic structures but even 
water wells could be reused: the prolonged use of wells is documented in Merida, where the 
Roman wells were still in use during the Visigoth dominion and during the Islamic rule. 

Finally we will try to present, by means of the archaeological data, although very briefly, a 
water management in a household. How a "typical" Andalusian house managed to supply 
itself with water, cope with rain water and evacuate dirty water. 

 
 
 
 

Josephine van den Bent & Peter Brown (Radboud University) 
 

"On strong vaults with solidly constructed arches": Urban aqueducts in the cities of early 
Islam 

 
 

The cities occupied and founded during the early Islamic period invariably brought large 
concentrations of people together in areas of relative water scarcity. In order to make these 
settlements habitable, therefore, water had to be conveyed-sometimes across 
considerable distances and through sophisticated technological means-to these places and 
their populations. This was achieved through a variety of solutions including aqueducts, 
canals, siphons, qanats and other types of conduit. This paper will explore the different types 
of conduit that urban populations relied upon in this period as well as exploring, through both 
textual and archaeological sources, the wide variety of considerations relating to their 
design, construction and maintenance which had to be taken into account during the lifetime 
of these systems. These urban conduits reflect various facets of life in the cities of early Islam, 
such as Baghdad and Samarra-from the priorities of rulers, who sought to project an image 
of power and good governance, to the basic needs of urban populaces, who required water 
for drinking, hygiene and various industrial processes. The longevity of these conduits- 
some of which were only functional for brief periods while others remained in use for lengthy 
spans of time-also tells us something about the stability of these urban settlements. Their 
continued functionality depended on frequent cleaning, dredging and repair-the 
coordination of which required authorities and local communities to invest time, labour and 
financial resources in the maintenance of the city's hydraulic infrastructure. The conduits that 
carried water into and throughout urban settlements during the early Islamic period, 
therefore, touch on many key aspects of life in these urban settlements including the 
administration and central organisation of civic facilities, the rights and responsibilities of the 
populace and the endurance of these physical and social systems over decades and 
centuries. 
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