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Collaboration Between Nature and 
Humans in the Desert: The Qanat 
System in Iran

Massoud Ghaderian
Delft University of Technology

The qanat system exploits groundwater aquifers in arid and semi-arid regions with the help of local 
water facilities and infrastructure. The system originated in Iran’s central plateau and then spread 
widely around the world, from the Middle East and Eastern Asia to Europe, North Africa and even 
South America. This historic water system, which reduces costs and energy consumption, offers 
a model of how humans can connect to their environment in a completely sustainable way. This 
system not only satisfies human water needs but does so without depleting natural resources. The 
relationship between humans and nature is very fragile in desert regions and the qanat system is 
capable of sustaining settlements even in Iran’s hot and dry climate. This historic system enables 
settlements and agriculture to survive while inspiring a unique desert-specific approach in line with 
the UNESCO Historic Urban Landscape (HUL) approach. This ecosystem-like approach involves 
not only the qanat’s canals but also associated natural structures and historical components like 
water reservoirs (Ab-Anbar), water mills (Asiab), water coolers (Yakhchāl), gardens (Bagh) and farms 
(Mazrae) and floodways (Masil).
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Fig. 2 Qanat system in Iran (Source: International Center 
of UNESCO on Qanat and Historic Hydraulic Structures).

Introduction

A significant part of central Iran is covered by 
dry deserts; obtaining adequate water has al-
ways been a challenge. Throughout the arid 
regions located in the margins of the central 
desert, the agricultural and permanent settle-
ments are supported by the qanat ancient irri-
gation system (kariz in Persian). This system 
conducts water through underground tunnels to 
the earth’s surface with the aid of gravity from 
the main well. It allows water to be transport-
ed over long distances without losing water to 
evaporation, and it provides water for drinking, 
agriculture and other uses at considerable dis-
tance from the main well (about two to eighty 
kilometers; Semsar Yazdi 2019).

The qanat system consists of a series of verti-
cal shafts in sloping ground that are intercon-
nected at the bottom by a tunnel with a flatter 
gradient than the ground level. The first shaft 
(mother well) usually sinks into an alluvial fan, 
to a level below the groundwater table. The 
shafts are sunk at intervals of 20 to 200 me-
ters in a line between the groundwater recharge 
zone and the irrigated land. From a bird’s eye 
view, a qanat system looks like a line of anthills 
leading from the foothills across the desert to 
the greenery of an irrigated settlement. Qanats 
are generally used on the edge of the central 
desert of Iran. The most important qanats in 
Iran are located in arid regions in the provinces 
of Yazd, Khorasan, Kerman, Markazi and Fars. 
Specific characteristics of qanats vary depend-
ing on the region, the type of urban and public 
space and building scale (Semsar Yazdi and 
Khaneiki 2016).

From an ecological point of view, qanat struc-
tures are part of integrated natural and human 
networks. With the aid of nature, the nearest 
snow-capped mountains provide permanent 

water reserves, flood paths move seasonal rain-
fall and serve as a temporary source of water, 
and water streams under the shade of trees, 
helping to prevent evaporation. The water reach-
es its final destination in urban areas, where it is 
used for agricultural and horticultural irrigation. 
Along with human intelligence and technology 
for water transportation, distribution, storage 
and management, qanats are linked to tributar-
ies, channels, water outlets, gates and tempo-
rary ponds. This interlocking water system is an 
outstanding example of sustainable collabora-
tion between humans and natural ecology.

The social and cultural significance of qanats 
cannot be underemphasized. The qanat is 
considered a communal technology for water 
extraction in arid and semi-arid parts of Iran. 
It requires collaboration and sharing, and it is 
impossible to build a qanat individually: an or-
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Fig. 3 Ideogram of qanat system in Yazd-Ardakan plain (Source: Massoud Ghaderian).
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ganized group must gather its forces for con-
struction. After construction, regulations are 
necessary to clarify the manner of using and 
sharing. All the techniques related to the qa-
nats, from transfer to operation and mainte-
nance, have become social and cultural tradi-
tions over time. Also due to the high value of 
water for desert dwellers, the qanat as a water 
supply has a high cultural and social position. 
Rituals and religious meetings are carried out 
next to the qanat demonstrating the socio-cul-
tural importance of this water infrastructure. 
One of the best examples of the social and 
cultural dimensions of this water system is the 
marriage with the qanat. During the drought, 
when the qanat’s water decreased, the Iranian 
villagers believed that if a woman (as a symbol 
of fertility) was married to the qanat, its water 
discharge would increase. Marriage with the qa-

nat was performed in a special ceremony next 
to the mother of the well with joy and the giving 
of food. 

As the vital water infrastructure of arid and 
semi-arid regions, qanats have played an im-
portant role in these regions’ economies: water 
is an essential prerequisite for development. 
The qanat brings groundwater to the surface 
by gravity, which is economical and does not 
require the use of energy. Qanats have not only 
supplied water at minimal cost, but their com-
ponents have also provided various water ser-
vices such as transferring, storing, and cooling 
water in a sustainable manner. For example, an 
ab-anbar is the type of reservoir that has been 
the most common way to keep water cool in 
arid regions. A yakchal has been used as a re-
frigerator to store frozen water in winter to con-
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sume in summer. In addition to water-related 
services, the qanat’s water has been the driving 
force for many daily supplementary services, 
such as applying the waterpower from water 
mills  to grind wheat.  The qanat system has not 
only been effective in reducing costs, but has 
also played an effective role in creating direct or 
indirect added value.

Current Approaches to Preserving and Manag-
ing Water Heritage

In the list of national heritage in Iran, initially, 
the qanats and their associated structures were 
registered separately. With the recognition of 
the qanat as a historical water supply system 
and traditional technology, in 2016, eleven Ira-
nian qanats were listed as World Heritage sites. 
Those qanats are still active water carriers and 
have retained not only their architectural and 
technological structures but also their function. 
They continue to provide the essential resource 
of water, sustaining Iranian settlements and 
gardens, and they continue to be maintained 
and managed through traditional communal 
management systems. These management 
systems have remained intact and have been 
transferred from the distant past thanks to the 
collaboration of many, including users of the 
qanats. The government of the Islamic Repub-
lic of Iran established the International Center 
on Qanats and Historic Hydraulic Structures 
in Yazd, Iran, under the auspices of UNESCO. 
Since the world’s recognition of the qanat, UNE-
SCO has developed rules and regulations to en-
sure the continued functionality of the qanats 
and the water catchment areas included in the 
buffer zone, and they have been committed to 
protecting their essential function in the provi-
sion of water resources. Likewise, the agricul-
tural areas affected by the distribution and use 
of qanat water resources have been protected 

through buffer zones to allow the full long-term 
protection of the qanat system.
In the past, committees consisting of local 
people were responsible for managing the wa-
ter obtained by the qanats. This management 
included the construction and maintenance of 
the qanat and the distribution of water. The tra-
ditional communal management system, which 
is still in place, allows equitable and sustainable 
water sharing and distribution. Nowadays, ur-
banization, government agencies, including the 
Water Management Organization, are responsi-
ble for maintaining the qanats. In recent years, 
with the introduction of the qanats as cultural 
heritage, the National Cultural Heritage Organ-
ization has carried out activities in matters of 
protection and tourism related to the qanat. 
Some qanat researchers have suggested that 
highlighting qanats as tourist attractions could 
help justify the conservation of qanats. They be-
lieve that tourism and its revenues could help 
protect the qanat as well as stimulate regional 
development.

The approaches to preserving qanats vary de-
pending on the organizations associated with 
their management. Three categories of institu-
tions in Iran are in charge of qanats: water man-
agement organizations, cultural heritage organ-
izations, and groups of public and communal 
owners of qanats. The Water Management 
Organization of Iran and its provincial branch-
es generally ignore the role of the qanats as a 
water resource due to the low volume of water 
discharged by qanats. The Cultural Heritage Or-
ganization of Iran pays more attention to the qa-
nat as a tourist attraction. Groups of co-owners 
focus on the amount of water produced and on 
managing property related to the qanats. Unfor-
tunately, qanats have no particular role in spa-
tial development planning and little research 
has been carried out related to Historic Urban 
Landscape (HUL) approaches. 
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Fig. 4 Activities of daily living in the desert in tandem with the qanat system. Due to its activities and applications, the qa-
nat system has played a significant role in the social, economic and cultural life of desert city residents. (Source:  ICQHS, 
International Center of UNESCO  on Qanat and Historic Hydraulic Structures).
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Fig. 5 Water pumping by digging water wells, Yazd, Iran,1959. In the 1950s, the digging of wells to extract water directly 
from underground sources by pumps accelerated. At that time, people and officials were pleasure to gain direct access 
to water, while less than 50 years later, the water levels underground were greatly reduced, which resulted in the lack of 
water again, the destruction of the qanat system and its components (Source: Vaziri).
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Current and Future Challenges to this Water 
System

The historical and sustainable water  system 
of qanat has been gradually replaced by the 
digging deep wells and expanding water pipes 
over the last fifty years in Iran. The construction 
of deep wells for pumping groundwater has 
caused most of the qanats to dry up. Further-
more, it is very difficult to rehabilitate them be-
cause the new deep wells have already lowered 
the natural water level significantly. In addition,  
with the expansion of the modern water distri-
bution network along with urbanization, qanats 
have not been considered due to high mainte-
nance costs and low levels of irrigation. A few 
qanats are being used only for agricultural pur-
poses, while other abandoned qanats are often 
blocked or drained. 

Along with the destruction of the qanat as an 
ecosystem, the natural and man-made compo-
nents are also being destroyed. Gardens, agricul-
tural lands and farms are examples of these nat-
ural components that had been used to protect 
against desert and seasonal floods as a green 
belt. The destruction of the city against recent 
floods and droughts is an example of the result 
of the destruction of the qanat and its green 
components.  In the past, seasonal floods have 
been part of the water system in historical cit-
ies for watering gardens and farms which were 
green belts of cities. Nowadays, with the drying 
out of historical gardens and farms, seasonal 
floods are damaging the historic core of cities.

Conclusion and Future Approaches

Qanats are an environmentally friendly method 
of using groundwater aquifers. They can aid 
sustainable development in arid and semi-arid 
areas by utilizing local facilities and infrastruc-

ture, lowering costs and reducing energy con-
sumption. They offer a way forward for a coun-
try facing environmental and economic crises. 
If economic, social, cultural and environmental 
values are aligned, the government, and society 
in general, will conclude that instead of focusing 
entirely on transferring water from the seas to 
cities, qanats can contribute to the water supply 
and also provide benefits as an ecosystem. The 
HUL approach will be extremely beneficial  to 
integrating qanats in  existing opportunities and 
future challenges. The UNESCO Recommenda-
tion on the HUL proposes a six-step action plan. 
In line with that plan we can think of the qanat 
in terms of:

1) Mapping cultural and natural resources

According to the Ministry of Energy and Wa-
ter of Iran, there are more than 36,000 qanats 
in Iran. Only in fewer than 20 qanats has their 
main route has been accurately identified. Al-
though it is difficult to map qanats due to their 
numbers, depth and complexity, it is impossible 
to protect them without knowing their location. 
New technologies can help to map qanats.

2) Consulting stakeholders, including communi-
ties, about which values and attributes to protect

All stakeholders, including local people and of-
ficials in the sectors related to water manage-
ment and cultural heritage, should be familiar 
with the value of qanats and the historical water 
infrastructure as an ecosystem.

3) Assessing vulnerability

Due to the sensitivity of historical water infra-
structures and qanats, annual monitoring is nec-
essary to identify damage. It is also necessary 
to document maintenance operations along with 
protective action.
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Fig. 6 Destruction of historical fabric due to flooding, Yazd, Iran, 2022 (Source: Majid Jahrahi).



147146

4) Integrating heritage elements in spatial plan-
ning

After identifying the historical water infrastruc-
ture and qanats, an active role in urban devel-
opment plans should be considered for them. 
This goal requires spatial analysis and spatial 
statistics at the urban network level.

5) Prioritizing policies and actions for preserva-
tion

Although protection policies for qanats have 
been on the rise in recent years, coordination 
between them at the national to local levels is 
still weak. A hierarchy of policies based on re-
gional characteristics of qanats and stakehold-
ers can help prioritize protection policies.

6) Developing partnerships to implement projects

Improving the performance of historic infra-
structure and qanats is possible with knowl-
edgeable intervention. Planning and design in-
terventions are possible in the form of projects. 
To implement projects, it is necessary to devel-
op a network of participants.

With the HUL approach, we could focus on the 
preservation of historical water infrastructure 
as water heritage by integrating development 
with environmental and socio-economic chang-
es. This approach aims to provide sustainable 
planning and design interventions of water infra-
structure within historical environments. In this 
way, qanats can become an inseparable part of 
the current urban infrastructure networks.
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