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Abstract
Locating in arid and semi-arid region of Asia, Iran is a dry country from the geographic and
meteorological point of view and has been always facing water shortage problems. Existence
of ancient dams, irrigations canals and Qanats shows the long lasting struggle of people to
fight against drought condition. This water shortage has resulted in a special holiness and
respect toward water among Iranian. By the increasing demand of water due to the increasing
population, ancient Iranian invented a new system to bring the groundwater to the surface
using the gravitational force. This system which is called Qanat is now still in use and some
of them back to 3000 years ago. Today there are about 32,000 Qanats in Iran which provide
about 10 Billion MCM water per year. Qanat has been introduced to people in other regions
of the world (e.g. Japan, Egypt, Oman, Spain, Chile), and so is considered as the main
contribution of Iranians in Hydraulics. Qanat has a main sloping tunnel and many shaft wells,
which together bring water from a high mountains region to low elevation lands. Comparing
to deep wells Qanats are cost efficient, long lasting, and transfer water without requiring
energy. They also balance between natural inflow and outflow. This paper goes through the
definition, structure and maintenance of Qanats as well as their history and geographical
distribution in Iran and the World. Introduction to famous and wondrous Qanats and their
current role in water supply of Iran will be also presented.
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1. INTRODUCTION
Iran is located in a arid and semi-arid area with limited water resources, which are not more
than 0.36 percent of the world fresh water resources whereas about 1 percent of the world
population lives in the country. The main source of water resources throughout the country is
annual precipitation (250 mm/yr), which is less than one third of global average precipitation.
In addition, the pattern of rainfall distribution over the country is not the same everywhere.
The rainfall varies from less than 50 mm per year in central deserts and southeast plains to
more than 1900 mm per year in some coastal lands in the south west of Caspian Sea.
According to United Nations Sustainable Development Commission index and with regards
to water scarcity, Iran is classified as a country with "severe" situation.
Based on Water Comprehensive Plan Studies:
• About 72 percent of precipitation is not accessible due to evaporation and transpiration;
• About 22 percent of precipitation flows as surface water resources;
• About 6 percent of precipitation within the borders of the country is used for direct
recharge of alluvial aquifers.
Consequently, about 117 BCM of water is directly and potentially accessible by people
through precipitation (internal renewable resources) each year. In addition to water resources
gained through precipitation within the limits of the country, about 13 BCM of surface flow
enters the country across its borders. When this flow is combined with the surface flow with
internal origins, the total figure of surface water resources of the country increases to about
105 BCM. Of this amount, about 13 percent (13 BCM) is used for recharge of alluvial
aquifers [Ardakanian, 2005]
Accordingly, annually about 130 BCM of water is accessible for people through precipitation
and inflow currents across borders (total renewable resources). In addition to naturally
processed water resources, about 29 BCM of exploited and consumed water from surface and
groundwater resources appears again as exploitable surface water or penetrates to alluvial
aquifers as reservoirs. Correspondingly, the total water resources of the country, including
such water exchange processes, increase to about 159 BCM. Out of this, 82 percent (130
BCM) are renewable resources, and 18 percent (29 BCM) are return waters that are
discharged into surface and groundwater resources and are included in the calculation of total
water resources. As annual changes in quantity and quality of consumption patterns take
place, this section of water resources also changes quantitatively and qualitatively.
In Iran about 92.8 percent of water is used by agricultural sector, 1.2 percent by the industrial
sector and 6 percent by urban and rural water supply sectors. These are both from the surface
and groundwater resources.
2

The mountainous areas are of good karstic water resources. In some plains which are nearby
from these mountainous ranges, the water resources are good but mostly of the plains in
central, southern and eastern part of the country are poor from quantitative and qualitative
point of view. This geographical situation has lead to the invention of Qanat by ancient
peoples of Persia.

2. INVENTION OF QANAT
In the history of ancient Iran, water has had a special holiness and respect. Our ancestors
recognized an escort angel for water named Anahita3, as they believed that water is the
manifestation of life and innocence. This angel has been respected by all of the people and,
because of that, many temples and statues of her have been built and in many of the religious
ceremonies water has played an important role. [Nikravesh et al., 2010].
The increasing population in ancient Iran caused an increasing demand to water supply. So,
our ancestors made an invention: using a special method, they brought the groundwater to the
surface by gravitational force. This invention was unique and was named Qanat [Mahmudi
Bakhtiari, 1979].
Qanat is a system of water supply consisting of an underground tunnel connected to the
surface by a series of shafts which bring water, mostly from the water table, to the point of
use by gravity. Qanats are an ancient water transfer system found in arid regions wherein
groundwater from mountainous areas, aquifers and sometimes from rivers, was brought to
points of re-emergence such as an oasis, through one or more underground tunnels.
Some of the Iranian Qanats date back 3000 years ago. This invention has had a vital role in
rising of Iranian civilization. Indeed, the success of the Achaemenid Empire is somehow
related to the Iranian’s knowledge of water. Considering that many ancient big empires were
formed near big rivers such as: Nile, Tigris, Euphrates and Yangtze, Iran was the only
country who become the largest empire in the history without being near a big river. During
the Achaemenid Empire, if someone would have cultivated an arid land by the use of Qanat,
their tax would have been waved for 5 years.
Albeit, thousands of years have passed from the date of that invention, yet this method is still
used in an important section of rural, urban and agricultural water supply. Using this method,
Iranians have been successful in the sustainable exploitation of groundwater and have
withstood the drought conditions in Iran.
During the time, Iranians spread the technology of Qanats to other countries such as Oman,
Egypt, Spain, Germany, Mexico, America, Japan, Chile and North Africa. Based on Wullf
3. Anahita, Anahid or Nahid (Venus) - In Persian it means away from pollution - it is the name of a woman who is
the god of water, rain and productivity in Iranian ancient religion.
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[1968] the technology of Qanat has been spread over the world in a way as it’s shown in
Figure 1.

Figure 1. Qanat Technology Diffusion Model [Source: Water History Website]

It has been proven that about 30 countries have used this system, such as:
-

Asian Continent
Afghanistan, Bahrain, China, India, Iran, Iraq, Jordan, Pakistan, Palestine, Russia, Syria,
Saudi Arabia, Sultanate of Oman, Turkey, United Arab Emirates (Abu Dhabi), and
Yemen;

-

African Continent
Algeria, Egypt, Libya, Morocco and Tunis;

-

European Continent
Cyprus, England, France, Germany, Italy, and Spain;

-

American Continent
Chile, Mexico and Peru.

3. STRUCTURE AND MAINTENANCE
The construction of Qanat is done by a group of skilled laborers with hand labor. The process
needs an investigation for an appropriate site for Mother Well (probably near the
mountainous areas). For this purpose, some test wells may be dug and checked for the
groundwater level. After setting the Mother Well location, the path toward the irrigating
lands should be defined on the ground. Then the group starts digging the main tunnel. In
order to be able to work under ground (having enough oxygen, sending out the unnecessary
soils and going out and coming back to the tunnel) some vertical shafts will be dug over the
path. Figure 2 shows a schematic process of constructing a Qanat.
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Figure 2. Schematic vertical cross section of Qanat construction [Source: Water History Website]

The elements of a Qanat can be defines as:
Appearance: The place where water comes into view on the surface (tunnel reaches the earth
surface) is called the appearance.
Tunnel: The canal whose section resembles a horseshoe inside the ground enjoying a gentle
slope for water conveyance from the aquifer to the appearance.
Wet zone: It is referred to the infiltrating walls inside the gallery of a Qanat. The discharge
rate is directly dependent upon the wet zone. Indeed this is the part of the tunnel which goes
below the groundwater table.
Dry zone: A Portion of the gallery between the wet zone and the appearance. This canal is
gradually cut deeper due to the decline of the water table.
Shaft: The dry vertical wells situated across the gallery in order to facilitate soil extraction as
well as ventilation and dredging. The distance between two shafts was based on the depth of
the Qanat and the air passage. The nearer the shafts were to the mother well, the deeper they
were.
Mother well: The farthest water infiltrating well is called mother well.
Qanat has many advantages which namely are: Securing water for irrigation and household
consumption in arid regions, Balancing the use of groundwater, Low maintenance and
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operation cost. At the same time Qanats are vulnerable to floods and earthquakes and they
can’t be used for exploiting water from deep layers. Also, with respect to wells, Qanats are
more lasting and sustainable and have no energy cost for exploiting water.
Qanat routes need to be regularly cleaned and maintained: They are subject to damage and
destruction by flash floods. To prevent shafts from being filled with sand, they are covered
by stone slabs or other objects.

4. FAMOUS AND WONDROUS QANATS
Despite the main role of supplying water, some of the Qanats are in some aspect wondrous.
In this section some of them will be described:
-

Vazvan Qanat
This Qanat is located in Central Plateau of Iran, in Isfahan province, about 65 km south
of City of Kashan. It’s 1800 m long and has 64 wells. Its mother well is about 18 m deep.
The most important point about this Qanat is it’s underground dams. There are three
dams along the main tunnel of the Qanat which are able to block the water flow during
winter by blocking its gates. As in winter there is no need to the Qanats’ water (It’s not
an agricultural season), the water can be stored by the dam and be used during spring and
summer. This will provide more water for agricultural use during spring and summer.
Also, this will help to recharge the groundwater. The dams are almost 16 m high and 1.5
m wide. There are also 6 gates in different levels of the dam body, so that based on the
level of the groundwater during spring and summer, the appropriate gate will be opened.
Figure 3 shows photos of the dams in the Vazvan Qanat.

Figure 3. Vazvan Qanat Dams (left) First Dam (right) Second Dam
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-

Kish Qanat

This Qanat which goes back to 2000 years ago is located in Kish Island, south of Iran. It’s 17
km long and has 274 wells. In some points along the main tunnel, the diameter of the tunnel
increases to 10 m. This Qanat is now rehabilitated and is a museum which attracts many
tourists each year. Figure 4 shows some views of the underground tunnel.

Figure 4. Views of the main tunnel of Kish Qanat

There are also many fossils along the tunnel, which one is showed in Figure 5a. The
appearance of the Qanat is also presented in Figure 5b.

b

a

Figure 5. a. One of the fossils in the main tunnel of Kish Qanat, b. The appearance of the Kish Qanat

-

Mun Qanat, Ardestan

Probably the most wondrous Qanat in the world is the 2 story Qanat of Mun in city of
Ardestan. This Qanat has two main tunnels which are located above each other with 3 m
difference in elevation. There is no leakage between the two tunnels due to the impermeable
layer between the two tunnels. This Qanat has two mother wells, one for each of the tunnels,
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but the other wells other joint between the two tunnels. The top tunnels goes through a half
circle path when it reaches the vertical shafts.

Figure 6. Vertical cross section of Ardestan Qanat

-

Fin Garden Qanat
City of Kashan is located in the central desert of Iran. This city locates one of the most
famous gardens in Iran, named Fin Garden. This garden is irrigated by the use of water
from a Qanat. The design of this garden remembers the design of Iranian carpets, as all
the elements such as creeks, trees and flowers are all included in these two designs. All
the trees, grasses, beautiful flowers, water springs and woodcarvings are substituted for
the arid lands. Figure 7 and Figure 8 show different views of this garden. This garden is
now one the tourist attractions of Iran and all of these beauties are because of the water
made available by the Qanat.

Figure 7. Fin Garden, Kashan
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Figure 8. Fin Garden, Kashan

5. CONCLUSIONS
Qanats, as an ancient invention, are still appropriate methods for supplying water in arid and
semi-arid areas. They have had vital role in forming civilizations and villages, also
empowering cooperation among water users through shared water management. Meanwhile,
Qanats are the most compatible system of water supply with nature as they balance the
groundwater level and don’t allow any extra withdrawal.
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