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Chapter 7 Qarah

Introduction
This chapter is descriptive and deals with the second case study

site of this study. An in-depth socio-geographical case study and several
subsequent fieldvisits between 2001 and 2003 form the basis of this
chapter. It will give an overview of the geography, history and
development of qanats and their communities in the area of Qarah.

Organisation of this chapter
The first part of this chapter gives a short historical background of

the site and its qanats. It will discuss general physical characteristics and
development of qanats in Qarah. I will assess the groundwater use and
hydrological circumstances in Qarah. Finally I will focus more
specifically on the qanat of •Ayn al Taybeh. The second part discusses the
characteristics of the users community in Qarah. It will discuss socio-
economic characteristics, water rights and irrigation methods, investment
attitudes and general orientation to action.

7.1 Background of the site of Qarah and its qanats.
This section gives a general over view of Qarah and its

geographical surroundings. Qarah is a town situated 100 Km. North of
Damascus, in the Qalamun mountain range parallel to the Anti-Lebanon
mountains. The site is among the most ancient Christian centres in the
Qalamun  (Schmidt, 2004). The main Christian sites in this region are the
monasteries of Saydnaya, Ma•aloula, the monastery of Mar Musa the
Abyssinian near Nabk and the monastery of Mar Yaqub and the church of
Qarah.  Until mid-13th century, Qarah was exclusively inhabited by
Malkite Christians (Schmidt, 2004). Qarah is best known for the ancient
wall drawings in the church of Mar Sarkis. Other 12th century wall
paintings have been discovered in the monastery of Mar Yaqub67. It is this
Monastery, which plays a mayor role in one of the qanat systems in Qarah
(See Figure 36).

The site of Qarah was selected for further in-depth study after a
national reconnaissance survey of qanats in 2001. The selection was based
                                                            
67 During 1999 and 2004, Byzantinists Stephan Westphalen and Andrea
Schmidt have extensively researched and restored the ancient wall
paintings in the Monastery of Mar Yaqub.  Their findings are published in
the book •Christliche Wandmalereien in Syrien. Qarahund das Kloster
Mar YakubŽ (2005) Wiesbaden, Reichert Verlag, Germany (pers. comms.
Andrea Schmidt, 2005)
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on low rainfall zone, cleaning history and activeness of local people,
financial capacity of the community, reasonable hydrological chances for
successful renovation, social cohesion of the users communities. The
qanats of Qarah are regularly maintained and upgraded by the Directorate
of Irrigation of the Awaj/Barada basin. The qanats are situated outside the
urban settlement on a straight line running from North to South. The
presence of the rich cultural heritage in Qarah, could be potential revenue
for the future. The Qanats of Qarah represent part of the ancient Byzantine
culture and development in Syria. The fact that they are still actively used
today since more than thousand years and rapidly drying up during the last
10 years, should be enough reason to protect them.

7.1.1 Qarah, an old settlement near the Lebanese
mountains

Figure 36 - The renovated Monastery of Mar Yaqub, Qarah

The climate in Qarah is dry with rather cool winters with
instances of snowfall and hot summers. It lies in the rainfall Zone 4, as per
the Syrian land classification into five zones based on annual rainfall.
Zone 4 has an average annual rainfall between 200-250 mm but not less
than 200 mm for two out of four years. The elevation of the area is
relatively high, the average altitude is above 1300 meters. Qarah•s natural
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vegetation is sparse and consists of shrubs and other drought tolerant
plants.

The town has a population size of approximately 19,000
permanent households of which 900 extended households are said to have
irrigation rights in the various qanat systems that are present in and around
the town. The town has 10 schools for primary and secondary education.
Since 1986, it has a main asphalt road, electricity and piped water supply.
The main income sources in Qarah are derived from migration/trade work,
government employment and agriculture. The main products for irrigated
agriculture are apricot trees and cereals. The farmers used to grow a
special type of potato called, Yabrudi potato, but since the introduction of
new and more productive species, this type has vanished from Qarah. For
rain fed agriculture, the Qarah community owns more than 4 million
cherry trees on the slopes of the Anti-Lebanon Mountains.

The religion of the community is mainly Muslim but there is a
significant Christian community representing 10% of the population. In
the 19th century approximately 90% of the community was Christian but
since 1880 many Christian families migrated abroad. The main reason for
migration was the increasing poverty that struck the region of Qarah
during the Ottoman rule. Most families migrated to South America,
mainly Argentina68. They sold their land to Muslim families who now
form the majority in the town. Although the two groups are separated and
do not intermarry, there has not been a history of conflict since the
migration of Christians. The trade in irrigated land is still common
practice among the qanat users.

The qanats are located both inside and outside the town of Qarah.
There are 10 main qanats of which six are flowing. One qanat is flowing
inside the town and was being renovated with government support at the
time of fieldwork in 2001. We investigated primarily those qanats that are
situated outside the urban area to the West at the foot of the Anti-
Lebanon. Their names are: •Ayn al Taybeh, •Ayn al Qraizah, •Ayn al
Baydah, •Ayn al Qaz and •Ayn al Qutneh. •Ayn al Qutneh dried up in
2001, •Ayn al Qaz and •Ayn al Taybeh in 2002. During the survey we
discovered another flowing qanat, •Ayn al Atah. In 2003, this qanat
increased in flow as well as •Ayn al Qraizah and •Ayn al Baydah

                                                            
68 Personal comms. Abu Salem of Monastery of Dayr Mar Yaqub
(03/11/03). The migratory link with Argentina is felt throughout the
Qalamun for both Muslims and Christians; throughout the region the
local people drink Argentinean Matte tea (native to South America)
instead of traditional Arabic sweet tea and former Argentine president
Carlos Menem was born of Syrian parents from Dayr Atiyeh.
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7.1.2 Hydrogeology of Qarah
This section describes the local hydrogeological situation around

the qanats,which is important to determine the physical feasibility of qanat
renovation. This section will present the geology, the water sources
feeding the qanats, the water quality, groundwater use around the qanats,
their discharges and will try to give an explanation for the drop in
discharge over the years.

To understand the hydrogeological circumstances, it is essential to
give some background information about the geological surroundings of
the qanats of Qarah. Qarah is located in the centre of the syncline
(depression) at the eastern side of the Anti Lebanon, which runs from
southwest to the northeast. The syncline was formed as an offshoot of the
African Great Rift Valley. The limbs of the syncline consist of Cretaceous
Cenomanian strata (limestone and marls). The centre of the syncline
consists of Palaeocene to Lower Eocene deposits, which are overlain by
Quarternary deposits. The Palaeocene to lower Eocene consists of chalky
limestone and flint. The Quaternary deposits mainly consist of
conglomerates deposited at the foot of the Anti-Lebanon. Qarah itself is
located on Palaeogene deposits and on Quaternary conglomerates the
latterare present from the town Qarah until the Anti-Lebanon. At the
surface of the conglomerates, caliche is formed, which is also called
"hard-pan". It is formed by calcite that precipitates near surface, making
an impenetrable crust. The presence of this hardpan is likely to
significantly reduce infiltration of rainwater.

The qanats of Qarah are dug at the contact of the Middle
Quaternary deposits with the Palaeocene to lower Eocene formations.
Technoexport (1964) writes that the Palaeocene formations are poorly
permeable and poorly watered and that only by digging large karizes
(another word for qanats) the people manage to obtain the required
amount of water. The caliche described in the geological section prevents
water from infiltrating into the conglomerate. We observed in some parts
that farmers have broken the caliche likely to stimulate infiltration.
However most of the infiltration takes place in wadi bedding.

We observed that the majority of the qanat water comes from
small (2cm) to large (25 cm) karstic holes in the Palaeogene rock.
According to the local inhabitants only certain layers of the Palaeocene
contain water which they call •QadanŽ. Karstic holes from which water is
flowing have been observed in •Ayn al Qraizah , •Ayn al Baidah and •Ayn
al Qaz. The water production zone from •Ayn al Taybeh was not entered
out of safety reasons. It was also observed that large sections of the qanat
walls were humid, in those parts water is infiltrating from the sides of the
qanat.
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In 1963, Technoexport concluded that qanats are the only viable
technique of using the water in the geological formations of the Qarah
region. The hard crust that is formed on the ground surface prevents
infiltration of rainwater therefore most of the underground water supply
comes from karstic holes in the limestone that are fed by rain water and
snow from the mountainous region in the West. Digging deep wells in this
piedmont would result in lowering the overall groundwater level and
qanats falling dry. The discharge of the wells would also not be sufficient
on the long term.

Quality of the water
Samples were taken from five qanats. The water from the qanats

is chemically more or less the same (See Table 17). It is of the CaMIC
type, except for •Ayn al Qaz which is of the CaHCO3 type. The amount of
dissolved minerals in the water is very low which would suggest the water
is young and it is the result of newly infiltrated rainwater. Moreover the
low temperature of the water does not support that the water is old and is
coming from deep aquifers.

Except for •Ayn Al Baidah, the results of the microbiological
analyses, presented in Table 16 shows that none of the water in Qarah
meets WHO drinking water standards. However all the water flowing
from the qanats is of good quality for irrigation. Drinking water standards
could be met if qanats would be kept clean and no animals like pigeons
and other birds would be allowed in.  Also, the airshafts should be closed
and the collection point should be kept clean and free of animals. Water
from all the qanats is used for drinking because the people do not like the
piped water that contains chlorine.
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Qanat Atah Taybeh Qaz Baydah Qraizah
Fieldname II I II I II I II I II I

pH 8.1 8.1 8.1 8.1 8.2 8.2 8.1 8.1 8.1 8.1
EC 454 454 378 378 363 363 476 476 410 410
T 16.

2
16.2 16.2 16.2 16.7 16.7 16.6 16.6 17.9 17.9

Total count 359
0

3145 200 170 915 1200 0 3 850 805

Total count
cloiform 350

0
3110 200 165 915 1185 0 0 850 805

E. coli 280
0

2568 0 15 540 710 0 0 405 290

Klebsialla 575 462 110 85 65 230 0 0 370 410
Enterobact.

60 35 90 65 310 245 0 0 75 105

Salmonella
65 45 0 0 0 0 0 0 0 0

Others* 90
Str.
fec.

35
Str.fec. 0

5.0
Stap.
Epid.

0
15.0
Stap.
Epid.

0
3.0

Stap.
Epid.

0 0

Table 16 -  Microbiological analysis of water in Qarah qanats.

Site Qarah

Sample Atah Qaz Baydah Qraizah Taybeh
Temp degr C 13.9 13.5 16.1 14.8 15.7
pH 8.1 8.2 8.2 8.2 8.3
EC mS / cm 0.47 0.36 0.45 0.43 0.37
NO3 mg/l 29.2 8.86 32.8 32.8 8.86
Cl mg/l 53.5 30.9 53.5 53.5 36.5
SO4 mg/l 61 80.8 84.1 69.3 95.6
HCO3 mg/l 152.2 164.7 115.9 109.8 134.2
CO3 mg/l 12 12 18 18 24
Mg mg/l 35.5 28.1 34.2 27 29.1
Na mg/l 9.8 0 9.8 5.8 0
Ca mg/l 82.9 82.9 82.9 77.1 88.6
K mg/l 2.4 2.2 2.2 2.2 2.2

TDS 438.5 410.46 433.4 395.5 419.06
Watertype CaMIC CaHCO3 CaMIC CaMIC CaMIC

sumcat 7.5 6.5 7.4 6.4 6.8
suman -6.1 -5.8 -6.3 -5.9 -6.2
Iberr 10.2 5.8 8.3 4.1 5.4
SAR 0.23 0 0.23 0.14 0

Table 17 - Chemical analysis of water in Qarah qanats
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7.1.3 General characteristics and development of qanats
in Qarah

The qanats of Qarah are short, of mixed mountainous spring and
infiltration type. The qanats are dug in the alluvial plain of the Anti-
Lebanon mountain range and receive both infiltration of snow and supply
through karstic sources. Two important dimensions of the qanat are depth
of the mother well as indication of groundwater table and the length of the
tunnel as indication of the relationship with the water table and the slope
of the ground surface (Beaumont, 1989). In Qarah, the tunnels• lengths
vary from 100-2000 m. and the
motherwells• depth from 3-20 meters.
Figure 37 shows the typical masonry
that can be found in qanats of Qarah.

The qanats of Qarah resemble
the spring flow tunnels that Ron Zvi
found in Israel and Palestine (Zvi,
1989). These similarities are not
surprising considering the close
proximity of Zvi•s research sites to the
Qalamun mountains. Furthermore there
are striking similarities with the tunnels
identified and surveyed in Valencia,
Spain, by Jorge Hermosilla and his team
in 2004/569 (Hermosilla, 2006). The civil
and religious leadership of the caliph of
Damascus ruled Islamic Spain in the 8th
century A.D. and Syrian governors in
Spain were deeply influenced by
Byzantine culture. Considering the
Byzantine background of the site of
Qarah, a transfer of technology in this sense is well conceivable. However
this suggestion has not yet been substantiated with archaeological research
or written historical evidence.

                                                            
69 A possible link between the Ummayyed era in Syria and the diaspora to
Spain in the 8th Century could very well explain the striking similarities
between qanats in both countries. The research activities are carried out
in the framework of the ongoing project INCOMED-FOGGARA,
Geography Department University of Valencia •Dossier Scientifique de
Systeme d•Irrigation Traditionelle, Foggara et systeme d•information
geographiqueŽ (internal report 2005)

Figure 37 - Typical masonry Qarah
qanats



226

The construction of a typical qanat in Qarah starts with the outlet
as a ditch dug and built with typical masonry in a built tunnel lined with
stone masonry either in a fishbone pattern or stapled stones (Figure 37).
Ceilings consist of rectangular stone plates laid on the stone masonry. In
rare cases the ceiling consists of wooden beams, probably of later date.
The ditch continues as a horizontal tunnel as soon as limestone rock is
reached. The tunnels found in Israel, Palestine and Spain however are of
much less length and have less airshafts. All qanats in Qarah have
airshafts at regular intervals.

The qanats of Qarah can be distinguished according to the main
type of water supply; those with longer lengths and deeper mother wells
are locally called •qanatŽ (Qanat Sinsal, Qanat Jamia al Kabir, Qanat
Nuheir) and are mainly depending on infiltration of snow and rainfall
through the alluvial plain whilst the other tunnels are called ••aynŽ
meaning spring in Arabic and mainly fed by karstic springs. One
exception is •Ayn al Atah which is 2 km long. The local name could be an
indication that the qanat is fed mainly by a spring, although the
construction indicates that a large part of the water is supplied by
infiltration.

The structure of all qanats is generally in reasonable condition
although some of the antique masonry has collapsed severely, especially
in the airshafts sections. The collapsing is a result of heavy flooding,
earthquakes, human damage and poor maintenance. Occasionally when
the collapsed part was heavily damaged, renovation works were put in
place but not in a structured or well-planned manner.  The renovation
works usually consist of fortified concrete lining of ceiling and walls until
the bottom of the tunnel in water transport sections. Some of the tunnels
have a cemented floor in the water production section, which blocks
potential sources.

In general the slope of the Qarah qanats is either eroded or
blocked with debris. Qanat tunnels require very precise engineering work
and the qanats' slope should be between 0-0.5/1000 in the water
production section and between 0.5/1000 up to 2/1000 in the water
transport section (Beaumont et al., 1989). In some cases water actually
stagnates and cannot reach the outlet properly due to blockage by cement,
plant growth or silting.

7.1.4 Discharge of the qanats
The Ministry of Irrigation (MoI) monitors monthly five qanats

that are present in Qarah. These are •Ayn al Qraizah  •Ayn al Qutneh,
•Ayn al Baydah and •Ayn al Taybeh. The fifth qanat (•Ayn al Ameh) is
located inside the town. The MoI does not monitor •Ayn al Qaz because
the discharge is too small. Some of the qanats show a downward trend in



227

the flow figures. •Ayn al Qutneh dried up completely. In the gardens of
the qanats, wells are drilled for domestic use as well as irrigation.
Although this might be interpreted as the cause of the downward trend,
these wells seem to be very unproductive and people do not obtain a lot of
water from them. Around 7 km West from the town a government well is
pumping water to supply the people, according to the local inhabitants the
well is producing 3000 m3 of water per day. The reasons for the drop in
discharge will be discussed in a later section. Following is a presentation
of the discharge of each qanat investigated plotted over a 10 year period
based on actual measurements and secondary data of the MoI.

1- •Ayn al Qraizah

Figure 38 - Discharge •Ayn al Qraizah (1992-2001)

This qanat has a total length of 100m and a mother well of 14 m.
deep. This qanat receives its water from two sources, called •Qraizah 1Ž
and •2Ž. At the outlet a total discharge of 3.3 l/s using a bucket and a flow
meter was measured. We measured a discharge of 1.6 l/s of branch
•Qraizah 1Ž at the outlet using a flowmeter. The discharge of •Qraizah 2Ž
could not be measured because the flow was not strong enough to
measure, the gradient of the qanats in this section was not sufficient.  We
calculated that •Qraizah 2Ž gives 1.7 l/s., almost similar to the discharge
•Qraizah 1Ž. Figure 38 shows that the flow •Ayn al Qraizah did not drop
since the winter 1995-96 only after a peak during the 1997-98-99 years
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the water came back to the same flow it had in the winter of 1995-95. This
might indicate that the flow of the qanat depends on rainfall and the drop
in discharge is the result of the last two dry years.

2- •Ayn al Baydah

Figure 39 - Discharge of •Ayn al Baydah (1992-2001)

This qanat is 100 m. long and has a mother well of 6 m. deep. It is
the only qanat of which the flow was steady in the past years. It is also the
spring of which the longest record is available.  The water supply for this
spring is partly coming from the infiltration dam that is located
140 meters north west of the mother well of branch •Baydah 1Ž. The dam
has been completely full four times since 1978. This explains the peaks in
the flow of 1994 and 1997 as displayed in Figure 39. During that period,
intensive rainfall events occurred which must have filled the dam. While
infiltrating to the groundwater, part of the water flowed out through the
qanat. We measured the discharge of •Ayn al Baydah  using a bucket to be
5.5 l/s. •Ayn al Baydah receives its water from three sources,
unfortunately it was not possible to measure the discharge from the
sources separately.
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3- •Ayn al Qaz
This qanat is 100 m. long and has a mother well of 3 meters deep.

It is has the lowest discharge from the studied qanats in Qarah. The flow
was measured using the bucket to be 0.33 l/s. The qanat receives its water
from four tunnels. The water is partly coming from springs which were
observed in •Qaz 3Ž and •4Ž and partly from infiltration which was
observed in the open trench at the end of •Qaz 1Ž. The people say that the
flow used to be more, in 2001 there was only 2 hours of irrigation per day.
Data on this qanat from the MoI were not found.

4- •Ayn al Taybeh

Figure 40 -  Discharge of •Ayn al Taybeh  (1992-2001)

This qanat is 200 m. long with a mother well of 6 meters deep. In
Spring 2001 it had a total flow of 3 l/s, which was measured at the outlet.
The qanat gets its water from three sources. Two are to the West of the
monastery, they come together and the flow through the garden of the
monastery. After the garden there is a small water fall where the flow was
measured using the bucket being 2.5 l/s in Spring 2001. The flow of the
other source which is coming from the other side of the road in front of
the monastery could not be measured but was visibly much smaller and
has been estimated to be only 0.5 l/s. Figure 40 shows a dramatic drop in
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the discharge of Taybeh. There are two significant groundwater users
around the source section of the qanat.

One is the poultry farm of 8000 chickens, that has a well for
groundwater abstraction. This well is a large diameter, approximately 1.5
m, well in which groundwater is collected.  Water is pumped into a
storage tank until the well runs dry when the pump stops automatically.
Once the water level in the well has recovered the pump switches on
automatically to fill the storage tank. The water level is in this way kept
artificially low. According to the farmer, he pumps 7-8 m3 per day in a
water tank of 500 m3.

The other user is the monastery itself; there are four wells in the
monastery of which currently two are in use. No information is available
on the exact quantity of water used but if the water is used only for the
domestic use in the monastery, is expected to concern small quantities.
The resulting waste water can be used for irrigation.

In April 2001, the qanat of  •Ayn al Taybeh had been drying up
fast since 2 years. The main reason according to the natur was the drought
of the last three years. Normally around 100-150 mm should fall per year
in Qarah, the last years only 40-50 mm was fallen. The drop was
noticeable on the reservoir wall. The edge of the birkeh is 196 cm; a white
edge, supposed to be the normal water level was observed at 143 cm. The
fluctuating lines of water level were respectively; upper line: 89 cm,
middle line: 86 cm, lower line: 80 cm.

Figure 41 - Irrigation reservoir •Ayn al Taybeh January 2001 (mid-day)
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Figure 42 - Irrigation reservoir •Ayn al Taybeh November 2002 (mid-day)

In January 2002 the flow of •Ayn al Taybeh had dropped
considerably to a mere trickle and it is assumed that the pumping activity
of both the Monastery and the poultry farm did have had a strong effect on
the qanat flow. The users in the garden had stopped irrigating by February
2002.

5-•Ayn al Qutneh
This qanat has been dry since 2000, the pumping of the monastery

and chicken farm could have affected it but historic data show that the
flow also depends on rainfall as peaks in flow occur after a rainfall peak.
Therefore it might be possible that after a good year of rainfall, with
snowy winters the qanat starts flowing again if the tunnel is cleaned and
pumping does not increase.

6- •Ayn al Atah
•Ayn al Atah has a discharge 1.0 l/s. The qanat receives its flow

from two qanat tunnels. Discharge from those tunnels separately could
not be measured. We could not find historic data from the qanat flow. The
tunnel construction had been reinforced with concrete by the MoI in 2002
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and in 2003 the local caretaker of the qanat explained that the discharge
had increased70.

From all the qanats available historic data have been presented in
the previous sections. The figures show different trends that can be
generalized in two trends;

(1) First the trend of •Ayn al Baidah, •Ayn al Qraizah and •Ayn al
Atah qanats show a strong response to rainfall to rainfall peaks
and had a similar discharge in 2001 as they had in 1995. In 2003
both qanats had increased in flow. It is likely that this has resulted
from rainfall and snow which fell during the winter of 2003.

(2) Another trend is the one of •Ayn al Qaz,  •Ayn al Taybeh and
•Ayn al Qutneh, which also showed a response to rainfall events
but the flow from these qanats decreased significantly.  The
hydrograph from the qanats indicates that base flow from these
has decreased, which could be an effect of falling groundwater
levels.  Unlike the other qanats the discharge of those qanats
dropped to a level below the discharge they had in 1995 just as in
1998. •Ayn al Qaz had already dried up in 2001 so no
measurements were taken. Both other qanats virtually dried up in
2002. The discharge of •Ayn al Taybeh increased again in 2003.

The shape of the hydrographs can been divided into two sections,
one is the baseflow the other is a rapid response on rainfall events
superimposed on top of it.  The baseflow probably results from
groundwater in the Palaeocene to Lower Eocene deposits.  This aquifer is
of regional importance and is likely to receive its recharge from
precipitation in the Anti Lebanon and from the overlying Quaternary
deposits. The other part of the hydrograph represents groundwater flow in
the quaternary deposits, which is likely to be recharged locally.  This
aquifer is of local importance.

7.1.5 Groundwater use around the qanats
We could not identify groundwater overabstraction in the close

neighborhood of any of the qanats in Qarah, except for the •Ayn Al
Taybeh.  Near •Ayn Al Taybeh two groundwater users are present, which
are the poultry and the monastery. It is advised to get a counter on the
wells so the amount of water used can be monitored. Artificial
groundwater recharge is another solution for •savingŽ the qanat flow. It

                                                            
70 Interview November 2003
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was found that infiltration dams increase the flow of the qanat. A good
example is the dam near the qanat of •Ayn Al Baydah.

An isotope study carried out in 1984 by Arab Center for the
Studies of Arid Zones and Dry Lands (ACSAD) to the water of the qanats
of Qarah confirmed that the water flowing from the qanats consists of two
components, one that recharged locally and another that recharged
regionally (ACSAD, 1984).

The Palaeocene to Lower Eocene Aquifer from which the
baseflow derives its water is influenced by overabstraction. the Ministry
of Irrigation estimates that in the surroundings of Yabrud, at least 2000
wells pump water for irrigation71. Yabrud is located South of Qarah. The
qanats in the neighbouring areas of Yabrud, Jubbah, Ras al Marra and
Jarajeer are all suffering from a severe decline in discharge due to nearby
pumping activities. The impact of illegal pumping and over-abstraction in
the area is clearly visible in the decline of groundwater levels. The
average groundwater level has fallen from 20m in 1950 to 60m in 1994. In
Qarah itself, the use of wells for irrigation is small. The aquifers are not
very productive for pumping due to the karstic nature. People who have
drilled wells obtain a few cubic meters per day or even per week only for
domestic use and a few fruit-trees. An impression of the groundwater flow
has been obtained from measurements in wells and the depth of the
production sections of the qanats (See Appendix 1,  Map 8). The direction
of groundwater flow is northeast in the North of the area and southeast in
the South of the area.

 It is likely that the qanat of Qarah al Ameh has dried up because
it depends for the bigger part on water from the regional aquifers that are
affected by the surrounding pumping activities.  The other qanats depend
most on the rain- and melt water that flows through the alluvium. The
discharges of all qanats did not change very much before 1999. The real
drop started in 1998/99, when Syria experienced very dry weather spells
throughout the country.

To further assess the effect of regional groundwater abstraction on
the qanats of Qarah, the whole syncline from which the groundwater is
taken should be considered. The groundwater resources in Qarah are part
of the Barada and Awaj basin. Like all other basins in Syria, the
Barada/Awaj basin is faced with a water deficit, however the problem
seems to be most urgent in the Barada/Awaj region. Due to scarce data
and contradictions in the official estimates, the exact water balance is
difficult to determine.  Elhadj (2004) attempts to give an overview of the
various data sources that he used to estimate the extent of the water
scarcity in the Greater Damascus region based on data from the World

                                                            
71 pers. comms. engineer of Directorate of Barada/Awaj (MoI)
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Bank, FAO and the Syrian Ministry of Irrigation (See Table 18). The
challenge for these estimates is the inconsistency in the data ranges72.
However Elhadj draws some important conclusions;

•Agriculture has been the greatest water user in the Damascus
Region. The Basin• water balance in the late 1990s ranged between a
deficit of 311 million m3 and a deficit of 762 million m3 in 2000. The
middle estimate will be adopted here; namely, the 450 million-m3 deficit
of the World Bank Report (2001), along with the Report•s other data.
Such a situation is unsustainable. Mining of non-renewable groundwater
is particularly evident in the Barada/Awaj Basin. Water level declines are
reported as …3.1 mm/day (1.1 meters/year). As a result, a large
groundwater depression is developing between the Zabadani and
Damascus areas in the Barada/Awaj Basin with rapid falls occurring
particularly between 1989 and 1992 (WB, 2001: p.17). If over-extraction
persists, it will ultimately force the abandonment of agriculture in the
Region, except for rain fed farming, and the expensive transfer of
household water from other basins into the affected areas.Ž

Source: Elhadj, 2004

A trial run in December 2005 of a Synthetic Storage model (SSM)
model developed by the Syrian Water Resources Information Centre
(WRIC) with Japanese experts, proved that an approximate total of 4.5
billion m3 groundwater storage has been lost from the Barada-Awaj basin
between 1980 and 2003 (WRIC newsletter, December 2005). The
consequent calculated water balance, shows a current annual average
groundwater deficit of approximately 200 million m3 in the whole basin.

                                                            
72 The problem with available data has been recognised as a result of
insufficient hydrological and meteorological observation facilities, poor
observation skills, inefficient information transmission between MOI
headquarters and the General Directorates, inadequate information
sharing among water-related agencies, inappropriate data saving and
insufficient information processing skills. Since 2002, a Japanese (JICA)
supported water information project has been established to address these
issues. The project runs until 2007 and aims to provide better data ranges
that start as of 2002. By 2005, 248 automatic observation stations had
been installed in the Barada-Awaj Basin and Coastal Basin but technical
difficulties still prevented 15% of them to work properly. The 1st edition
of a Syrian Water Resources Report was prepared in July 2005. See
http://www.wric-sy.org/
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World Bank FAO project Syria•s MOI 
Report (2001) (1) based study (2001) (2) (2001) (3)

Available resources
Resources N/A 452 452
Recharge from wastewater N/A 257 384
Return drainage from irrigation N/A 568 120
Total 900 1,277 956

Uses
Irrigation 920 1,207 1,200
Domestic 390 298 379
Industry 40 77 133
Evaporative loss N/A 5 5
Total 1350 1588 1717
Water Balance -450 -311 -762

Irrigation as a percentage of total water use
World Bank FAO MOI

Barada/Awaj Basin 68% 76% 70%

(1) WB (2001: table 6, p.11).
(2) C. Varela-Ortega and J. A. Sagardoy (2001: table 3, p. 11). MAAR 2001.
(3) MOI, 2001: table 9.

Table 18 - Water balance Barada & Awaj Basin (Adapted from Elhadj, 2004)

These are alarming hydro-geological figures and implicate fast drying up
of the basin unless countermeasures are taken.

Elhadj (2004) states that the water deficit in the Barada/Awaj
basin is caused by decades of insufficient investments, unsustainable
water use (mainly for irrigation) and a higher population growth than the
national average. Syria•s population growth between 1950-2000 is
estimated at 481%, excluding the growth in Greater Damascus; from 2,6
to 12,5 millions. In the same period, the Greater Damascus region has
known a population growth of 541%; from 701.000 to 3,794 millions
(ElHadj, 2004; various SSAb estimates, FAO Statistical Database, MOH).
This has greatly increased the demand for water.  The scenario for the
region is gloomy.

The unsustainable water use is mainly the result of the high
percentage of illegal well drilling in the region. According to Elhadj, the
volume of illegal water extraction in the region was 608 million m3 per
annum in 2001, which counts for 66% of the total irrigation water; at least
87% of wells in the Damascus Region were non-licensed. Apparently the
government control and law enforcement is not very effective in this
region (Elhadj, 2004). Elhadj describes the return of senior military
officers and members of the ruling elite to the country side. These •new
residentsŽ can easily avoid irrigation laws. A similar trend is observed in
Qarah, where residents from Damascus now own summerhouses in the
irrigated garden of the qanats. It has become a status symbol to own a
second summerhouse and practice •hobby farmingŽ. Many army officials
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have reached retirement age and now invest in re-building their old family
farm (cf Elhadj, 2004).

There is a current gap of consistent monitoring data and
monitoring wells on groundwater aquifers in the Qalamun region and this
prevents the formulation and development of an elaborate integrated
groundwater management plan. Elaborate hydro-geological research
would be necessary to determine the exact influence of the wells using
diesel pumps on the discharges of the Qarah qanats. Precise isotope
analysis and developing a sound monitoring network for the local aquifer
would be useful but did not lie in the scope of this study.

One of the sectors that can be tackled within the near future, is a
better overall policy on groundwater management. The implementation of
the well licensing and monitoring laws that were developed in 2001 is
most important in this. With a proper implementation, illegal well digging
could be controlled and further drop of the groundwater level prevented.
However this legal framework is very recent and had not been
implemented fully during our fieldwork period.

7.1.6 Irrigated Areas of the Qanats based on Landsat TM
image

The irrigated areas of the investigated qanats are partly separated
and partly combined. The irrigated areas are called bustan, which means
garden in Arabic. The bustan of •Ayn al Qraizah, •Ayn al Baydah and
•Ayn al Qaz are each of them separately attached to the outlet of the
qanat. The irrigated area of •Ayn al Taybeh, •Ayn al Qutneh and •Ayn al
Atah are joined and form one bustan with border zones between each
qanats• area. The irrigated areas were calculated by calculating the NDVI
(Normalized Difference Vegetation Index) out of band3 (red) and band4
(infrared) of Landsat TM image path 173 row 36 dated 01/05/1998,
assigning a threshold for this NDVI and retaining only the area within the
Bustan. Groundtruthing took place during our survey in 2001. Following
are short descriptions of each irrigated area and its characteristics.

1- •Ayn al Taybeh
It has a large garden of 125.9 Ha of which 31.7 was irrigated in

1998. It has 500 user households. The Monastery of Mar Yaqub has the
largest share in the garden which consists of 20 Ha in total of which 50%
is irrigated containing 3000 fruit trees. The garden is terraced and consists
of approximately 25 terraces. More than 70% trees are suffering from
drought. The bustan borders with the bustan of •Ayn al Qutneh and •Ayn
al Atah as one large bustan. The irrigation rotation has 21 days. Many
people built or are building summer houses in the bustan. Some of them
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collect qanat water in a tank underneath the house and use a pump to
irrigate fruittrees with drip irrigation. This qanat virtually dried up at the
beginning of 2002.

2- •Ayn al Qutneh
The number of user households is 100 and the main type of

vegetation is horticulture of which all trees are suffering from drought.
The bustan is not irrigated anymore but some former users still come with
their sheep to graze. They tried to irrigate their trees with buckets or tank
water but stopped with this practice because it cost too much money. They
told us, when the water in the qanat returns, in case of heavy rain and
snow, they will clean it again and start irrigating. It seems a paradox
though, if they do not maintain the qanat, it can silt up and even when the
source starts flowing again, it might not reach the outlet yet. But the users
will only clean if they see water en thus benefit of cleaning. There is no
thought of cleaning in order to make the water return. •It will return with
the will of GodŽ as they said. In the meantime, the trees are suffering and
dying rapidly. This qanat dried up at the end of summer 2000.

2- •Ayn al Qraizah
The total amount of Ha irrigated in 1998 from •Ayn al Qraizah is

13.7 Ha while the total surface of the garden is 68.4 Ha. The area consists
of more than 2000 plots but none of our respondents could tell us exactly
how many. The total area is irrigated in 20 days. According to the key
informants, 300% of the presently irrigated area could be irrigated 10
years ago. The number of users households is 125 and the main type of
vegetation is horticulture. According to observation and information from
key informants, 75% of the trees are suffering from drought. The fruittrees
were planted 15 years ago when the water of the qanat became less.
Before that time the farmers used to plant mainly cereals. Some of the
users are pumping water wells to complement their qanat water share.
Most of them worked in Saudi Arabia and invested the money in buying
shares of the qanat water and drilling wells.

3- •Ayn al Baydah
The total amount of Hectare irrigated from •Ayn al Baydah is 25

Ha and the total surface of the garden 128 Ha. It is irrigated in 12 days.
The amount of plots is difficult to determine because many of the users
themselves do not know.  The number of user households is 100. The
local users told us that 200% of  the present land could be irrigated in the
past. The main type of vegetation is horticulture and some barley. We did
not observe trees affected by drought. But what I did observe were many
summer houses and at least 25 wells on the outskirts of the bustan. Retired
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people who are either living in Qarah or in Damascus and live in the
bustan during the summer months built the summerhouses. The houses are
built on the outskirts of the bustan were the land where the qanat water is
not sufficient anymore for irrigation.

4- •Ayn al Qaz
The irrigated area in 2001 is 5.9 Ha while the total surface of the

garden is 17.4 Ha. The amount of plots are up to150 and the rotation is 14
days. The users group consists of 70 households. Main crops are fruittrees
like  apricot, fig and olives. We observed more than 50% of the trees
suffering from drought. The latest developments are that each user has its
own private birkeh. If there are financial possibilities to irrigate with drip
irrigation they install an electrical or diesel pump. If the users do not have
financial means, they use buckets to water the trees.

7.1.7 •Ayn al Taybeh, the Qanat of Dayr Mar Yaqub
The qanat of the Monastery of

Mar Yaqub is called •Ayn al Taybeh (See
Map 2 and Appendix 1). The qanat
irrigates a garden that belongs to an
agrarian community of around 500
households, 70 of these are main irrigation
right-holders. The qanat used to be the
sole water supply for the Monastery. Since
2000, a small group of nuns are living in
the premises of the Monastery. In 1994,
the Greek Melkite community of Homs,
Hama and Yabroud under guidance of
Sister Agnes-Mariam de la Croix of the
Maison d•Antioch in Lebanon started with
the renovation of the nearly ruined
monastery. Presently the monastery is
renovated in a style comparable to the old
building but with some modern aspects. It
accommodates seven nuns and can receive
pilgrims and guests. Recent archaeological
research proved that the Monastery complex is 1400 years old and built in
the late Byzantine era.

•Before the renovation and extension, the monastic complex was a group
of buildings constructed according to the local tradition of the Qalamun
region. Typical of this style are mud brick walls and poplar and juniper
stems used as roofing material. The oldest structure is a tower with a

Figure 43 - Sources section Taybeh 3
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reinforced basement, used both as
living accommodation and refuge. On
typological and architectural
grounds, this may be dated as early as
the 6th century. The present church
cannot have been constructed earlier
than the tenth or early eleventh
century. The most remarkable
characteristic of this undecorated
building is its two-storey design,
consisting of an upper and lower
church. The remaining structures,
including the living and working
quarters as well as the watermill, are
more recent. Most of these date from
the 19th centuryŽ (Schmidt &
Westphalen, 2005).

In 1999 and 2001, a complete
collection of fresco•s and wall paintings
were discovered in the lower-church
originating both from late Byzantine and mediaeval periods73. Between
the 6th and 18th century the monastery gained fame throughout the region
as an important spiritual site. The monastery made use of the qanat for
drinking and irrigation and to turn a mill for grinding wheat. Presently, the
water is only used for domestic use and irrigation. After the 18th century
Ottoman occupation troops forced the monks either to flee their premises
or be killed. The present Monastic community develops research activities
on Syrian and Lebanese icons and wall paintings and has established a
restoration school. It has several rooms that can be used by visitors for
various activities and spiritual retreat. The monastery is planning to host at
least 35 visitors on their premises at peak times.

                                                            
73 The German Archeaological Institute (DAI) under the direction of
Stephan Westphalen have studied the wall paintings since 1999. It has
discovered two layers of which the earliest layer can be dated back to the
11th century. It is unique in its style and one of the earliest known
medieva l  wa l l  pa in t ings  in  Syr ia  and Lebanon
http://www.dainst.org/index.php?id=627&sessionLanguage=en

Figure 44 - Collapsed motherwell of
Taybeh 3 filled with debris



240

In the first plan, the nuns of the
Monastery had envisioned to use the
water supply of •Ayn Al Taybeh for their
garden and domestic water supply.
However with the drying up of •Ayn Al
Taybeh in January 2002 this plan came
under threat and importing water or
drilling wells was seen as the only
means to secure water supply for the
monastery.  The drilling of wells
however, would considerably endanger
the groundwater level surrounding the
monastery, especially the traditional
qanats that were attached to the
buildings.

The Monastery of Dayr Mar
Yaqub has always been supplied with
fresh water by the qanats. In fact
remains of a canal flowing through the
old Byzantine part of the monastery
indicate that there had been a mill that was driven by the force of the
qanats.  It could have been an integral part of the ancient construction of
the Monastery. This circumstantial evidence and the similar type of
fishbone masonry found in the qanat tunnels indicate that both the
Monastery and the qanats were built during or around the same time
period.

Figure 45 - Entrance shaft Taybeh 3,
moisture and debris visible in canal
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Map 2 - Detailed map of the qanat 'Ayn al Taybeh

The qanat consists of two major branches of which one is
subdivided into two branches (See cross-sections of the branches in Figure
47 and Figure 48). The branches are called •Taybeh 1Ž and •Taybeh 2Ž
and •Taybeh 3Ž. Originally the qanat is dug into the limestone soil and
lined with stapled stones on each side down to the water production area.
The ceiling consists of flat rectangular shaped basalt stones, similar to the
other qanats found in Qarah. Some cracks are observed in the ceilings.
Some of the airshafts still have original lining but the airshafts in the
water production areas of •Taibe 1Ž and •2Ž have completely collapsed
due to water erosion. In •Taybeh 1Ž some airshafts seem intact from
above but have collapsed and eroded in the lower parts and most of the
original casing is gone (See Figure 46). A few airshafts have been relined
but casing only exists 1-2 m on the top of the airshaft. •Taibe 2Ž has
collapsed severely in the water production area and lot of dirt was noticed.
This is most likely the reason why it rapidly blocked in 2002.

Within 4 meters distance near the end of "Taybeh 2" on the
Southside, a large rectangular shaped plateau surrounded by an earthen
dam has been prepared by bulldozers probably to harvest rainfall. The
bulldozer work might have had an impact on the qanat construction but no
direct evidence has been found. Between airshaft 5 and airshaft 7 used to
be another airshaft but this airshaft has collapsed. This part can be entered
and it is possible to observe the old construction.  •Taybeh 1Ž and •2Ž
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come together in a well constructed original bifurcation made of carved
stones. The bifurcation that is above airshaft 16 is located next to a wadi.
To protect the airshaft from wadi floods a stone wall of around 4m long,
1m high and 0.5 m thick has been made next to it. The tunnel continues
until it is blocked after 30m. From where the tunnel is blocked and the
water is diverted through a concrete cased tunnel, newly constructed in
2000. The new construction crosses the old just before entering the garden
of the Monastery of Mar Yaqub. Before it crosses the monastery wall, an
outlet for drinking water is located. The outlet for drinking water consists
of a stairs going 1.5 m towards the tunnel. Since January 2002 this outlet
is out of use due to reduce in water flow.

We did not enter •Taibe 3Ž in 2001 due to safety reasons. In 2003,
however, I entered the tunnel together with local qanat experts. I found
that Taybeh 3 contains standing water. The tunnel was in dire need of
renovation and cleaning. Taybeh 3 is a beautifully preserved example of a
Byzantine qanat construction. Its sources section is high and of strong
construction dug in limestone hardrock. However there was a problem of
blockage underneath the Monastery•s parking lot and in the two first
airshafts of the sources section. The open channel leading towards the
irrigation reservoir looses much of the water through evaporation and
leakage. The last two airshafts in the water production area of •Taybeh 3Ž
have collapsed and no water is visible in the airshafts.  Debris and mud
can easily come in from these shafts and plants are growing as far as the
bottom of the tunnel. At the bottom, plastic bags and debris are
accumulating.

Figure 46 - Typical eroded Airshaft in •Ayn Al Taybeh
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•Taybeh 1Ž has a length of 189 m, this is from the mother well to
the drinking water point, from there it becomes a concrete canal which is
335m long. The slope of the qanat is 0.5%, that of the concrete canal is
2.4%.  The slope of •Taybeh 2Ž from the tap point until airshaft 2 is 0.8
%. The underground part of  •Taybeh 3Ž has a length of 217 m from there
the water flows in a long open canal. In the open canal •Taibe 3Ž joins the
open canal coming from •Taibe 1Ž and •2Ž. From this point it flows in an
open canal towards the birkeh. The slope of the part from airshaft 46 until
the place where the water flows to the surface is 0.8%. The water
production area  of  •Taybeh 1Ž and •Taybeh 2Ž is around 1355 meters
above sea level. The motherwell of  •Taybeh 3Ž is at 1351 meters above
sea level.  The total length of the qanat system is 561 m.
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Figure 47 - Cross-section Taybeh 1 and 2
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Figure 48 - Cross-section Taybeh 3
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7.1.8 The maintenance status of qanat •Ayn al Taybeh in
2002

In 2001, the Qanat of •Ayn al Taybeh was already in a poor state
of maintenance. The tunnels were on the verge of collapsing beyond
repair. The two branches most urgently in need of repair were Taybeh 2
and 3. Taybeh 3 was already in a state of deterioration in Spring 2001. It
was observed in 2002 that Taybeh 2 was badly deteriorating. The only
branch that supplied any water flow was Taybeh 1 but forecasts for this
branch were gloomy too.

EC Temp.Date

uS/cm oC

pH Location sample

25 April 2001 370 17.1 8.4 Outlet

26 April 2001 370 15.4 8.2 Tap point before monastery

4 May 2001 364 15.7 8.4 Outlet

26 April 2001 402 16.0 8.0 Well 1 from monastery

Table 20 - hydrological characteristics of 'Ayn al Taybeh

Location Type of damage
Taybeh 1 Inside the tunnel there is a lot of mud, debris and plastic bags. The

water production section has been collapsed from the bottom.

Taybeh 2 The 4th airshaft has collapsed and been •fixedŽ with piles of stone
in an earlier attemp. These shafts and tunnels are not safe to go
through since the ceiling has signs of cracks and on top of it,
stones are piled up. Airshaft 4 is around 4 m. deep completely open
and easily accessible from outside, much of the wall structure has
collapsed and been  taken out. Mud can easily come in from this
shaft and plants are growing as far as the bottom of the tunnel. On
the bottom, plastic bags and debris are accumulating and will
eventually block the water supply.

Taybeh 3 The water production section has collapsed from below. It has
been observed that the water is stagnant which means that the
passage is blocked by debris. Piles of stones and debris can be
observed below each airshaft. The last two air shafts at the source
have collapsed and backfilled with debris.

Table 19 - Type of damage to Taybeh qanat
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Table 20 shows that the water of •Ayn al Taybeh has an average
temperature of 16 degrees Celcius with a pH value of 8.2.  The discharge
of •Ayn al taybeh varies in summer and winter. The melt water of the East
Lebanese Mountains provides a additional flow to the baseflow. Once the
meltwater has been carried off, the discharge of the qanat returns to the
baseflow, which was measured at 3.0 l/s at the outlet in 2001. In 2002, the
discharge was reduced to 1/3 of this amount.

Name qanat Flow after winter 02/03 Prospect without renovation
•Ayn al Taybeh Decreased Dry
•Ayn al Qutneh Dry Dry

•Ayn al Qaz Decreased Dry
•Ayn al Baydah Increased Stable
•Ayn al Qraizeh Increased Stable

•Ayn al Atah Increased Stable
•Ayn al Amah Drying up Dry

Table 21 - Prognosis for Qarah qanats after 02/03

Six other qanats are present in the surrounding of •Ayn al Taybeh;
•Ayn al Qutneh, •Ayn al Qaz, •Ayn al Baydah, •Ayn al Qraizeh, •Ayn al
Atah and •Ayn al Amah.  During the heavy rainfall and snow in the winter
02/03, some of these qanats have increased their flow. However those in
the direct vicinity (Qutneh and Qaz) have dried up or decreased severely
in flow. In the case of •Ayn al Qutneh and •Ayn al Qaz a consistent drop
in groundwater level has taken place. Both Qaz and Qutneh are in the
direct surroundings of •Ayn al Taybeh (respectively Southwest and
Northeast) and part of the same valley that contains the groundwater
supply.

 Possibly the drilling of a governmental well for piped drinkwater
supply to Qarah town has negatively affected the flow of these three
qanats. The drinkwater supply consists of three deep wells of each 300-
400 meters deep. Their daily discharge is 3000 m3. One well has been dug
at the top of the valley of •Ayn al Baydah. Two wells have been dug at the
top of the valley shared by Qaz, Qutneh and Taybeh. The wells are dug
some years ago, around 1995 and could form part of the cause why the
three qanats, Qaz, Qutneh and Taybeh have been decreasing in flow.
There are governmental plans to dig a new drinkwater supply East of
Qarah and shut the wells described above. This could lead to a return of
waterflow in Qaz, Qutneh and Taybeh. The other qanats have increased in
flow, which indicates that these qanats are not heavily influenced by the
governmental wells and function as normal in drought periods.
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7.2 The user community of Qarah
Each qanat in Qarah has its own group of users and a committee

that regulates the irrigation use. The ultimate responsibility for all the
qanats is with the towns' municipality. Access to drinking and domestic
water from the qanats is free; anybody can come to the respective outlets
to take water. Many of the inhabitants of Qarah come to the qanats and fill
jerry cans with drinking water for making tea at home. They say the
qanats• water is better suitable for tea than the governmental piped water
supply. Some of them attach a healing force to the qanat water, especially
the •Ayn al Taybeh, near the Monastery. Also in this qanat, a special
drinking water place is recently built to serve the people that come with
their jerry cans. Another favourite qanat for drinking water is •Ayn al
Baydah known for its good taste and cleanliness. The other qanats are less
accessible for cars or the quality is not good enough.

The user communities range from 50 to 500 households. In each
of these communities, 20 to 140 households own irrigation rights.
Although some families have shares in different qanats, the group per
individual qanat is quite fixed and in general an irrigator•s household only
has an irrigation share in one particular qanat. Only a few, quite powerful,
families have shares in two or more qanats. In one instance a family
owned 10 dunum74 in •Ayn al Baydah (1 Ha) and 21 dunum in •Ayn al
Taybeh (2.1 Ha). In each community there are families with the biggest
irrigation share who are represented in the committee that governs the
qanat use and manages the division of the water shares. Each qanat has a
so-called natur, a guard that opens and closes the birkeh at fixed times and
makes sure that the shareholders get their rightful amount of water. In the
following sections, the socio-economic characteristics of the users
community will be described, as well as the organisation of qanat shares
and the investment that the users do for the upkeep of the qanats. We will
also look at the suggestions that users gave for improvement of their
system.

                                                            
74 Dunum is the common area measurement commonly used among
farmers in the Middle East. One dunum is 1000 m2.
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7.2.1 Socio-economic characteristics

farming only

government employment and farming

off-farm work and farming

retired 

employment

off-farm work only

Figure 49 - Income sources users community Qarah

The average age of the users is 55 years old and the literacy rate
83% (n=29).  The average amount of children per household is 6. We
calculated the migration rate by the amount of children that were working
and living outside, divided by the total amount of children. Thus the
migration rate was 26%. The average amount of irrigated land per
household is 15.8 dunum (1.58 Ha). In this calculation I did not include
the land of the Monastery of Dayr Mar Yaqub that owns 200 Dunum (20
Ha). The Monastery owns a large piece of land and including it in the
calculation would distort the result. he largest individual landowner
owned 120 Dunum (12 Ha) of land. The smallest landowners had 3
Dunum (0. 3 Ha).  Figure 49 presents the income source of our user•s
sample; 31 % is depending on farming only, while 14% combines an
income from government employment and farming and another 14%
combines off-farm work and farming. Of the respondents 28% is retired
and often complement their pension with farming and off-farm activities.
Ten percent of the sample is government employee while 3% is solely
depending on off-farm work for their income source75.

                                                            
75 Another important source of income for Qarahis the smuggling of
consumer goods in and out of Lebanon. The border with Lebanon is 30
minutes drive. Most people have cherry trees in the mountains and take
the opportunity to smuggle goods when they go to their cherry tree land.
However the customs were getting stricter and until 2001, 15 people were
shot dead by the custom police because they did not stop their motorcycles
at the border crossing (pers. comm. natur •Ayn al Baydah).
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7.2.2 User rights, irrigation management and
organisation

The Syrian landreform of 1958 did not affect the ownership of
qanats in Qarah. All qanats in Qarah are full common property of the user
community. The agricultural use of the qanats is organised according to a
traditional system. The system has always been there as far as our
respondents could remember. •It is old and just, that is why we keep itŽ as
many of them told us.

Qanat Adan (# days) Opening birkeh
•Ayn al Baydah 12 8:00-16:00
•Ayn al Qaz 14 11:00-13:00
•Ayn al Qraizah 20 9:00…16:00
•Ayn al Qutneh 18 Dry
•Ayn al Taybeh 21 8:00-16:00

Table 22 - Rotation days of qanats Qarah

All of the running qanats have a collecting reservoir (birkeh) that
is opened during the day from 8:00 or from 9:00 until 16:00 or 17:00.
Table 22 shows the rotation days and opening times of the reservoirs per
qanat. The timing is very precise and a special guard (natur) who is paid
by the user community governs the opening and closing of the birkeh and
makes sure that the water is directed to the correct shareholders through
the concrete irrigation canals. Sometimes the users also pay him to irrigate
their lands when they are not there or if they do not have time. The natur
has an updated list of timeshares and their owners. There have been naturs
since at least 1960 in Qarah and each qanat has one. They all have a
special room (oda) to guard the birkeh and its garden. In the past the natur
used to have a special sand clock but now they use their watches to keep
track of time. The natur also has a pole to measure the water level in the
birkeh., The individual shares of water are represented by a horizontal line
on this pole. Whenever the water level reaches this line it is a sign to
change the water to another shareholders• land. In this way, the natur
monitors both the time and actual volume per right-holder. Whenever the
time and volume are not parallel, the natur can regulate the discharge
from the birkeh by opening or closing the tap of the birkeh.

Each qanat has its own user committee that comes together a
couple of times per year to collect money from the time share holders for
upkeep of the qanat and payment of the natur. This is collected in a
traditional credit bank called sunduq. The amount of payment is related to
the amount of timeshare. The committee consists of those shareholders
with the largest timeshare, e.g. those who pay most of the money. They
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decide upon renovation works and trade of users of land and water rights.
The committees are traditional and informal institutions in Qarah and not
all are officially registered with the municipality. However they are
recognised as important players in the irrigation system and are not
neglected by the state. According to the government representatives, the
committees could easily get official recognition should they request this.
A qanat committee elects the natur. In some cases the job of natur is
inherited from father to son. As well as the traditional job of the natur,
there is the role of chairman of the qanat committee who represents the
biggest shareholder. Likewise this position is often inherited from father
to son. Both the chairman of the qanat committee and the natur, keep the
division of the water rights up-to-date, arranges trade transactions of land
and water sales and mediates in case of conflict between qanat users. The
qanat committee reports to the mayor of the town of Qarah who in his turn
reports to the Irrigation Directorate of Damascus countryside.

The Adan is the Arabic word for the length of the irrigation
rotation in days. The adan is divided among the total amount of users in
timeshares. The timeshare is based on the amount of land that the user
owns in the irrigated garden (bustan). Actually the land and water right
are linked together. A user can sell or buy land with accompanying water
share. In the past these two were inseparable and the farmers used to buy
and sell between each other or to outsiders. This is how the system further
evolved, the Adan stayed the same but the individual timeshares changed
ownership though inheritance and trade. As mentioned earlier, in the 19th

century 90% of the farmers• population in Qarah used to be Christian but
with the out-migration of Christians during the early 20th century many
farmers sold their shares to their Muslim colleagues. The ownership is
now in the hands of 10% Christian farmers and 90% Muslim farmers.

Not only the ownership changed, also the amount of timeshares
per Adan changed and became divided into smaller shares due to the
inheritance. Usually the oldest son inherits the best and largest piece of
land but also his younger brothers will inherit land and water rights from
their father. A father always tries to make sure he gains enough land
during his live to divide equally among his sons but this is not always
possible. Whenever a piece of land with accompanying timeshare is too
small for a farmer to live from, he sells it to his brother and finds other
revenues. Presently, shares are also bought without land if someone
already has land property inside the garden but not enough water. Also
land can be traded without water right. The buyer then supplies the land
with pumped water or cultivates rain fed crops.

The water timeshares vary from 2.5 minutes to 2 days (=14
hours). The average time that the sample of the users• group owned was
134 minutes. Excluded from this is the timeshare of the monastery of Mar
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Yaqub, which is two days of irrigation (840 minutes) and therefore one of
the biggest shareholders. The land and water right of the monastery has
never changed and probably was in their property since the time the
qanats were dug and the monastery built. This could well be the
Byzantine era. Even when the Monastery was left in ruins and abandoned,
the rights stayed with the local church.

Other big shareholders are well-known and influential families in
Qarah. Some of them have always been connected with Qarah•s history
and gained their •qanat wealthŽ over the past centuries. One family in
particular could recount their ancestry in Qarah to 400 years. Others
gained their land and water shares during the beginning of the 20th century
when they bought large shares of land from migrating Christian families.
Interesting enough, the irrigated areas of the Qanats were not redefined
during the Syrian Landreform started in 1958, because of the complexity
and fairness of the traditional system.  There is collaboration between
users according to winter or summer crop use. The right-holders can have
a sharing system in summer when farmers grow vegetables that need to be
irrigated every day; for example a group of four farmers each have one
turn per 4 days day for one hour, they re-divide their rights among
themselves temporarily so that all 4 can irrigate for four consequtive days.

Hrs/day L/s
(spring•00)

Assumed Ha
(spring•00)

Ha (spring•98)

Qraizah 7 3.3 6.65 13.7
Baydah 8 5.5 7.6 25
Qaz 2 0.33 0.13 17.4
Taybeh 8 3.0 7.26 31.7
Qutneh 0 0 0 0

Table 23 - Discharges and irrigated land of Qanats Qarah

The main crops for cultivation in the irrigated areas are apricots,
grapes, olives, wheat and barley. Some vegetables are grown in summer
and there are also some instances of garlic and potato growing. The fruit
trees are located more closely to the qanat outlets than the barley and
wheat. The reason for this is twofold; cereal cultivation needs wide plots
for cultivation and these can be found at the lower end of the bustan,
furthermore, it needs a gradient, which is better on the land furthest from
the outlets. The area around the birkeh is preserved for horticulture. It has
small plots with a steeper gradient. The most cultivated fruit tree is
apricot. It is profitable for the farmers, one-kilo apricots sell around 4-10
SYL depending on the quality of the species and yearly yield. They may
have 50-250 kilos each year from one tree.
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The main irrigation method is surface irrigation, which is done
manually with the help of shovels. The main open surface irrigation canals
are made of concrete and the Directorate of Irrigation of the Awaj/Barada
Basin maintains them regularly.  On the plots, the water is led through
earthen canals. The surface irrigation for cereals is done in rows and for
vegetables in both rows and squares. For fruit trees, the farmers dig a
circular ditch around the stem of the tree to store the irrigation water.
Sometimes the water is not sufficient to reach the trees and the qanat
water is brought in buckets.

Ideally all land in the bustan should be irrigated within the
amount of days in the Adan but only parts are irrigated. Each qanat has its
own Adan. The reasons for the difference in Adan are difficult to
determine since most of the respondents have various explanations and
interpretations. Mainly the rotation should depend on the type of soil,
main crops, and land surface to be irrigated within a specific time period.
Another explanation we found was that the difference in rotation days
originates from the amount of households that first divided the land. Each
of them received one day of irrigation (dor). This means that for example,
•Ayn al qraizah would have started with 20 households and •Ayn al
Baydah with 12 households. None of the users or key informants could
tall us exactly when the Adan was established and timeshares divided.
They said they just learned it from their fathers and grandfathers. This
means that the rotation system for each qanat might indeed be centuries
old and kept alive by oral tradition.

For the following calculation, we assume that the factors of soil
and vegetation are constant in all the irrigated areas, based on field
observation and the fact that the qanats are relatively close to each other.
We also assume that the farmer puts an average layer of 2,5 cm of water
on the land. If the irrigated amount of hectares is determining the rotation
days we could calculate the present amount of hectares per qanat. We
calculated for Qraizah 6.65 ha, for Baydah 7.6 Ha, for Qaz 0.13 Ha and
for •Ayn al Taybeh 7.26 Ha. Table 23 shows that the amount of hectares
per qanat is far less in the spring of 2000 than what we have calculated
with the Landsat TM satellite picture of spring •98 in paragraph 7.1.6. The
above calculation gives a rough indication that overall the qanats are
drying up quickly.  However it may also prove that the Adan is not related
to the amount of hectares but that factors like soil types, vegetation or
even the number of first user households determine the length of the
Adan.  In any case, the Adan days have never been changed throughout
the years regardless of the discharge fluctuation. Therefore the
explanation of the number of first households might well be the best
explanation, as given by many respondents.
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As soon as the discharge of the qanat diminishes, the amount of water
that a user gets within his timeshare becomes less and the users will face
problems in irrigating their land. In some cases, the water pressure in the
birkeh will be too low to reach distant land. Those who have land close to
the birkeh will have fewer problems than users on the borders of the
bustan far from the outlet. When a user has four hours of water and it
takes one hour to reach his land he will face a considerable deficit in water
and will not be able to irrigate all his land anymore. It will be even more
problematic if he owns a water share at the end of the day when the
pressure is at its lowest point. Three options to deal with this problem
have been devised by farmers in Qarah;

(1) Change of cropping pattern, farmers start to grow more fruit trees
instead of cereals that require more water. Some farmers with sheep
are reluctant to change because they say that cereals are more useful
to them.

(2) To apply different irrigation methods, they use buckets to irrigate the
trees or users have built their own private birkeh, which is filled
during their turn. Next to this birkeh they have mounted a dieselpump
for the use of drip irrigation. In this way, the traditional regulations
for the water rights can be maintained while the method of irrigation
will be modern and sustainable. This combination of old and new is
quite promising and could be further investigated for other qanat sites.
This system allows the farmers to irrigate fruit trees on their land
whenever they want in a more efficient manner. However this method
requires a total change to horticulture.

(3) To sell the land that they cannot irrigate anymore without water share.
This option allows the farmer to keep on cultivating cereals. The last
option is applied often on the borders of the bustan. It is here were
you find most of the cereal cultivation and a lot of land that used to be
supplied by the qanat, are irrigated by dieselpumps.

7.2.3 Investment attitudes and orientation to collective
action

In the year 1999, a qanat worker who was cleaning one of the
qanats inside the town died when one of the airshafts collapsed and
entombed the man. This made the community decide not to continue the
renovation on this particular qanat. There have been casualties during
qanat work in the past but once again the community was made aware of
the risks that come with qanat renovation. Despite the danger of the job,
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the community of Qarah invests still quite a lot of energy in terms of time
and finance in the maintenance and improvement of the qanats.

no investment

physical assistance

incidental payment

structural payment

physical assistance + incidental
payment

physical assistance + structural
payment

Figure 50 - Investment attitudes Qarah users community

Only 7% of our sample of qanat users did not invest at all in qanat
repair and maintenance in terms of time and money. But 41 % of our
respondents have provided physical assistance and free labour in
renovating and cleaning the qanats in the past. This is usually done as
compensation if the users• financial capacity is not so high. When the
government started to support them in 1997, a tender was given to a local
contractor who subsequently carried out the renovation works.  Therefore
presently, the requiredlabour is paid by the government. Incidental
payments are also done if an emergency repair is necessary, 21 % of our
respondents told us they contributed in this way while 21 % both provided
freelabour and incidental payments. Structural payment (10%) is only
done by the committee members that own large plots. They pay according
to the amount of dunum they own in the irrigated areas. None of the
committee members provided both free labour and structural payment.

The investment of local users into qanat repair has been going
down considerably the last 20 years. The government took over most of
the financial responsibility in 1997 and the younger generation does not
see the relevance of qanats. Due to the high migration rate to the Gulf and
urban areas, much labour is not present in the town and the available
labourers ask salaries as high as they receive in the urban areas. The
reasons for the decline in investment is due to the parcelling of the
irrigated areas, the plots are getting too small to be beneficial enough to
sustain a livelihood and the young generation is looking for other sources
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of income. Also the decline in flow rates of the qanats is not motivating
enough for the users to develop collective action.

The general cooperation of users is conditional; if they observe
that the flow increases, the users see a reason to clean the qanat. If the
flow decreases or the qanat is dry then the users do not invest anymore. It
is a strange •catch 22Ž situation. Without maintenance and cleaning, the
qanats will deteriorate further, silt up and discharge will decrease and this
gives enough reason for the users not to clean it at all, because the flow is
too little. Instead they prefer to look for off-farm activities. One of our key
informants said, •Once •Ayn al Baida went dry in the past and people
start abandoning it. When it came back not all went back to irrigate but
most of them did. When a qanat dries up, people do not care about it
anymore. And when the water returns, people come back but do not care
about maintenance because the water came back and it is working in their
eyes. As an effect, the maintenance is never done regularlyŽ.

With the some investment of the government since 1997, most of
the qanats have been upgraded with a concrete canal and a new birkeh.
From the studied qanats in Qarah the government has renovated three
either completely or partly;  •Ayn Al Qraizah and •Ayn Al Baydah, seem
to be in good shape and do not need renovation. •Ayn Al Taybeh has been
partly renovated. •Ayn Al Qaz and •Ayn Al Qutneh are short qanats, only a
minor amount of work has been done on those two. However in some
cases this has been counterproductive since the concrete casing
underground actually blocked the flow of water. A positive trend in the
investment of maintenance is the revenue that is gained from workers in
the Gulf. Some expatriates from Qarah are planning to return to their
homeland for retirement and invest in the qanats.

The qanat system of •Ayn al Baydah was provided with a new
reservoir built with a donation of one of the users who lived abroad in
2000. The system was further renovated in 2003 when the qanat started to
increase its flow. A rich right-holder who lives and works in Dubai but
has built his summerhouse in the irrigated garden of the qanat, funded the
renovation works. In 2000 he had bought more water rights and started to
invest in the system for his retirement and consequently for the benefit of
the rest of the user community. Water rights can only be bought with land
and prices vary per qanat system in Qarah. For example •Ayn al Baydah
has the best discharge and soil76, therefore irrigation rights have the
highest price; for 4 dunum (4000 m2) of land with water rights a farmer

                                                            
76 The irrigated garden of •Ayn al Baydah contains a high amount of
calcium with good water retention capacity , called •white soilŽ (ard
Baydah), hence the name •ain al BaydahŽ; the white spring. In other
qanat gardens, parts of the soil contain red soil that contains less calcium.
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would have to pay 150.000 SYP in 2003, an rough equivalent of 3000,-
Euro. In comparison, farmers would pay 100.000 SYP (2000,- Euro) for
the same land in •Ayn al Qraizah and less than that amount in the other
qanat systems77. It means the farmer, which we call a •pension farmerŽ,
invests a considerable amount into his future retirement in Qarah.
According to the nature of •Ayn al Baydah, the qanat increased its flow by
10% in January 2003 due to the good rainfall and the renovation works.

In general, the farmers•community are deciding on their attitude
towards renovation. Since the drying up of  •Ayn al Qutneh, Qaz and
•Ayn al Taybeh, the farmers have lost large parts of their land and have
had to resolve to other means of income. They farm on other lands that
belong to the qanats that increased last year or work in trading,
construction work and urban employment. The guard (natur) of •Ayn al
Taybeh reservoir, whose prime responsibility it is to divide the water
rights, stopped working on a daily basis since water flow decreased in the
beginning of 2002. In 2003 the house of the natur stood empty and
disused next to the reservoir. Only those farmers close to the reservoir
were irrigating parts of their land because the reservoir gave just enough
pressure to take the water there.

7.2.4 Community suggestions for improvement

cleaning and repair

digging (support) wells

new construction and extension

digging wells and new construction

government and rains

not possible

Figure 51 - Suggestions for improvements from Qarah community

                                                            
77 Interview with natur of  •Ayn al Baydah (03/11/03)
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The majority of our respondents said that the qanats need
cleaning and repair (See Figure 51). Another part (21%) wanted to dig
support wells to pump more water into the qanats. Another 21% wanted
to have a whole new constructed qanat and extension of the tunnels. Only
3% thought of having both support wells and new qanats. Less than a
third (21%) was content with the government support and found that the
maintenance should be left completely to the government or the rains.
They thought that whether or not the qanat water increases is not in their
own hands. 3% thought that it was impossible to improve the qanats.

Some of our key informants suggested that the government should
involve the local farmers• community more into the renovation work.
They also think that some of the local contractors were not honest and
only repaired the easy parts of the tunnels to make more money out of it.
The costs for the renovations were partly paid by the government and for
a large proportion by the farmers• community. For example in •Ayn al
Taybeh, the money shares were paid according to the share of land and
water. The committee collected the money and gave advice about the
work to be done. Later the contractors paid not all of the agreed funds to
the workers. After the contractor finished the work, the water stopped or
became much less and returned back into the tunnel because the gradient
was not good. The farmers• community collected again money to make a
better levelling in the low part of the concrete tunnel in order for the water
to arrive at the birkeh.

All respondents agreed that the government should support the
renovation of the qanats but with heavy involvement of the users, more
than what has been done before. Each respective committee of a qanat
should get an advisory role in the execution of renovations in order to
ensure a transparent and successful renovation. In close cooperation with
the government contractor, farmers could be a valuable factor in the
eventual success of a renovation.

7.3 Conclusions
After the national survey, Qarah was selected for further in-depth

study during our reconnaissance study in 2001 based on low rainfall zone,
cleaning history and activeness of the users community, financial capacity
of the community, reasonable hydrogeological chance for successful
renovation and social cohesion of the community. We studied five qanats
and their user communities. The qanats are from a mixed mountainous
spring-based and infiltration-based type. Qanats •Ayn Al Qraizah and
•Ayn Al Baydah are flowing and in good shape. The qanat of Qutneh is
dry and also the flow of Qaz is very small and does not seem to be
promising. The fifth qanat called •Ayn al Taybeh was studied in more
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detail. In 2002, •Ayn al Taybeh was giving water from three sources of
which Taybeh 1 was barely flowing. Taybeh 3 was severely collapsed and
most likely influenced by the pumping of the nearby poultry farm. The
Monastery that is the largest shareholder of irrigation water of •Ayn Al
Taybeh has been increasingly making use of the local groundwater
resources pumped from wells. Taybeh 2 had been damaged and failed to
supply sufficient water to fill the community reservoir. The slope of the
tunnels was eroded and degraded and water was standing still in Taybeh
3.

The qanats of Qarah are dug at the contact of the Middle
Quarternary deposits with the Palaeocene to lower Eocene formations.
These formations are poorly permeable and only the technology of qanats
yields good harvests of groundwater. Groundwater feeding the qanats is
recharged locally and regionally. Except for •Ayn al Baydah, none of the
qanats meet meet WHO drinking water standards in biological terms.
Alarming hydrogeological figures have recently been released. A severe
deficit of basin water in the Damascus region has been calculated by
Elhadj (2004) and the WRIC. The impact of illegal pumping and over-
abstraction of the groundwater is clearly visible in the decline of
groundwater level. As a result a large groundwater depression forms
South of Qarah, which most likely influences the flow of the qanats.

Three strategies adopted by farmers to cope with diminishing
discharges of qanats have been identified. Change of cropping patterns
from cereals to horticulture, application of different irrigation methods
such as the use of buckets or drip irrigation and finally sale of the land
without water rights.

Considering the positive attitudes towards investment and the
long history of social organisation around the qanat systems in Qarah, the
prospects for collective action in Qarah were considered favourable
despite the high migration rate. In fact, as seen in the example of •Ayn al
Baydah, the revenue sent back by migrants in the Gulf sometimes is used
as investment in renovation works. In general, the qanats of Qarah are still
fairly well maintained and the farmers• communities take care of their
plots in the irrigated gardens. However there is a high tendency and risk
that the younger generation will move indefinitely towards urban areas
especially Damascus. Furthermore the development of deep boreholes at
the edge of the gardens next to the summerhouses is potentially worrying
for the qanats as well as the government•s groundwater abstraction for
piped water supply to the town of Qarah.


