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استخدامات مياه السيول في وديان اليمن

د. شرف الدين عبدا لله صالح
  ,   د. عبدالله عبدالقادر نعمان 

ملخص

تعتبر مياه السيول نعمة يجب على الانسان السيطرة عليها واستغلالها لحيث وهي ثروة وطنية بجب المحافظة عليها. حيث تعتمد الزراعة وتغذية المياه الجوفية في اليمن على مياه السيول. كما تقع أغلب الارضي الزراعية المروية والتي ترفد اليمن بأغلب المنتجات الزراعية على ضفاف الوديان التي تجري فيها مياه السيول . قامت الدولة في الثلاثة العقود الأخيرة بإنشاء المنشآت التحويلية والتحكم الغرض منها الاستفادة القصوى من مياه السيول الساكبة عبر هذه الوديان مثل المنشآت التحويلية في وديان تهامة ومنها وادي زبيد ووادي مور ووادي سهام وغيرهم. وكذلك المنشآت التحويلية في دلتا وادي أبين ومنها وادي حسان ووادي بناء ووادي أحور، ووادي حضرموت.  ونظراً لان مياه السيول موسمية فان تغذية المياه الجوفية من هذه السيول لتعوض مايتم استنزافه للزراعة من اهم اولويات ادارة المياه والمحافظة عليها، وقد تم عمل عدد من منشآت تهدئة جريان السيول  وتغذية المياه الجوفية في عدة اودية منها وادي حضرموت. وقد بلغت المساحة المزروعة في اليمن حوالي 1199104 هكتار منها 893 ألف هكتار مروية بالأمطار و456 ألف هكتار تروى بالمياه الجوفية إضافة إلى 155 ألف هكتار تروى بالسيول والغيول وهذه المساحات تتفاوت من موسم الى اخر حسب كمية الامطار والسيول.تناول هذا البحث كيفية التحكم والاستفادة القصوىمن مياه هذه الفيضانات العالية التي حدثت في وديان الساحل الجنوبي والشرقي وخصوصا في محافظة أبين (وادي احور، ووادي بنا ء) ومحافظة حضرموت (وادي حضرموت) ومحافظة المهره. كما يوضح هذا البحث طرق التحكم والسيطرة على مياه السيول ولاستفادة منها
كلمات أساسية: الفيضان, أبين, طرق, التحويلية، التحكم، السيول
1. General

Republic of Yemen is an arid region where most of the land consists of barren mountains and deserts which are dissected by wadis. These wadis collected the rain water and provide a vital source for irrigation and domestic purposes, especially from the rechargeable ground water stored in the alluvium delta of these wadis. The agricultural areas situated along these wadis and in their delta as well as in the terraces and plateaus of some of the mountains region.
The total area of Yemen is approximately (555,000 km2)1 only 2,900,000 ha are potentially cultivated each year, depending on the availability of water. In reality less than 40% which is about (1,100,000 ha) of the potentially cultivated area is cultivated at the present time. About (968,000 ha) in the northern and western governorates and (132000 ha) in the southern and eastern governorates. From this area about 61% of the cultivated area are rain fed agriculture (671,000 ha), and the irrigated agriculture is only 39% (about 429,000 ha). Moreover, only 117,000 ha is under spate irrigation and 312,000 ha is under groundwater irrigation. 
The rainfall in Yemen is characterized by three main meteorological mechanisms, as:

1. The Red Sea Convergence Zone that occurs from March to May (the summer season (Sief Season), sometimes extended to Autumn Season.

2. A monsoonal Intertropical Convergence Zone from July to mid October (the autumn season (Kharif season)).

3. The Mediterranean effect consisting of an influx of polar air following depression that causes occasional light rainfall events in the dry season mainly in December and January.

In general two main rainy seasons are exist in Yemen the summer season (Sief Season) which sometimes extended to Autumn Season, and the autumn season (Kharif season).

 The average rainfall flocculates between 50 mm /year in the castle plain and Eastern regions and 300 mm/year in the middle altitude areas and Southern provinces. The rainfall exceeds to 800 mm/year at the wadis catchments areas in the central and Southern highlands of Yemen as shown in figure no.1               

The climate of the spate irrigation areas (coastal regions) is hot and arid throughout the year. The lowest mean monthly temperature is 16oC while the highest is 40oC. However the average daily temperature has only a small seasonal range from 24oC to about 32oC. Figure no. 2 shows the climate zones in Yemen.

The spates occur mainly in two Seasons and coincide with the rainfall season. The first spate   
Season starts as early as the second half of February to the first half of June (Seif season) and reaches its peak in April. The second season from July to the first half of October, and reaches its peak in the period between the first half of July and the first half of September. Moreover, the first season is characterized by the occurrence of few spates mostly which have little effect on the base flow of the major wadis. The second season is the main season of the spates, where spates in some wadis may occur once or twice daily in the period between late July and early September. The period between early November and early February is a dry period; the occurrence of spates in this period is unusual but not possible. Table no.1 shows the mean annual flows of the major wadis in Yemen and their catchments areas. 
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Table no. 1 The Mean Annual flows and Catchments Areas for Major Wadis in Yemen
	Escarpment
	Name of Wadi
	Catchment area (km2)
	Mean Annual rainfall (mm)
	Mean Annual flow (m3)

	Western
	Mwar
	8,000
	480
	210

	
	Surdud
	2,700
	650
	121

	
	Siham
	4,900
	500
	130

	
	Rima
	2,700
	570
	103

	
	Zabid
	4,700
	560
	164

	
	Rasyan
	2,000
	500
	54

	Southren
	Bana
	7,200
	349
	160

	
	Tuban
	5,090
	224
	125

	
	Hassan
	3,300
	300
	30

	Middle
	Al-Jawf
	14,000
	140
	35

	
	Adhanah
	12,600
	Not available
	Not available

	
	Ahwar
	7,250
	100
	40

	
	Maifaa
	6,000
	200
	30

	
	Baihan
	3,600
	150
	54

	
	Hajr
	9,324
	80
	228

	Eastern
	Hadramaut
	113,900
	63
	230

	
	Masila
	Not available 
	200
	27

	
	
	
	
	


Source: Participatory Spate Irrigation Management Study
2.
Spate Irrigation 

The spate irrigation areas in Yemen fluctuated depending on the availability of rain and floods water. According to several studies the spate areas could increase from (117,000 ha)2 in dry years (few rainfall and floods) to (165,000 ha)1 in wet years (a lot of rainfall and floods).

a.
Spate Irrigation Water Resource

One of the most important water resources for irrigation in Yemen is surface Water, which comes as: flood water (spate water), springs, and Wadis Base Flow. The other water resource is ground water. Most of the spate irrigation areas are complementary irrigation by ground water irrigation. Also in the upper reaches of the wadis which have base flow through hole year or part of it, use for irrigation the spate and base flow.
Most of the major wadis have base flow in their upper reaches like wadi: Mawr, Zabid, Rima, Siham, Surdud, and Rasyan in Tihama region and wadi Bana and Tuban in Aryan and Lihj respectively. The base flow decreases gradually by the end of Kharif season, and disappear completely from most of the wadis before the beginning of the next flood season.

Several numbers of springs are situated in different places around the country especially within the major wadis catchments. These springs are a permanent source of irrigation water as well as a source for of potable water supply for the villages near by.

Areas receiving perennial surface water are small ranging about 0.5% to 5% of the total spate irrigated areas.

As an example the total spate irrigated areas in Delta Aryan (wadi Bana and Hassan) for the period from 1970 to 2002 is mentioned in table no. 3. From this table the spate irrigation areas fluctuation is very clear, it shows that there is no spate irrigation in Sief season in years 1971 and 1999, and the maximum irrigated areas is in year 1997.
Table no.3 Total Spate irrigated areas (ha) in delta Aryan for the period 1970 – 2002.

	Year 
	Sief Irrigated area (ha)
	Kharif Irrigated Area (ha)
	Total Irrigated area (ha)

	1970
	1,162
	7,374
	8,536

	1971
	0
	5,012
	5,012

	1972
	5,085
	5,114
	10,200

	1984
	5,914
	2,699
	8,613

	1985
	10,856
	7,420
	18,276

	1986
	2,521
	6,773
	9,294

	1987
	8,694
	4,474
	13,167

	1988
	5,159
	13,215
	18,374

	1989
	3,663
	3,842
	7,505

	1990
	1,568
	4,812
	6,379

	1991
	4,035
	1,836
	5, 871

	1992
	6,608
	10,220
	16,828

	1993
	3,288
	5,124
	8,412

	1994
	6,785
	8,090
	14,875

	1995
	12,637
	18,341
	30,978

	1996
	18,060
	4,445
	22,505

	1997
	8,995
	15,120
	24,115

	1998
	658
	26,105
	26,763

	1999
	0
	28,560
	28,560

	2000
	10,080
	18,480
	28,560

	2001
	7,560
	25,200
	32,760

	2002
	7,350
	27,300
	34,650

	Mean
	5,219
	10,260
	15,479


Source: Updating the Feasibility study and Detailed design for Delta Aryan Dams Project (August 2004)

b.
Spate Irrigation Systems

The spate irrigation systems in Yemen consists three types of systems, the first system is traditional systems, the second systems is the improved traditional systems, and the third systems is the modern systems. Most of these systems were constructed in major wadis of Yemen to integrate the flood water uses and minimize the beak flood dangers. These systems are briefly mentioned as follows:
i.
Traditional Spate Irrigation Systems 
The irrigation system in Yemen is still predominately traditional system which has used over a considerable period of time. The traditional Spate Irrigation Systems are based on the ‘Obar’, ‘Ogmas’, and ‘Atm’ that are built by the local farmers. 

The ‘Ogma’ is as earthen dyke (bund) constructed across the main stream of the wadi to divert the entire low stage flow of flood to the fields (see figures no. 3&4) and it is used in upper part of the wadis. 
The ‘Obar’ is a temporary bunds or spurs (a small earth fill embankment), it  is used at wadis middle part.

The ‘Atum’ is a temporary earth spurs surrounding the field.
Earthen deflector dyke (Al-Qaid):
Low earthen bunds, protected with brushwood and stones from the wadi extend into the minor bed of the wadi at a acute angle to the bank. This structure built to divert water from the main wadi to agricultural lands. It is used to diver part of wadi flow and  to irrigate small area. This dyke is also washed out by high floods.
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 Figure no. 3 Schematic layouts of the traditional spate irrigation in Yemeni wadis
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Figure no.4 traditional spate irrigation system
Spate Irrigation System (Traditional Field Structures):
a) Drop structure: 

It is used to divert water from field to field when there is levation difference between them. It is constructed to protect lands from erosion.
b) Breaching Structure: 

It is used to divert water from field to field when there is no difference in elevation between them. It is constructed to maintain water flow within the structure, Photo no.1.
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Photo. no.1 
c) Spilways (Al Masakhil):

The purpose of this structures is to control the quantities of water which enter the main spate canal. Al Masakhil is usually built on the earth embankment of the canals from medium size stone. The frame of the structure on both sides of the embankments goes down deep in to the foundation, so the supporting soil has no direct contact with the water (photo no.2 a&b

[image: image9]a  
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                                   Photo no.2 a&b   Traditional free intake and spillway 
ii.
Spate Irrigation improved systems
A lot of structures which are improved structures in thee Yemeni Wadis as example: 
a. the improved irrigation structures in wadi Siham:

The traditional spate irrigation systems in wadi Siham are improved by gabion as the canal free intake  and al Dabashiah weir (photo no.3 a&b).


[image: image11]a   
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Photo no. 3 a&b free intake and gabion wier in wadi Siham

b.
Improved Structures in wadi Hadramout
Several improved structures are constructed in wadi Hadramout by Framers with help of Governments projects (Wadi Hadramout improved project, and Soil and Water conservation project ……etc). As example of these structures:
· Spill way structure improvement

The spill way structures are improved from earthen dyke to Masonry or Gabion structures photo no.4 a and b. the spillway can be constructed from stones masonry with lime mortar (traditional way) or stones masonry with cement mortar (improved way) photo no.5 a and b.
                 
[image: image13] a   
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Photo no. 4a main canal stone masonry spillway photo no.4b spillway from gabion structure

(Al-Bowerigat waadi alain Hadramout)


(at wadi Dowan Hadramout)
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Photo no.5a&b Intake structure in wadi Madar wadi Hadramout from stone masonry with lime mortar and improve by stone masonry with cement mortar  spillway

-
Spate Irrigation diversion structures
Several improved irrigation diversion structures which had been constructed by the government projects, departments and authorities. From these structures the improved structures in Wadi Hadramout such as Moza Shibam diversion strucutures which is constructed from stones masonry cement mortar and plain concrete for the and gabion protection from downstream (photo no. 6 a&b). And Shaib- Al moathor intake structure and weir which is constructed from stone masonry with cement mortar and intake downstream protection from gabion (photo 6. a and b). Also anther improved diversion structures constructed from stones masonry with cement mortar at the bed and embankment dyke over it at Sharg Al-hamsi wadi Hadramout. This traditional diversion is composite from sandy gravel and stone dyke with cement mortar. The lower part at the wadi bed is constructed as permanent part from stone masonry with cement mortar to stabilize and upgrade the wadi bed, and other temporary part as earth dyke over the lower part used to divert floods, which is brushed by large flood (photo no.7 a&b). 


[image: image17]a

[image: image18]b
Photo no. 6a&b Spate irrigation improved structure in Shibam Hadramout , Moza Sibam weir with abutment. 

[image: image19]a      
[image: image20]b
 Photo no. 7a&b Shaib- Al moathor intake structure and weir from stone masonry with cement mortar and intake downstream protection from gabion (wadi Hadramout).
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Photo no.8a&b Traditional dyke (at Sharg Al-hamsi wadi Hadramout). 
The traditional dyke, (sandy gravel and stone dyke with cement mortar) structure constructed as permanent part from stone masonry with cement mortar to stabilize and upgrade the wadi bed, and other temporary part as earth dyke which is brushed by large flood () 
More over, another improved traditional diversion dyke at Gar suadan wadi Hadramout  which is constructed from stones masonry , concrete beam and gabion. This structure is stone masonry with cement mortar improver by concrete beam to increase the dyke height and protected by gabion from upstream (photo 9 a&b).
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Photo 9 a&b Improved traditional dyke ( at Gar suadan wadi hadramout)

iii.
Spate Irrigation Modern Systems
In Yemen several kind of large Irrigation system structures like diversion with both sides intakes and sluice, diversion structures with one side intake and sluice with siphon structure and multi-diversion structures in the same wadi with one side intake and sluice for dibbers and sluice for sediments (the photo no.10 a&b):
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Photo no.10a one side irrigation system 
    Photo no 10 b one side irrigation system structure with Siphon (Wadi Mawr) 

    structure with floating and sediments sluices

The irrigated areas for spate irrigation systems in the Major Wadis in Yemen are listed bellow in table no.3. However the irrigated areas varied from year to another depending on the rainfall and availability of floods during these years.    
Table no. 3  The irrigated areas for spate irrigation systems in Major Wadis in Yemen

	Escarpment
	Name of Wadi
	Irrigated areas (ha)
	Notice 

	Western Wadis
	Mwar
	17,000
	Traditional systems (9,000ha)

	
	Siham
	10,929
	

	
	Rima
	7,100
	

	
	Zabid
	15,215
	Sometimes extended to (21,000ha)

	
	Rasyan
	Not available 
	

	South and Eastern Wadis
	Bana
	25,722
	

	
	Tuban
	11,000
	

	
	Hassan
	6,300
	

	
	Ahwar
	7,000
	

	
	Hadramaut
	8000
	The flood occur every 1.5- 2 years
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Figure no. 5 Yemen map with Major wadis

c.
Cropping Pattern in Spate Irrigation Areas
Several crops are grown in spate irrigation areas which include cereals fruits and vegetable. The most common crops and which mostly depend on the spate irrigation are: Cotton, Sorghum grain, Sorghum fooder, Maize, Seasame, Groundnut, Water Melon, and Sweet Melon. The range of crop yield achieved per hectare in the last few years is listed bellow for several wadis in Yemen in Table no.5. 

Table no. 5 The area and crops yield are different for every wadi  as flows:

	serl
	Crop 
	Area (ha)
	Yield (Tons/ha)

	1. Wadi Tuban (improved wadi)

	1
	Cotton
	89
	1.32 to 2.02

	2
	Sorghum grains
	38.5
	0.77to 1.85

	3
	Sorghum fodder
	70
	0.81 to 1.1

	4
	Sesame
	48.5
	0.65 to 0.88

	5
	Groundnut
	30
	0.53 to 0.78

	2.  Wadi bana

	1
	Cotton
	1890
	1.28

	2
	Sorghum grain
	1312
	0.98

	
	Sorghum fodder
	3265
	11.5

	3
	Sesame
	756
	1.02

	
	Groundnut
	677
	0.71

	4
	Water Melon
	225
	8.73

	5
	Sweet Melon
	86
	5.86

	3. Wadi Hassan

	1
	Cotton
	472
	1.28

	
	Sorghum grain
	328
	0.98

	
	Sorghum fodder
	816
	1.02

	3
	Sesame
	189
	0.71

	
	Groundnut
	169
	8.73

	
	Water Melon
	56
	5.86

	5
	Sweet Melon
	22
	0.98

	5.  Wadi Siham

	1
	Sorghum 
	458.5
	0.525

	2
	Sesame
	5.0
	0.83

	6. Wadi Rima

	1
	Sorghum 
	221.5
	0.63

	2
	Sesame
	38.5
	0.97

	7. Wadi Zabid (improved)

	1
	Cotton
	320
	1.2 to 1.9

	2
	Sorghum grains
	96
	0.8 to 1.3

	3
	Sorghum fodder
	50
	6.8 to 8.8

	4
	Sesame
	50
	0.49 to 0.71

	5
	Maize
	30
	2.78 to 3.7

	8.  Wadi Hadramout  

	1
	Sorghum grains
	not available data yet)
	not available data yet)

	2
	Sesame
	not available data yet)
	not available data yet)

	3
	Dates
	not available data yet)
	not available data yet)

	4
	Wheat
	not available data yet)
	not available data yet)

	5
	
	
	


The cropping strategies have been developed by farmers in practicing intercropping, and crops which are harvested in one irrigated. 
2- ARTIFICIAL RECHARGE

The main source of artificial recharge of aquifers in Yemen om flood water. This artificial recharge can be achieved using three different methods, namely surface spreading, watershed management (water harvesting), subsurface dams and recharge wells.
a.
Surface spreading
Artificial recharge by the spreading method consists of increasing the surface area of infiltration by releasing water from the source to the surface of a basin, pond, pit or channel. This is certainly the most efficient and most cost-effective method for aquifer recharge. However, only free (unconfined) aquifers can be recharged by the spreading method, which also requires large surface areas to accommodate the recharge scheme, allowing water to evaporate if percolation in the ground is slow.

Surface spreading usually needs two structures: the diversion structure and the infiltration scheme.

[image: image28]     
[image: image29]Photos (11a&b) Artificial recharge by the spreading method
b. Watershed management

Diversion structures 
The diversion structures are the same as those used for spate irrigation. The traditional methods, based on centuries of experience, are well adapted to the conditions of arid land wadis. They consist of the construction of earthen bunds (ogmas) and deflectors across the wadi to divert the flow into the fields. But large spates usually destroy the ogmas and reduce irrigation of the fields. Furthermore, the very high sediment content of spate water tends to fill the diversion canals, which have to be cleaned regularly. So, although the ogmas are relatively inexpensive to rebuild, the overall cost of seasonal maintenance and repair of the scheme is high.

[image: image30]
Photo (12)
Traditional diversion structures (Ogmas)

Several techniques have been tested with the objective of achieving a better control and regulation of spate and reducing sediment transport in the canals. Due to the hydrological characteristics of wadis, it soon became evident that it is not economic to provide diversion weirs which will control the probable maximum flood. Thus, the tendency nowadays is to build diversion structures with a canal head regulator, sediment excluder and a spillway on one flank and a fusible dyke across the wadi. Unfortunately, present design and feasibility studies are often hampered by lack of adequate data on spate runoff. These techniques were developed with the intention of improving the spate irrigation systems, but the results can apply to the diversion structures needed for artificial recharge by surface spreading.

Infiltration scheme 
The infiltration scheme may consist of basins, channels or pits depending on the local topography and on land use. The most common system consists of a number of basins each one having an area ranging from 0.1 to 10 ha according to space availability. Each basin must have its own water supply and drainage so that each basin can be flooded, dried and cleaned according to its best schedule. Basins should never be in series, because in such a system, they cannot be dried and cleaned individually. Often the first basins are used as pre-sedimentation facilities.
[image: image36.wmf]In the vicinity of urban areas, pits may have been dug in ancient paths of wadis in order to extract construction material (gravel, sand). The depth of these pits may range from 2 to 3 m up to 30 to 40 m. Pits may also be excavated for the specific purpose of artificial recharge. Aquifer recharge simply consists of diverting water from the main channel to the pit. Even with a deep pit, it may be advisable to have a smaller settling pit between the main channel and the larger recharge pit. Both recharge and settling pits should be fenced and have a suitable inlet so that the inflowing water does not erode the walls of the pits.
 

Photo (13)
Recharge trench r pit

Recharge wells:

The recharge wells is a well which is dig until the aquifer surface or the pores layer, so it transport the flood water from the surface to the aquifer layers.
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Figure (6a&b) Recharge wells
Other techniques may also be identified with the surface spreading method: spate irrigation, check dams, underground dams and sand dams.

Spate irrigation is a well known traditional technique in the area consisting of watering terraced fields which flank the wadi, by diverting flood flows into them. Although the primary objective of spate irrigation is not aquifer recharge, this technique usually contributes significantly to increasing the infiltration of water into the underlying groundwater reservoirs. The storage of excess water into the aquifer and its subsequent retrieval alleviates some of the risks inherent to runoff based irrigation in arid zones.

Check dams are small structures built across wadis with a view to slowing down the velocity of water, allowing it to percolate into the alluvial aquifer. When the wadi usually flows into a narrow channel surrounded by plains located a few meters above the bottom of the channel, check dams may be built in the channel, raised 1 to 2 meters above the ground level of the plain and extended laterally by two wings crossing most of the stream bed . The flood is then forced to pass through artificial meanders over a long path and large area and to slow the flood velocities to enable the surface water to percolate and thus facilitating the infiltration of water. This system could the suitable system for groundwater recharge in all wadis in Yemen.

Underground dams and sand dams
The underground dams and sand dams are the dams under the ground surface in the wadis bed which collect the water in the voids of the soil which will collected in the dams, these kind of dams built in stages so it fill by the flood flow in stages.  
[image: image37.wmf][image: image38.jpg]


 
Photo (14a&b)    Sand dams

3.
Other uses for flood

The flood water can be stored in storage dams and reservoirs bonds and lakes. This stored water can be used for complimentary irrigation for animals use and for dinking after some treatment. 
4.
CONCLUSIONS
a.
The flood water is a national wealth we have to manage it and integrate its uses by the affected management. 

b.
Flood water is the main water resource for rain fed agricultural areas and for spate irrigation areas.

c.
Flood water is main water resource in the semi-dry and dry region where there is only dry wadi

d.   
Food water is the main resource for artificial recharge for the ground water aquifers.
e.
The watershed and floods management will integrate the flood water uses and control the flood water which will decrease the flood danger
5.
RECOMMENDATIONS
a) Control the flood water to increase the cultivated areas and decrease flood danger.
b) Increasing the artificial ground water recharge from floods by different methods is recommended to increase the ground water availability and to simulate the flood peak danger
c) Using the improved tradition diversion structures to divert the flood water to the cultivated areas
d) Using the recharge bets or trenches in the watershed areas.
e) The maintenance of the agricultural terraces  and wadi main course in the watershed is recommended 
6.
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Figure no.1  Rainfall isohyets 





Figure no.2 


Yemen map with different climatic Zones





Traditional diversion structure in Yemen


المنشآت التحولية التقليدية في اليمن
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