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“The discussions of the linkages between food production and water have until recently been limited to discussions of plausible (perennial) irrigation  possibilities, given an assumed market development. The problem with this approach is the gap between plausible future food production and future food requirements to achieve food security for the world population. What is left is a “hunger gap” (Conway, 1997), mainly in non-irrigated dry climate regions in SubSaharan Africa and South Asia  Since however given that most of the crop production in the world takes place in rainfed agriculture, that discussion is far too limited. Already today, there is a large scale overappropriation of river flow of over 15 percent of the land area”

From: Malin Falkenmark (2007) ‘Shift In Thinking To Address The 21st Century Hunger Gap’
1.
Improving spate irrigation
Spate irrigation has been described as difficult and risky, but this paper wants to make the case that spate irrigation though difficult and risky spate irrigation is a resource management system that can contribute significantly to local food production and livelihood security. In spate irrigation there is considerable scope for improvement by well-targeted support and by better internal governance. The improvements concern different fronts: agricultural production, non-agricultural production and improvement of livelihoods in general. This paper wants to present a working list of such improvements, based on experiences in various systems - to give a broad range of things that can be done to unlock the potential in spate irrigation.  
The area confirmed under spate irrigation is approximately 2,600,000 million ha and the number of people dependent on spate irrigation is estimated at 9-13 million (van Steenbergen et al, 2008). The areas, where spate irrigation occurs, are often remote and suffer from extended droughts at times, creating hardships. Spate irrigated areas are in many countries also among the poorest and least accessible. 
Spate irrigation is found in West Asia (Pakistan, Iran, Afghanistan), the Middle East (Yemen, Saudi Arabia), North Africa (Morocco, Algeria, Tunisia) and the Horn of Africa (Ethiopia, Eritrea, Kenya, Sudan, Somalia). In North Africa the area under spate irrigation reduced in the last twenty years, as a result of reservoir construction on several of the ephemeral rivers. In contrast, however, in the Horn of Africa the area under spate irrigation is expanding rapidly, especially in Ethiopia and Eritrea. Population pressure encourages settlement in the lowlands, which have become more habitable as malaria and trypanosomiasis are slowly being brought under control. The largest areas under spate irrigation can be found in Pakistan and Iran. 
In addition to the areas on record there are several ‘unknown’ areas: Central Asia – including Afghanistan - , Western China and Latin America. It is testimony to the informal and forgotten nature of spate irrigation that, though the areas may be extensive, there is no recent accessible reference on spate irrigation in these areas.

Table 1: Approximation of areas under spate irrigation
	Country
	Year
	Area under Spate Irrigation in Hectares
	Source

	Algeria
	2008
	53,000
	

	Eritrea
	2004
	16,000- 58,000
	Haile (2005), Woldemichael (2008)

	Ethiopia
	2007
	140,000
	Alemehayu (2008)

	Iran
	2008
	450,000 – 800,000
	Kowsar (2008)

	Morocco
	2008
	79,000
	Oudra (2008)

	Pakistan
	1999
	640,000 – 1,280,000
	NESPAK (2001) 

	Somalia
	1984
	150,000
	FAO Aquastat (www.fao.org)

	Sudan
	2007
	132,000
	UNEP (2007)

	Tunisia 
	2008
	18,000
	

	Yemen, Rep. Of
	1999
	117,000
	World Bank (1999)

	Mongolia 
	1993
	27,000
	FAO Aquastat (www.fao.org)

	Kazakhstan
	1993
	1,105,000

	FAO Aquastat (www.fao.org)


2.
Spate irrigation and food security



















Without denying the importance of virtual water (i.e. the trade in agricultural products from areas of water abundance to areas of water scarcity), high food prices of the last five year and the possible end to the era of food aid have caused a reorientation on local agricultural production. Prices of all agricultural commodities are up but particularly grain prices have hit the ceiling. In the last year they were jolted with an 88% increase. The USDA announced it might not be able to procure sufficient grain for its food aid programmes – which would have enormous implications. Though grain price increases may taper off, the high plateau seems to be structural (OECD/FAO 2007). There are at least three reasons. First is the competition with bio-fuels, reducing the land used for staple crops. The second is that in several major agricultural economies the limits to groundwater use – that powered much of the agricultural growth - have been reached: China, Pakistan and India are the cases that come to the mind.  Similarly the price of oil seeds another important crop in spate irrigation is predicted to remain significantly above past averages. Even without these recent dramatic developments, huge increases in food production are required to keep up with population growth and changing consumption levels.
A case has been made (for instance in World Bank (2005)) that particularly in Africa reservoir based irrigation needs to increase.  However, in arid/ semi-arid basins with ephemeral rivers and spate irrigation, this may not be appropriate. The benefits to local upstream communities in terms of irrigation and recharge, need to be set against the adverse impacts on downstream spate water users. Hydrological studies on Wadi Zabid and Wadi Tuban in Yemen for instance suggest that in the last ten years, the inflow to the spate irrigation areas may have reduced by about 30%. The reduction is largely attributed to the development of a large number of small dams in the upper catchments (Lawrence and van Steenbergen, 2004). On some important wadis in Pakistan (Gomal Zam) and Yemen (Wadi Surdud and Wadi Tuban) reservoir projects are under preparation – that may have a short life span due to the high sediment loads on these rivers, but that in the interval may come at the detriment of downstream spate irrigated agriculture. The most sordid case is Wadi Surdud. At present Wadi Surdud provides water to an extensive area under high value crops, supplied by traditional spate diversion and by well irrigation. The wells, recharged from the floods and the subsurface flows, allow precision water delivery that is hard to be match by any other system
 and certainly not large scale irrigation, yet this highly productive system may come to an effective end with the planned dam on the Surdud. 

Figure 1:  Food Prices of Major Agricultural Crops 2000-2008
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Kowsar (1998) has made a convincing argument that storage of water in the soil profile in spate irrigated areas is more cost effective than building dams. The cost of storing water in a shallow aquifer or soil profile is a fraction of what the cost of creating surface storage. In addition in ephemeral river basin sedimentation in spate irrigated areas is to large extent an asset, whereas in reservoirs nutrient-rich sediments (as well as wild seeds and other sources of high biodiversity) are trapped in reservoirs, shortening their useful life and producing relatively ‘sterile’ water in the process. Table 2 makes a comparison between spate irrigation and perennial dam-based irrigation in arid areas. 
Table 2:
Comparison: spate irrigation with perennial dam-based irrigation in arid areas
	Spate irrigation
	Perennial irrigation (dam based)

	· Supplies are insecure, unless combined with groundwater irrigation;

· Water storage is in soil profile, with very low evaporative losses;

· Investment cost per cubic meter of water stored is low;

· Sedimentation positively contributes to soil fertility; and

· Peak flows cannot be utilized.
	· Supplies are secure, provided that dam has reasonable catchment, and a reasonable useful life before it fills with sediments;

· Water storage is in reservoirs, high evaporative losses in shallow dams;

· Investment cost per cubic meter of water stored is high;

· Sedimentation causes reservoir siltation; and

Peak flows can be stored.


The Comprehensive Assessment on Water for Agriculture (2006) estimated that food production from rain-fed areas – including spate irrigated areas - will have take care of 75% of the global increase in global food production required.  The comprehensive assessment at the same time observed that in all parts of the world the area under rain-dependent agriculture has increased, but that the yield per hectare for staple crops has hardly improved. 
Annex 1 attached to this paper brings together data on crop yields in spate irrigation from a large number of sources. In general productivity is low – though significantly higher than yield from ‘pure’ rain-fed agriculture. There are however also exceptional cases of very high yields in spate irrigation. What is striking in fact is not so much the low level, but the variation. This suggest that there is more to spate irrigation than getting water to the land (in itself challenging enough) and that agronomic practices and field water management can make a huge difference. The same is confirmed by agronomic research.  Research by the Arid Zone Research Institute in DI Khan in Pakistan came up with a number of significant increases varying from 15 to 50% by minor modifications in sorghum, wheat and chick pea cropping practices. 

Table 3a provides a working list on activities, that can improve returns to agriculture in spate irrigated areas: improved moisture management, better agronomic practices, reducing post harvest losses and improved marketing of main and minor crops.  Spate irrigated areas have in many cases untapped potential – and effective crop yields can go up significantly with better moisture management, improved farm practices and better seed storage. Examples are the high productivity sorghum systems in Sheeb in Eritrea (reaching 6000 seed kg/ha – 3-4 times more than sorghum yields elsewhere), the reduction of grain losses in DI Khan from 7% to 0% and the doubling of cotton yields in Tihama in Yemen with relatively simple changes. In case of minor crops, there are several examples – both of cultivated and wild crops – than be more widely promoted and marketed.  In some parts of Pakistan underground truffle mushrooms provide an attractive source of additional income and the potential may be much higher.  Another example is guar (cluster bean), the gum of which produces a zero calorie binding agent, highly priced in food processing. Guar gum has also many other industrial purposes, such as drilling fluid. 
The case in point here is to work on a broad spectrum of improvements in spate irrigation and not only on improved flood diversion, either through construction or the provision of earth moving equipment.  As most Apart from improving agronomy, working on improved moisture management hold very large promise. Mulching, ploughing, pre-irrigation land preparation, the prevention of gullies and the adequate maintenance of field bunds may have a very large impact on crop production and water productivity – probably more than investment in diverting water to the land have. The fact that there are so many rules and so many investments of farmers in moisture management indicates its importance and potential. In the rules and regulation for spate system in  Sheeb system in Eritrea and Wadi Tuban in Yemen there were explicit penalties for farmers who do not take sufficient care in maintaining the field bunds. A step further is the hereditary tenancy arrangements, that are common in Pakistan’s spate irrigation systems. Under this arrangement the hereditary tenant is co-owner of the land, as long as he ‘maintains the bunds’. In fact in Pakistan there is the phenomena of land owners being ‘too poor to farm’, having no draught animals and instead prefer to give the land to farmers   Accurate estimates are difficult to get by but better moisture management may increase crop yield upwards of 50%.
3.
Spate Irrigation and Non Agricultural Food Production
Forestry and livestock are integral part of spate irrigation production systems. Livestock is an indispensable component of the livelihoods of the resident households in most spate-irrigated areas: indispensable in land preparation and soil moisture management; providing additional or sometimes main sources of income; serving as the saving deposit – with livestock purchased after a good year and sold in lean periods. The main source for animal feed is usually crop residue and surrounding partly rainfed, partly spate-fed grazing lands. A second source is the cultivation of spate-irrigated fodder crops, such as (green) sorghum. In Eritrea and Sudan, sorghum ratoon is an important feed for livestock as well. The cutting of weed in the fields and along the canals is another source of forage, and so are leaves from trees in and around the spate-irrigated fields.

A potentially important source of fodder is spate-irrigated grazing land. Under the Artificial Groundwater Recharge Project on the Gareh Bygone Plain in Iran, the average yield of indigenous vegetation on spate-irrigated rangeland was 11 times higher (445 kg/ha) than for rainfed land (42 kg/ha), whereas the average crown cover was 31% for spate-irrigated rangeland against 16% for rainfed grazing land. If the yield of the planted quail bush is also added, the overall yield for spate-irrigated rangeland is 23 times higher, which is enough to graze 4 sheep on one hectare during an entire year (Kowsar 1999).

Similarly, in the in-land Gash flood delta in Sudan, a large area is covered with a large variety of annual and perennial grasses due to seasonal flooding with excess flood water from the Gash River. According to traditional water governance practices, the first flood in the river would be diverted to the extremes of the scheme in order to stock drinking water for livestock and to irrigate the grazing lands, so that animals would be kept away from the planted crops. Over time pressure on the grazing lands has mounted and securing water delivery to the grazing areas has to be matched with rangeland protection measures.
Income from forestry – charcoal, timber and non-timber forest products – is also an important source of income. Spate irrigated forestry occurs on field bunds, on specially prepared fields and in outwash areas. In the Tihama in Yemen tree coverage has increased inside and outside the command area with many important multifunctional indigeneous trees. The most important ones are Zizyphus SpinaChrista, for high quality honey forage, timberwood, fruit, detergent (from the dry leaves) and camel fodder; Salvadora Persica, used to produce toothbrushes (from the roots), food condiments (fruits) and also used to stablize sand dunes; Balanites Aegyptica for shelter, camel feed and fruits; and Acacia Eherenbergiana, providing premier quality honey forage, goat fodder and charcoal wood. The moisture captured from the acacia charcoal (keteran) is used for skin treatment of livestock (Haile and Al-Jeffri 2007). In the Konso spate irrigation system in Ethiopia, many trees can be found, and many beehives have been installed. Agroforestry plantations were laid out in specially designated land with a relatively low probably of irrigation in DI Khan (Pakistan). Fields were prepared in diamond shape in order to concentrate run-off and spate releases to the tree plantations.

Table 3b gives a working list of improvement in non agricultural production. There are significant gains to be made by:

· Enhancement of the productivity of livestock, including improved access to animal feed (i.e. fodder crops and spate-irrigated pastures), watering points and paraveterinary services, closure and management of grazing areas, as well as the processing and marketing of livestock products and restocking after calamity;

· Promote local agroforestry, particularly of indigeneous trees that serve to stabilize surrounding areas and provide services for fuel and timber wood, medicinal purposes or bee forage. Sometimes this has to be accompanied by improvement in the governance of local forestry – in DI Khan in Pakistan hereditary tenants could not co-own the trees, discouraging them from tree planning and tree maintenance. 
4.
Improving livelihoods

While livelihoods in spate irrigated areas have to adjust to the vagaries of climate variability, two issues stand out in particular that have a large bearing on the quality of life. The first is the availability of drinking water. Where spate irrigated areas are underlain by a shallow aquifer with freshwater, drinking water can be supplied from village wells. This is reliable during good and normal years, but may be affected by a prolonged drought or water not reaching tail areas due to unfair distribution of water, 

In other areas the aquifer is too deep or the quality of groundwater prohibits its use for domestic consumption. Groundwater quality in coastal Yemen and parts of Hadramawt is generally good enough for irrigation, unlike that in spate areas in Pakistan, Tunisia and Eritrea. In Sheeb in Eritrea for instance, groundwater salinity ranged from 1200-1800 us/cm and in Wadi Labka from 2250-2650 us/cm. In areas with high salinity, irrigation from groundwater is not an option. Small prisms of fresh water stored in the bed of the spate rivers can be important source of drinking water supply in areas with generally saline groundwater and locally specific recharge measures can be undertaken, such as the construction of artificial aquifers behind sand dams on small streams, the use of subsurface dams or low level recharge weirs (used by farmers in Hadramawt) or in some case rearranging the entire water distribution schedule in order to spread recharge over a larger area. In addition improvements may be made in the shape of water ponds for human and livestock use. There are several measures that can improve the services from such ponds, in particular increasing the time they are filled (deepening, silt trapping, using a liner, rationing water) and improving the quality of their water (wells, sand filters, fencing) and the ease of maintenance (introducing steps, controlled inflows – also to reduce sediment intake – and using scraper boards for cleaning out accumulated sediment).
Another issues particularly in old spate irrigation systems is that the increase of farm land levels has raised farm land levels above the level of village areas (for instance in the Zabid area in Yemen), creating the constant risk of flooding. Besides this problem there is also the risk of river bank breaching, damaging farm land and residential property in the process and causing the inhabitants to loose the very basis of their existence. 

Table 3c is a working list of livelihood improvement measures. In improving livelihoods in spate irrigation many things are possible and useful then, but three stand out as being very particular to spate irrigated areas:
· Drinking water improvement both by providing locally appropriate facilities and by pinpointed groundwater recharge
· Flood protection measures of village lands and river banks.
· In some cases eradication of malaria and tryposonamis – thus removing the main barrier for making the areas suitable for residence. In Konso in South Ethiopia for instance the large area served by the Yandafero was not habituated because of these killer diseases. 
	TABLE 3:       WORKING LIST OF IMPROVEMENTS IN SPATE IRRIGATION



	Improvement
	Description
	Likely impact
	Remarks

	3.a
	Improved Agricultural Production

	Agronomy
	

	New crops introduced
	Introduce new crops – particularly bio-fuels and oilseeds hold much promise, but also cucurbits and pumpkins
	May introduce non perishable high value cash crops and create market where there was non before
	

	New varieties introduced
	Introduce new varieties of existing crops
	Depending on the variety – but also genetic renewal is required
	Examples of farmers finding new varieties are common. Need to be very careful in introducing a new variety by enternal agent, as many factors are important for farmers to assess a variety as successful – not just yield but also taste, colour of grain, stalk yield, pallatibility for livestock, ability to keep, maturing period etc

	Improved crop husbandry
	Range of measures depending on local situation (seed treatment, target used of agri-inputs, early planting, grazing, weed control, row planting)
	Recent results in Yemen on cotton and sorghum indicate that crop yields can increase with > 30% over common practices
	

	Improved market chains for common crops
	Develop quality control systems and processing facilities and linking with national and international market requirements
	Increase value of crops, that are now sold as low grade bulk – examples are oilseeds and sorghum grain for chicken fodder
	Will also benefit greatly from improvements in road connections

	Improved market chain for minor crops
	Developing quality control systems and processing facilities as well as documentation and market research
	Add value to crops that are now only known and used locally but may have a much larger demand
	There are promising minor crops – mushrooms, guar, medicinal plants and also relatively undocumented wild crops

	Improved grain storage
	Seed cleaning; separate covered storage in non-humid rooms 
	Reduce loss of 5-15% of crop
	Importance to introduce systems that are within farmers budget

	Research and documentation
	Agricultural research as well as documentation of successful local practices and more interaction between research and documentation organizations working on this niche
	Research by AZRI Pakistan suggests that yield increases between 15-50%
	There is a large difference in crop yields and this suggest the scope for more exchange and documentation is high


	3.a/ continued
	
	
	

	Improvement
	Description
	Likely impact
	Remarks

	Moisture management
	
	
	

	Pre irrigation land preparation
	Land preparation prior to flood season
	Increases infiltration of first floods
	Suitable for light soils – used to be compulsory in South Yemen during  state organized cotton farming

	Improved field inlets
	Gated structure 
	Allow high bunded fields to be closed orderly after irrigation 
	In Pakistan with large high bunded fields farmers started to build these structures at their own cost

	Improved overflow structures
	Reinforced overflow structure with stone pitching or gated orifice with small stilling basin 
	Avoids breaching of field bunds and scouring of lower fields – contributes to soil moisture retention
	

	Ploughing , mulching and timely field bunding
	Land preparation to improve soil moisture storage and retention
	Can increase yields with 30-50% 
	Timely access to draught animals is essential

	Rules on maintaining field bunds
	Penalties for inadequate maintenance of field bunds
	Avoids damage and loss of water/ soil moisture from uncontrolled breaking
	

	Water distribution to allow second irrigation turns
	Keep the command area relatively compact
	Water productivity of second irrigation may as much as twice as that of first crops


	Compact areas promote better cooperation and better pre-irrigation land preparation

	
	
	
	


	Improvement
	Description
	Likely impact
	Remarks

	3.b 
	Improving Non Agricultural Production

	Livestock
	

	Livestock restocking
	Making draught animals available after drought or other services on credit or on rotational system
	Adequate availability of draught animals will contribute to land preparation
	

	Paravet services
	Training local animal health workers and providing them 
	Most appropriate basic animal health care especially for transhumant groups or women livestock owners
	In some cultures it may best to train women health workers especially for care of small ruminants

	Rangeland improvement
	Selective closure and flood water spreading
	Rangeland regeneration can be remarkably fast
	In many areas there are informal rules for insider and outsider groups including monetary compensation for using local rangelands

	

	Agroforestry
	
	
	

	Spate irrigated agroforestry
	Combination of local water harvesting and planting high value (grafted) tree crops
	High value use of ‘outwash areas’ – that may other wise bring little value
	

	Uprooting of invasive species
	Uprooting of mesquite manually or mechanically or processed into charcoal
	If not controlled mesquite will invasive flood channels and rover beds– causing sedimentation - and productive lands
	Mesquite is a problem in spate areas in Sudan and in Yemen (Tihama)

	Improved marketing of non timber forestry products 
	Improve marketing of high value non timber products, such as honey and medicinal products
	Can add significant farm incomes. Zizyphus and Acacia honey fetch prices of Euro 20/kg in Yemen
	Honey from Zizyphus and Accacia have very high value. Range of products such as detergents, traditional medicines and fodder

	Local tree cutting bans
	Bans on using trees for external sales of charcoal production
	Will protect trees in common lands
	Effectively enforced in Sheeb in Eritrea


	
	
	
	

	Improvement
	Description
	Likely impact
	Remarks

	3c. 
	Improved livelihoods



	Drinking water improvements (including storage)
	
	
	

	Improved drinking water ponds
	Providing lining of pond; making pond at adequate depth (2.5 meter), fencing; sedimentation traps and sand filters
	Will increase duration of storage and improve quality of water 
	Drinking water from ponds may never may WHO criteria but usually there is no alternative

	Sand dams
	Creating an artificial storage by gradually building up a weir and trapping coarse sand behind it
	Provide reliable water supply and increased soil moisture in areas adjacent to sand dams
	Quality of construction process is essential to successful functioning

	Wells in dry rivers
	Creating conventional wells (dugwell or shallow tubewells) inside river on on the river bank
	Provide reliable water supply 
	Important to verify water quality as some areas have high salinity or nitrate levels

	Managed artificial recharge
	Low weirs or subsurface dams
	Effect depending on local situation – where good quality groundwater is available can make major contribution to conjunctive water use
	Still sporadic but an area of promise. At same time need to avoid that cut-off weirs do not block rechargescope for more

	Water distribution tailored to groundwater recharge
	Spreading water to tail end areas, making use of existing infrastructure or through a system of low guide bunds (Iran)


	In Tihama reportedly local wells well provide water for more than one year upon the impact of one flood
	Extensive experience with flood water spreading in Iran

	

	Protection measures
	
	
	

	Village flood protection 
	Protection bunds to avoid village flooding particularly where agricultural land because of sedimentation has risen high
	Avoid loss of residential property and livestock because of uncontrolled irrigation
	Important programme in long cultivated  spate irrigated areas of the coastal Tihama plains

	River bank protection
	Vegetative or structural measures
	Prevent river from changing course and bring large damage and also stablizes intakes of flood channels
	In case of vegetative measure requires the protection of trees and shrubs

	Dune stabilization
	Planting of trees to control tree movements around the command area
	Protection of command areas and villages
	Care required not to introduce invasive species

	Eradication of malaria and tryposonamis
	Malaria control by mosquito bednet or by DDT spraying
	Make area ready for habitation
	DDT was controversial but is now considered ‘the lesser evil’


5.  Improved governance
Apart from providing well-targeted support, much can be improved by improving the governance of spate irrigation systems. There are two main areas of improvement:
· Wadi management at basin level or sub basin level

· Secure tenure and safeguarding of water rules. 

Spate irrigation systems – if well-managed – will fulfil several important functions, beyond the spate irrigation per se: they preserve biodiversity, they mitigate floods, stabilize river systems, interlink with temporary or permanent lakes and recharge groundwater.

It is important to place the development of spate irrigation in the context of river basin management or sub-basin management. Linkages between spate irrigation and natural resource management in the river basins, the effects that river basin management have on spate irrigation and the impacts of spate irrigation on river basin management are summarized in Table 4.
There are many good reasons to manage spate systems at basin or sub-basin level. So far however examples of effective wadi management plans or wadi management institutions are few and far between. 

An example of a regional spate irrigation organization was the Tihama Development Authority (TDA). TDA was set up during the spate system modernization wave of the 1980s. It has however always been mainly a service organization, with a range of useful interventions at a time, but it never was a river management organization. Another example is Gash Agricultural Development Scheme in Sudan. This parastatal took care of organizing and marketing agricultural produce in this part of Sudan. It was also involved in enforcing water allocation rules and distributing temporary land rights. It has had a history of ups and long downs, partly because of its dependence on global markets for agricultural products

The closest to a river basin organization has been the system of rod kohi management in DI Khan and DG Khan starting from the early twentieth century. This was administered by the local government, to be precise the Revenue Department, as adequate resource management was seen as the self-financing the management of remote rural areas. The staff of the Revenue Department organized work on the earthen diversion bunds, oversaw water distribution and settled disputes. The Deparment It also saw that breaches to the river banks were repaired to avoid the wadis taking a different course. 

This introduces the second main area of improved governance is the security of rules and rights. In DG Khan and DI Khan water rights and rules were codified and till today these records are being used. Rules were recorded during the settlements starting from 1884. Rules also concerned: the location of diversion bunds and flood channels, their maintenance and the breaching of the bunds, the field irrigation rules, penalties for violating these rules and the rights to land that was eroded.  

In addition there are also rules are in place to accommodate for these constant changes to the system: the  relocation of major diversion bunds; the consensus process; the reconstruction and modification to damaged flood channels and possible compensation to down stream users. 

Table 4: Linkages between spate irrigation and (sub) basin management

	Issue
	Spate irrigation impacts on river basin management
	River basin management effects on spate irrigation

	Biodiversity and natural vegetation
	· Spate systems are depositories of local biodiversity.

· Spate system may feed ephemeral wetlands or lakes that are rich in species.
	· Wild plants and trees often additional sources of income.

· Mesquite infestation has a negative affect on command area utilization.

	Catchment degradation
	· Cutting of trees for traditional diversion structures may contribute to the degradation of catchment.
	· Catchment degradation changes runoff patterns and increases sediment loads.

	River morphology
	· Spate systems tend to stabilize river morphology.

· Encroachment of river beds creates ‘vulnerable areas’.
	· Scour and siltation processes in the river beds are very much determined by the location and distance between diversion structures – rules need to be made to manage these processes

· Catchment degradation and cutting of riverain forest and bank vegetation causes changes in runoff regime and may trigger scouring and widening of wadi beds.

	Dune formation
	
	· Prolonged drought can lead to abandonment and to desertification.

· Dune formation particularly threatens the fringes of spate systems.

	Flood management
	· Spate systems intercept moderate to medium flows, only peak floods are passed on down a wadi.
	· Major or ‘clean water’ floods change river morphology and affect viability of spate systems.

	Groundwater recharge
	· Spate irrigation can increase recharge by slowing down flood flows in river beds and spreading water widely.

· Cut-off structures may obstruct subsurface flows that are the major source of well recharge.
	· In fresh groundwater areas, conjunctive use of groundwater and spate flows can sustain highly productive agriculture.

	Upstream and downstream water use
	· Spate irrigation will reduce water availability for downstream use.
	· Intensification of upstream water use may change water availability and flood hydrographs without necessarily leading to more productive water use for the river basin as a whole.


Source: Lawrence and van Steenbergen (2004) updated
6. Conclusion

There is much that can be done to make better use of the potential in spate irrigation – effective interventions that will significantly contribute to improved agricultural production, forestry and livestock production. There is a menu of options, that should be expanded and updated with new experiences. Spate irrigation can also make a big contribution to sustainable river basin management and in turn would also substantially benefit from it. Governance in wadi management and secure tenure is key.
There is much to learn from practical experiences between countries and between different areas within countries. This Expert Meeting and the preparation of updated Spate Irrigation Guidelines by FAO and the Spate Irrigation Network hence were very much overdue. At the same time they now fit in with major current themes: local food security; climate change adaptation and the reduction of persistent poverty. There is relatively little scholarly work on spate irrigation and may be this is a blessing – as it allows us to learn from actual experience in actual places.  Exchange and cooperation are however what is required and this Expert Meeting is an enormous contribution and hopefully a contribution to a larger trend.
Annex 1 Spate Areas and Crop Yields

This annex provides an overview of crops grown in spate irrigated areas, the spate-irrigated acreage for specific crops and crop specific yields. Several documents and reports were used to compile this data set in an attempt to provide as complete an overview as possible. Unfortunately for many countries there appears to be no or very limited data on the spate-irrigated surface area on which specific crops are grown, and likewise information on crop yields has been difficult to retrieve. Countries for which very limited information was found have been omitted from the annex. The annex does clearly illustrate the wide range of crops that can be grown with a spate irrigation system, and also clearly demonstrates that even though the yield for specific crops can vary a great deal; very significant yields can be attained using this system.

	Country
	Crops Grown under Spate Irrigation 
	Area Spate (ha)
	Experienced Yields

(kg/ha)
	Highest Possible Yields (kg/ha)

	Eritrea

Total Spate Area

16,000


	Sorghum

Maize

Pearl millet

Cotton

Sesame

Groundnut

Tomato

Pepper

Okra

Kerkede

Watermelon
	-

-

-

-

-

-

-

-

-

-

-
	800 - 3,800 (Sorghum)1 
500 – 2,000 (Maize)1
200 – 900 (Pearl millet)1 

200 – 1,000 (Cotton)1 

100 – 800 (Sesame)1
700 – 2,500 (Groundnut)1
500 – 2,000 (Tomato)1
900 – 4,000 (Pepper)1
500 – 1,500 (Okra)1 

-

1,000 – 3,500 (Watermelon)1
	6,000 (Sorghum)

-

-

-

-

-

-

-

-

-

-

	Ethiopia

Total Spate Area

140,000


	Sorghum

Maize

Millet

Cow pea

Horse beans
	-

-

-

-

-
	-

-

-

-

-
	-

-

-

-

-

	Iran

Total Spate Area 450,000 – 800,000


	Sorghum

Wheat

Barley

Maize 

Fetch

Cucumber 

Melon

Watermelon

Pumpkin 

Date Palms

Mungbeans

Peas 

Alfalfa

Sainfoin

Onions

Lentils
	-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
	2,000 – 6,500 (Sorghum)5

2,500 – 6,000 (Wheat)5

600 – 2,500 (Barley)5

-

-

-

-

10,000 – 13,000 (Watermelon)5

-

400 – 700 (Dates)5

800 – 1,100 (Mungbeans)5

-

5,000 (Berseem Clover)5

-

-

-
	-

12,000 (Wheat)5

-

-

-

-

-

-

-

-

-

-

6,000 (Berseem Clover)5

-

-

-

	Morocco

Total Spate Area

79,000
	Wheat

Barley

Maize
	-

-

-
	1,200 (Wheat)4

1,500 (Barley)4

900 (Maize)4
	1,500 (Wheat)4

-

-



	Pakistan

Total Spate Area 640,000 – 

1,280,000


	Sorghum

Sorghum fodder

Oilseeds

Pulses

Cotton

Castor

Mung bean

Moth bean 

Melon

Rapeseed

Guar

Mustard

Gram (Chickpea)

Sweet melon

Coriander

Radish

Cumin

Wheat

Barley

Gram

Bajra (millet???)

Jowar (Cherry)

Maize

Mash

Dates

Chickpea
	19,627 (Sorghum 1991-1992)2

-

-

26,011 (Pulses 1991-1992)2
-

-

-

-

-

10,400 (Rapeseed 1991-1992)2
25,053 (Guar 1991-1992)2

-

42,592 (Gram 1991-1992)2
-

-

-

-

87,574 (Wheat 1991-1992)2
-

7,082 (Millet 1991-1992)2
-

4,006 (Maize 1991-1992)2
-

-

188 (Dates 1991-1992)2
-
	360 – 550 (Sorghum)

15,000 – 48,000 (Sorghum Fodder)

150 - 350 (Oilseeds)

200 - 500 (Pulses) 

360 – 620 (Cotton)

395 – 988 (Castor)

270 – 550 (Mung bean)

-

-

-

760 (Guarseed)6

-

789 (Gram)

-

-

-

-

450 – 1,706 (Wheat)

905 (Barley)

-

564 (Bajra)

485 (Jowar)

-

480 (Mash)6

-

470 (Chickpea)6
	32,000 (Sorghum fodder – conventional Irrigation)

-

-

-

1,980 (Castor – conventional irrigation)

-

-

-

-

-

-

-

-

-

-

2,770 (Wheat – conventional irrigation)

-

-

-

-

-

-

-

	Sudan

Total Spate Area - 132,000
	Sorghum

Cotton

Castor

Sunflower

Hubiscus
	-

-

-

-

-
	-

-

-

-

-
	-

-

-

-

-

	Tunisia 

Total Spate Area - 30,000
	Barley

Wheat

Watermelon
	-

-

-
	-

-

-
	-

-

-

	Yemen, Rep. of

Total Spate Area - 117,000


	Sorghum (Grain)

Sorghum (Fodder)

Millet

Maize

Sesame

Melon

Cotton

Qaira (for grain)

Groundnuts

Bulrush millet

Lentils

Cowpeas

Beans

Pulse

Wheat

Olive

Almond
	2,454.5 (Sorghum Grain)3
4,201 (Sorghum Fodder)

-

30 (Maize)3
1,087 (Sesame)3
281 + 108 (Water and Sweet)3
2,771 (Cotton)3

-

876 (Groundnut)3

-

-

-

-

-

-

-

-
	600 - 3,500 (Sorghum) 

810 – 11,500 (Sorghum Fodder)

600 - 1,200 (Millet)

1,000 - 1,500 (Maize)

350 - 700 (Sesame)

5,000 - 14,100 (Melon)

350 – 8,500 (Cotton)
900 – 1,500 (Qaira)

1,200 (Groundnuts)

-

-

-

-

-

-

-

-
	-

-

-

-

-

-

-

2,250 (Qaira – conventional irrigation)
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Comprehensive Assessment

OECD DAC
� FAO Aquastat shows a substantial area under spate irrigation in Kazachstan and Mongolia. These areas are as yet unconfirmed.


� Elsewhere water productivity from groundwater irrigation has been calculated as six times higher than from surface irrigation.


� Courtesy Alexander Mueller, source data from World Bank Pink Sheets.





