Spate Irrigation Development: Lessons from  Eastern Lowlands Wadi Development Project

1.
Introduction

Spate irrigation is a type of water management, unique to arid regions bordering highlands. It is found in South Asia, the Middle East, North Africa and the Horn of Africa.. Floods originate from sporadic rainfall in macro-catchments, are diverted from ephemeral rivers and spread over agricultural land. After the land is inundated crops are sown, sometimes immediately, but often, as in the Eastern Lowlands, the moisture is stored in the soil profile and utilized later. The spate irrigation systems support farming systems, usually cereals and oilseeds, but also cotton and even vegetables. Besides providing irrigation, spates recharge shallow aquifers (especially in river bed), they fill (cattle) ponds and they are used to spread water for pasture in some places.

Whereas in other part of the world the area under spate irrigation more or less stagnates, in the Horn of Africa spate irrigation is expanding. In Eritrea spate irrigation development is expected to make a major contribution to national food security and is considered the main form of agricultural water reosurce development. Yields in spate irrigation in Eritrea are high, compared to spate irrigation systems elsewhere. In Sheeb sorghum yields are 3750 kg/ ha according to Ministry of Agriculture figures, which is more than three times higher than production figures in Yemen and Pakistan. Recent crop cutting put grain yield between 2200 to 8400 kg/ha. Spate irrigation hence provides the basis for medium-value farming systems.

This note aims to summarize lessons learned from ELWDP and place them in a larger perspective. It first gives a characterization of spate irrigation (section 2) and describes the global experience in improving it (section 3). It then discusses spate irrigation in Eritrea (section 4) and the technical performance of the two Sheeb systems modernized under ELWDP (section 5). Section 6 is a summary of  lessons learned.

2. Short characterization

Uncertainty is the overriding characteristic in spate irrigation.  The number and sequence of floods vary from one year to another. Good years alternate with bad years. A bad year may be caused by a drought or by the arrival of a very huge flood, taking out diversion structures and making it impossible to control water. If they reach the command area they can cause severe damage, destroying flood channels and creating deep gullies, that cause the depletion of soil moisture or simply make it impossible to command a sub-area.  

Even though unpredictability is common in spate irrigation, in Sheeb a number of factors have reduced the uncertainty in Sheeb. The frequency of flood is relatively high. A good year in Wadi Laba for instance is classified as a year with the number of floods upward of 20. A bad year has less than 15 floods. Since the system was constructed in 2002, there has been in fact a series of good years.

A crucial factor in reducing uncertainty is the extent to which floods are spread in spate system. Within the area that is served by spate irrigation some land has a high probability of irrigation, whereas for other areas the likelihood is far less. A third category of land only receives flood overflows.  The variability within a spate command area is very much a function of the local topography (lower lying land and upstream land having in general better opportunities), the system of water distribution rules (some rules favor equity, others do not) and the degree to which floodwater is controlled (whether water finds its own way or is directed).  It is also related to the overall water management strategy – whether to spread the water thinly over a large area or to concentrate it in a smaller area. In the first strategy the area with low probability of irrigation is extensive. In the second strategy risk and uncertainty are reduced
. As discussed in section 4.2 of this note, the areas under the spate systems in Sheeb are relatively compact: they are small in comparison to the water available. The strategy of concentrating the flow has three advantages:

· There are strong indications that in many spate system the water productivity from a second flood is higher than the first irrigation
. The second and third irrigation ‘lifts’ the moisture availability over the point where crops are stressed;

· Concentrating flow increasing the probability of land being irrigated and makes it less risky for farmers to prepare their land prior to irrigation, so as to increase the capacity to absorb water;

· On the social side: in a concentrated strategy the difference between haves and have-nots is smaller, and it will be easier to cooperate and distribute the water without conflicts.

A second important characteristic in the spate irrigation is that sedimentation is as important as water management.  Rivers in spate lift and deposit huge quantities of sediment. As a result there is constant change in bed levels, both in the river system and in the distribution network. This results in frequent changes and adjustments. The severity of sedimentation depends on the sediment load of the ephemeral flows. These sediment loads are related to the rainfall pattern and the geology, morphology and vegetation cover of the catchment. Despite the frequent changes, the mere existence of a functioning spate irrigation system will consolidate an ephemeral river system and prevent it from constant braiding.

Farmers often actively use the force of these sedimentation and scour processes. They may deepen the head reach of a flood channel in order to attract a larger flood that will further scour out the channel. In other cases farmers may block a flood channel to force the bed level to come up. This is happening in Sheeb too. Farmers also use the sediment in the spate water to accelerate the development of their land, as can be witnessed in the new land development in Sheeb Kateen parta. In principle it may only take three to four years to develop a soil profile that allows a first crop to grow. Over time the depth of soils will increase further. In his doctoral thesis on Sheeb, for instance, Mehretab Tesfai Hadera (2001) measured sedimentation rates of 5.2 to 31.6 mm per year under normal conditions.
 The annual deposits also contribute to the high fertility of the soils. The floodwater carries large quantities of decomposed organic material – not the least because of the animal droppings in the riverbeds. The rise in field levels, however, over time also requires adjustments in the spate systems to make sure there remains sufficient command. This is done by reallocating intakes and by building small bunds in the flood channels, whereas on the field the increase in levels is retarded by scraping soils to the side of the field onto the field bunds.  Some of the sediment is removed from the command area when the field bunds are broken and gullies develop. In Sheeb so far loss of command is reportedly limited to a small area in the Errem parta. The limited extent of the loss of command problem in Sheeb is related to the relatively large slope of the land and to the relatively recent nature of the system. Spate irrigation in Sheeb has a history of 70 years and in this period the command area has been gradually developed and extended upstream.

3. Improving spate irrigation systems: ELWDP and global experiences

Over the past three decades spate irrigation development has been supported under a range of national and international programs. The external support falls into three broad categories:

· ‘Modernization’ through civil engineering investments

· Improving traditional systems

· Making earth moving equipment available

‘Modernization’ through  civil engineering investments
ELWDP was the first project in this category in Eritrea. When it was started was meant to set the stage for more civil engineering investments of this nature. The Staff Appraisal Report left the door open for similar investments in other systems in the Eastern Lowlands.

In the last decades extensive civil engineering investments have been made in spate irrigation systems in Yemen and to a lesser degree in Pakistan. Typically traditional intakes are replaced by civil headworks, in a few cases equipped with a breaching bund to save on construction costs and to provide the means to handle very large floods. As in ELWDP, in many cases a single headwork replaced the different traditional intakes, requiring the redesign of the channel network.

In the Tihama plains in Yemen several large spate irrigation systems (5000 ha or more) were ‘modernized’ along these lines in the 1980s, i.e. Wadi Zabid, Wadi Rima and Wadi Mawr, using World Bank funding. Major investment in the Tihama continues to-date in Wadi Siham with EU financing
. Similarly, large civil works have been undertaken in the large spate systems in South Yemen (or People’s Democratic Republic of Yemen as it was called out the time) in the eighties with Soviet support. In Yemen since then the focus in new development has shifted to smaller systems in for instance Hadramawt, usually as part of larger rural infrastructure projects funded by World Bank or Arab Funds. Recently under the Irrigation Improvement Project (World Bank) two of the systems modernized earlier are being rehabilitated and brought under farmer management.  

In some cases (in Pakistan) investments have been made on flow division and regulation structures in ephemeral rivers, but the main attention has gone to diversion structures. Under a number of programs in Balochistan Province new spate headworks have been constructed. In the early days these investments were strongly inspired by perennial systems and were not able to cope with the heavy sedimentation process or violent peak floods. An evaluation of 47 relatively minor spate systems built between 1960-1990 established that only 16 were still operational. In other parts of Pakistan spate systems declined, because the land has been converted into perennially irrigated land, supplied from the Indus system and because the cross drainage system interfered with the hydrology of the ephemeral rivers.

The track record of the civil engineering investments is mixed with a few real success story. The main experience is:

(1) Investments in flow division and regulation in Pakistan  have performed reasonably well. Examples are the Gaj Nai in Sindh in Pakistan or the Mitaj)

(2) The same cannot be said for modern flow diversion structures on relatively large systems (1000 ha and up). Several of the spate projects developed under the Balochistan Community Irrigation Project, implemented from 1995-2002 suffered from operational or social problems. Similarly the Mithawan system developed with JICA funding in Punjab has failed because of inadequate sediment management arrangements. In the Tihama plains of Yemen the designs of the modernized systems became more sophisticated over time, but in many cases suffered from inadequate sediment handling. Moreover, serious social problems however persist in Yemen. These are related to the increased capacity of upstream landowners to control spate flows after the civil works investments. In the past the inherently weak nature of traditional diversion structures made such full control difficult. For instance, in violation of written rules the local elite in Wadi Mawr diverts water to another catchment. Similarly in Wadi Siham and Wadi Zabid powerful upstream farmers have created new diversions and deprived downstream water users. 

(3) In contrast small civil engineering works on smaller flood systems (less than 500 ha) have generally performed better. The investments have in these cases usually been straight forward (serving one bank at a time; no complication with distribution of water; selection of sites with attenuated flows). 

Support to traditional systems

Most spate-irrigated areas remain ‘traditional’. This is often simply because in many areas there is no feasible way for investments in civil headworks. The traditional structures are sometimes spectacular: earthen bunds spanning a river, or extensive spurs made of brushwood and stones, as in  Wadi Labka. Often the traditional systems by design are more appropriate interventions: they have fewer problems with handling peak floods and excessive sedimentation. Spurs and bunds are generally built in such a way that the main diversion structures in the river break when floods are too big.  The breaking of diversion structures also serves to maintain the floodwater entitlements of downstream land users. The capacity to divert water in traditional off-takes is however is less reliable. In the Eastern Lowlands a very prominent problem is that getting acacia brushwood is becoming increasingly difficult and time consuming. Recently the Governemnt of Eritrea has launched an imprssive campaign whereby the head reaches of the traditional diversion bunds are being replaced by gabions and bulldozered bunds with farmers providing the labour for filling the gabion crates. 

Two other examples of this approach is the Rehanzai Bund (Balochistan, Pakistan), where farmers constructed a very large new soil bund with external financial support on the offshoots of two ephemeral rivers in order to spread floodwater to more than 15 000 ha of land. In the same area the construction of gabion bed stabilizers was contemplated on the Korasan River. As the Korasan River was degrading, the inexpensive bed stabilizers were to reverse this development and raise the bed level of the river. This would allow farmers to built earthen bunds again in the deeply incised river, causing the bed level to rise further. By rising the bed level, natural depressions would start functioning as natural spillways again in case of very large floods. 

A fundamental difference with the ‘modernization’ approach is that in improving traditional sysrtems the emphasis has been on river engineering rather than on controlling the flood at a single point. Strategies used have been to split the flood in manageable proportions (Wadi Labka), to spread the flood over a large area and reduce its force (Rehanzai) or to reverse the degradation of  the bed level (Korasan).  The advantages of such programs have been that at reasonable cost they have improved reliability of the systems, reduced maintenance burden and kept local management intact. In Wadi Labka they have even salvaged the traditional spate irrigation system – that was dependent on a dwindling supply of acacia shrubs. 

In many cases however intense use has been made of gabion structures. The experience with gabions has not always been positive. In the Wadi Beihan Project in Yemen it was found that gabions were only marginally cheaper than the local reinforced structures, but the capacity to repair the gabions did not exist in the area and supply was difficult. In the end in the Wadi Beihan project  tradtional stone cones to direct the flood were preferred over the gabion diversions. In other countries the use of substandard wire crating has been problematic. In Eritrea so far these two problems do not exist, as the supply of gabions is managed through government programs.

Provision of earthmoving equipment

A closely related support strategy to the improvement of traditional structures has been the provision of earth moving equipment. In such programs bulldozers and front loaders are made available against rates that typically cover part of the running costs but none of the capital charges. Such earthmoving equipment was often made available in the first place from aid-in-kind programs. In Eritrea the Ministry of Agriculture has been supplying bulldozer services.

With ‘bulldozer’ programs farmers are given new means to build or restore diversion works – especially earth bunds – or do command area improvements – ranging from gully plugging to repairing canal bunds to making new flood channels. In countries where bulldozer programs are in place they tend to be uniformly popular and have developed into the lifeline for spate irrigation. The downside of the bulldozer programs is that traditional water distribution systems were sometimes upset, because upstream farmers were now able to build bigger bunds.  This happened in the Kacchi Plains in Balochistan. The challenge of the bulldozer programs is to come to a situation where the rental price covers all cost of running the bulldozers, but also to stimulate local entrepreneurs renting out earthmoving equipment. 

4.
Spate irrigation in Eritrea

In contrast to other countries spate irrigation is a relatively new phenomenon in Eritrea. The area presently under spate irrigation (assessed at 14 000 ha) is a fraction of the area that can be developed (estimated by various sources between 60 000 to 90 000 ha). As elsewhere in this region the area under spate irrigation is increasing, supported by various government and NGO-programs especially in the Eastern Lowlands, Gash Barka, Zoba Afabet and the Northern Region. 

At present there are approximately 12 areas along the Eastern Lowlands where spate irrigation has developed to a considerable degree. Sheeb and Wadi Labka – the two areas singled out in ELWDP – are among the largest of these areas. The traditional systems rely heavily on sand, stone and brushwood spurs and earthen guide bunds. The brushwood used is Acacia, with its characteristic fine needles solidly interlocking. This helps to trap other sediment and floating material. This protects and reinforces the rather loose and sandy guide bunds., as in Wadi Labka. The Sheeb systems so far are the only systems where civil engineering investments of considerable nature and size have been made. Another large new system, Naro, has been under preparation for several years. Naro is a virgin scheme; there is no history of spate development in the particular area. Earlier the Badaa system was developed in the Danakil depression, using mainly gabion headworks. These however were put out of service after a few years of operation. Apart from these larger investments, support to smaller systems has been given through various programs and recently substantial work is going on in campaign mode with the engagement of government-owned bulldozers.

In contrast to the Eastern Lowland the Western Lowlands of Gash Barka have no tradition of spate irrigation. The potential is large, also because the floods are not so violent and because spate irrigation can be supplemented by rainfall. In recent years, mainly the Ministry of Agriculture has developed a number of small flood diversion structures. The interest in developing the new spate systems in many cases has come from the policy of settling return refugees from Sudan and from improving food security. The newly developed diversion structures of Eritrea consist of soil bunds, ungated masonry/concrete weirs and gated weirs. Almost without exception they are built on relatively minor tributaries. This has simplified the issue of settling access to land and water. Investment costs are modest compared to the work on Wadi Laba and Mai Ule and are in the range of  USD120-480/ha. Command area development in the Western Lowlands differs substantially from that in the Eastern Lowlands. In the Eastern Lowlands all fields are bunded, allowing water to be temporarily pounded before it is released to the next field under the prevailing field-to-field system. In the Western Lowlands water distribution over the command area is far less sophisticated. With the help of guide bunds water is spread over the command area. In the absence of field bunds water is not retained in field. As a consequence, less water is conserved in the soil profile and soils do not build up rapidly, as they do in the Eastern Lowlands. The high yields of the Eastern Lowlands are not attained in the Western Lowlands, though they are still considerably higher than on the rain fed land. Whereas on rainfed land the average sorghum yield is 450 kg/ha, in the spate systems crop cuttings by the Ministry of Agriculture indicate yields of 1200-2100 kg/ha. This maybe compared to yields of 3000-4000 kg/ha in the Eastern Lowlands, Ratooning is not common in the Western Lowlands. Short maturing (60-70 days) varieties of red sorghum are most popular, as these are least susceptible to moisture stress. At present 1750 ha of land is served by flood diversion in the Western Lowlands, but the potential area is estimated to be much higher, as much as 50 000 ha. (Mehari and Tesfai 2003). Moreover, over time there is scope to improve field level water management and attain much higher yields in Gash Barka. 

5.
Spate irrigation improvement in Sheeb

As described in section 3 the approach to improving spate irrigation in Sheeb centred on a package of civil engineering investments. This section describes these investments – in particular the development of the headworks consisting of off-take gates, weir, breaching bund, scour sluice and sedimentation pond – and assesses their performance. This is done against the background of the traditional system of spate diversion, which is described first.

5.1
The traditional system

Prior to ELWDP, water in Sheeb was diverted by brushwood spurs. The main diversion structure was located downstream of the gorge. Known as the jelwet  it was made of stones and brushwood. Downstream of the jelwet there were separate intakes for parts of the command area, capturing the floods that were not intercepted upstream. In the course of a normal flood season the diversion structures had to be rebuilt 5 to 6 times, with substantial effort. One estimate is that annually 28 000 acacia trees were required. According to farmers it had become difficult to haul these trees over increasingly large distances. 

Behind the effort to maintain the system there was an articulate indigenous organization.  The farmers in Wadi Laba and Mai Ule were organized into groups and sub-groups, known as parta and teshkil respectively. A sub-group (teshkil) normally consists of 20 to 40 farmers. The teshkil leader organized the water distribution and maintenance works within his area and is the go-between between the individual farmers in his sub-group and the group leader, ternafi. The teshkil also mobilized and supervised a team of farmers to work on main structures; oversaw the water distribution; reports conflicts; and conveyed requests from individual farmers to the ternafi.

Most of the larger groups (partas) had more than one leader, but one is usually a primus inter pares. This ternafi is expected to assess labour requirements for common works and convey information and instructions from the administration to the sub-group leaders. The ternafi investigated reasons when a farmer has not contributed labour and decides on possible repercussions. He also transferred requests to the local administration and organized the distribution of agri-inputs on behalf of the government. The group leaders together form a committee. The remit of the committee is among other things planning the design and location of diversion structures, allocating and distributing water between the main groups, and deciding on the planting season. 

The main system of water distribution in Sheeb is field-to-field. There are only a limited number of field channels. Under the field-to-field system water is impounded in one field before it is guided to the next one by breaking one of the field bunds. The existing rules in Sheeb give priority to land that was not served earlier and where possible to irrigated downstream land first. In practice this means that early in the flood season larger floods are directed to the tails of the partas. This practice is called bajur. Smaller floods unable to reach that far generally end up in the head reaches.  In a good year a field may receive 3-5 pre-planting irrigations. The critical factor is the availability of draught animals to do the ploughing and mulching. It has been estimated that having recourse to oxen of one’s own could increase crop yields by 30 to 50%, because one can plough and mulch more frequently. 

The irrigation season by and large ends in September. Once the crops come up, farmers are hesitant to put floodwater on the land, as it would damage the young plants. Similarly later in the season when the crop stands are higher there is the fear that additional irrigation would invite pests and prolong the growing season. Floods that come post-September may be diverted to other areas.

The major crop in Sheeb is sorghum. When floods are late or erratic, maize and pearl millet are grown. The most popular sorghum variety used to be  hijeri, which has a good taste,, but is increasingly vulnerable to pests and diseases. In recent years the Tetron variety introduced from Sudan has gained popularity and in the last years became the dominant variety. Because of its fine grain size and white colour, which makes it suitable for preparing injera, it fetches a high price. A third common sorghum variety is durra. Durra is mainly grown for fodder on areas that have received insufficient irrigation. Under ELWDP two new sorghum varieties are being  introduced, called Sheeb and Laba. They were launched after extensive field trials and screening tests. An assessment, undertaken in 2005, showed that the new varieties did particulary well in terms of resistance to pests and in overall yield. Minus points were the greyish-red colour and  the lower germination rate. 

Minor crops in Sheeb are sesame, groundnut, pumpkins, vegetables (tomato, okra, beans) and hibiscus. Pumpkin in particular has been very successful and has been sold to Asmara and Massawa too. Cotton was introduced in 2003 by the Ministry of Agriculture under a buy-back guarantee. Fertilizer is usually not used on any of the crops, as the sediment brought with the floodwater is believed to take care of most nutrient requirements. Very recent preliminary research trials however suggest that organic and chemical fertilizer may more useful than previously thought. 

At harvest time a large part of the harvest is encashed by local shopkeepers to settle debts accumulated by farmers throughout the season or even the year before. As a result many farmers do not sell their crops when prices are high. There is no tradition of local storage of excess crops. Any such excess is usually deposited with traders. Post harvest sorghum losses are estimated at 8%, granary weevils and grain moth being the major pests.  

As in other spate systems there is a strong linkage between agriculture and livestock keeping. In the local perception a rich person has both irrigated land and livestock of his own. Apart from the oxen, the most common livestock are camels and goats. From October to the end of May, the livestock is kept tethered and is fed with cut grass from the fields. This ‘zero grazing system’ is locally known as Zeriba is meant to keep the livestock from trampling and/or grazing on young growing plants and to economize the scarce animal feed. In the summer months (June-October) livestock is moved to the highlands, as the area around Sheeb turns into a semi-desert, with no grazing opportunities. 

5.2 Improvements under ELWDP

The main route taken to spate irrigation improvement in Sheeb under ELWDP has been that of civil engineering improvements.  The engineering concept for ELWFP was first given in the SAR. The work identified in this document was a permanent weir, a breaching bund, a head regulator and a sediment sluice. For cost reasons the headworks should be designed to pass a flood with a 5-year return period. Apart from the developing the headworks, command area improvements are identified. These consisted of improvements to the traditional off-take channels (which need to be connected to the new headworks) and the provision of permanent cross regulators and off-take structures. 

The designs were prepared under an international consultancy from 1996-1998. Detailed topographical surveys were made of the wadi head area. Longitudinal and cross-sectional surveys were made of the canal reaches of Wadi Laba. In addition aerial photos were taken in February 1997. Hydrological studies were made, though seriously constrained by the lack of data. As part of these studies a stochastic model of the regional daily rainfall climate was made. Rainfall data from Massawa had to be used, in the absence of data from Sheeb itself. The model was used to assess spate incidence in the wadi catchments. This was then used to generate random peak flow values for the spates. On the basis of peak flows and the available knowledge on spate recession characteristics, hydrographs for discrete spate events were generated. These were then accumulated in flow/volume curves, which indicate the proportion of the total season or year’s volume, which arrives in flows under a given value. This was then matched with annual crop water requirements, based on the FAO CropWat program. To arrive at an estimate of the actual volume of water required to be diverted to fulfil the crop water requirements, provisions were made to compensate for assumed gate operation/diversion efficiencies (80%) and canal and field irrigation efficiencies (25%).  On the basis of this analysis the diversion capacity for the main gates at Wadi Laba was set at 35 m3/s. This would divert 87% of the flow in a median year (according to flood/volume graphs) and would make it possible to irrigate an area of 2890 ha. The design of the off-take structures, the sedimentation pond and the command area canals are all based on this figure. 

Given the absence of data, a proxy methodology had to be used, but there are a number of observations:

· The methodology by necessity contained several shortcuts. One of these was the use of data from coastal Massawa, which has a different rainfall pattern. Another shortcut concerned the generalized assumptions on diversion and irrigation efficiencies. Similarly the CROPWAT program gave a generic figure for crop water requirements, not taking into account the specific characteristics of local wide-rooted varieties such as hijeri. An assessment of the impact of variations on these parameters on required diversion capacity would have been appropriate. 

· The flood/volume graph predicted the total volume of water that arrives in flows under a given size.
 The graphs did not take specific notice of the sequencing of floods, as many small floods may mean that little water is reaching tail areas. Nor did the method take into account the probability of a year deviating from a median year. By simply using a median year and not taking into account the standard deviation,  the size of the gates is set at too conservative a level, using the method chosen.. 

· In interviews farmers almost without exception made the point that the capacity of the off-take structure is related to the likelihood of the breaching bund breaking. This consideration does not seem reflected in the determination of diversion capacity. On the face of it this is related to the fact that the negative impact of the breaching of the bund (loss of irrigation supplies, rebuilding effort and downstream damage due to flood releases) is not taken into account in the design considerations. An alternative approach could have been to look at the very high flood levels and design the intake of the systems in such a way that such devastative floods would be excluded. 

· In general given the absence of data and the variation in floods a much bigger risk margin could have been considered in the design of the system and in particular in setting the size of the gates.

The final designs for the Wadi Laba, Mai Ule and Wadi Labka headworks include a sedimentation pond (or gravel trap) in addition to the off-take gates, scour sluice, weir, breaching bund and link channels, foreseen in the SAR. The sedimentation ponds were added to the design to cope with the large sediment loads of the flood flows. The idea was to trap the coarse sediments at a single point rather than having to clean out long lengths of channel. In principle the scour sluices would take care of the removal of the coarse bed load, but the experience in Yemen was that farmers blocked the scour sluices on most modern structures, to avoid water escaping from the system. To prevent accelerated sedimentation of the channel network sedimentation ponds were therefore added to the design. 

Another addition was the 600 meter long culvert in Wadi Laba to route water from the right bank to the left bank command area (Sheeb Kateen). The original concept was to have a separate off-take gate on the right bank. This idea was abandoned because changing bed levels upstream of the headworks moght make it difficult to divide the water properly between the two banks
. Finally, in Mai Ule a new flood diversion channel was included to route large floods away from the command area.

The sedimentation ponds and culvert did not feature in the preliminary designs of the SAR and thus increased the cost. Financial estimates further escalated because of the larger safety margin for the head regulators (stronger armouring of the structures) and the change from the originally envisaged force account implementation to international competitive bidding, which required the inclusion of contractor overheads. As the civil works costs had increased significantly, tripartite discussions were held with MOA, engineering consultants and World Bank. Savings identified in these discussions concerned mainly the downstream works where concrete structures substituted the gabion works. When the Wadi Laba and Mai Ule works were finally tendered, the costs for the headworks were USD 3.53 M and USD 2.06 M respectively. This works out to be USD 1420/ ha and USD 2420/ha respectively
.  This may be benchmarked with other recent engineering investments in spate irrigation. Engineer’s estimates for spate irrigation systems prepared in 1996-2001 in Balochistan (Pakistan) are USD 646/ha (Nal Dat), USD 1346/ha (Marufzai) and USD1478/ ha (Barag). The cost for Barquqa in Yemen is USD 1507/ ha originally (but increased substantially subsequently to over USD 9000/ha). The Wadi Laba costs are then in the same league.  Mai Ule, however, is relatively more expensive.  Moreover, because the catchment of Mai Ule is considerably smaller and entirely located in the lowland zone, the reliability of irrigation in Mai Ule is less. The economic feasibility of Mai Ule is therefore more problematic. The estimate for all works at Wadi Labka was USD 8.50 M or USD 3517/ha. This was beyond the budget of the project and the work at Wadi Labka in the end was dropped. The proposed works at Wadi Labka were moreover complicated because of the difficulty of supplying the left bank. 

5.3 Performance

The headworks and the link canals were constructed between 2000 and 2002. In this section a brief assessment is made of the performance of the system in the first (unusual) year and the subsequent years and brief outlook on its future sustainability is given.

Several delegations of farmers requested that the designs be adjusted at this stage – in particular increasing the size of the off-take gates. 

There was discussion and fact-finding with farmers during the design stage, but the traditional farmer organization was not systematically involved nor prepared for a future role in operation and maintenance. Given the strength of the traditional organization of ternafi and teshkils it appears this was a missed opportunity.

 No attempt was made to reach mutual agreement whilst designs were being prepared. During the construction stage modifications were not considered either, partly because major redesign – such as a larger off take capacity - at this point would have been difficult to accommodate and partly because communication and mutual understanding remained inadequate. Farmer involvement however improved towards the latter part of the project under the irrigation management transfer and CAD subcomponents.

First year of performance

Soon after completion the Wadi Laba and Mai Ule modernized systems were put to a severe test. On 30 August 2002 an unusually high flood arrived after heavy rainfall both in the catchment of Wadi Laba and Mai Ule. Particularly in Mai Ule this flood was assessed as being larger than any witnessed in living memory
. The damage caused by these large floods was considerable. Most damage was to the canal and flood embankments, the link canals and the spurs in the river. The Mensheeb link canal was largely destroyed. The Errem and Mensheeb cross regulators were severely damaged. The lower part of the Mai Ule diversion canal was also washed away. The ‘hard’ structures on the other hand suffered relatively little damage. The total bill for emergency repairs was USD 507 000. 

An assessment fielded soon after the flood event, attributed the damage not only to the extreme flood but also to a number of other factors:

· The delayed breaching of the breaching bunds in both Wadi Laba and Mai Ule. Instead of breaking on the rising floods the bunds only gave way at the receding limb of the flood by which time the Mai Ule headworks had started to overtop and the Wadi Laba headworks nearly overtopped.  The assessment notes that “the specifications of the breaching bund were inconsistent with the breaching requirements and the time for the breach to occur”.  The compaction of the bunds was too strong and comparable to the compaction of flood embankments (which are not supposed to breach).  

· The off-take gates being open throughout the floods and the scour sluice being closed at the same time – releasing large part of the flood flow through the channel network. Gate closing was further complicated because of the operational difficulty of closing the gates in time and the fact that the operators left the area in fear of their lives. 

· Insufficient compaction of the silty material near the regulators causing piping

· The gravel trap already being filled with sediment prior to the flood events, so that no sediment carried by the floodwater could be trapped. The gravel trap was filled with sediment because regular cleaning is a difficult task. 

· The limited capacity of the diversion canal in Mai Ule particularly in the lower reach, making it impossible to divert the full flood flow.  

The damage caused by the August flood had a considerable impact on the confidence of farmers in the appropriateness of the new system. The main complaint is that with the breaching bund floodwater builds up and upon its breaking the water is suddenly released, doing considerable damage downstream. Farmers also make a connection between the breaking of the bund to the overall small size of the gates – which does not allow the floods to be channelled to the system in time. The observation in section 5.1 suggest that these points are valid. Farmers compared this with the traditional system where big floods are spread evenly over the wadi. Even though such big floods break the agims and cause erosion in the command area, part of the water still utilized. In other words the new systems performed worse in capturing part of the big floods. 

Subsequent years

After the  exceptional August 2002 flood a successful accelerated effort was made to restore the flood damage and ensure that the opportunities for spate irrigation in 2003/04 would not be lost too. The 2003/04 year was, particularly in Wadi Laba, a ‘good’ year with 28 floods up to the end of the flood season and 13 more in September-December. Similarly 2004 and 2005 were good years in Wadi Laba with 15 floods in 2004 (mainly medium and large floods) and 39 floods in 2005. In all these three years the area under cultivation has been slightly above 80% of the total area in Wadi Laba. In Mai Ule it was considerably less (20-30%) in 2003 and 2004, but coverage in 2005 also touched 80%.

The 2003-5 seasons make it possible to review the operation of the system under normal conditions. One major issue has been that the breaching bunds have been breaking far more frequently than the once in five years that was anticipated. The breaching bund in Wadi Laba broke once in 2004 and once in 2005. The Mai Ule bund failed 2-3 times every year, in this case effectively loosing half of the medium and large floods in Mai Ule. In two cases the breaching was related to gatekeepers not opening the gates, in other cases the flood was high, but not extreme. In  Mai Ule the frequent breaching seems related to the angle and narrow section at which the water approaches the bund. In both Mai Ule and Wadi Laba it has not been possible to restore the breaching bund from the upstream section, because the soil was saturated and could not sustain bulldozer operations. Instead the bunds were constructed from the downstream part of the river bed where the material is more coarse.

The cleaning of the gravel trap also presents a problem.  The trap fills after a limited number of floods and that with fine sediment, not by gravel
. The idea was that the pond would be continually cleaned out with the bulldozer, but the bulldozer had difficulty accessing the gravel trap and working in the saturated fine sediment. In the course of the project the gravel trap was cleaned three times only with the use of excavator and bulldozer at high costs (nearly USD 40,000 each time). One can ask questions as to the added value of the gravel trap. Most of the sediment trapped consisted of relatively fine material rather than the coarse gravel that the pond was supposed to intercept. This fine material, that is intercepted, is appreciated by farmers to build up land, manipulate channel sedimentation and add fertility and they do not like to see it lost. The design of the gravel trap is also such that when small floods would come just after cleaning the gravel trap that these smaller floods  ‘fall’ inside the gravel trap and are not released from them. It is questionable whether the gravel trap serves any useful function under these circumstances.

The Sheeb Kateen culvert has also not functioned as envisaged. Very little water has passed through the culvert. One of the two barrels of the culvert is solidly blocked. There are a number of explanations for the performance of the culvert. The first is that at the outlet of the culvert there insufficient head, causing the silt to accumlate upwards. Next smaller floods carrying considerable sediment loads cannot pass through the culvert, which is designed to be flushed by medium and larger floods. Once silt starts to accumulate, the sedimentation of the culvert may block smaller floods that cannot lift the sediment deposited by the previous flood. Another factor is that the culvert opening is at a straight angle to the flow in the gravel trap. Even though the opening of culvert is 8/27 of the downstream overflow to the left bank area, it may not get this proportion of flood water, particularly if the silted up gravel trap starts functioning as a channel.  

Farmers have compensated some of these shortcomings by adjustments to the system, initiated by the SFA and the local administration. A hybrid modern-traditional system in fact developed. The adjustments mainly concerned the capture of run-away water (from breaching of the bunds; overtopping of the weir crest or releases through the scour sluice). Three of the main modifications are: 

· The Agim Tzegai immediately downstream of the Wadi Laba headworks, diverting water from the scour sluice to Sheeb Katin area – compensating for the limited effectiveness of the Sheeb Katin culvert. The Sheeb Katin farmers have also requested and been allowed to use  water from the scour sluice at medium floods. 

· The agim at Tsewra that diverts floods from Wadi Laba into the IdeAbay command area. This is an old agim, that in the original design would have become redundant by the Wadi Laba headworks and the Mensheeb link canal, but continues to be used and has been reinforced.

· The new intake downstream of Mai Ule headworks, where water is diverted through a cut in the embankment works, whereas a bund has been constructed across the main river.

These adjustments have helped to avoid water getting lost from the Sheeb area. However, particularly the new Mai Ule intake and the Tsewra agim can bring substantial erosion to their command areas, because they can direct large and potentially devastating floods to these areas as well. The design of these modifications may be relooked for options that reduces unnecessary risk. 

Sustainability 

The main question with respect to the sustainability of the Sheeb systems is the capacity of the Sheeb Farmers Association to maintain the diversion structures. The Sheeb Farmers Association was established in January 2004. The first transfer agreement was signed on 28 February 2004. Its constitution was ratified in November 2004.  The Sheeb Farmers Association is the first of its kind in Eritrea. It is officially recognized by the Ministry of Agriculture and the Zoba Administration. 

The structure of the SFA is modelled on the traditional leadership in the spate system. As discussed prior to the SFA work on the spate system in each of the seven sub command areas (partas) was coordinated by local leaders, i.e. ternafis (2-3 for each parta).  The work was organized through teshkils consisting of approximately 20 farmers each.  To this traditional structure the SFA added a superstructure, i.e. an Executive Committee that has taken charge of the management of the entire Sheeb Spate System, both in Wadi Laba and Mai Ule. The Executive Committee is answerable to the General Meeting of all members, which convenes once a year.  The Executive Committee consists of seven members, i.e. Chairperson, Secretary, Treasurer and four members . The four members look after the irrigation works. 

As in the pre-project situation, the SFA works through 22 ternafis, three for each of the seven main partas and one for the small parta of Kirfotat.

The main objective of the SFA is to ensure the efficient operation and maintenance of the irrigation system, so that the members can make full use of the spate irrigation development. Secondary objectives are that members pay the annual fees for the system objectives, to properly manage the funds of the Association, liase with government, mediate in disputes between members and ensure adequate communication.

Given the fact that it has been existence for only two years, progress of the SFA is very considerable. Some points:

· It is now raising annual fees (Nfk 500/ha) up to the full level of maintenance requirements of the ELWDP works

· In addition it is coordinating maintenance and repairs on other (traditional) structures. The monetary value of these works are of a similar order of magnitude, as the ELWDP maintenance works

· It has coordinated adjustments to the Wadi Laba and Mai Ule spate system, that accommodate the new situation that has arisen with the new infrastructure. In particular it has settled changes in water distribution between the various subcommands (partas) 
· The SFA encourages richer farmers to support poor farmers by having them use the bullocks to prepare land 

· In general, the SFA and its decisions are well-known throughout the area

6.    Conclusions


There are a number of lessons from ELWDP.

First is that even in a well-established spate irrigation area like Sheeb investments are worthwhile, because the traditional ways of diverting flood water come under stress, as it becomes more difficult to obtain the acacia shrubs, that are used for diversion and protection structures. Moreover, the spate systems support  highly productive farming systems and make a significant contribution to national food security. With proper land management average sorghum yields in a good year reach 3750 kg/ha to which the returns from stalks and stover should be added.

Second, the ‘modernization’ approach as was practiced in ELWDP was at best moderately successful . The main issues were the very frequent breaching of the breaching bunds in Wadi Laba and Mai Ule; the rapid filling of the gravel trap with fine sediment and the impracticality of cleaning it; the difficulty of the culvert to deal with below full supply level floods and the exposure of the newly constructed link canal.  The Sheeb Farmers Association responded to the new situation by constructing several traditional structures. While these served to capture all flood water and achieve high irrigation coverage, they also entail a large risk of damage to the command area.  The experience from ELWDP is not that engineered headworks are not useful. Even in Sheeb a number of modifications would still improve their functionality. In this civil engineering approach a larger safety margin to accommodate for the many unknowns in the basic data is required to make the systems work as well as better understanding and agreement on farmers preferences with respect to sedimentation, damage and use of high floods.

A third lesson is that it is useful in the future to keep a wide set of options open in spate irrigation development and that in many cases other cases other approaches than modernization, as used in ELWDP, will be superior. In particularly one should consider:

· improving traditional structures, for instance by reinforcing traditional diversion bunds and intakes with gabion sections; creating permanent anchor and division points; creating flood splitting or flood spreading  structures; using river bed stabilizers and other ‘river engineering’ interventions

· making sure heavy equipment is available for work on diversion structures, soil bunds and improvements inside the command area;

· work on civil headworks on small spate systems.

A fourth lesson particularly relates to newly developed spate systems. The very good productivity in Sheeb is explained by the relatively small size of the command area, allowing field to be irrigated more than once. As was discussed this greatly increases water productivity and improves the level of cooperation between the water users. Command areas in new systems not bover-expand.

Fifth, high productivity relates to repeated flooding of the fields but equally to capacity to conserve soil moisture though timely ploughing and mulching. A lesson from ELWDP is that high yields are not just a function of the capacity to divert water, but are equally if not more related to the capacity to retain soil moisture. Familiarity with land preparation techniques (not available everywhere in Eritrea) and the availability of draft animals and tractors is essential to reach the high yields that are possible in Sheeb.

Sixth, ELWDP provides important and positive learning with respect to the role of the Sheeb Farmers Association and farmers participation in general. This described in more detail in a separate annex, but can be summarized as follows. The first point is that it is good practice to engage in a systematic and representative way an Association from Farmers from an early stage. An early cooperation and partnership will improve the quality of the design concepts as well as the acceptability of the project. In discussing designs it is important to realize the limitations to discussion when entirely new ideas are introduced as was the case in ELWDP
. This requires a good understanding on the part of the designers as to what are farmers priorities and experiences with respect to flood capture, sedimentation management and assessing the risk of gully-ing. It also requires that not everything is designed at once and on the drawing table only. One has to avoid that outside engineers norms substitute farmers priorities. The command area works demonstrate how the cooperation  between the SFA and ELWDP should work: allowing sufficient time for adjustment and settling of water rights related issues. A second point is to build the Farmers Association on traditional leadership, particularly where as in Sheeb a sophisticated and equitable local organization is in place. The representatives of the local administration  should also have a function in the Association, preferably supportive and advisory. A strong feature of the SFA is that membership is compulsory to all farmers of the area: the nature of cooperation in managing and maintaining the spate system is not voluntary). To make the Association work requires time and should be  be supported by capacity building in both operational (overall system concepts, operation of gates, heavy equipment, gabion works) and managerial aspects (estimating costs, revenue collection, store keeping, record keeping, organizing meeting). Similarly the early introduction of a simple and transparent method of fee collection, as the receipt system in the SFA, is very useful. In other words, developing the capacity of farmers to manage the system required a dedicated effort and sufficient time to develop acceptance and go through a learning curve.






































































� Preference for the spreading or concentrating strategy relates to local hydrology – where the number of floods is limited, the spreading strategy is common, Where there is a succession of large number of floods, the second strategy is more common.


� This is under investigation under MSc research by Mehretab Johannes in Sheeb. A similar observation was made by ElKud Research Institute in Abyan, Yemen.


� A near century of spate irrigation has increased soil depth by at least 3 metres in Sheeb. This can be seen from the deep profile in Emdena, one of the areas first settled.


� The Wadi Siham works suffered seriously from inadequate design: the traditional flood channels were dissected by a new canal from the civil headworks, that had a far lower capacity. There was substantial damage to the culvert and flood protection, as the effects of scour and sheer were underestimated.


� From the December 1998 Design Report it is not clear whether the volume for the flood season or for the entire year were taken. In the latter case there is a likely overestimation of water effectively diverted, because floods arriving after September are not always utilized, because the crop is already on the field.


� In retrospect this issue could have been resolved by farmers constructed minor traditional division strucutures upstream of the weir. 


� The costs are USD 1650/ha for Wadi Laba and USD 3094/ha for Mai Ule, if costs of design and supervision are added


� In Wadi Laba the flood is perceived by farmers as larger than any other floods in the last five years, but not exceptionally large. In Mai Ule the flood was perceived as 


� Originally the sedimentation pond was designed on the assumption that the scour sluice would not be effective in sediment control. The development of new traditional downstream off-takes (at Sheeb Kateen and Ide Abay) however ensures that there is a vested interest not to close the scour sluice. Most of the coarse bed load may be removed through the sluice rather than trapped in the pond.





� The fact that Mai Ule and Wadi Laba are in place makes it easier to discuss similar such projects in other areas, as farmer can now be taken there.





