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Abstract

This paper reports the outcome of the documentation activity undertaken in the spate irrigated regions of DG Khan District, Pakistan. In this fragile part of Pakistan, where poverty is widespread and the local government agencies are incapable of adequately providing basic services, spate irrigation systems have been the only major production systems providing a lifeline for the rural poor, albeit at a very basic subsistence level. The DG Khan Provincial Irrigation Department, in realization of the potential of spate irrigation system for improving rural livelihood, has recently initiated three major spate irrigation development projects on Sanghar, Vehova and Kaura spate rivers, at a cost of about US$ 27 million. This massive government intervention believed to be the biggest one-time investment of its kind in the region and even in the country as a whole, has been welcomed by the local farmers. However, the design and implementation approaches of the projects have created some doubt among the farmers as to whether or not the projects will be successful in enhancing their crop yields and income and eventually release them from the poverty trap. The approach of the projects seems heavily inclined towards cost minimization, particularly pertaining to protection of the infrastructure from damages; improving the reliability and amount of water supply seems to have taken the back seat and seemingly set aside as secondary goals. The participation of the farmers appears to have been very minimal, if not absent altogether. For instance, the farmers had not any input in the selection of the site for construction of the diversion weir.

This paper discusses in detail the feasibility, design and implementation phases of the spate irrigation projects highlighting the diverging understanding and views of DG Khan farmers and engineers. To start, however, general introduction to spate irrigation and an overview of the main features of DG Khan spate irrigation systems is presented.
Spate irrigation system – a brief profile
Spate irrigation is a unique method of irrigation where wadis (ephemeral rivers/streams) originating from mountain catchments, discharge their flow into plain areas in the form of flash floods. The flood water is unpredictable, erratic and of short duration, lasting a few hours to a few days. Under traditional irrigation practices applied by farmers, earthen structures are built across the whole width of the river at a suitable location to control and check and then divert water on both sides of river to the upstream fields. Upon sufficient water spreading in the upstream fields, the structure is deliberately breached in order to pass water to downstream areas (Figures 1a and 1b). 
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Figure 1a. Earthen controlling structure – situation before the spate flood
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Figure 1b. Earthen control structure has been purposely breached after feeding the side fields – Jhok Bodo, DG Khan District, Pakistan.
Spate flows are large with discharge usually exceeding 25 m3/s, thus not all water can be diverted and utilized and drainage continues while irrigation is applied at certain locations – basically both phenomena, irrigation and drainage, continue at the same time. Local farmers have learnt through centuries of experience that something is better than nothing and full control of flash flood water is neither possible nor feasible. Hence, excess, difficult to control and destructive flood water was allowed to pass through either to the most downstream area or even back to the wadi. Once the flood season is over then earthen structures are again made across the river and this is repeated every year and season. Upon receding of the water from the fields, crops are sown and no further irrigation is applied other than rare rainfall. This form of agriculture varies from subsistence to commercial crops, consisting of mixed cropping, including vegetables (Figure 2), and since it is pesticide and chemical fertilizer free, it is also environmentally friendly.
[image: image3.jpg]



Figure 2. Typical spate Agriculture fields with mixed crops sown at various stages – DG Khan District, Pakistan
Spate flows, at other than normal cultivation timings, are purposely diverted to rangelands and common property in order to get optimal benefits in the form of pasture, timber and fuel production (Figure 3). Local farmers and nomad groups equally enjoy grazing livestock, collection of fuel wood, medicinal plants, mushrooms, honey and other similar products from these common lands. In years of good spate flows local communities also use the fuel wood in brick kilns.
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Figure 3.  A wetland and common land flooded through spate flow for common pasture – Pakistan
The short duration, unreliable, unpredictable and destructive nature of the flood water makes management of traditional spate irrigation systems labour intensive – demanding strong management by local organizations for effective resource mobilization. Each spate system has its indigenous water user associations. The rules and regulation of water rights have been developed and legitimized by local farmers and well documented in government cadastral records since the first land settlement in the region in 1872.
Spate irrigation systems in DG Khan District
In DG Khan District, poverty is common and access to other basic services is meager as compared to other districts in the province and Pakistan as a whole. The district ranks among the lowest in development indicators in the province and the country. Communities rely almost solely on spate irrigated staple crops such as sorghum, chick peas, pulses, wheat, barley, melon and vegetables for their livelihood.
Local communities in DG Khan District have practiced spate irrigation since time immemorial with no formal institutional support. The district has a significant area under spate agriculture – more than 200 small to large spate irrigation systems prevail here. The land area coverage of the systems ranges from 20 to 30,000 ha depending on the discharge, available command area and water rights. Some of the spate rivers discharge more than 100,000 cusecs during a single flood. One such big spate river is shown in Figure 4.
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Figure 4. Vehova Spate River, DG Khan District, Pakistan.

According to local farmers, the spate irrigation systems have the following main features:

· Sometimes spate flow is abundant and thus uncontrollable through conventional methods.

· Sometimes spate flow might not occur at its usual time or according to its familiar routine before the farmers have built the controlling structures or prepared fields.

· At other times spate flow is nominal and does not appeal to farmers as worth heavy investment.

· Government-provided earthmoving machinery is not available at peak times when needed to build and repair earthen structure and fields.
· During periods of ccontinuous drought (especially in small streams) people move to other areas and are not able to return if a flash flood occurs. 

The entire water management is done through local water user associations, owners and tenants taking part in construction work to control and divert water. The irrigation departments used to construct some structures on a smaller scale to cater for the needs of spate irrigation areas, but no significant project has been envisaged in the past. On the other hand the Irrigation Department and other government ministries are well aware that uncontrolled and heavy floods cause damage to property and infrastructure estimated in billion of rupees.

The indigenous water user associations have existed for centuries and have some of the oldest water rights that can be traced back to the British administration in 1872. The provincial Revenue Department has complete records of these rights in cadastral records which are available at the local level.
In DG Khan District, the two main stakeholders, government engineers and local farmers, hold differing views of the spate irrigation system. Government officials consider spate flash floods as potentially very damaging to costly infrastructure and therefore wish to avoid them at all costs, desiring instead that the flow passes safely into main river body (Indus River) even if it means the fields will not be irrigated. In theory, this approach may seem ideal as it could potentially save the government billions of rupees by preventing infrastructure damage, whereas in reality it means the loss of billion of rupees for both the government and the farmers as this precious and free resource is wasted. Contrary to the opinion of government ministries, local farmers firmly believe that flash floods should be considered as an opportunity that should not be squandered. Certainly the floods must be controlled – fully in the case of small spate rivers and or partially in the case of large spate rivers – and then diverted and distributed. Under this approach emphasis is given to partial diversion instead of full control in order to provide certainty and avoid the risk of losing all the water, while minimizing frequent siltation.
Another difference of opinion between the local farmers and the government engineers is that local farmers prefer earthen structures for diverting and distributing flood water as these are relatively easy to make and are economical, while the engineers favor solid, more permanent structures because of their durability and minimal risk of loss of investment. The farmers point out sedimentation in particular as a major problem associated with solid structures – they seem happy to consider utilization of solid structures if a flexible gate system is incorporated in the design . This might be a good alternative and could perhaps work well in small irrigation systems, while being beyond the affordability of the government in large irrigation systems because of costly design.
Spate Irrigation Projects in DG Khan District
The provincial Irrigation Department currently has spate irrigation development projects at three spate rivers in Taunsa, DG Khan District – namely Sanghar, Vehova and Kaura. The first two are considered large and can discharge more than 100,000 cusecs of water during monsoon or any other extraordinary event. The estimated cost of these projects, according to 2007 prices, is Pak Rs 1605.650 million (US$ 26.8 million). This is probably the largest amount so far allocated for the development of spate irrigation systems in the province or country at a time.
Local farmers used to manage small to medium floods through earthen structures on a self-help basis, though the reliability of irrigation provided by this method was far less than its potential. In Sanghar only 5% of the flood water could be utilized and in the Vehova River it was possible to divert at most a third of the available floodwater resources. However, from time to time, the farmers asked the provincial government for help and occasionally succeeded in better controlling, diverting and utilizing the maximum water available during the flash floods. 

Feasibility phase

The spate irrigation development projects started with a feasibility study conducted by NESPAK (National Engineering Services of Pakistan) – a renowned consulting firm in Pakistan and the region. The feasibility study and related project reports identified several major problems, thus setting the stage for eventual government intervention. These problems include:

· erosion of land;

· devastation of public and private property (Figure 5);
· breaches of canals;
· damage to standing crops; and

· environmental hazards.
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Figure 5. Damage caused to infrastructure due to heavy spate flood – Vehova Spate River, DG Khan District, Pakistan.
A number of alternative solutions have been proposed to address these problems:
· watershed management in the mountainous region;
· construction of storage/check dams if possible. The possibility of dams is being studied by two Pakistan institutions, namely WAPDA (Water and Power Development Authority) and Small Dams organization of the Irrigation Department;
· construction of diversion structures and management of small wahs (channels);
· formation of terraces by construction of flood bunds at appropriate places where water rights of the inhabitants are not infringed; and
· construction of flood carrying channels to drain the excessive discharge to Indus River.

The envisaged benefits of the projects are:

· enhanced irrigation supplies;
· expansion in command area;
· increased crop yield;
· improved cropping pattern;
· reduction in crop failure;
· enhanced green forestation;
· improvement in the economic conditions of the area;
· positive effects for livestock and dairy development;
· reduction in damage to infrastructure and standing crops; and
· improvement in health environment.
Design and implementation phase

The design of the diversion structures has already been completed and their implementation is under way. (Figure 6). The design typically includes a weir across the main river bed and side channels on each side.  According to the design the side channel base is lower than the weir level as it is envisaged that smaller floods will directly pass through these side channels and in case of larger floods the weir will discharge the excess water through overflow into main river bed. Like any conventional irrigation project, the weir across the river is made at a point where minimum civil work is required. This is logical as it minimizes engineering costs.
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Figure 6. Diversion structure under construction on Vehova Spate River, DG Khan District, Pakistan (DG Khan Irrigation Department, 2009)
Apart from the technical features, the location a diversion structure is critical. According to local knowledge and local engineering practices the control and diversion structure is optimally located at a point where the flash flood can be handled relatively safely and distributed with less difficulty. This critical location is within the first 500 meters from the mouth of the mountain pass where the spate flow reaches its maximum velocity and has enough river bed area to spread. Traditionally this is the practice in all spate rivers throughout the region. The design engineers seem to lack such basic information, demonstrating that they have not had any discourse with the farmers about these aspects. Spate irrigation is not part of the curricula in engineering courses at any university or institution in the country, thus young engineers are not familiar with the traditional knowledge and wisdom.

Just as the design process of these projects did not adequately involve farmers, the implementation phase also suffers from this lack or exclusion. Consequently, for example, according to local farmers, the construction site on the Vehova River is far from the best suitable location. The majority of the farmers are unaware of the reasons for the selection of this particular site. According to local knowledge it is easier and more feasible to divert and distribute the water at location(s) where the water enters into plain area. The second point is whether water diversion is a problem as such at this point particularly? In practice spate irrigation controlling structures are built at several locations and not only at one point based on local experiences of farmers. Under this project, the water diversion and distribution system is designed to operate only at a single location contrary to local rules. Local spate irrigation practices do not allow fixed structures at any single location.

Social, operational and organizational aspects are integral components of any irrigation system and should be given full consideration. The projects under discussion do not appear to have taken these aspects into consideration and even at the implementation stage are not known to farmers. This gives rise to several questions. For example, how will the newly built diversion structure be operated to divert water, by whom and under which rules? What will be the role of local water user associations and the Irrigation Department? What will be the operation and maintenance cost? How and on what basis will these costs be covered? Will there be any training component to guide and encourage the farmers to use these structures?  According to local practices spate irrigation is a flexible system, viewed holistically and not solely as a construction project. Local farmers sometimes allow the water to spread and pass through barren lands enabling these common lands to be used as pasture and fuel wood plantation. Sometimes siltation is built up by application of extra spate water to the fields (keeping in view the water rights) and on other occasions fields are purposely subject to controlled breaching to allow the silt to pass again into the main spate river. This practice increases fertility/nutrient at field level and maintains the intake gradient to keep the field level.

Local farmers see spate irrigation system in an integrated way and are of the opinion that the construction of the controlling structure at the main river is not enough considering the broader perspectives of spate irrigation systems. Previous experiences of some projects (PARC/NRAC, year? when?), which introduced small scale inlets/outlets at field to field level and distribution points of smaller channels/branches, have proved more successful (Figure 7). Such structures are cost effective, appropriate and very much liked by farmers.
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Figure 7. A typical field to field inlet/outlet designed and implemented by NARC (Water Resources Institute), DG Khan, Pakistan. 
Field-level water distribution structures are as important as spate flow diversion structures and should have been incorporated into project design and other relevant organizations such as agriculture and soil conservation departments should have been involved at the onset – they still need to come forward to play their crucial role. 

With regard to Vehova River, there is one major issue yet to be addressed by the Irrigation Department. 85% of command area of original spate water rights is now being irrigated through the perennial Chashma right Bank canal that diverts water from Indus River. In other words equal and extra area can be brought under irrigation through rearrangements. It means the whole spate irrigation is now altogether different than before the Chasma Right Bank Canal became operational in ---) especially in terms of water-land rights, location and allocation quota and sequence order. The local farmers argue that in changing scenario then who will be the owner of this surplus water and on what basis and grounds? They fear water rights re-allocation and re-distribution would have been addressed and finalized before the initiation of project. Otherwise carrying unsolved problems over a time period will lead to new dangerous issues, which may result in the complete failure of massive investment and efforts underway.
Concluding remarks

Local farmers have mixed reactions to the irrigation projects in Sanghar, Vehova and Kaura. They are happy to see that finally the government has taken a bold decision to address the issue of spate irrigation and started these projects. However, they are not sure about their viability as they have not been consulted at any stage, especially about the indigenous knowledge, skills and practices for controlling and diverting water, nor have they been asked about irrigation rights. They are not yet confident about the fixed structures as they are new to them and they doubt their efficiency and functionality. Only time will prove the success or otherwise of the structures after several spate floods have passed through. Farmers are willing to participate in open joint forums of engineers and local government to discuss the projects and possible incorporation of their points view in order to improve the project design and implementation. The local farmers point out that repair and maintenance of these fixed structures (concrete/masonry mainly) is beyond their capacity. In case it will be the responsibility of government, farmers comment that usually bureaucratic procedures are hurdles and result in slowing down the release of funds and earthmoving heavy machinery in a timely manner and spate irrigation is purely a time bound activity.
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