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Chapter 9

Economics of spate irrigation 

SUMMARY
Returns to agriculture in terms of spate irrigation are often low and the scope for 
deriving significant additional economic benefits from investment is constrained 
because of:

 �variations in cropped area and crop production from year-to-year and season-
to-season;
 � inherent risk of total crop failure in certain years with no or damaging floods;
 �domination of staple crops with limited market value; and
 � limited potential gain in water productivity resulting from the relatively high 
diversion and conveyance efficiency of existing spate systems.

Evidence shows there is no scale economy for spate irrigation. Unit costs tend to 
increase as systems become larger because of the technical complexity related to 
such systems, and the much larger flows that need to be taken into account in 
the design of civil engineering works. Smaller spate systems are less complicated 
and can avoid expensive and complex infrastructure such as cross-river siphons, 
sedimentation ponds and lengthy flood channels. In this respect the trend in spate 
irrigation is opposite to that in perennial irrigation investments. Investment in 
smaller spate systems may have a better return than those in large spate systems. 
The picture may, however, change if spate irrigation is combined with shallow 
groundwater use or adequate local rainfall, or when care is taken in soil moisture 
management. 

In designing spate irrigation improvement projects, the trade-offs between 
investment costs, maintenance costs and the level of service deserve more attention 
than in the past. In particular, the very nature of arid zone hydrology requires 
a different approach towards risk management than for perennial irrigation 
infrastructure. Provision for rebuilding parts of the system, after major floods, are 
often a more cost-effective option than designing permanent structures. Similarly, 
designing simple un-gated headworks may, in many cases, be more cost-effective 
than sophisticated structures, and present less operational constraints, while 
ensuring satisfactory distribution of water to the fields.

Economic analysis of development options should include investigation of links 
between initial costs and subsequent maintenance costs, using realistic valuations 
of farmers’ input. A low-cost approach may have significant sustainability and 
‘ownership’ advantages:

 �a simple technology that can be easily maintained;
 � less dependent on heavy machinery and imported materials and supplies;
 �most of the construction works can be carried out by farmers themselves;
 �repairs are less costly and can be executed faster as only locally available 
materials and/or skills are required; and
 �the impact of failure is partial as diversion structures have smaller command 
areas.
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The benefits of spate irrigation cannot be assessed only on a foreseen increase in 
crop production. Investments in spate irrigation often have significant social and 
environmental benefits. The assessment must take into account the recognition 
that farmers in spate areas often have no viable alternative means of support. The 
impact of sustaining and supporting these systems, thus, differs from investments 
where the main target group has access to alternative livelihood opportunities. 
Social and environmental benefits of spate irrigation should be included in an 
economic analysis, as a minimum, scores should be allotted in accordance with the 
importance. A list of such benefits is provided in this chapter. 



Chapter 9 – Economics of spate irrigation 181

INTRODUCTION
Returns on investment in spate irrigation is generally low and often does not justify 
large capital outlays. This, however, has not prevented large investments being made in 
spate-improvement projects in the past, often with doubtful results. Yet, cost-effective 
improvements are possible in spate-irrigation systems that can contribute substantially 
to poverty alleviation, improvement of rural livelihoods and local food security. Some 
investments – examples are given in this chapter – can be returned within a year. Moreover, 
spate irrigation can significantly contribute to wider basin resource management and 
improved sustainability of fragile arid environments. These externalities should be taken 
into account when assessing the benefits of spate irrigation development.

This chapter discusses the economics of spate irrigation, focusing on the costs of 
improvement options. Benefits are assessed looking at different planning horizons and 
the broader livelihood and environmental impacts.

ECONOMIC ANALYSIS OF SPATE SCHEMES
Any investment in improving or modernizing traditional spate irrigation systems can 
only be economically feasible if the net economic benefits are significantly higher than 
the economic returns of the traditional spate-irrigated agriculture. The scope for deriving 
significant additional economic benefits from investments in spate irrigation is limited by 
the following factors:

 � the cropped area and crop production vary considerably over the years because of 
variations in the size and frequency of floods;

 � there is an inherent risk of total crop failure in years with no floods or very large 
floods that wash away the diversion structures before any land can be irrigated;

 � cropping patterns that, in most areas, are dominated by the cultivation of 
traditional crops having limited market value and are grown mainly for home 
consumption; and

 � the diversion and conveyance efficiency of most spate-irrigation systems, which 
is already relatively high as most surface water is used for irrigation, finds its way 
to groundwater recharge, or is used for the flooding of forests or grazing areas. 

In many cases, substantial economic benefits may, however, come from higher water 
productivity through the conjunctive use of groundwater and spate water, improved 
soil moisture management, better flow distribution and improvements in agronomy 
(see Box 9.1) 

As the scope of potential economic benefits from investments in spate irrigation is 
relatively limited, and to ensure that the improvement of spate irrigation systems make 
sense in economic terms, development costs must be proportional to expected benefits. 
A robust, low-cost approach has the following significant advantages:

 � simple technology is used that is easily adopted by local farmer-engineers, 
ensuring that both construction and maintenance can be undertaken at the local 
level, using locally available materials;

 � most of the construction works can be carried out by the farmers themselves;
 � repairs are less costly, and can be executed faster, as only locally available materials 
and/or skills are required; and

 � the impact of failure is partial as low-cost diversion structures have smaller 
command areas than larger, permanent diversion structures.



Guidelines on spate irrigation182

In fact, some of the most expensive investments, e.g. Wadi Siham diversion structures, 
have been amongst the least successful. While low-cost options are attractive when 
considering economics and sustainability, it is also important to consider the level of 
service that can be provided. There are very few examples of farmers wishing to dispense 
with even poorly designed permanent diversion structures (although they may often wish 
to modify them) and return to their labour-intensive traditional diversion arrangements.
Finally, the feasibility of investment in spate irrigation depends upon the probability of 
receiving water. Areas with a more reliable supply of spate water justify higher levels of 
investment than areas with a less reliable supply of spate water. In areas where the flood 
probability is once every ten years, it is hard to justify extensive investment.

COST OF SPATE IRRIGATION DEVELOPMENT
As discussed elsewhere in this report, several types of programmes have supported 
the improvement or modernization of spate irrigation. These programmes have had 
varying degrees of success. It is obvious that investment in civil engineering to provide 
permanent gated headworks and new canals in large systems has attracted most visibility. 
Nevertheless, it has also drawn criticism because of the high development costs, and the 
often disappointing and sometimes even negative impacts.

BOX 9.1

The ingenuity of the Mochiwal division structure in Pakistan

Mochiwal Division on the Darabam Zam in Dera Ismael 
Khan (Pakistan) is probably one of the most cost-effective 
spate irrigation investments. The Mochiwal division structure 
consists of three-gated divisions, operated with hoisting 
gear. The function of the structure is to distribute the flow 
between two spate irrigation channels – the North and the 
West Channel. The cost of the structure including the short 
guide bund sections was US$2 000.

Prior to the Mochiwal Structure, the flow of the Darabam 
could not be controlled. It disappeared in its entirety to 
the low lying North Channel areas, every time causing 
considerable damage to this flood channel (see picture). The 
water could not be controlled in the North Channel as the 
spate flow washed away all earthen diversion structures in its 
path. At the same time the West Canal was left high and dry 
in most years.

The Mochiwal Structure now controls the inflow into the 
North Channel and keeps the flood to a manageable quantity. 
At the same time, it diverts the water from Darabam to the 
West Canal command area, where there is substantial land. 
An investment of US$2 000 restored and safeguarded farming 
on 3 500 ha.
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Table 9.1 gives an overview of investment costs per hectare for different types of 
interventions in different countries. It is evident that unit costs very much depend on the 
nature and size of the system and the type of intervention. In general, very high costs 
were incurred in systems that involved the construction of permanent headworks and 
new canals on large systems. 

Contrary to what may be expected, economies of scale do not apply in spate irrigation. 
One reason is that development or improvement costs are very much concentrated in 
headworks, while the command area may vary substantially in relation to availability of 
land and water. In addition, unit costs tend to increase as systems become larger because 
of the technical complexity of larger systems, and the much larger flows that have to be 
taken into account when designing civil engineering works.

In large systems, a diversion structure has to span a wide wadi, and stand up to very 
large design floods. Permanent structures cannot be allowed to fail in large floods, as in 
traditional systems. Often, because of the costs involved, a single headwork is constructed 
supplying water to canals that were formally supplied from their own individual intakes. 
This requires the development of lengthy new supply canals and extensive bank 
protection. When there are irrigated areas on both sides of a wadi, a siphon or conduit 
under the wadi bed is needed to pass irrigation flows to the other bank, which adds to the 
costs (double-sided intakes are generally not used because of the difficulty of managing 
water distribution between both banks). 

The cost per hectare for a system with civil headworks on a large project (1 500 ha 
and above) are between US$1 350–2 000/ha (with some exceptional peaks above this 
amount). While the cost for permanent headworks on small systems is considerably 
less: US$180–450/ha. The cost for systems with non–permanent headworks, essentially 
soil bunds, is far less again (mainly below US$125/ha). These soil bunds, though not 
permanent, are not necessarily rebuilt every year. The Rehanzai Bund in Pakistan, for 
instance, has been in operation for more than 20 years.

In general, permanent headworks on small systems and investments in soil bunds provide 
high returns and defeat the notion that investment in spate irrigation is unrewarding. 
Such programmes may achieve costs of water storage (in the soil profile) that are highly 
favourable compared to investments in other water control structures in arid areas, 
especially dams. The same argument extends to supporting improved soil moisture 
conservation, command area programmes (such as gully plugging) and investing in 
conjunctive use of groundwater and spate flows. In many cases, investment in such 
activities, as well as complementary programmes in improved agronomic practises, show 
the highest dividend.

This is exemplified by the study of the economic rate of return (ERR) of spate irrigation 
projects. An FAO study on investment costs in irrigation (Salman et al, unpublished) 
included information on the economic rate of return, looking at the different types of 
irrigation: spate, localized, sprinkler and surface irrigation. The comparison between the 
four categories is given in Table 9.2 and shows that spate irrigation systems in the study 
managed an acceptable rate of return. 

The analysis shows that the economic rate of return (ERR) for surveyed spate irrigation 
projects correlates negatively with the size of project and the unit cost, proposing that the 
ERR tends to be higher for smaller projects (see Figure 9.1). As smaller spate irrigation 
systems are less complicated, expensive and complex infrastructure can be left aside, they 
do not need cross-river siphons, sedimentation ponds and lengthy flood channels, which 
means they may tend to be better off economically than are larger systems.
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Intervention Unit Cost (US$/ha)

Permanent headworks, small systems

Rehabilitation

Description

Non permanent headworks

Rehanzai Bund, Pakistan

Gathelay, Eritrea

Karkhi Bund, Kharan, 
Pakistan

Wadi Labka, Eritrea

Miscellenous systems in 
Omomyya

Grasha, Eritrea

Garen Bygone, Iran

Mochiwal, Pakistan

Alebu, Eritrea

Mogole, Eritrea

Bultubyay, Eritrea

Dameers Hadramawt, Yemen

Dameers Hadramawt, 
Yemen

Command area works 
(Irrigation Improvement 
Project), Yemen

Sidi Bouzi, Tunisia

Oum Aghanim, Morocco

Tambardoute, Morocco 

Touizgui, Morocco

Afra, Morocco

 Large soil bund and embankments with gabion 
core, diversion channels – irrigating 12 000 ha (1984)

Soil bunds, gabion structures (2002)

Bulldozer built soil bund–irrigating 20 ha, but larger 
potential (1993)

Gabion reinforced guide bunds to flood channels

Soil bund, gabion structures

Soil bund and diversion channel

Flood water spreading

Flow splitting structure at critical point

Diversion weir and guide bund

Diversion weir and guide bund

Diversion weir, guide bund, and flood channel

Small systems

Small systems

Small system

Diversion weir, canal, distribution structures

Diversion weir, canal, distribution structures

Diversion weir, canal, distribution structures

Diversion weir, protection bund, distribution structures

5

51

70

110

170–220

123

160

1

181

341

444

90

151

150–300

252

620

699

628

895

TABLE 9.1
Development costs of different types of spate irrigation projects

Permanent headwork, large systems

Koloba, Ethiopia

Nal Dat, Pakistan

Marufzai, Pakistan

Wadi Laba, Eritrea

Barag, Pakistan

Sidi Bouzi, Tunisia

Mai Ule, Eritrea

Wadi Labka, Eritrea

Wadi Siham, Yemen

Diversion weir, breaching bund, siphon

Not built

Diversion weir, breaching bund, siphon (2000)

Diversion weir, breaching bund and diversion channel (2000)

Diversion weir, breaching bund, embankments (not built)

Diversion structure, sedimentation pond, flood channel – 
later replaced by system of flood protection and re-enforced 

independent intakes

250–350

646

1 346

1 420

1 478

1 480–2 500

2 420

3 517

11 000
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FIGURE 9.1
Economic rate of return for spate irrigation projects against project size and unit cost

 

BALANCING INVESTMENT COSTS,      
MAINTENANCE COSTS AND THE LEVEL OF SERVICE
There is an element of ‘management of expectations’ in new infrastructure-oriented 
schemes. In traditional systems, a degree of unpredictability and a very high maintenance 
burden is expected. In externally funded infrastructure-oriented projects the standards 
for water diversion efficiency, and keeping maintenance costs to a minimum, are often 

TABLE 9.2
Economic rate of return comparison between different irrigation technologies

Type of irrigation Average size of 
projects

Average unit cost Average rate of 
return (%)

Spate 6 636 919 12.9

Localized 26 395 1 446 20.0

Sprinkler 21 351 3 196 21.5

Surface 39 490 3 519 20.5

Source: Salman, et al. (unpublished)
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given greater consideration; while intermediate options may be more cost-effective. 
Investment costs must, therefore, be linked to the level of service provided by the 
different engineering approaches. 

Simple soil bunds or spur type diversions, in spite of the cost-effectiveness of their 
construction with a bulldozer, require frequent repair in the critical sections, often every 
1 or 2 years and, in extreme cases, may need to be replaced more than once every year. 
These systems require more effort from farmers in their operation and maintenance, as 
uncontrolled flows are admitted to canals work then needs to be done on reconstructing 
canal diversions, repairing scour damage and, in some cases, removing sediment deposits.

In the right circumstances, a simple permanent intake, provided with effective sediment 
control facilities, may provide a much higher level of service, and dramatically reduce 
operating and maintenance requirements over an engineering life of 20 or 30 years. 
Box 9.2 illustrates this point and gives an example of a high cost concept being substituted 
by a more cost-effective solution, where the difference in level of service was balanced 
against overall cost.

The trade-off between initial investment costs and subsequent operating and maintenance 
costs in spate systems deserves more attention than has been given to date. Data on the 
operation and maintenance budgets for four agency-managed schemes with permanent 
headworks and canal systems in the Tihama of Yemen are shown in Table 9.3. These 
indicate an average ‘optimal’ O&M cost of around US$33/ha in 1998.
 
The O&M costs of the Wadi Laba and Mai Ule systems in Eritrea are comparable. These 
costs are estimated at US$40/ha including the cost of replacing the frequently failing 
breaching bund. The cost for maintenance in the Gash system in Sudan was estimated at 
US$14/ha (mainly for de-silting), which is also comparable. Recent data from four spate 
systems in Morocco put the O&M cost higher at US$54–88/ha. In Yemen and the Sudan, 
the required budget was far more than the actual budget received, which was mostly 
spent on maintaining a large permanent agency staff, offices, vehicles and other support 
services. Very little was spent on actual scheme maintenance. In contrast, in Wadi Laba 
and Mai Ule, the funds were collected by the Sheeb Farmers’ Association and spent only 
on system maintenance, thanks to the high productivity of the Sheeb systems which 
made this possible.

BOX 9.2

Gabion guide bunds rather than permanent diversion 
structures in Wadi Labka, Eritrea

In Eritrea, 1 200 m long gabion-reinforced guide bunds were constructed by the Ministry 
of Agriculture in Wadi Labka at a cost of US$430 000. In the original project proposal, 
permanent headworks were proposed for Wadi Labka and a diversion structure was 
foreseen in the gorge of the ephemeral stream. Wadi Labka is extremely wide and the 
technical and financial feasibility of this option could never be justified. Instead, a series of 
gabion-reinforced guide bunds were constructed, combining manual labour and bulldozer 
work. The gabions served to divide the flood and reduce the likelihood of early washouts 
in the head section of the flood channels on either side of the Wadi Labka stream. The cost 
of the gabion river engineering options (US$110/ha) compares favourably with the earlier 
proposed civil engineering option of US$3 500/ha.
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Intervention

Area covered (ha)

Actual situation

Staff employed

Staff costs (US$)

O&M budget requested (US$)

O&M budget received (US$)

Optimal situation

Staff number

Salary costs (US$)

Operational budgets (US$)

Maintenance budgets (US$)

Depreciation (machinery/vehicles) (US$)

Total (including 15% miscellaneous) (US$)

O&M cost (US$/ha)

Average cost (US$/ha)

Wadi Zabid

17 000

97

37 704

76 296

14 815

95

67 407

54 815

13 333

242 222

434 815

29

Wadi Rima

8 000

25 111

23 704

14 074

59

45 185

32 593

11 111

147 407

271 852

34

32.8

Wadi Tuban

6 606

486

474 074

328 889

13 333

84

55 556

33 333

11 111

145 185

281 481

35

Wadi Bana

12 400

395

218 519

222 963

26 667

116

81 481

76 296

17 037

351 852

606 667

32

 Adapted from: Al-Eryani, M. Mohamed Al-Hebshi and Anwar Girgirah (1998)

TABLE 9.3
Actual and optimal O&M in four agency-managed systems, Yemen

At the other extreme, the costs of O&M for traditional systems are mostly farmers’ 
direct labour, and their investment in draught animals. These costs vary enormously 
from scheme to scheme and from year to year, and are not known with any precision. 
It is reported that in most of the traditional spate irrigation schemes in Eritrea, about 
80 percent of the farmers’ effort is spent on repair and reconstruction work of diversion 
structures, field embankments and canals (Haile, 1999). Some estimates of initial and 
subsequent maintenance costs for a range of types of traditional spate diversion spurs in 
Eritrea are given in Table 9.4.

Excluding the gabion option, maintenance costs for traditional diversion spurs average 
around 1.8 times their initial cost. This figure can be compared with a range of options 
for other engineering interventions (see Table 9.5). While these approximate figures tell 
almost nothing about the level of service delivered by the various options, or their long-
term sustainability, the trade-off between initial investment cost and the subsequent 
maintenance burden is very clear.

TABLE 9.4
Comparison of initial and maintenance costs for traditional diversion spurs in Eritrea

Type of 
diversion 
spur

Initial cost

(US$)

Estimated damage as percent 
of initial cost during normal 

spate season

Number of repetitions 
of construction during 
normal spate season

Maintenance cost 
(US$)

Stone 88 50 1 44.5

Soil 31 100 2–4 63.5–126

Brush wood 40 60 2–4 48.6–97.2

Mixed 60 40 2–4 48–96

Gabion 325 20 – 65

Source: Haile (1999), and Haile and van Steenbergen (2006)
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For farmer-managed schemes that do not carry the costs imposed by full-time agency 
management, comparisons of initial investment costs, with best estimates of the lifetime 
O&M costs, provide valuable guidance as to the most economic development approach 
to be adopted when spate improvement projects are being planned.

ASSESSING THE BENEFITS OF SPATE IRRIGATION DEVELOPMENT 
Integrating risk management in the design of spate systems
Part of the explanation of the high cost of some spate-irrigation projects has been 
an approach of developing fail-safe, even if costly, and sometimes not very efficient 
options. Instead, in comparing costs and benefits of spate irrigation, it may be useful to 
use a different planning horizon, rather than the 20–30 year period common to water 
infrastructure projects. Water users may have a different planning horizon, and may 
be willing to accommodate more risks in line with the uncertain, variable and dynamic 
nature of spate irrigation.

In spate irrigation, the concept of infrastructure and the associated notions of permanency 
over the relatively long engineering life of hydraulic structures need to be reconsidered. 
A mixture of improved soil and water management, and low-cost investment in 
diversions with a short, useful life may be preferable to the high-cost approach, provided 
they translate into a reduction in terms of the farmers’ labour involved in the frequent 
rebuilding of intakes. This approach is closer to the traditional system of managing spate 
irrigation, and links better with existing water allocation rules, the disruption of which 
affects the degree of solidarity among the water users.

Another justification, calling for a better assessment of the relation between risk, costs 
and benefits, lies with the hydrology of arid areas where spate irrigation takes place. 
Typically, as discussed in Chapter 3, arid zone hydrology is characterized by very large 
variations in the number and intensity of floods. While the statistical distribution of 
floods varies from one place to another, it is not infrequent to experience major floods 
with a 4 to 5 year return period. A careful study of the return period of major floods, 
and an analysis of the costs and benefits associated with different levels of security, may 
show there is no scope in seeking to control a 50 or 100 year flood. Rather, the design 
of improvement interventions should follow the philosophy of spate systems and seek 
an intermediate level of control that offers best cost-effectiveness. The combination of 
permanent headworks with a fuse bund that needs to be reconstructed every 4–5 years is 
an example of such trade-off. 

TABLE 9.5
Relation between initial investment cost and maintenance costs – comparison between 
traditional and other engineering interventions for spate diversion in Eritrea

Type of engineering Annual cost of maintenance/initial cost)

Traditional diversion spur, excluding the gabion option 
(Average from Table 9.4) 

1.8

Soil bund (bulldozer)1 0.33

Gabion diversion (Table 9.3) 0.2

Permanent headworks and new canals in large agency-
managed schemes2

0.025

1. Assuming that the bund needs to be reconstructed every 3 years.

2. For an initial development cost of US$1 400/ha and 'optimum' maintenance cost of US$35/ha
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Taking into account broader livelihood and environmental impacts
Investments in spate irrigation often have significant social and/or environmental 
benefits, including:

 � Poverty alleviation for a large number of households, who cultivate relatively 
small spate-irrigated areas as owner-operators and/or sharecroppers, derived from 
improved agricultural production and/or livestock activities.

 � Improvement of food security for the number of months that farming households 
can satisfy their food consumption in normal years.

 � A multiplier effect because more money enters the local economy as a result of 
the involvement of the local labour force, artisans and contractors in the execution 
of the construction works as well as an increase in the marketing and processing 
of agricultural and livestock produce.

 � Creation of temporary labour opportunities during the execution of construction 
works as well as more permanent labour opportunities in the agricultural sector 
because of the increased cropped area and/or cropping intensity, especially for 
landless households and farming households with small plots.

 � Reduction in seasonal migration as the need to migrate to areas in search of 
labour is reduced because of higher incomes from spate-irrigated agriculture and/
or livestock keeping.

 � Reduction in the cutting of trees as the need to earn an additional income from 
the sale of fuelwood or charcoal decreases, because of higher incomes from spate-
irrigated agriculture and/or rearing livestock.

 � Reduction in the cutting of trees and shrubs as fewer are required for the 
frequent reconstruction of the traditional diversion structures and any other 
irrigation infrastructure; and

 � Maintenance of the integrity of the land alongside ephemeral streams that, if 
not managed under spate irrigation, would easily be subject to braiding and river 
erosion.

Spate irrigation always takes place in precarious environments – arid and remote. 
There are often very few options for generating income. The most common livelihood 
strategy is the diversification of the household economy. In addition to a highly variable 
income from spate-irrigated agriculture, households may have one or more source of 
income from keeping livestock and wage labour and, to a lesser extent, from the sale of 
handicraft products. The assessment of the feasibility of investments in spate irrigation, 
thus, should not be based only on the direct economic benefits derived from agricultural 
production, but also on the social and environmental benefits that may be obtained. As it 
is not always easy to quantify the potential social and environmental benefits of various 
options, they should, as a baseline, be given scores in accordance with the probability 
that these benefits would be achieved, and project assessments should use this ranking in 
selecting the preferred options. In addition, it may be useful to explore different ways of 
valuing capital in investments that have an explicit poverty alleviation objective.

The functioning of spate systems in many areas is a matter of survival. When the spate 
system fails, the only option for spate framers is migration, and with it the unravelling of 
a livelihood system. In assessing the benefits of spate irrigation, the fact that needs to be 
taken into account is that farmers and livestock keepers in these areas often have no viable 
alternative means of support. Hence the impact of sustaining and supporting such natural 
resource systems differs from investments, where the main target group has access to 
alternative livelihood opportunities. To illustrate this point, and the broad impacts on 
livelihoods of the failure of traditional spate systems, which might often correspond 
to a ‘no project scenario’, a social assessment of two years of drought in Balochistan 
1998–2000, is summarized in Box 9.3.
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BOX 9.3

Social assessment of two-year drought in Balochistan (1998–2000)

 � A sharp decline occurred in the consumption of nutritious items as well as staple food intake. In 
many instances, the people substituted their normal food items with inferior items. For instance, 
33 percent of villages reported a reduction in staple food quantity, 57 percent villages reported 
reduction in nutritious items such as meat, milk and ghee, and 66 percent of the villages reported 
substitution of normal food items such as sugar with inferior items such as raw sugar (gurr) during 
2000.

 � There were many instances medical treatment was postponed because of cost. During 2000, 
47 percent of the villages reported switching over to herbal medicine; up from 9 percent in 1999.

 � Purchase of new clothes and footwear declined from 52 percent in 1998 to 36 percent in 1999 and 
fell to 11 percent during 2000.

 � A sizeable dropout rate was noted from educational institutions in the villages surveyed. The 
main reasons were the increased demand for domestic and productive labour and the cost of 
education. In 2000, the dropout rate of 71 percent was related to the increased demand for labour 
and 29 percent stated inadequate means of support. Both these conditions were a direct outcome 
of acute water scarcity during this period.

 � There was a sharp decline of the area under annual crops such as wheat, millet, sorghum, vegetable 
and alfalfa. This occurred in 90 percent of the surveyed villages in 1998 while 10 percent of the 
villages reported no annual crops in this year. During 1999, respondents from 28 percent of the 
villages reported a further decline in the cropped area and 72 percent reported no crop at all. All 
the villages reported no annual crop in 2000 because of failure of rainfall.

 � Reduction/de-stocking of livestock occurred in 33 percent of villages during 1998, in 90 percent of 
villages in 1999, and in 48 percent of villages in 2000.

 � During 1999, people in 24 percent of the villages in the study area took production loans, while in 
2000 the ratio of villages where such loans were taken, was 14 percent. Consumptive loans were 
taken in 43 percent of villages in 1998, 95 percent of villages in 1999 and 76 percent of villages 
in 2000. In about 14 percent of the villages, people were refused loans by the lenders because of 
defaults on the previous borrowing. At the community level, wealth redistribution mechanisms 
such as religious and voluntary charity ceased to function.

 � In Qila Saifullah District, migration occurred in 90 percent of the villages ranging between 5 and 
54 percent of total village households. This phenomenon occurred in 80 percent of the villages 
ranging between 11 and 48 percent of total village households in Mastung. Emigration seriously 
affected village decision-making mechanisms.

 � Finally, large-scale changes in primary economic activities: dependence on agriculture as a main 
source of subsistence decreased from 80 percent of the surveyed population to 38 percent in 
Qila Saifullah, and from 80 percent to 6 percent in Mastung. Similarly, the percentage of people 
depending on labour as their main economic activity increased from 7 to 32 percent in Qila 
Saifullah and from 9 to 42 percent in Mastung.
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Chapter 10

Spate irrigation in the context of 
river basin resource management 

SUMMARY
It is important to place the development of spate irrigation in the context of river 
basin management. If it is well designed and managed, spate irrigation systems can 
fulfil several important functions in basin management, beyond providing water 
for agriculture, rangeland and local forestry. They include:

 �preserving biodiversity;
 �mitigating flood peaks;
 �stabilizing river systems; and
 �recharging groundwater.

On the other hand, ecosystems in arid and semi-arid regions are generally 
precarious. Careful consideration must be given to the possible effects and impacts 
of the development of spate irrigation systems on natural resources as well as on 
water quality and quantity. 

Spate irrigation is closely linked to biodiversity and natural vegetation. Spate 
systems are depositories of local biodiversity – collecting seeds from a large 
catchment and depositing them in moist soils – and may feed ephemeral wetlands 
that are rich in species. Natural species of vegetation are often of considerable value 
and may provide an additional source of income to local communities. Grasses and 
shrubs, for instance, sustain livestock populations, while trees are used for various 
purposes. In some places, the introduction of alien species, such as mesquite, can 
negatively effect spate-irrigated land and represent a major problem.

The clearing of land of trees and shrubs close to spate-irrigated areas is primarily 
associated with the traditional construction of diversion bunds and the collection 
of wood for fuel. Thus, options to reduce the unsustainable use of local trees and 
shrubs, through the construction of more permanent diversion structures, should 
be highly promoted.

Much effort in spate irrigation is placed on stabilizing wadi reaches to ensure the 
continuous supply of water to fields. The viability of spate irrigation systems, as 
a means to help stabilize river systems, should be acknowledged and promoted. 
In particular, the use of natural vegetation, specifically planted for river training, 
should be encouraged because of its lower costs and the advantage of its being 
environmentally acceptable.

In spate-irrigated areas, the risk of sand dune formation is ever present. Dune 
formation particularly threatens the fringes of spate systems. The formation of 
sand dunes surrounding spate-irrigated areas can be exacerbated when agriculture 
stretches into marginal areas or when unsustainable agricultural practices in 
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rainfed farming include systematic clearing of land of roots and natural vegetation. 
The rehabilitation of sand dune areas requires the engagement of farmers to plant 
native trees and dwarf shrubs and to reduce agricultural encroachment on fragile 
land. 

To a certain extent, the development of spate irrigation can contribute to flood 
mitigation by reducing the likelihood of large floods. There is an upper limit to this, 
however: spate systems intercept moderate to medium flows while peak floods are 
usually passed on down the wadi and may still create havoc downstream. Through 
their effect on the stabilization of ephemeral streams, spate systems can help 
avoid unexpected downstream breaches. Some interesting experiences of flood 
spreading have been tested and can help mitigate the damage caused by major 
floods while contributing to groundwater recharge locally. 

The relation between spate irrigation and groundwater is complex. Spate irrigation 
offers opportunity for in situ groundwater recharge but, at the same time, reduces 
possible recharge downstream. The balance of opportunities and costs is site-
specific, and a careful assessment of potential and constraints of groundwater 
use and recharge needs to be done to understand the implications of proposed 
spate-related interventions. In particular, most of the water diverted onto the land 
by spate irrigation is accounted for by evapotranspiration, and the proportion of 
groundwater recharge is less. When designing spate irrigation systems, a careful 
assessment of the changes in water balance must therefore be performed at the 
level of the river basin to understand the implications on the overall hydrology of 
the wadi. 

Of particular relevance is the potential impact of spate diversion on the recharge of 
major aquifers in alluvial fans and in downstream plains where water productivity, 
through groundwater-based irrigated agriculture is, in most cases, much higher than 
in spate irrigation. This raises the issue of the relationship between upstream and 
downstream water users. Conditions, where downstream users would take greater 
advantage of water used by upstream spate farmers, could be the foundation for 
negotiations based on the concept of payment for ecosystem services, where part 
of the gains obtained from additional recharge downstream could be used to 
compensate upstream farmers for losses incurred related to reduced water supply. 

On the other hard, groundwater development in spate systems has the potential 
to considerably modify agricultural practices and can sustain highly productive 
farming. Where groundwater is available, the unpredictability associated with 
spate irrigation disappears, and farmers can rely on a safe supply of water for their 
production. Wherever groundwater development has been possible, farmers have 
taken advantage of it and harnessed water in a more productive way than that 
expected from traditional spate systems. Some estimates show that groundwater-
based irrigation is six times more productive than spate irrigation. Where recharge 
is possible, according to local aquifer and terrain conditions, it should therefore be 
considered as an integral part of the design of spate projects. 

The reliability of spate irrigation would be greatly increased if water from flood 
peaks could be stored in reservoirs and then released when needed for irrigation. 
A conventional response to the unpredictability associated with spate irrigation 
would be to store floodwater in dams upstream of irrigation schemes. However, 



Chapter 10 – Spate irrigation in the context of river basin resource management 193

in arid environments dominated by extreme flood events and high sediment load, 
such an option is, in most cases, not feasible. Reasons include rapid siltation of 
reservoirs, the negative affect groundwater recharge and water users downstream 
and a high rate of unproductive evaporation from the reservoir. Wherever possible, 
options that effectively enhance aquifers’ recharge should be preferred, as they 
score better both from the viewpoint of cost as well as effectiveness. 
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LINKING SPATE IRRIGATION AND NATURAL RESOURCE MANAGEMENT
This chapter describes the linkages between spate irrigation and natural resource 
management in the river basins of which spate systems are part. Ecosystems in arid 
and semi-arid river basins are generally fragile, and they have limited capacity to adjust 
to changes. If the usage of natural resources, such as land and water, is changed, the 
environmental consequences are often greater than foreseen. Consideration should be 
given to the possible effects and impacts of the development of spate irrigation systems 
on the available natural resources as well as water quality and quantity. Spate irrigation 
systems are very much part of these natural resource systems and are themselves affected 
by changes in the land and water resources in the river basins.

It is important to place the development of spate irrigation in the context of river 
basin management. Spate irrigation systems, when they are well managed, fulfil several 
important functions, beyond the spate irrigation per se: preserving biodiversity, mitigating 
flood peaks, stabilizing river systems and recharging groundwater. These spate irrigation 
system functions of are often influenced by other development activities elsewhere in 
a basin. The complexity of interaction between spate irrigation and other development 
activities on the one hand and the river ecosystem on the other is well illustrated in the 
case of the Manchar Lake in Sindh province of Pakistan. The lake is formed by spate 
flows maintaining several extra functions beyond the spate irrigation. It used to be an 
excellent example of flood management and surplus floodwater. Moreover, it served 
biodiversity, drinking-water, fisheries and was an abode of indigenous communities. The 
lake, however, witnessed a downturn after contaminated agricultural drainage water, 
from a perennial irrigation system in the upper reach of the basin, was routed to the 
water body. 

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 10.1.

NATURAL VEGETATION AND BIODIVERSITY
Ephemeral rivers are often unexpectedly rich depositories of vegetation. Spates collect 
seeds from a large part of catchments and deposit them in the river bed and flood 
irrigated fields. The moist, and often organic-rich layers of silt forming spate irrigated 
fields, provide a favourable environment for wild trees, plants and mushrooms to 
germinate and develop. Logs and branches, often carried over considerable distance by 
spate flows, may add to this process by lodging against trees growing in or along the 
river channel, creating small blockages, trapping organic material, and further supporting 
vegetative growth (Jacobson et al., 1995). Spate irrigated areas have ecosystems with a 
great biodiversity of plants and animals, in particular birds. In Balochistan (Pakistan), 
spate flows have contributed to the development of wetlands, which are an excellent 
refuge for migratory birds (Nawaz, 2002). 

Temporary wetlands in dry areas, such as ephemeral ponds, often have a considerably 
high biodiversity, especially freshwater wetlands (Brendonck and Williams, 2000). 
Biodiversity is very much related to the duration of the aquatic phase, especially 
amongst crustaceans. The species richness in arid-area, temporary wetlands can be 
higher than in permanent temperate or humid-zone wetlands. Wetlands in arid areas 
contain considerable ‘hidden’ biodiversity in the shape of egg banks of multiple species, 
that often make it possible for species to survive weather variability or the early drying 
of ephemeral pools. The spate fields, lakes and ponds are an excellent abode for these 
highly important species. Moreover, birds favour spate fields where organic agriculture 
is practised and where they are least disturbed.
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Natural species of vegetation are often of considerable value. A sample of native species 
occurring in the spate-irrigated area of DG Khan in Pakistan and their productive uses is 
given in Table 10.2. Grasses and shrubs, for instance, sustain livestock populations, while 
trees are used for various purposes. Tamarix trees are used for fuel, utensils and tanning, 
while acacia is used as timber, fuelwood and for the construction of protective fences. 
Ziziphus is a typical multi-purpose tree as it provides fodder, fuelwood, timber and 
fruits, while it is also used for medicinal purposes and beekeeping. In many countries, 
such as in Pakistan, the dwarf palm is used for the production of mats, ropes and sandals. 
In the spate-irrigated areas of Pakistan, the harvesting of various types of mushroom is 
a lucrative activity, with truffles fetching particularly good prices. The spates also carry 
wild vegetables and cucurbits to the fields. During years when the harvest is poor, natural 
vegetation can help families survive these adverse periods.

There is considerable variation between spate systems with respect to the degree of 
natural vegetation that occurs. The spate systems in the Tihama in Yemen are largely 
devoid of natural vegetation, while there is a great diversity of wild vegetation in those of 
Ethiopia, Pakistan and Sudan. In extreme cases, there are spate irrigation systems where 
natural vegetation grows out of control. In the spate irrigation systems of the Gash and 
Tokar in the Sudan, there has been a severe invasion of mesquite (Prosopis jutiaflora and 

TABLE 10.1
Linkages between spate irrigation and natural resource management

Issue Impact of spate irrigation Impact on spate irrigation

Biodiversity and 
natural vegetation

Catchment 
degradation

River morphology

Dune formation

Flood management

Groundwater 
recharge

Upstream and 
downstream water 
use

biodiversity.

structures may contribute to the 
degradation the catchment area.

morphology.

vulnerable areas.

medium flows, only large floods are passed 
on down a wadi.

increase recharge by slowing down flood 
flows. May decrease recharge by extracting 
water from the wadi and increase 
evaporation

flows that are the major source of 
groundwater recharge.

availability for downstream use.

sources of income.

on use of the command area.

patterns and increases sediment loads.

riverine forest and bank vegetation causes 
changes in runoff regime and may trigger 
scouring and widening of wadi beds.

fringes of spate systems.

and affect viability of spate systems.

conjunctive use of groundwater and 
spate flows can sustain highly productive 
agriculture.

may change water availability for spate 
irrigation 



Guidelines on spate irrigation196

Prosopis chilensis) since the 1990s (FAO, 2000). The species were introduced as part of 
dune stabilization programmes, but soon got out of hand. The aggressive spread of the 
mesquite in the Gash and Tokar spate systems in the Sudan is largely the result of poor 
field and marginal land management arrangements, related to the absence of permanent 
land ownership in these systems. The mesquite is a prime source of income for landless 
families, who use it to produce charcoal. 

Under the new Gash Livelihoods Project, the eradication of mesquite is now foreseen in 
combination with land titling. This will need due consideration of mesquite’s economic 
importance as the primary source of cash income, particularly for the landless, and its 
river bank stabilization effects. The project will identify suitable alternative non-invasive 
tree species for establishment on public lands and women’s group woodlots in the area. 
Such tree species will include nitrogen-fixing trees as well other trees with extensive root 
systems.

TABLE 10.2
Native tree species and economic uses in Suleiman spate-irrigated area (Pakistan)

Botanical name Common name Economic uses

Acacia kacquemonti Kikri Leaves browsed

Acacia nilotica Kikar Timber, leaves browsed

Aerva javanica Bui

Alhaji camelorum Jawan Weed

Aristada depressa Lumb Grass (poor quality)

Calligonum polygonoides Phog Sand stabilizer

Capparis deciduas Karir Firewood, browse

Carex sp. Palatable grass

Cenchrus biflorus Lidder Weed

Cenchrus ciliaris Dhaman Palatable grass

Cenchrus pennisetiformis Lidder Low-quality grass

Crotalaria burhia Chag

Cymbopogon jawarancusa Khavi Medicinal value

Cymbopogon schoenanthus Khavi Low quality grass

Cynodon dactylon Khabbal Palatable grass

Desmostachya bipinnata Dab Low quality grass

Dichantium annulatum Palatable grass

Diptergium glaucum Fehl Palatable grass (camels)

Eleusine flagellifera Chimber Low quality grass

Euphorbia spp. Browsed

Haloxylon recurvum Khar Browsed (camels)
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Botanical name Common name Economic uses

Haloxylon salicornicum Lana Browsed (camels)

Indigofera oblongifolia Jhil

Kochia indica Bui Low quality shrub

Lasiurus sindicus Ghorka Palatable grass

Leptadenia pyrotechnica Khip

Panicum antidotale Murat Palatable grass

Panicum turgidum Murat Low quality grass

Peganum harmala Harmal Medicinal value

Phoenix dactylifera Khajoor Fruit tree

Poa spp. Palatable grass

Prosopis cineria Jand Timber, browse

Prosopis juliflora Mesquite Firewood, browse

Rhazya stricta Senhwar Medicinal value

Saccharum munja Sarkanda

Salsola foetida Lani Browsed (camels)

Salvadora oleodis Wan Browsed

Suaeda fruticosa Lana Browsed

Tamarix aphylla Frash Sand stabilizer, utensils

Tribulis terrestris Bhakara Weed

Withania coagulans Paneer

Zizyphys Mauritania Ber Timber, browse, honey forage

Zizyphys nummularia Mallah Browsed

Source: PARC/UNEP/NESCAP 1994

CATCHMENT DEGRADATION
The construction of brushwood spurs and weirs in traditional spate irrigation requires 
large numbers of trees and branches. Because of its multiple properties, acacia branches 
are preferred. The intensive use of acacia trees seriously threatens the long-term 
sustainability of spate irrigation in the Eastern Lowlands. For example, it has been 
reported that more than 28 000 trees are required annually in the 3 000 ha system of 
Sheeb in Eritrea (see Figure 10.1 for shrubs collection in Eritrea). Farmers estimate that 
it now takes ten times longer to gather the acacia shrubs needed to maintain their system 
than in the past. Similarly, in the border area of the Sudan with Eritrea, brushwood flood-
spreading structures were traditionally built from branch palm (Hyphaene thebaica) 
(Niemeijer, 1993). This tree has now largely disappeared from the area and the steep 
decline in water spreading is associated with its loss. In several parts of Ethiopia natural 
vegetation has become scarce and the sorghum roots are excavated and used in place of 
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brushwood for flood diversions, with further negative consequences on soil fertility and 
erosion.

Desertification of the areas close to irrigated areas is associated with the construction of 
diversion bunds and the collection of wood for fuel and construction. Many other factors 
cause deforestation and land degradation in the upper catchment areas where spates flows 
are mostly generated. These include the expansion of agriculture and overgrazing driven 
by rising populations, and the breakdown of indigenous terracing and other erosion 
control measures (Scholte et al., 1991). 

RIVER MORPHOLOGY
Spate irrigation occurs either in mountain valleys, or in the plains close to the mountain 
front often at the end of a gravel fan. Particularly in the latter areas, wadis tend to 
be unstable. Spate farmers attempt to stabilize these sections of the wadi to ensure 
a continuing supply of water to their spate irrigation schemes. Changes in the river 
morphology may originate in the lack of protection of local vegetation, i.e. the cutting of 
riverine forests or of riverbank vegetation. Changes are triggered by historic floods that 
usually result in a general lowering of river bed levels. The construction of flood canals 
at unsuitable sites may also increase the degradation process, as the river may change its 
course during a large flood.

There is usually a gradual transition in the vegetation along spate wadis. The upper 
reaches experience more frequent floods, and the physical disturbance that comes with 
them removes the vegetation. In the lower reaches, discharge decreases as a result of 
upstream abstractions and infiltration to the wadi beds. Infrequent floods result in 
harsh environments where only hardy drought-resistant plants can survive (Jacobson et 
al., 1995). Vegetation can be used as an indicator to assess the pattern and reliability of 
flooding.

FIGURE 10.1
Collection of shrubs for the repair of flood diversion spurs in Eritrea
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The vegetation that develops in ephemeral river beds also plays an important role in their 
stabilization. This is particularly true in spate wadis in alluvial plains, which do not have 
beds armoured with gravel and cobbles, and are prone to scour. While the degradation 
of the ephemeral river bed is often a natural phenomenon, its speed and intensity can be 
increased by human action, such as the cutting of trees and bushes in and along the river 
bed as well as the degradation of wadi catchments.

Degradation of an ephemeral river bed may advance to such an extent that canal intakes 
are left far above the wadi bed and that diversion becomes impossible. An example is the 
Yanda-Faro River in Konso in Ethiopia. It was reported that the historic El niño floods 
that occurred in 1998 resulted in a rapid degradation of the river beds in the region and 
the erosion of the riverbanks (Farm Africa, 2003). The cutting of vegetation and free 
cattle grazing in a downstream riverain forest was among the factors that caused the 
Yandefero River to change course and discharge into a lower section of the main river. 
The result was a continuous degradation of the river bed over a length of 10 km, which 
rendered many existing upstream intakes unserviceable (Figure 10.2).

Wadi beds move up and down in response to the flood pattern experienced. Abandoned 
intakes and canals, that can no longer be used, are often seen in the older spate-irrigated 
areas. Farmers in Barag in the south of Balochistan, Pakistan, for instance, had to abandon 
their existing diversion structure in the 1980s because of the degradation of the river 
bed (Halcrow, 1993). The recent history of the Korakan River in Balochistan, Pakistan 
illustrates the impact of the degradation of the river bed on the livelihoods of many 
households. Until the early 1970s, about 2 000 households living in 30–40 communities 
depended on 11 collective diversion bunds and a large number of individual structures 
for the irrigation of their fields on both riverbanks. As a result of the cutting of trees and 
overgrazing of vegetation in and along the river bed, the degradation process started in 
the downstream reach of the river at the beginning of the 1970s. Between 1976 and 1989, 

FIGURE 10.2
Lowered river bed and eroded river banks causing the 

abandonment of the canal head, Ethiopia
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7 of the 11 bunds could not be rebuilt by the farmers as the level of the river bed was too 
low and the river too wide. As a result, many fields could not be irrigated for many years 
and their owners migrated to other areas (Halcrow, 1994).

Vegetation sometimes helps in raising the river beds. When trees, such as tamarix, colonize 
the bed of spate rivers, flows are slowed down, sediment settles and bed levels rise. In 
many rivers prone to degradation, as in wadi Tuban and wadi Siham in Yemen, as well as 
in Korakan River in Balochistan, a ban on cutting vegetation along the wadi bed has been 
put in place by the spate irrigation farmers. In other areas, farmers have actively planted 
tamarix saplings. In Balochistan several projects have planted different trees and shrubs 
including tamarix along the banks and inside the rivers for multipurpose functions. This 
was done on a participatory basis on the request of local farmers and villagers.

Not only does vegetation withstand normal floods, but regeneration is possible from 
regrowth when damage occurs during exceptional floods. Sediments deposit in front, 
over and behind the vegetative barrier. Sedimentation of coarse material, during high and 
medium floods and of silt mixed with vegetative debris at low flows, eventually forms a 
solid natural protective structure.

The distribution of natural vegetation in wadis is, however, limited to sites of low-
speed flow, where seeds are deposited and covered with enough sediment to obtain 
germination. In sites characterized by swift currents, vegetation establishment can only 
be obtained by planting cuttings deep and offering protection against scouring.

WIND EROSION AND SAND DUNE FORMATION
In many spate irrigation systems, the risk of sand dune formation is ever present. A 
study by FAO using aerial photography dating from 1976 and 1987 for Wadi Zabid 
in Yemen suggests that 5 percent of the productive area was lost to sand movement in 
that period. One reason why spate irrigation faces the threat of sand dune formation is 
that agricultural land stretches increasingly into marginal areas, with little accessibility 
to spate flows and poor (sandy) soil textures. Another explanation may be related to 
the practice of rainfed agriculture in the sand dune areas. In some places, when there is 
adequate rainfall for rainfed agriculture, farmers tend to uproot natural vegetation and 
crop marginal, sandy land. Animals graze the area after the harvesting of millet and, as a 
result, the sand dunes are stripped of natural vegetation and regeneration becomes slow 
and difficult (Scholte et al., 1991).

The rehabilitation of sand dune areas requires the engagement of farmers in planting 
native trees and dwarf shrubs. In the Tihama (Yemen), a dwarf shrub (Dipterygium 
glaucum) and two tuft grasses (Pannicum turdidum and Odysseum mucronatum) form 
the vegetation cover that will eventually stabilize the sand dunes (El-Hassan, 1999). 
Management of the rehabilitated land is crucial and cultivation and grazing should 
be limited, if not prevented. This can only be done with the full participation of local 
populations. 

Another closely related problem is wind erosion. In dry plains, wind erosion tends to 
remove the finer particles of soils, causing loss of soil fertility. Watering of soil through 
the continued use of the spate systems is the best strategy to minimize these impacts.

FLOOD MANAGEMENT
The role that spate irrigation can have in flood mitigation is often overstated. In Pakistan, 
for example, the development of spate irrigation systems has been advocated because 
it would help reduce damage to the large perennial canals on the western side of the 
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Indus irrigation system. The hill or mountain torrents have at times caused considerable 
damage to the large-scale perennial irrigation systems. Studies commissioned by the 
Federal Flood Commission in Pakistan explicitly envisage the dual objective of spate-
irrigated agricultural development in the piedmont plains and the protection of perennial 
irrigation infrastructure such as the Chasma Right Bank Canal, the Dera Ghazi Khan 
Canal, the Flood Protection Bund Complex and the Pat Feeder Canal (NESPAK, 1998).

Yet, the contribution that development of spate irrigation can make to flood mitigation 
is limited and, in general, there is little experience in managing spate irrigation systems 
for flood mitigation. The extreme floods are those that cause the most damage and 
they are only marginally mitigated by spate irrigation systems since spate irrigation 
makes prevailing use of low and medium floods. Still, widespread development of spate 
irrigation in the catchments and tributaries or the larger wadi systems can reduce the 
chance of large floods building up. Simple hydrological models, based on the flood 
assessment methods described in Chapter 3, can provide rough estimates of possible 
impacts of spate irrigation on floods. Spate irrigation systems also tend to stabilize 
ephemeral streams, which avoids unexpected breaches downstream.

A related technique for flood mitigation is that of flood spreading. Experimental 
work has been done in Iran by the Soil Conservation and Watershed Management 
Research Institute. Starting with a pilot project at the Gareh Baygon Plain, a number of 
measures were implemented on 60 000 ha of land. The main purpose was the spreading 
of floodwater for recharge on alluvial fans, reviving the vertical well systems (qanats) 
and encouraging the development of new wells. Part of the water was used for spate 
irrigation. In flood spreading, water is diverted from the bed of an ephemeral river, 
channelled through a desilting basin and spread over a number of bunded fields. The 
bunds run along the contours, and channels collect the excess water and pass it down to 
the next contour bunds. Eucalyptus and acacia trees are planted in the water spreading 
area. At the bottom of the spreading area, water is collected and diverted back into the 
river. Good results are claimed with this technique, both for recharge and flood control. 
It was estimated that the damage produced by a large flood in Gareh Baygon spreading 
area represented only 2.5 percent of the cost that would have been incurred downstream 
had the flood flows not been captured by the flood spreading system.

In Balochistan, when floodwater is in surplus, it is diverted to specific locations for 
collection into ponds used for domestic and animal drinking-water. These sites are 
preferential groundwater recharge areas. Upon drying of ponds, villagers dig shallow 
wells inside and around ponds to collect water.

INTERACTION BETWEEN SPATE IRRIGATION AND GROUNDWATER
The relation between spate irrigation and groundwater is complex. Spate irrigation 
provides the possibilty of in situ groundwater recharge, but also reduces the chance of 
recharge downstream. On the other hard, groundwater development in spate systems 
may considerably modify agricultural practices and can sustain highly productive 
farming. The balance of opportunities and costs is site-specific, and a careful assessment 
of potential and constraints of groundwater use and recharge should be done to 
understand the implications of proposed spate-related interventions.

Groundwater recharge
Two types of aquifer are important in spate-irrigated areas. In the valleys, alluvial 
sediment deposits consist of generally unsorted, but coarse and uncemented material 
with high permeability. The deposits are found in a strip along the river bed, which 
may vary in width from a few meters to a few hundred meters. Strip aquifers have very 
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favourable recharge conditions and are mainly recharged from the infiltration of spate 
flows and seepage zones along the wadi bed. Because of their small volume, and high 
permeability, the strip aquifers are quickly depleted. Another type of aquifer is found 
further downstream, at the level of the alluvial fans and in the plains. They are actively 
recharged by the floods in the wadis and may be several thousand metres thick. They 
may not be homogeneous and consist of a number of independent groundwater flow 
domains, with their own recharge and discharge zones and with varying water quality 
(Van der Gun and Ahmed, 1995). In many areas, horizontal wells (foggara or qanats) are 
developed in the spate recharge zones. Many of these aquifers are intensively developed.

In general, aquifer recharge occurs mainly through infiltration in the wadi beds rather 
than from channels and fields. While recharge may be enhanced by spate irrigation, 
where diversions flatten the river slopes and reduce flow velocities, and diversion 
bunds produce ponding, most of the water diverted onto the land is accounted for 
by evapotranspiration, and the proportion of recharge is less. When designing spate 
irrigation systems, a careful assessment of the changes in water balance in the river must 
therefore be performed to understand the implications of spate diversion on the overall 
hydrology of the wadi. Results will vary from one site to another, as a function of the 
characteristics of the floods and of the aquifers. Of particular relevance is the potential 
impact of spate diversion on the recharge of major aquifers in the alluvial fans and in the 
plains where water productivity through groundwater-based irrigated agriculture is, in 
most cases, much higher than in spate irrigation. 

Options for groundwater recharge also exist 
beyond spate systems. An unusual and highly 
innovative recharge structure was constructed by 
farmers in Wadi Hadramawt in Yemen (Figure 
10.3). The structure consists of 1 m high lime-
mortar wall across the river that serves to slow 
down and spread the flood to maximize recharge. 
Another important practice is to leave the stone 
armouring of wadi beds intact, as the presence 
of large stones and boulders reduces the water 
velocity and encourages river bed recharge. 

The ephemeral wadi beds carry a substantial 
subsurface flow, which is often the main source 
of aquifer recharge. Caution is needed not to 

interfere with these subsurface flows through cutoff weirs or impervious bed stabilizers, 
as downstream well water supplies may depend on these flows for their recharge. An 
example of a spate irrigation project gone wrong in this respect is the Wadi Siham 
in Yemen. The weir was cutting-across the traditional flood channels, blocking the 
subsurface flow in the river, and depriving a large number of downstream well owners 
of their source of water.

Groundwater use in spate schemes
Access to groundwater in spate irrigation radically changes farming opportunities. 
Where groundwater is available, the unpredictability associated with spate irrigation 
largely disappears, and farmers can rely on a safe supply of water for their production. 
Wherever groundwater development has been possible, farmers have taken advantage 
of it and harnessed water in a much more productive way than that expected from 
traditional spate systems. 

FIGURE 10.3
Recharge weir in Hadramawt, Yemen
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Since the modernization of the Wadi Zabid system in Yemen, the area under cultivation 
has increased substantially. There is evidence that this is related to the increase in 
groundwater use, rather than any increase in the diversion efficiency provided by the new 
structures in the spate-irrigated areas. In Wadi Zabid, wells are used in conjunction with 
spate-water supply and as the only sources of irrigation water. Since the 1970s there has 
been a rapid increase in well development, mainly shallow wells with some extensions. 
In 1988, there were 1 411 wells in Wadi Zabid, of which 1 221 were functional. These 
were almost all used for irrigation but, at the same time, served as an important source 
of drinking-water. As a result, the area under banana has increased from 20 ha in 1980 to 
more than 3 500 ha in 2000. Similarly in Wadi Tuban in Yemen, agricultural production 
has changed dramatically since the 1980s mainly because of the remarkable increase of 
shallow wells; about 2 300 ha are now under high value vegetable production. 

Groundwater quality in the coastal region of Yemen where Wadi Zabid and Wadi Tuban 
are located, is generally good enough for irrigation, unlike that in spate areas in Eritrea, 
Pakistan and Tunisia. In wadi Labka, Eritrea for instance, groundwater salinity ranged 
from 2 250–2 650 μS/cm. In areas with high salinity, irrigation from groundwater is not an 
option. However small prisms of freshwater, stored in the bed of the spate rivers, can be 
an important source of drinking-water supply in areas with generally saline groundwater.

The intense use of groundwater, and the higher water productivity associated with 
groundwater-based irrigation, raises questions on the relation between spate irrigation 
and groundwater recharge. One issue, related to in situ water management, is whether 
the best spate-water management strategy should maximize recharge, or agricultural 
productivity of the spate-irrigated areas. Another issue is the relationship between 
upstream and downstream water users. It is exemplified by the recent debate on water 
distribution in Wadi Zabid in Yemen, where a system of time-based water allocation is 
in place. Under this regime, the downstream command area is entitled to floods in the 
off-season only. As the occasional spate flows are able to recharge shallow aquifers for 
a long time, downstream land users are now requesting their share of spate floods in the 
peak season. Such conditions, where wealthier downstream users would take advantage 
of water used by upstream spate farmers, could be the basis for application of the concept 
of payment for ecosystem services, where part of the gains obtained from additional 
recharge downstream could be used to compensate upstream farmers for losses incurred 
with reduced water supply.

WATER STORAGE AND DAMS
The reliability of spate irrigation would be greatly increased if water from flood 
peaks could be stored, and then released when needed for irrigation. This makes the 
construction of small dams a very popular activity in semi arid areas. However, the 
benefits to local communities for irrigation and groundwater recharge, need to be 
balanced by the adverse impacts on downstream spate water users. Hydrological studies 
on Wadi Zabid and Wadi Tuban in Yemen suggest that in the 1990s the inflow to the spate 
irrigation areas may have reduced by about 30 percent and the reduction was attributed 
to the development of a large number of small dams in the upper catchments (IIP, 2002). 
These upstream developments change the runoff pattern, with low flows and the earlier 
parts of the flood wave being intercepted by the dams, while downstream systems receive 
the large floods that cannot be retained. This can have an impact on diversion efficiencies 
in the downstream spate systems as most of the water resource in spate rivers flows in 
the range of low- to medium-discharge.

Besides the upstream-downstream issue, dams are rarely an option in arid areas because 
of the rapid siltation rates that occur when they are supplied by floods carrying very high 
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sediment loads. Dams with a very large initial capacity would be needed to provide 
enough storage for sediment deposits to achieve a reasonable economic life. The use 
of dams in the spate-irrigated areas in Eritrea, where sediment loads can be as high as 
10 percent by volume, has been ruled out as an option for this reason, moreover, dams in 
the Rif Mountain in Morocco suffer from rapid siltation. Another example is the Gomal 
Zam dam in DI Khan in Pakistan. A series of feasibility studies have highlighted the 
heavy sedimentation, which threatens the longevity of the dam, and may be detrimental 
to spate-irrigated agriculture downstream. 

Another illustrative example is the discussion around the construction of a dam on 
Wadi Surdud in Yemen, one of the major ephemeral streams of the Tihama. With the 
present system, an extensive area, which is supplied by spate flows and well irrigation, is 
under high value crops. In the existing system, sediment is not a problem but rather an 
asset as it serves to constantly renew soil fertility. On the positive side, the dam would 
supply perennial irrigation water to an irrigation scheme in the upstream part of the 
wadi and provide protection against floods. On the negative side, downstream spate and 
groundwater recharge will be affected, high evaporation losses and serious sedimentation 
will take place, and it is expected that the dam will also trap seeds and other sources of 
high biodiversity and will produce relatively ‘sterile’ water at best. 

Kowsar (1998) made a case for storing water in a shallow aquifer rather than in dams 
in semi-arid areas where spate irrigation is practised. He argues that reservoirs in Iran 
amount to 30 km3 and that the cost of developing this capacity is US$0.20 per cubic 
meter. The total potential storage capacity in debris cones, alluvial fans and colluvial 
soils in Iran is 4 300 km3, equivalent to 10 times the natural precipitation in the country. 
Hence, the identification of possible sites for recharge hence should not pose a problem. 
The cost of creating 1 m3 of storage capacity under artificial recharge – using the model 
experimented in Gareh Bygone in Iran – is US$0.0008. The cost of creating 1 m3 of water 
actually stored, based on average precipitation and a conservative figure of 30 percent 
effective recharge, would be US$0.027 even if the costs of pumping will reduce this cost 
advantage to some extent.

These examples show that it is important that all the impacts of the proposed investment 
be understood and assessed for their costs and benefits, to take economically sensible 
decisions. However, decisions are often driven by the tendency to respond to the 
water crisis by building more dams, even in situations where there may be more viable 
alternatives. A comparison of water resource development through spate irrigation and 
perennial dam-based irrigation is given in Table 10.3.

TABLE 10.3
Comparison of spate irrigation with perennial dam-based irrigation in arid areas

Spate irrigation Perennial irrigation (dam-based)

be reduced if spate flow is combined with 
groundwater irrigation.

losses in shallow dams.

3 of water stored is low. 3 of water stored is high.

fertility. reduces the useful life of the reservoir.
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Chapter 11

Recommendations for 
interventions in spate irrigation 

INTRODUCTION
While spate irrigation is relatively marginal in absolute terms, it represents a valid 
development option for rural populations in many arid countries. By harnessing floods 
from wadis, it allows farmers to secure crop production and therefore contributes 
to food security and poverty alleviation. The benefits of spate irrigation go beyond 
increased productivity of water use and include increased functionality of domestic 
water, groundwater recharge, fodder for livestock and environmental services such as 
flood control and biodiversity conservation.

This chapter provides recommendations for improving or developing spate irrigation 
systems and is divided into three parts. The first part summarizes lessons learned from 
three decades of spate irrigation projects, on which this report is based, and provides 
conclusions on factors affecting the successes and performances of spate irrigation 
interventions. The second part provides general recommendations that apply to most 
situations and concern mostly development approaches and policy issues. Specifically, it 
lists recommendations particular to engineering, design and management interventions. 
The third part provides a more specific set of recommendations applicable to the different 
types of spate irrigation systems described in Chapter 1. 

LEARN FROM PAST EXPERIENCE
Over the past three decades, spate irrigation development has been supported under a 
range of national and international programmes. The type of external support falls into 
one or more of the following categories:

 � investment in major civil engineering to provide new spate-irrigation infrastructure;
 � support to traditional systems; and
 � provision of earthmoving equipment at subsidized rates.

Extensive investments have been made in large spate-irrigation systems in the 1970s and 
1980s in Yemen and Pakistan and, to a lesser degree, in Eritrea, Ethiopia, the Sudan, 
Algeria, Morocco and Tunisia. The large-spate irrigation improvement projects have been 
dominated by a heavy engineering approach where numerous traditional, independent 
diversion structures have been replaced by one or two permanent gated diversion 
weirs supplying new canals. Experience with most of these projects tells that future 
interventions in spate irrigation should favour low-cost diversion structures and avoid 
sophisticated technical solutions, which have proved to be economically unjustifiable and 
difficult to operate properly. The main lessons learned from the experience with spate 
irrigation development to date can be summarized as follows:

 � Investment costs for large schemes involving new permanent diversions and 
main canals have been high. It is clear, in most cases, that they cannot be justified 
in purely economic terms, by the returns from spate systems that are already 
diverting and using most of the available water.
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 � In large agency-managed schemes, the role of farmers changed from being the 
active irrigation managers they were in the pre-project situation to passive 
receivers of irrigation water, whose access to water became totally dependent 
upon the performance of the agencies managing and maintaining the intakes and 
canals.

 � The operation and maintenance of the larger diversion structures and canal 
systems can be difficult and expensive. In particular sedimentation at intakes and 
in canals is often not properly controlled in modernized systems. The need for 
frequent canal de-silting results in excessive maintenance costs that cannot be met 
without continuing external support, usually from government.

 � The planning and design of rehabilitation and/or improvement works in large 
schemes have mostly been carried out without effective partnership with farmers 
and land users. Farmers’ knowledge of the local situation, and their preferences, 
regarding the scope and type of works and changes in the layout of their irrigation 
system, were often not properly considered during the design process.

 � Economic considerations have often led to the design of diversion structures 
with a much lower diversion capacity than traditional ones, prompting farmers to 
revert to their traditional structure to take advantage of the flood peaks bypassing 
the new permanent intakes.

 � In many cases, new and more robust permanent structures have promoted 
inequity in the distribution of irrigation water and led to the collapse of traditional 
water rights.  Modernized diversion structures give much larger control over spate 
flows to favoured groups of the upstream farmers than traditional structures.

Experience with smaller farmer-managed systems, where incremental structural 
reinforcements have been introduced to improve the reliability of existing traditional 
intakes and reduce maintenance costs have generally been more successful and cost 
effective than large-scale interventions. Farmers have maintained a much higher level 
of ownership of their schemes and kept the overall responsibility for operation and 
maintenance, therefore ensuring higher level of sustainability and less dependence on 
external support. 

Another important programme supporting the improvement of traditional structures 
has been the provision of earthmoving equipment to alleviate labour requirement for the 
maintenance and reconstruction of bunds. In such programmes, bulldozers and front 
loaders are made available against rates that typically cover part of the running costs but 
none of the capital charges. With bulldozer programmes, farmers are given new means to 
build or restore diversion works – especially earth bunds – or improve the command area 
ranging from gully plugging to repairing canal bunds to making new flood channels. In 
countries where bulldozer programmes are in place, they tend to be uniformly popular 
and have developed into the lifeline for spate irrigation.

On the downside of the bulldozer programmes is the fact that traditional water 
distribution systems are sometimes jeopardized because upstream farmers are able 
to build larger bunds. In addition, most bulldozer programmers have faced serious 
maintenance problems: their challenge is to have the rental price cover the total cost 
of running the bulldozer they also have to stimulate local entrepreneurs who rent out 
earthmoving equipment. Where public support to bulldozer programmes has been 
discontinued for financial reasons, this usually led to a major crises as farmers were no 
longer able to construct and repair flood bunds.

In 1992, IFAD, published a report in which it presented its experience of large spate-
irrigation systems modernized with gated, permanent, diversion structures and new 
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irrigation should favour low-cost diversion structures and avoid sophisticated technical 
solutions, which had proved to be economically unjustifiable and difficult to operate 
properly. It recommended (a) that farmers should be more involved in the development 
of improved spate schemes; (b) that spate-irrigation systems should be self-reliant insofar 
as routine operations and repair are concerned, with some backstopping from technically 
competent public sector units as appropriate; and (c) that governments should not be 
expected to provide the bulk of resources for maintenance.

In spite of these findings, and widespread adoption of the rhetoric of participatory 
irrigation management, not much has changed in the engineering approach applied in 
the recent past, in particular in relation to modernization and rehabilitation of large spate 
systems carried out with financial support from international partners. 

DEVELOPMENT APPROACH
The selection of an appropriate development concept for spate irrigation systems of 
any scale requires a clear understanding and appreciation of a series of issues that 
are specific to the spate irrigation context. Clearly different approaches are needed 
for schemes with different characteristics, levels of development, access to external 
support from local or national governments and NGOs. However the success of any 
intervention in spate irrigation will largely depend upon a set of principles that are valid 
in all cases. These issues and principles have been discussed in details in this report and 
are summarized below. 

Place spate irrigation within a broader development context
Alleviation of poverty in spate-irrigated areas cannot be achieved through technical 
improvements to spate irrigation alone (see Box 11.1). 

BOX 11.1

Designing structural improvements within a broader 
development perspective: Example of the Gash project

The rehabilitation of the Gash spate system is an example of how a good project needs 
good engineering embedded into a sound development perspective. There was a strong 
change of emphasis in the rehabilitation of the Gash spate system in Sudan, where, since 
2002, IFAD supported a sustainable livelihood regeneration project that chose to put 
livelihoods and institutional reform at the core of its development approach (IFAD, 
2004). The main thrusts of the project were community development, capacity building 
and empowerment, animal production and rangeland management, control of mesquite 
invasion of farm lands, financial services and marketing and institutional support. 
Structural improvements included river training, de-silting to return canals to their original 
design and improvements of field layouts. 

It is too soon to judge whether this approach will achieve more than the top-down 
approaches described earlier in this report. Initial indications are that, despite many 
constraints, considerable results have been obtained for equitable land distribution, 
security of tenure, empowerment of local communities and enhancement of livelihoods. 
However, poor progress with the physical rehabilitation of the irrigation system and 
institutional changes to management may compromise its success. A reliable water supply 
is the foundation of any irrigation project and must clearly be given a high priority in 
project design and implementation.
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Water is not the only constraint to development and many poor households rely only 
partially on spate-irrigated agriculture for their incomes. Successful poverty alleviation 
will also depend upon a series of actions, among which the most frequently needed are:

 � improvement of access to extension services, credit and marketing;
 � improvement in livestock production – by restocking, exchanging breeds, 
improving fodder production and rangeland improvement, as well as the 
processing and marketing of livestock products;

 � improvement in local forestry – by developing local agroforestry, improved 
marketing of non-timber produce, by uprooting invasive species;

 � improved access to domestic water, both through locally appropriate facilities, 
wells and pumps and, where appropriate, groundwater recharge;

 � flood protection measures of villages and river banks;
 � creation of opportunities for wage labour and off-farm income, in particular for 
landless households; and

 � in some cases, eradication of diseases such as malaria and tryposonamis.

While not all projects will have components covering the range of livelihood issues, 
these issues should be considered when projects are being planned. At the minimum, 
improvement projects need to be screened for their impacts on livelihoods, to ensure that 
unintended negative consequences are not introduced.

Two issues stand out in particular that have significant bearing on the quality of life. The 
first is the availability of water for domestic purposes. 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. Spate projects can have unintentional negative impacts on drinking-
water downstream of diversion sites when they are not carefully designed.

Another issue, particularly in old spate-irrigation systems, is the high deposition of 
sediments that has raised farmland levels above the level of village areas, thus increasing 
the risk of flooding of the villages. Besides this problem there is the risk of riverbank 
breaching, damaging farmland and residential property in the process and causing the 
inhabitants to loose the very basis of their existence.

The production of wood and fodder and terrain stabilization all benefit from systematic 
efforts towards agroforestry in spate-irrigated areas. Agroforestry can be managed in 
several ways, including allowing natural vegetation to grow in the command area actively 
protecting natural vegetation. In addition planting of indigenous tree species will help 
stabilize bunds and river courses, and provide fuelwood and fodder. A reverse side to the 
promotion of agroforestry, is the introduction of new species, such as mesquite (Prosopis 
juliflora), often imported to fix dunes, which has turned into a major pest in many spate-
irrigated areas, including in the Sudan (both Tokar and Gash) and Yemen, the Tihama 
Plain. The eradication of mesquite requires major efforts through mechanical and manual 
uprooting.

Livestock is of prime importance to the household economy in arid areas. Enhancement 
of the productivity of livestock, includes improving access to animal feed (i.e. fodder 
crops and spate-irrigated pastures), watering points and veterinary services, closure 
and management of grazing areas, as well as the processing and marketing of livestock 
products and restocking after a catastrophe.
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Many of these issues are not gender-neutral. Women are usually in charge of domestic 
water fetching, they raise small livestock, prepare and sell dairy products and collect 
fuelwood. They are also involved in producing handicrafts for sale at local markets. All 
the above points are therefore of great relevance to them and a careful consideration of 
these issues in spate programmes can help balance benefits among women and men. 

Understand the socio-economic context
An understanding of the socio-economic context and the strategies that farmers 
adopt to cope with the unpredictability associated with spate irrigation is essential to 
ensure effective and sustainable improvements to traditional spate-irrigation systems. 
This knowledge can help planners and designers to avoid the unintended negative 
consequences that result from some past spate irrigation improvement projects.

Of particular importance is the understanding of traditional water rights and operating 
and maintenance arrangements, how these are enforced and how water sharing, 
maintenance arrangements and the policing and enforcement of these arrangements 
would be affected by the project. 

Projects should be planned with adequate time and resources to fully understand farmers’ 
perceptions, the socio-economic circumstances and their risk avoidance strategies. Long-
term programmes are required to allow stakeholders to adapt to changed technologies. 
Unfortunately, this recommendation often conflicts with the time bound programmes of 
typical investment projects.

Local capabilities, access to construction materials, indigenous skills, the availability 
of financial resources needed for farmers to carry out maintenance of any improved 
irrigation infrastructure must be carefully considered. In this regard it is important that 
the design and complexity of proposed infrastructure match the local capacity to operate.

Adapt design to arid zone context
Spate hydrology is characterized by a great variation in the size and frequency of 
floods, which directly influence the availability of water for agriculture and the design 
of diversion and distribution structures. Spate floods typically have very high peak 
discharges and short periods of flow. In designing spate irrigation improvement projects, 
the trade-offs between investment costs, maintenance costs and the level of service 
deserve more attention than for conventional irrigation. In particular, the specific 
characteristics of spate floods require a different approach towards risk management. 
Moreover, provision for re-building of parts of the system after major floods are often a 
more cost-effective option than designing more permanent structures.

The extreme characteristics of wadi hydrology make it difficult to determine the volumes 
of water that will be diverted to fields and hence the potential cropped areas. Reliance on 
farmers’ experience is a better way to estimate potential than through classical crop-water 
requirement methods.

Wadis typically transport very high sediment loads (up to 10 percent in weight) which 
can be two or more orders of magnitude larger than those encountered in most perennial 
irrigation systems. Management of sedimentation is, therefore, a key factor in spate 
irrigation and must be given particular attention when designing spate projects. In 
particular, wherever possible, structures would have to be designed with stop logs on 
the main intake that can be raised in line with rising river bed levels and command areas. 
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Take a basin-wide approach to planning – Understand the water balance
Water is scarce in spate areas. A careful understanding of the water balance at the level 
of the river basin is necessary to avoid unintended negative consequences of spate 
interventions. Spate schemes should therefore be considered in the context of a succession 
of water uses in the basin and not as an isolated development. This is particularly the case 
in over-committed spate rivers, when even floodwater never reaches the sea. In such 
cases, all the water is already allocated to some use in the basin, and increased withdrawal 
at some point in the basin translates directly into reduced supply further downstream. 

Spate irrigation modifies the different elements of the water balance in the basin. 
Typically, it offers opportunity for in situ groundwater recharge but, at the same time, 
reduces possible recharge downstream. In addition, most of the water diverted onto the 
land by spate irrigation is accounted for by evapotranspiration, and the proportion of 
groundwater recharge at the level of the river basin is therefore less. Only a water balance 
approach at the level of the river basin can help assess the impact of interventions on the 
overall productivity of water use. 

One of the objectives of many projects is to increase the efficiency of agricultural water 
use. However, the scope for improving the efficiency of water diversion and distribution 
in traditional systems, which often already use a large proportion of the spate flows 
available for diversion may be limited. Improvements in water distribution and moisture 
conservation in the soil profile may be more beneficial than focussing solely on improving 
the efficiency of diversion from spate flows. In addition, water perceived as being ‘lost’ to 
a particular spate system may, in fact, recharge groundwater or be used downstream for 
useful, non-agricultural purposes such as riverine forest or rangeland.

Design with farmers
In all but the largest and most technically complex schemes farmers should drive the 
planning, design and execution of the rehabilitation and improvement works, as well 
as any amendment to existing water rights to facilitate the improvement of allocation 
and distribution of spate water. Engineers need to provide a range of technically and 
economically viable options and then assist farmers in selecting the most appropriate 
improvements for particular schemes. 

Any improved water distribution system should ensure that farmers understand and 
agree with the implications of any implied changes to water distribution and, where new 
canals are needed, agree to provide the additional land required to construct the canals. 
This additional land will almost certainly be taken from previously irrigated land.

Farmers’ involvement is particularly relevant in projects  aiming to improve existing 
traditional spate systems (see Figure 11.1). They are generally the ones most able to 
identify the opportunities and possibilities for improvement in the water distribution, 
their limitations, the potential for extension, and the likelihood of success of any of the 
proposed interventions. 

Adopt an incremental approach to spate improvement 
Spate irrigation systems are, by their nature, dynamic and need to adapt to changing 
physical and socio-economic conditions. Physical changes in traditional spate-irrigation 
systems typically include changing wadi morphology, raising field levels, and destruction 
of irrigation infrastructure by large floods. In response, farmers have reconstructed 
damaged structures, and moved intakes upstream to regain command and capture base 
flows. Most traditional spate-irrigation systems have evolved and have been modified 
over time in reaction to these influences. Improvements were, in most cases, implemented 
by the spate irrigators themselves and were developed over long periods.



Chapter 11 – Recommendations for interventions in spate irrigation 211

Changes in socio-economic conditions may happen within a relatively short time and 
affect the overall conditions in which spate irrigation takes place. They include changes 
in the local power structures that control access and distribution of water, access to 
new technologies that reduce labour requirements for maintenance or irrigation, easier 
access to roads, markets and labour opportunities, and policies that affect agricultural 
production and business. 

Whenever possible an incremental approach to spate irrigation improvement is a 
preferred option. It mimics farmers’ approach and is flexible enough to accommodate 
the above-mentioned changes. Continuous support is preferred over a one-time project-
type improvement to accompany these changes. The incremental approach is valid for 
infrastructure design as well as for operations and maintenance 

Adapt design to operation needs
In large projects, the replacement of several independent traditional diversion structures 
by a single permanent diversion structure makes sense in engineering terms as it 
eliminates the need for farmers to rebuild diversions after floods and increases control 
over flood flows. However the experience has shown that concentrating diversion, by 
means of a permanent structure at one location, can result in conflict between upstream 
and downstream farmers related to the changes in distribution of, and access to, spate 
water. It is suggested that this approach should only be adopted when (a) downstream 
water users are not disadvantaged; (b) the sedimentation problems linked with permanent 
structures can be managed; and (c) appropriate sustainable levels of maintenance can be 
assured for technically advanced diversion structures. 

In most cases low-cost, simple and maintenance-friendly technology should be used to 
improve existing traditional intakes. This might include providing access to bulldozers, 
constructing more durable diversions from local materials, and limiting the flows 

FIGURE 11.1
Headwork discussions, Wadi Mai Ule, Eritrea
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entering the canals. Interventions should ensure that farmers are able to finance and have 
access to the skills and materials needed to carry out maintenance and repair works.
A rudimentary canal network with field-to-field irrigation is in place in many existing 
spate schemes. While improved canal networks, supplying water to controlled field 
outlets, can give better control and overcome some of the disadvantages of the field-to-
field water system, changing the water distribution system will probably affect water 
rights. Any improved water distribution system should therefore:

 � ensure that irrigation can be carried out quickly, in the short periods that spate 
flows occur. This requires canal and water control structures that have a much 
larger discharge capacity in relation to the area served than would be used 
normally in perennial irrigation systems;

 � support the stability and manageability of the distribution network by creating 
structures that stabilize the bed of the flood channels, reinforce field-to-field 
overflow structures and ensure that gullies are quickly plugged; and 

 � ensure that water is spread over, and does not irretrievably disappear into the 
lowest parts of, the command area.  

Ensure institutional arrangements for maintenance and operation
More than in any other type of irrigation, maintenance is key to the success of spate 
irrigation. The need for collective action is the basis of traditional spate irrigation 
practices, and the viability of spate systems is determined by the strength of the 
organizations involved in their construction and maintenance. Large, integrated systems 
can require relatively elaborate organizations, whereas small diversion structures 
can be operated more simply. The larger the system the more difficult it becomes to 
organize common maintenance activities, not least because some areas will always have 
a larger likelihood of receiving otherwise unpredictable flood supplies. While farmer 
management exists at some level in all spate systems, there are essentially three types 
of management arrangement (a) predominantly farmer-management; (b) where there is 
some involvement from local government or other external support; and (c) management 
by a specialized irrigation agency. In the latter, farmers may become passive recipients of 
water delivered to their turnouts. 

For farmer-managed systems development projects should not attempt to unnecessarily 
formalize the agreements for maintenance. These have to be left as much as is possible to 
farmers. Projects should ensure that: 

 � there is clear leadership in farmer-managed systems, preferably by committees 
accountable to a wide constituency of land users and not to a limited interest 
group;

 � there are clear and specific arrangements for maintenance. Maintenance 
arrangements must be able to cater for prolonged periods of crop failure;

 � overhead and transaction costs are kept low and fixed tenure for official posts and 
positions are avoided;

 � in large schemes sub-groups should be encouraged and strengthened so they can 
mobilize contributions to maintenance and enforce rules on water management at 
a local level; and

 � extending the role of local organizations to crop management and, where 
appropriate, local groundwater regulation should be considered.
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For agency-managed schemes:

 � agency management is vulnerable if long-term routine financing cannot be 
guaranteed. Strengthening roles of both farmers and local government and 
reducing the role of specialist agencies should be promoted whenever possible. 
Public financial support is better directed at recovering from unusual damage and 
by investing in extension and farmer support rather than routine maintenance, 
which should generally be left to farmers;

 � maintenance of the relatively complex infrastructure, found in some agency 
managed systems, has to remain a specialist activity. Involvement of the private 
sector, rather than employing a large full-time staff, in an irrigation agency may 
be appropriate;

 � promotion of effective communication mechanisms is important to avoid a gap in 
perception and culture between agency staff and farmers; and

 � farmer representatives elected from a wide constituency should play an 
important role in the management of agency schemes. Marginalization of farmer 
representatives, or undue influence by powerful interest groups, has to be resisted. 
Councils of user representatives, local government representatives and service 
organizations may be the most appropriate method of management.

Invest in soil moisture-management and improved agricultural practices 
Interventions in spate systems have mostly concentrated upon improving the diversion 
of spate flows rather than improving the productivity of irrigation water. Improved soil 
management to maximize soil-moisture conservation may have an important impact on 
crop production. It should therefore be considered as an integral component of spate 
improvement projects in schemes where soil-moisture conservation is not currently 
practised. 

Mulching, ploughing, pre-irrigation land preparation, breaking soil crust, the prevention 
of gullies and the adequate maintenance of field bunds can have a very large impact on 
crop production and water productivity. Small field-to-field structures, or the division 
of large fields into smaller more manageable areas, can sustain these improvements. 
Accurate estimates are difficult to get but better moisture management may multiply 
crop yield by a factor 1.5 to 3. 

In particular, it is recommended that soil moisture conservation techniques be promoted 
in spate irrigation improvement projects where they are not currently practised. Field 
experiments in cooperation with farmers are a means of identifying and promoting the 
most appropriate measures. 

Agricultural improvements are needed to raise water productivity. Generally, however, 
agricultural extension in spate-irrigated areas is poor and often lacks the resources and 
the specialist knowledge to meet the needs of spate farmers. Improving the quality 
and reach of extension services in spate-irrigated areas is obviously important, but is 
primarily a matter of regional or national priorities. 

Research and training of extension workers and farmers could help increase the returns 
to marginal spate irrigators. A wide range of agronomic topics need research that is 
specific to spate-irrigation conditions and are described in this report. Possibly the 
most important of there are the development or dissemination of (a) higher yielding but 
drought-resistant varieties of spate-irrigated crops; and (b) improved water management 
and soil-moisture conservation practices. Other important subjects include the integration 
of indigenous technical knowledge with scientific knowledge, improvement of existing 
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mixed/inter-cropping systems and the establishment of seed banks. Better grain storage 
to reduce post-harvest losses is often mentioned as being of major concern. 

Protect fragile ecosystems 
Ecosystems in arid and semi-arid river basins are generally precarious and vulnerable to 
externally-induced changes. Consideration should be given to the possible effects and 
impacts of the development of spate-irrigation systems on natural resources as well as 
water quality and quantity. Spate-irrigation systems are very much part of these natural 
resource systems and are themselves affected by changes in the land and water resources 
in the river basins. 

Traditional spate irrigation is usually well adapted to local environmental conditions. 
As such, it is a more appropriate and cost-effective alternative to the development of 
perennial irrigation supplied from dams in arid areas where the rivers carry very high 
sediment loads. Interventions that mitigate the negative impacts of traditional spate 
practices, such as the unsustainable use of local trees and shrubs used to construct 
diversion structures, should be promoted. The use of natural vegetation, specifically 
planted for river training, provides an environmentally acceptable and lower cost option 
than the use of conventional hydraulic infrastructures.
 
RECOMMENDATIONS FOR SPECIFIC SCHEMES
Chapter 1 presented a range of characteristics that can be used to describe spate irrigation 
systems. Recommendations for basic types of schemes drawn from these descriptions on 
the basis of scheme size and management arrangements are made in this section.

Small schemes under farmer management using traditional diversion practices
These schemes are usually found on small wadis where the flood flows can, for the 
most part, be easily handled by farmers using relatively simple diversions. The main 
engineering requirement is to reduce the labour involved in re-building diversion spurs 
and bunds. One option is to provide farmers with mechanisms for accessing bulldozers 
to repair or construct diversions, provided effective arrangements for breaking of earthen 
spurs and bunds and water distribution, are in place. The support required to supply 
and maintain earth-moving plant, and provide trained operators, will be too large for 
small farmer groups and is best organized on a district or regional basis through local 
government, or with subsidies to allow the participation of the private sector. 

Another option is to provide more durable, simple, un-gated diversions constructed 
from gabions, rubble masonry or concrete. Such structures need to be properly designed 
to resist scouring and overturning and should be simple for farmers to maintain using 
indigenous skills (this may rule out the use of gabions where they are not locally available 
at an acceptable cost to farmers). Flow-restricting structures and rejection spillways need 
to be included at the heads of canals when improved diversions are adopted, to prevent 
large uncontrolled flows damaging canals and downstream irrigation infrastructure. 

New schemes in areas where spate irrigation is being introduced
Former rainfed farmers or herders will generally not have the skills and knowledge 
to manage spate flows on small schemes supplied from small tributary wadis. The 
development approaches described in the previous section may be applied in these 
situations but provision of a simple gated permanent structure will often be a better 
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option when farmers do not have experience of using earthen bunds and deflectors to 
manage spate flows. 

Medium/large schemes under farmer 
management using traditional diversion practices
These schemes are constructed in larger wadis carrying much larger flood flows. Typically 
they have numerous intakes ranging from simple deflectors at the upstream end of a wadi 
and diversion bunds in the lower reaches. The preferred option is to continue to treat 
these schemes as a series of independent small systems and to apply the options described 
above. This approach has the advantage that the farmer groups, and arrangements for 
water distribution and maintenance, remain unchanged. However, much larger floods 
generating larger forces and scouring action will be encountered in larger wadis. A higher 
level of engineering is needed to ensure that diversions are robust enough to withstand 
some damage and provide the flexibility needed to adjust to constant scouring and 
sedimentation. 

A second option is to provide more permanent gated diversion structures, while 
minimizing the extent to which previously independent canals are consolidated to reduce 
the number of diversions required. Cost considerations will probably dictate the choice 
of the most convenient option, including the use of fuse plugs (breaching bunds) to 
reduce the cost of diversion weirs. However, in considering the cost of different options, 
the linkage between design, and the ease of operation and maintenance, must be valued 
carefully. In many cases, more expensive investment options, such us maintaining several 
independent small systems, may prove more productive and sustainable in the long run 
as they keep maintenance costs low and manageable by farmers. 

Large schemes with improved infrastructure and agency management 
Larger and technically complex systems are only feasible with an element of external 
management ranging from technical support provided by local irrigation or agriculture 
departments to full agency management. Where high development costs can be justified, 
quite complex permanent diversion and water control structures can be considered. 
In most cases they would not be recommended for reasons explained in details earlier. 
There is also the requirement to ensure the funding of adequate levels of maintenance in 
agency-managed schemes and to avoid inheriting potential technical problems with ill-
designed spate diversion structures. 

Schemes with access to sufficient shallow groundwater 
Local geological conditions determine whether spate schemes have access to groundwater 
or not. Where possible, spate irrigation can be used to recharge groundwater, making 
possible the use of shallow groundwater for irrigation and other purposes. Access to 
shallow groundwater removes much of the insecurity associated with spate irrigation 
and allows production of cash crops with high crop-water requirements that cannot 
survive long periods between irrigations. In areas where there is sufficient shallow 
groundwater of suitable quality to make pump irrigation a feasible option, the adoption 
of an integrated approach, involving both spate irrigation and irrigation from shallow 
aquifers, is recommended. 

The success of groundwater development in spate systems may, however, transform into 
a burden if exploitation of groundwater exceeds recharge. This is the case in coastal areas, 
where groundwater over-exploitation induces saline water intrusion and the destruction 
of the aquifers. Provision of communal wells, or the establishment of groundwater users 
associations, could be considered. In any case, properly conducted regional water balance 
studies are needed before shallow well irrigation is actively promoted in spate areas.
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