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SUMMARY

BACKGROUND
This report is one of the seven Target Area Water Management Plans that are

combined into a Regional Water Management Plan for the NORADEP area. lt is
designed for implementation by SSHARDA, in liaison with other specialist agencies.

The plan is based on extensive studies, carried out over the last three years, into
groundwater, agricultural and socio-economics, hydrology, land use and multipurpose
dams. Although the studies provide the most comprehensive basis for water
management planning available for any region in Yemen, much work remains to be

done, in particular on the establishment of detailed knowledge of the complete aquifer
system under the Sa'dah Plain, and on the training of extension, research and support
staff to play their full and proper part in development.

MAJOR PROBLEMS
Mining of Groundwater
ln 1991 abstractionfromtheaquiferwasmorethanfourtimestherecharge,andthe
water level fell by 5.6 m. lf pumping continues at this rate, over 5Oo/o of the wells
in the Sa'dah Plain will be dry by the year 2O15 (Fig. S'1), and the cost of water will
have increased 25O"/o bV 2010 (Fig. S.2).

Fig. S.1 Projected Fall in Groundwater Level
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lncreasing Cost of Water
The capital component of the cost of water is more than three times the running

costs - diesel, operation and maintenance - (Fig. S.2). Farrners do not take account
of this capital component and as a result are effectively losing money on some crops.
This is shown in Fig. S.3, where the gross benefit excludes the capital costs and the
net benefit includes them. Note the very poor returns on cereals and the excellent
returns to be made from growing fuelwood.
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Fig. S.2 lncrease in Cost of Water
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Fig. S.3 Actual CroP Returns
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Falling Farm lncomes
Much needed improvements in irrigation practices and crop husbandry, combined

with the introduction of modern irrigation methods, could reduce water use by over

4Oo/o. The effect of this on farm incomes (excluding the capital component) is shown

in Fig. S.4, together with an indication of the rate at which incomes would have to

increase to maintain current standards of living with a population growth ol 3o/o a

year. Only the larger farmers will maintain or increase their living standard without

diversifying away from their current cropping patterns.
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lnstit utiona I C on s t ra ints
There are many institutional constraints to be overcome if the plan is to succeed, but
the major ones are the willingness and ability to enforce groundwater control
legislation; the lack of involvement by LCCDs and the local leadership; shortage of
experienced research and extension staff and the resources required for them to be

effective; and the inability to deliver credit efficiently to all farmers.

PLAN OBJECTIVES
The immediate objectives of the plan are to

r Reduce groundwater abstraction, while maintaining farmers' income levels'

r Establish the human, physical and data resources base needed for longterm
planning and action.

These are pragmatic and achievable objectives' SSHARDA and other relevant
institutions already have the resources to commence implementation, if those
resources were to be applied in the appropriate way. Further resources can readily

be made available from the NORADEP Project until the end of the current World Bank

credit and, for example, from the World Bank funded Land and Water Conservation
Project, which has recently started; indeed, some of the actions recommended in this
plan are included in the LWCP. Proposals for projects, prepared by SSHARDA based

on the plan, and put forward for funding would be looked upon favourably.

NECESSARY ACTIONS
The main components of the plan are

lnvolving local leadership and farming communities in the planning/
implementation/review cycle.

Enforcing existing and pending legislation on groundwater exploitation and

abstraction.

Encouraging the introduction of modern irrigation methods through
demonstration activities, and by facilitating purchase by farmers.

Promoting the use of gabions, reno mattresses and improved earthworks to
strengthen traditional spate diversion structures; and encourage conjunctive
use of spate and well water.

Encouraging a move away from the irrigation of low value crops (mainly

cereals), and the diversification into high value less water-demanding
activities, both on-farm and in the private agro-industrial sector.

Making use of traditional crop varieties and husbandry techniques in research

and extension programmes to maximise rain/runoff-fed yields.

I Simplifying and increasing access to credit'

I

I
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Gathering, processing, publishing and using all relevant data on groundwater,
climate, agriculture, research and marketing.

Expanding the knowledge, experience and scope of research and extension
staff by training and the provision of objective driven management, which
must include the physical and financial resources needed to perform their
duties.

This list is not in order of priority; all actions are equally necessary, though it must
be said that without full involvement of local people from the start nothing will be
achieved. Fig. S.5 is an outline Plan of Action.

TARGETS
Precise targets can only be set during the detailed planning phase, but the following
would be typical:

. 50% reduction in drilling in 5 years.

t 4Oo/o reduction in abstraction in 5 years, by improving efficiency.

r 100% reduction in abstraction in 1O years, by diversifying away from irrigated
agriculture.

r 5oo/o reduction in area under groundwater irrigated cereals in 5 years.

t 25o/o increase in yields on rainfed and spate irrigated land in 5 years, 50% on
groundwater irrigated land in 10 years.

r 500 ha under fuelwood on terraces and runoff areas in 5 years.

r 10OO ha under modern irrigation in 5 years.

r 10 improved spate diversion structures in 5 years.

| 5O"/o improvement in small livestock productivity in 5 years.

Not all of these targets may be realistic, but they are a good illustration of what
SSHARDA must aim at.

IMPLEMENTATION
An interim legislative framework already exists within which groundwater
development could be controlled. lt is not being used.

Able extension staff are available. They are without adequate resources to support
the ambitious and progressive farmers in the Sa'dah Plain who are eager to improve
their agriculture and adopt new techniques.

It is not the function of this report to deal with detailed implementation of the plan
but, in order to provide a basis for the detailed planning process, outline
lmplementation Programmes have been prepared for the Sa'dah Plain and the
NORADEP Region (Figs. S.5 and 5.6).

NORADEP xt YEM/87lO15
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Fig S.5 Sa'dah Target Area Plan of Action/tmplementation Schedule
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Fig S.6 Regional Plan of Action/lmplementation Schedule
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1 INTRODUGTION

1.1 BACKGROUND

1.1.1 The NORADEP Project

The Northern Region Agricultural Development Project (NORADEP), funded by the
World Bank and executed by the Sana'a Sa'dah Hajjah Agricultural and Rural
Development Authority (SSHARDA) has as its objectives:

The increase of agricultural productivity and farmers' incomes by the provision
of improved agricultural services, the promotion of better management of land
and water resources and manpower, and the improvement of irrigation and
agricultural practices.

The improvement of health and nutrition standards through the provision of
development opportunities for rural women.

The project is one means by which the Government intends to achieve its priority
objective of accelerated development of the Northern Region, both for socio-political
reasons and to ensure more balanced development in the country.

The major components of the project are the provision of comprehensive regional
agricultural services; the enhancement of agricultural credit facilities; irrigation
development through the construction of multi-purpose dams; and technical
assistance and training.

This ;eport, covering the Sa'dah Plain Target Area, has been prepared as part of the
Technical Assistance for Engineering Services to the NORADEP project funded by
UNDP XEMI97lO15). lt is one of seven Target Area Water Management Plans, from
which a Regional Water Management Plan has been formulated.

1.1.2 Technical Secretariat - High Water Council

From January 1989 the Technical Secretariat of the High Water Council (TS-HWC)

has carried out work on a wide range of subjects related to water planning and
management, culminating in the publication of a final report: Water Resources
Management and Economic Development 11O Volumes), December 1992. The report
sets out very clearly the need for, and the actions necessary to achieve, effective
water management in the national context. Foremost among these are needs for data
and the development of the institutional and human resources to use the data.

A national water resources management programme can only be established on the
basis of assessments of individual water management units, from which the overall
technical picture can be assembled and policy decisions made. The Target Areas,
defined for the NORADEP project on the basis of their agricultural potential, comprise
such units, and are therefore an integral part of the national planning process.
Although the data assembled for the Target Areas is limited in absolute terms, it
compares very favourably in quality and quantity with data available elsewhere in
Yemen, and can be used as a model for future programmes to gather basic data.

I
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1.2 THE STUDY AREA

The Sa'dah Plain is situated in the Central Highlands of Yemen in the centre of Sa'dah

Province some 250 km on the asphalt road north of Sana'a (Fig' 1'1)' The alluvial

plain covers an area of about 213km?, and has a surrounding catchment of hills and

mountains of about 937 km2. The plain is 30 km long in a northwest/southeast

direction and its width varies from 7.5 km in the northwest to 16 km in the

southeast.

The main road from Sana'a to the north passes through the plain' The most

important towns are Sa'dah in the southeast, At Talh in the centre and Dayan and

Majz in the northwest. Several wadi channels enter and cross the plain; Wadi Marwan

is the effective outlet for surface water and leaves the plain north of Sa'dah town'
joining Wadi Najran across the border. Fig. 1 .2is a map of the Target Area'

Topographic elevations in the plain range from 2050 m at the northwest margin of

the piain down to 1840 m near Wadi Marwan in the northeast' The surrounding

mountains reach altitudes of up to 2750 m at the west side of the plain' where

Amran Limestone and Wajid Sandstone outcrop, ie. about 800 m above average plain

level. At the southern, eaitern and northern borders granites, limestones' sandstones

and metamorphic rocks rise 100 to 400 m above the plain'

1.3 TSSUES AND PRIORITIES

1.3.1 Water Management lssues

The principal issues that must be addressed in the context of water management in

the Sa'dah Plain are:

r The conflict between the encouragement of increased agricultural production

and long-term resource sustainability - particularly of groundwater'

r The effect of changes in agricultural practices on the quantity and quality of

land and water resources, and the environment generally'

r The implications of the increase in farmers'incomes, and thus living standards'
on water resources' There are obvious interactions with public water supply

and sanitation, but the general provision of infrastructure and services falls

outside the scope of this report, though not outside the responsibilities of

SSHARDA.

r Equity: there is currently a considerable gap between the living standards of

the richer and poorer farmers. This will always exist, but water management

interventions may well tend to exacerbate the situation and the matter of

equity would as a result have to enter into the planning process'

r The effects on the allocation of water resources of any development of

industrY in the Target Area.

2YEMi87lO15
NORADEP
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Fig. 1.1 Location Plan
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Fig. 1.2 Target Area MaP
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1.3.2 Report Priorities

The major concern with respect to water resources in the Sa'dah Plain is the
excessive pumping of groundwater, which has resulted in a decline in the water table
of some 40 m between 1983 and 1992. lt is estimated that current abstraction of
groundwater exceeds recharge by some 4OOo/o. Therefore, groundwater is the main
focus of this report.

However, particularly around the edges of the plain where wadis debouch onto the
alluvial soils, surface water remains an important resource' During the last twenty
years or so, this surface water has become more difficult to control and utilise; floods
have become more flashy and peak flows higher as a result of degradation in the
catchments caused by changes in the traditional land use patterns. Erosion of wadi
terraces has occurred and valuable land resources are being lost in locations where
it might be possible to gainfully use spatewater in conjunction with groundwater to
achieve a greater overall water use efficiency. On the other hand, in some cases, the
better solution from an analytical point of view would be to allow the wadi flows to
recharge the aquifer, from which more efficient use could be made of the water.
Each case has to be treated on its merits.

Another approach to the use of surface water, which can have advantages in
particular physical conditions, is the multi-purpose dam, which serves both to store
flood.water so that it can be used over a longer period than during the traditional
spate - and so more efficiently - and to encourage infiltration into the shallow wadi-
bed aquifer, again for planned use at a later stage. However, careful economic
analysis is required to justify the construction of such dams.

1.4 REPORT OBJECTIVES

The longterm objective of the water management planning process must be to attain
the optimum sustainable physical and economic use of available water resources for
agricultural and domestic purposes; also industrial use where applicable. Such a

widely based objective is entirely theoretical in the current context of national
planning, resource and institutional constraints, and the severe lack of detailed data.
However, there is an increasingly urgent national need for action to control the over-
exploitation of groundwater for agriculture at the same time as maintaining or
increasing the existing standard of living of the rural population.

Therefore, this report concentrates on intermediate objectives which are achievable
with the resources available to SSHARDA and other relevant institutions, were those
resources to be applied in the appropriate way. These intermediate objectives,
combining practical initiatives to rationalise water use with the gathering of the
detail€d data essential for comprehensive planning, can be summarised as follows:

Reduction of groundwater abstraction, while maintaining farmers' income
levels, by applying controls on exploitation, increasing returns to water, and
educing reliance on groundwater.

Establishment of the human, physical and data resource base for longterm
planning and action. This will necessitate accurately targeted training at all

staff levels coupled with objective driven management and the provision of the

I
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resources required to achieve the objectives; monitoring of ground and surface

water and climatic data; and carefully planned and executed applied research

and extension.

These objectives, the issues they raise, and the means of achieving them are

discussedin detail in Section 7, but it is essentialto set them out clearly here' at the

beginning of the report, in order that the basis of the report is understood by the

reader from the outset.

REPORT LAYOUT

Each of the Target Area reports is designed as a tool for line management who will

have to implement the plan and contains:

I A summary

r An introduction (Section 1) which sets out the background to the report' the

general issues that have to be addressed and the report; report objectives; and

national context within which the report is set'

t section 2, a summary of the water resources of the Target Area'

r Section 3, which covers the major points brought out by the SONDEO (Rapid

Rural Appraisal Survey).

r Section 4, a review of the current management of water and agriculture' which

extends the basic data presented in Sections 2 and 3'

t Section 5, which contains a detailed discussion of the problems' solutions'

actions, and constraints involved in the planning process'

r Section 6, an analysis of the current financial status in the Target Area (from

the farmers point of view) and outline proiects of the effect of plan

implementation.

r Section 7, which contains the recommended Target Area Water Management

Plan, and includes a tentative implementation programme'

The Target Area Water Management Plans are combined into a Regional Water

Management Plan, the purpos" of *nich is to summarise for senior management and

policimakers the individual detailed Target Area Plans, bringing out the differences

between the Target Area, and recommending priorities for implementation' These

priorities are then assembled into a tentative regional implementation programme'

supported by an outline overall budget. Funding possibilities are then reviewed briefly'

BACKGROUTUO STUOIES AND DATA COLLECTION

The report draws on data contained principally in the following specialist study

reports, compiled by the Technical Assistance Team, supported by SSHARDA

6
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counterparts and assistants. The NORADEP Report Number (see References) is given

in brackets.

r Agro-Economic and Sociological Sondeo Study (3 Volumes), August 1 993 (1 3)'

r Groundwater Resources in the Sa'dah Plain, August 1993 (8).

Mapping and Evaluation of Groundwater in the Wajid Sandstone of the Sa'dah
'Region, April 1993 (10).

Water Balances in the NORADEP Region, July 1993 (1).

Reconnaissance Study for the Selection of SmallDams (51 sites), August 1993
(16).

A basic physical and socio-economic framework for the planning process was
established by the completion of a well inventory, which incorporates investigations
into cropping patterns, and a rapid rural appraisal survey (SONDEO). During the well
inventory comprehensive details were taken of 563 wells, and the locations of a

further 1648 were accurately recorded. ln addition an assessment was made of
surface water runoff, though data is scanty and unreliable. A generalised water
balance was compiled.

The SONDEO survey involved visits to 57 individual farming families in 52 villages
throughout the Target Area; group discussions involving four "key farmers", and

discussions with others present at qat sessions; and other personnel engaged in
agricultural development, officials of the Co-operative Agricultural and Credit Bank
(CACB), members of two LCCDs, the SSHARDA branch manager, the head of the
agricultural co-operative and the Deputy Governor.

A number of farms throughout the NORADEP region, state and private, were
assessed for their suitability as demonstration farms. Soil surveys were carried out
on four of these (Al Boun, At Batana, Al Magash in the Sa'dah Plain and Bani Oais),

and designs for the installation of modern irrigation have been prepared.

1.7 THE NATIONAL CONTEXT

1.7.1 Planning Background

At unification it was agreed that operation of the development plans of PDRY and

YAR should be extended while a new First Five-Year Development Plan is prepared

for ROY; this should come into force in 1994/95.

Objectives
For the agricultural sector the objectives were similar in both countries; those of YAR

were to raise agricutture's share in GDP through increasing efficiency of agricultural
production and support services; increase crop and livestock production to satisfy
domestic demands and to expand exports; focus on self sufficiency and food

security; to develop the skills and capacities of farmers and to modernize technical

I

I
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operations;optimize resource utilization and to limit expansion in qat production;

foster public, private and cooperative sectors as a means of increasing production;

and ensure supplies of adequate raw materials for agricultural processing industries'

StrategY
ln order to meet these objectives the strategy was to raise farmers' knowledge by

developing the administrative and technical aspects of research' extension'

demonstration and information/audio visual services; improve varieties and expand

production and supplies of seeds and seedlings; provide adequate supplies of inputs

if ertilizers, chemicais and machinery) f or ensuring increased production; expand f orest

planting and provide special incentives for sand dune stabilization; encourage animal

breeding to increase meat, dairy and egg production; and tighten quarantine controls;

expand pasture production and protect rangelands; rationalize irrigation water

utilization, organi." well drilling and improve standards of water management;

establish a ne-twork of marketing facilities, expand wholesale markets and market

regulation, build cold stores, 
"n"o,tag" 

the private sector' and ban importation of

fruits and vegetables; and stimulate the operations of private cooperatives'

Thus, a suitable framework exists within which a water management plan' in

coniunction with complementary agricultural environmental and institutional

initiatives, could have a positive effect on the development of agriculture'

1.7.2 Agriculture in the EconomY

Agriculture is a major sector, employing about 58 percent of the labour force' ln the

prrioO 1986 to t 9d9, agriculture contributed 28 percent and 16 percent respectively

to the YAR and PDRY economies. For the decade to 1991 it is estimated that the

annual growth rate for agriculture was 2'2 percent, while population grew at 3'0
percent. From 1990 there was a slowdown even from this low level of growth as

supplies were disrupted by the Gulf War and farmers began to feel the impact of

macroeconomic imbalances in the form of unfavourable terms of trade for cereals and

input suPPlies.

Overall agricultural output (excluding qat), at about YR 20 000 million (Projected'

1991), accounts for just over 20 percent of GDP' By adding qat total (projected)

GDP for 1991 woutdiise by more than 35 percent' Oat occupies some 25 percent

of the controlled irrigation area and provides employment for some 500'000 people

(16 percent of the working population). The official policy towards qat is to restrict

cultivation to low potentiil areas. However, in practice due to its profitability and

widespread consumption, nothing has been done to restrict production'

Crop Production
Among the subsectors, conventional crop production is the most significant'

accounting for almost 75 percent of the total agricultural GDP (excluding qat)'

followed by livestock (about 20 percent); fisheries and forestry each contribute less

than five Percent.

The estimated crop production breakdown is: cereals and by-products 47 percent;

tree crops (coffee, fruit, etc.) 12 percent; vegetables I percent; forage 20 percent;

and other crops 13 percent. ln addition to the conventional agricultural crops'

IYEM/87/O15
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although not included in the national accounts statistics, it is estimated that qat
(occupying 80 OO0 ha, output of some 280,000 tons) has an added value of more

than YR 34 000 million.

Livestock
Livestock is an important resource with considerable potential for expansion,
consisting largely of nomadic/sedentary sheep and goats production. A modern
poultry industry has developed since 1975.

Fuelwood
Rangelands cover some 15o/o of the territory. ln the past, Yemen had significant
forest cover but due to uncontrolled felling and lack of a national forestry policy,

woodlands is being consumed for domestic fuel faster than it is replaced.

Output and Yields
During the two decades 1970-1990 the area planted to wheat and millet increased
by 230 percent and 250 percent, respectively, while the sorghum area decreased by
250 percent. Traditional cash crops of cotton and coffee have declined in the last
decade. Production of vegetables, fruit and forage increased significantly, and output
of qat increased dramatically. Despite considerable Government investments, yields

of most crops have not changed significantly since 1970, reflecting the low
availability of inputs and the lack of real impact by research and extension on
modernising farm technology.

Food Balance
ln the north, the self-sufficiency ratio for food declined from 80 percent in 1975 to
52 percent in 1990.

1.7.3 Population

An estimated 7.3 million people (63 percent of the total population) live in rural areas
and some 1.8 million people work and depend directly on agriculture (equivalent to
58 percent of the total labour force). Demographic analyses indicate that 37 percent
of the rural population is under 20 years of age and a further 20 percent is between
2O and 3O years. The rapid population growth rate raises a massive challenge on

three levels: nationalfood production, employment opportunities, and environmental
protection.

1.7.4 Resource Base

Yemen enjoys resources and a climate more suited to diversified agriculture than
most other countries in the Arabian Peninsula. ln the highlands and on the
escarpments, there arc about one million hectares of rainfed arable land;
approximately half of this area is developed as terraces. lrrigated land totals some
320 000 ha, 6OYo from spate flows, and 40o/o from groundwater.

However, more than half of the geographic area is arid or semiarid rangelands.
Deforestation and neglected maintenance of the traditional water harvesting terraces
threaten the basis of rainfed agriculture and increase the risk of erosion. The
potential for livestock development has also been neglected.

9NORADEP YEM/87/015
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Groundwater extraction has increased dramatically in recent years' Aquifer levels are

declining in most watersheds (the drops range from 1 to 6 m per annum) and the

incidence of salt water intrusion is increasing in some coastal areas' Spring-fed

irrigation has reduced significantly as grounlwater tables have dropped' lt is

estimated that current withdrawals of iater for all purposes are 138 percent of

renewed resources and, despite recent discoveries of new groundwater sources' this

meansthat water r"rrirm are being "mined"' Some 9Oo/o of total withdrawals are

for agriculture.

The threat to sustainable agriculture from the eroding resources base is great' Yet'

in the near to medium-term, agriculture is likely to remain an important sector'

especially in view of the limited-known oil and mineral reserves and the restricted

potential for industrial development'

1.7.5 Constraints

Economic and Strategic
Several aspects of a macroeconomic policy are constraining growth of the agriculture

sector: thd continuing unrealistic official exchange rate has distorted prices of

imported food, while foreign exchange rationing' together with licensing procedures'

has reduceJirport.tion o] inputs and equipment; constraints on the Government's

recurrent UuOg;s have restricted the recruitment of trained personnel' limited field

operations uni ,t"rr"d projects of operational funds; the resource base is vulnerable

and there is no real national policy or practice on conservation' particularly of water

and woodlands; Government's inierventions have not been guided by any very clear

obiectives, and the tools for t'Jpotting policy makers (statistics' economic analysis)

are weak; lnO, Ov maintaining tooJ self-sufficiency as a central development

objective (as opposed to food s-ecurity)' the Government has promoted unbalanced

development in which irrigated (low value) cereals have an exaggerated place'

tnstitutional and Technical
A number of institutional and technical constraints have held up agricultural

development. Among the most important are excessive centralisation and

bureaucratic inefficiencies in MAWR; which have seriously delayed project

implementaiion and restricted potential output from development investments; an

overambitious agronomic research programme with inadequate attention to

technological initiitives (water mtn'g""it and appropriate mecha-nisation)' farming

systems analyses, and outreach for- solving farmers' problems; limitations in field

extension services (and few incentives) and messages which inadequately address

target group requirements; insufficient technical tiaining for extension staff and

farmers; veiy littL attention to irrigation neglect of the potentially important livestock

sector; and persistent shortages of inputs' particularly for crop production'

1.8 GENERAL APPROACH TO PLANNING

1.8.1 Definition of Water Management

It is generally recognised that water resources are severely limited: they are not

adequate for curreni requirements' and groundwater - the main source for irrigation -
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is being mined at an alarming rate. On the other hand, soils though under threat from
erosion, are not a constraint on development. Soil, water, vegetation and forestry
cover are interdependent, requiring an integrated conservation policy, and therefore
water management cannot be dealt with in isolation because:

r Physically it is related to soils, farming systems, cultivation techniques,
agricultural inputs and livestock.

lnstitutionally it is affected by land ownership/tenure patterns, water rights and
the relevant legislation, extension services, credit and marketing, education,
local and national government and other agencies with responsibilities in the
sector.

Any water management plan must take account of all these inter-related factors.
Unless it does so it will not even be implemented, let alone succeed.

For the purposes of this report water management is defined as all the processes that
can be used to conserve, develop and harness water for agricultural and rural
development purposes, from the time rain falls, to the drainage of surplus and wasted
water, including abstraction, conveyance, on-farm-water-management, agricultural
techniques and watershed management.

1.8.2 Responsibilities of SSHARDA

The water management plan in this overall sense must be understood, accepted and
endorsed by farmers individually and collectively. Only then will they be motivated
to ensure - through pressures on local, district, provincial and national
administrations, and other institutions such as SSHARDA who have the responsibility
and authority - that the plan is implemented, and continuously adapted to changing
circumstances.

SSHARDA, as the organisation with overall responsibility for agricultural and rural
development, must ensure first of all that its function is understood by everyone, that
it is open to suggestions and criticisms and responds in a positive manner. Most
importantly it must base its work on what is already known and understood by
farmers, and not attempt to impose solutions from outside.

The SONDEO studies revealthat many farmers do not have the necessary knowledge
in some areas of their activities, or are working on erroneous assumptions. ln the
correction of these basic deficiencies SSHARDA must take extreme care that the
extension message is put across in an appropriate and positive way, so encouraging
farmers to seek further information, and to take part in work to modify and improve
watei management and farming practices in general.

1.8.3 Technical Assistance Studies

Within the constraints of resources and time on the technical assistance studies it has
only been possible to take a reasonably quantitative approach to the analysis of the
most important issue, that of groundwater. Other issues have been dealt with in a
qualitative way, although the more important topics have been broadly quantified

NORADEP 11 YEM/87/015



where possible, with data from other recent and relevant studies where no other is

available.

ln the event this approach has proved to be justified since it is at the level of

individual farmers and farmers' groups that action must initially be concentrated'

Here the SONDEO studies have Jemonstrated clearly that so much has to be done

to improve basic water management practices that it would be totally inappropriate -

not to say wasteful of time and resources - to attempt any quantitative analysis of

farming systems at this stage. lt is far more important to commence without delay

the woik needed to increase water use efficiency through improvements in irrigation

techniques and farming practices.

Nevertheless, the comprehensive groundwater database that has already been

established, and the valuable findings of the SONDEO survey' should be maintained

and extended as a basis for long term monitoring'

Sa'dah WMP
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2 WATER RESOURCES

2.1.1

2.1 BACKGROUND

Climate

The climate in the Sa'dah Plain is classified (Koppen) as mountainous semi-arid' The

natural vegetation is of the briar, succulent, savannah type but as a consequence of

intensive glazing little of the grassland is left. The result is the desert-like appearance

of the non-cultivated parts of the plain.

Average monthly temperatures range from 1 3 oC in January to 25 oC in July; average

annual temperature is 19.3oC.

Rainfall is sporadic and scanty and storms are usually short, intense and local'

Therefore, there is a large variation in annual rainfall. Data from four rainfall stations

in and near the plain have been analysed: Al Muthef (7'5 km southeast of Majz)' Al

Gudami (12 km north of Sa'dah town), Al Dumeid (5 km southeast of Dayan) and

Sa'dah town (Salam hospital). The data from these stations differ immensely, despite

the small distance between them. For example, the mean annual precipitation in Al

Muthef , measured during the period 1983-1990, is double that at Al Gudami (200

and 1.03 mm respectively). Averaging the data of these stations gives a mean annual

rainfall of 136 mm. This preliminary estimate of the yearly rainfall has been assigned

to 1992 to enable the calculation of the volume of the yearly total rainfall on the
plain. Rainfall distribution is variable but in general there are two peaks, the periods

March-May and July-August. The wettest month is April.

Evaporation far exceeds the precipitation during most of the year' Pan evaporation

was measured by the German-Yemeni Plant Protection Project in 1976 at about 2800
mm per year (Class A). Daily figures in the driest months were 10 mm and 5-6 mm

in the wettest months. ETO (Penman) is about 2280 mm.

2.1.2 Geology

At the end of the Cretaceous and during the Tertiary regional block faulting and

volcanic activity occurred in association with the Red Sea rift. The Sa'dah Plain

originated as a graben (sunken area created by down faulting) which has since been

fill;d by alluvial deposits comprising gravels, sands, silts, clays and loess varying in

thickness from 1O m at the borders to about 5O m in the central part of the plain and

which is underlain by the Wajid Sandstone of Cambrian to Permian age' Volcanic
activity during the Tertiary left alkali basalt, rhyolites and pyroclastic basaltic rocks,

locally interbedded with clastic wadi alluvial deposits, in several parts of the plain'

The Sa'dah Plain is bordered by the Jurassic limestone of the Amran Series at the

southeast and northwest margins, which rest upon the calcareous sandstones of the

Kohlan Group and in some areas directly upon the Precambrian Basement' The Wajid

Sandstone outcrops north and east of the plain.
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2.3 GROUNDWATER

2.3.1 Hydrogeology

Alluvium
Alluvium in wadi beds may function as a temporary perched aquifer and where

saturated it represents a relatively good one. However, in most of the Sa'dah Plain

the alluvium is situated above the water table and is therefore not saturated, but does

serve as a medium to hold surface and rain water while it percolates into the

undeflying sandstone.

Amran Limestone
The Amran Series, principatly composed of limestone, and marls with some shales,

is generally considered a poor aquifer; higher permeabilities are only encountered in
fractured zones.

Wajid Sandstone
fne WajiO Sandstone was investigated as part of the NORADEP Project (NORADEP

Report iOl. tt dominates in the extreme northern part of Yemen and constitutes the

main aquifer in all the alluvial plains in the north. ln the Sa'dah Plain all groundwater

is derived from the Wajid Sandstone' lts thickness to the underlying impermeable

Precambrian basement rocks varies as a consequence of tectonic block-faulting'
ranging from 1OO-150 m locally in the north and up to 600-650 m in the central and

eastern parts of the plain (WRAY 3, Yominco-TNO, 1985).

The WRAY study revealed the following hydraulic properties obtained from aquifer

tests in the Sa'dah Plain: average porosity varying from 0'05 to 0' 15, average

specific yield (effective porosity) of about O.O75, permeabilities ranging from O'1 to
0.3 m/day and transmissivity values varying from 20 to 100 m2ldaY' These hydraulic

capacities ctassify the Waiid Sandstone as a moderate aquifer.

Well lnventory

During the last decade several water resources studies have been carried out in the

Sa'dah Plain. Therefore, the approach adopted for this study was to prepare an

updated well inventory. A sample of about 25o/o of all the wells in the Sa'dah Plain

was taken. At these selected well sites complete interviews with the farmers were

carried out and all measurements taken. For the remaining 75% of the wells, only

the locations were plotted on the map. This process resulted in the location of a total
of 2211 wells in the Sa'dah Plain. Fig. 2.1 shows the location of all the wells visited
for this study.

Serious groundwater development in the Sa'dah Plain started only in the late 1970s,
about 15 years later than in the Amran Valley. Most wells were drilled in the period

from 1984 to 1986, when 813 wells were completed. After 1986 drilling decreased

significantly (from 287 wells in 1986 to 124 in 1991). 50% of all wells were drilled

afier 1985; the average age is 8 years. The oldest dates from 1920 and is the only

operational shallow dug well in the plain.

2.3.2
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Fig. 2.1 Well Locations
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2.3.3 Distribution and Number of Wells

Well densities are particularly high east, south and west of Sa'dah Town' lt was

assumed that about 90% of all existing wells were spotted and that the remaining

1Oo/o ila evenly distributed over the clusters of boreholes in the area, ie' a total of

about 2457 *ett" (in the first half of 19921, which is more than twice the number of

wells (1 175) located during the well inventory taken for WRAY 3 in 1 98211983' The

total number of operational wells in 1992 in the Sa'dah Plain was taken to be 2330'
on the assumption that 5o/o of the estimated total were not operational'

2.3.4 Well Characteristics

Construction
93o/o of the surveyed wells were boreholes, while 7o/o wata dug wells deepened by

drilling. During the WRAY-3 well inventory 93 shallow dug wells were located of

which one now remains. 12.8% of the boreholes had beendeepened once' twice or

even three times. The drilling method used was predominantly cable-tool' Practically

all the boreholes were cased through the alluvium, but were generally unlined in the

Wajid Sandstone, and with a diameter of 200 mm.

Depth
Boiehole depths ranged from 60 m to 300 m, although most (65%) are between 150

m and 225 m. Only one was deeper than 300 m. The average depth was 174 m'

Depth to water ranged from 40 m to 80 m' Average aquifer penetration in the

Saidah Plain was tnJnignest in the NORADEP Project. Water column heights ranged

from 9 m to 250 m; the average aquifer penetration was 1 13 m' lf the groundwater

level were to drop 30 m orer ihe whole plain, then only 3o/o of the boreholes would

dry up.

Pumping Equipment
tn ait tne boreholes of the survey sample water was pumped by vertical turbine
(lineshaft) pumps coupled via crossed webbing belts to diesel engines' Neither

electro-submersible nor centrifugal pumps were observed in the area' There was a

very high level of standardisation in engine and pumping equipment: 95% of all the

turbine pumps were supplied by two manufacturers; 91o/o of the engines were of one

make.

Yield.
Well discharge rates in the Sa'dah Plain are very low. The mean value from this

survey *as i.3 l/s, half that determined in 1985 by the WRAY-3 Survey (6'7 l/s);

minimum and maximum discharge rates were 0.75 l/s and 9'38 l/s; most (91%)

ranged from 1 l/s to 5 l/s. On the Baqim Plain similarly equipped boreholes in the

WajiO Sandstone yield an average of 6.5 l/s, but there groundwater levels are higher'

ln 89 wells both the static and dynamic water levels could be measured' Specific

discharge values (discharge/drawdown) were very low and ranged from 0'05 to 2'5
l/s/m with a mean of 0.5 l/s/m (cf. Baqim Plain: mean 2'1 l/s)' The higher the

specific discharge the better are the water transmission characteristics of the aquifer'

Low specific dilcharge values dominated in the centre of the plain, while higher

values were found in an area east of Sa'dah Town.
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2.3.5 Cost of Construction and Equipment

2.3.6

2.3.7

Borehole construction costs in Sa'dah Plain were relatively low because drilling was

mostly by the cneajer cable tool method, and over most of their depth the boreholes

were not cased or screened. Costs ranged from YR 15 OO0 to YR 270 O0O (a deep

well of 140 m drilled in 1985); median well costs were YR 50 0OO' (All at current

prices, ie. those at the time of construction, which ranged from 1970 to 1992)'

Pumping equipment costs had a much larger variatio.n: from YR 1O OOO to YR 720

OO0, and a median of YR 60 OOO' A major contributing factor to this was the

variation in the equipment and installations costed' The pump and engine was

always included; the pumphouse, reservoir and piped water distribution network may

also have been allowed for.

Abstraction

Operating Practice
The average farmer in the Sa'dah Plain pumped groundwater for 8 to 11 hours per

Oay, tnrouihout the year, averaging 9'8 hours per day 26 days a month'

Volume PumPed
At 405 wells the discharge was measured, from which the total abstraction in 1992

was estimated as 80 Mcm, a mean volume per well of 34'500 m3' During the

WRAY-3 well inventory (1 985) 1065 wells were responsible f or an annual abstraction

of 50.8 Mcm, a mean volume per well of 47,70O m3'

Just as in several other plains in the NORADEP Proiect region the rate of increase of

the yearly abstracted volume has clearly diminished since 1987 ' A (very rough)

estimate of allthe groundwater pumped in the Sa'dah Plain' using figures from 197O

(when abstraction became significant) up to 1gg2'gave about 694 Mcm' Expressed

in terms of lost aquifer, the volume pumped during these 12 years corresponds to a

lost saturated aquifer thickness of 30 meires, extending over the whole Sa'dah Plain'

Water Levels

Depth to Grcundwatet
Over most of the Sa'dah plain the depth to water level ranged from 40 m to 80 m

below ground level (bgl). Lower water levels were observed in an area west of

Sa'dah Town where Wadi Redanum debouches onto the plain (more than 90 m bgl)

and between the villages of Al Talh and Dahyan (more than 80 m bgl)' These

seemed to be depresiions in the waler table caused by excessive pumping'

Relatively high water levels were found downstream of where several wadis debouch

onto the plain (less than 40 m bgl), although these levels were probably those of

temporarY Perched aquifers.

Piezometric Levels
Piezometric levels drop from 1970 m amsl in the northwest margin of the plain to

1790 m where thl groundwater leaves the plain through Wadi Marwan in the

northeast, un urt.g;hydraulic gradient of 0'007' The general groundwater flow is

directed towards th-e southeast in the western half of the plain and to the northeast

in the eastern half.
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Reduction Over Time
A comparison was made between the results of the WRAY-3 well inventory and the
survey carried out for this study. A map indicating the decline in water level during
the period from 1983to 1992 was prepared (Fig. 2.21. During this nine year period

a mean groundwater level decline of about 40 m occurred in most of the Sa'dah
Plain. Most effected is an area of about 70 km2 in the southeast part of the plain,
west, north and south of Sa'dah Town. Here the drop of the water level was more
than 40 m throughout, but in some places rnore than 55 m'

ln 1991 average water level declined by 5.6 m. lf this were to continue, over 50%
of the wells would be dry by the year 2015. This is illustrated in Fig. 8.1.

2.3.8 Water Ouality

The minimum value of the groundwater electrical conductivity (EC) was 296
microSiemens/cm, the rnaximum 4100 and the mean 953. 84o/o of all measurements
were between 400 and 1200. Fig. 2.3 shows the variation over the Sa'dah Plain'
The WRAY-3 well inventory showed a pattern of moderate salinity with the bulk of
the values below 750 microSiemens/cm. Thus, there has been a serious deterioration
of the general water quality over the last nine years. ln the region south of the road
from Sa'dah town to Baqim, large areas now show EC values of more than 1000
microSiemens/cm, with some above 1500. North of this road in general there is not
a significant increase in electrical conductivity, except in the north-western part of
the plain. The most critical area extends along wadi Sa'dah, east of Sa'dah Town.
Here bxcessively high values of EC have been measured in several wells: about 1500
to 4100 twice that measured nine years before.

Salinity is not correlated with depth or relative permeability, though there is some
evidence that high EC is associated with specific highly mineralised aquifer horizons.

2.3.9 Water Use

Extrapolation from data collected on visits to 510 farms gave a total area of land
associated with wells of 7,881 ha, of which 2,308 ha was fallow, giving a command
area of about 5573 ha, or 2.4ha perwell. The mean annual gross application was
2974 mm, which at an estimated overall irrigation efficiency of 41o/o gdva a net
application of 1227 mm, to which must be added the average net contributions from
spate and rainfallof 22 mm and 138 mm. Thus, groundwater provided about 88%
of crop water requirements on farms which had access to a well.

Of the 8O Mcm annual groundwater abstraction over 77 Mcm (960/ol is used for
irrigation, and the balance for domestic purposes and livestock.

2.3.10 Cost of Pumping

Estimates based on the data gathered during the well inventory gave a total average
pumping cost of YR 4.64/m3, broken down as shown below.
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Cost Components YR/m3

Annual Cost of Well and Equipment l79o/ol
Operation and Maintenance (9%)
Diesel (12o/ol

3.65
o.41
0.58

Thus, the average gross irrigation water application of 2974 mm in 1992 would have

cost YR 108 551, had the farmer taken the full financial cost'

As water levels decrease, the cost of pumping increases; by 2010 the cost per cubic

metre pumped would have increased by 25Oo/o (Fig' 8'2)

WATER BALANCE

A water balance is one of the tools required for water resources management' From

the different components and their interactions, and the impact of human

interference, water i"tortc"" development and planning activities can be carried out'

The 21 3 kmz alluvial Sa'dah plain is surrounded by a 937 km2 mountainous area with

slightly higher rains than the plain itself (175 mm). The RC of this area is in the order

of 12o/o. this rather high RC figure was taken because the runoff generating area

directly surrounds the piain, keeping transmission losses relatively low' The runoff is

used in part directly for irrigation; the remaining flow recharges the aquifers below

the wadi beds and the plain. Aquifer recharge also takes place through rainfall; this

is estimated at 5.5% of the rain falling on the plain or 1'7 Mcm, (the remainder

evaporates.

A water balance was calculated for the combined unsaturated and saturated zone'

represented by the unsaturated alluvium and sandstone and the saturated sandstone

respectively. The area used for the calculation of the water balance was the Sa'dah

Plain as defined approximately by the boundaries of the alluvial fill and, therefore'
corresponding with the plain boundaries as shown in the figures' The results are

given in Table 2.1.

Tabte 2.1 Water Balance for 1992 (Mcm)

INFLOW OUTFLOW

Net Rainfall lnfiltration
Net Wadi Surface Water
lnfiltration & Foothill
Runoff
Subsurf ace Groundwater
lnflow: Wadi Fills
Bedrock

1.7

4.9

o.5
Nit

Evapotranspiration from
Groundwater lrrigation
Subsurface Groundwater
Outflow
Change in Storage:
Unsaturated + Saturated
Zones

36.1

Nit

-28.9

Total lnflow 7.2 Total Outflow 7.2

Thus, annual groundwater abstraction is more than four times the recharge'
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Fig. 2.2 Decline of Water Level 1983 to 1992
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Fig. 2.3 Electrical ConductivitY Contours
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3 SOCIAL, AGRICULTURAL AND INSTITUTIONAL ENVIRONMENT

3.1 TARGET AREA

The Target Area comprises the Sa'dah Plain and the surrounding foothills, an area

of some 38 000 ha of which 24 OOO ha is cultivated and 18 OOO ha is entirely or
partly under groundwater irrigation. There are a number of wadis flowing through the
plain, from which a large area can be irrigated by spate. From the 1986 Census there
are some 1 57 villages in the Target Area, where about 112,OOO people live, 25,000
in the main town of Sa'dah. Using a population growth rate of 3.3o/o pa, these
figures would be 136 O0O and 30 0OO tor 1992.

The Target Area is covered by four Districts, within the administration of Sa'dah
Province, and by the four corresponding Local Co-operative Councils f or Development
(LCCD). The operations of the Ministry of Agriculture and Water Resources (MAWR)

and of SSHARDA are integrated at provincial level. SSHARDA operates through a
number of Block Centres. The Target Area is covered by the Block Centre at Al
Magash, and agricultural extension services are run through offices at sub-block level
in Majz, Bani Moath, Damage and Al Taweelah. The livestock/veterinary service
(administratively independent) and the engineering and maintenance services are

based at SSHARDA branch level

3.2 SONDEO SURVEY

SONDEO is a rapid rural appraisal technique which is designed to collect qualitative
data from informal, semi-directed discussions between individual or small groups of
farmers and an interdisciplinary team of researchers. lnformal-random and purpose

sampling techniques are used, with topic guidelines rather than questionnaires, to
ensure that all necessary subject areas are covered. The survey is covered by
NORADEP Report 13 (3 volumes).

3.3 FARM SIZE

The farm size distribution demonstrated by the survey is shown below

Table 3.1 Distribution of Farm Holding Size

Holding Size
(ha)

% Total

1to2
2to4
4toG

22
30
28
15

5

Total 100
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3.4 LAND TENURE AND FARMING SYSTEMS

3.4.1 Land Tenure

With the increase in groundwater irrigation there has been a general movement of

people from villages in the foothills to the plain, mostly in the last ten years'

Sharecropping in several different forms takes place both as a means by which

landless people can earn a living and of extending the area cultivated by a farmer

and/or his extended family. The sharecropping arrangements in the Target Area are

different to those in the iest of the northern region' Leasehold is not used in the

Target Area as a form of tenure.

A major problem is that of population pressure and diminishing farm size' As a

"on""qr"n"" 
of lslamic inheritance laws the ownership of land tends to be

fragmented. Most farms are individually owned holdings of scattered plots' the

boundaries of which are well documented.

3.4.2 Farming Systems

Farming systems in the Target Area are moving from the Smallholder Mixed Farming

type (subsistence) to the more market orientated lrrigated Smallholder (Beets' 1990)'

iurrently all farms are operated as a mixture of the two systems' Only a very few

farmers work the subsistence system, relying solely on rainfall for the cultivation of

their lands. Again, less than a quarter of the farmers are completely reliant on

groundwater irrigation. More than two thirds use a mixture of the two systems'

3.4.3 Crops Grown

The few farmers depending entirely on rainfall and runoff grow one crop of sorghum

inter-cropped with cowpea. The maiority, who have access to groundwater' grow

rainfed and irrigated summer crops and irrigated winter cereals in addition to perennial

cash croPs.

3.5 WATER RIGHTS

Water from wells constructed by two or more farmers is distributed in proportion to

their individual contributions to the construction cost'

Spate water is allocated on the general principle "The Highest is the First"' under

which water is allowed to flow to downstream farmers only when the upstream

farmers have (within reason) irrigated their fields fully' The allocation is supervised

by a Wakil, and is usually varied for the second and subsequent spates to take

account of the moisture status of the upstream fields and to introduce some equity

between upstream and downstream farmers'

Ownership of the yield of runoff harvesting systems is subject to generally accepted

traditional rights. Others have no right to surplus flows without the owners

permission
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Disputes on water are settled within the traditional setting of tribal customary law.
The law is administered by the Wakilor a council of village sheiksh who live in the
area and belong to the tribes of the litigators.

3.6 HIRED LABOUR

Only during sowing and harvesting is outside labour sometimes used, at YRlOO to
2OOtday plus food. Payment is sometimes made in kind. Many farmers with
permanent crops hire labour on a monthly basis at YR 3 000 per month plus food.
Women from landless or poor families who live in the area, or who come from other
parts of Yemen, also work as labourers, for five hours a day rather than the eight
hours of the men, and for a lesser wage. During the peak seasons farmers assist
each other in the traditional fashion without payment.

3.7 INPUTS

Fertilisers and agri-chemicals are sometimes in short supply but are generally available
from shops in Baqim, Sa'dah and other market places, due to the proximity of the
border. One serious problem with imported materials is that they are often beyond

their expiry date. This is particularly true of pesticides. Very few farmers use only
chemical fertiliser; most combine it with manure from cattle, goats, sheep and

poultry. Neither farmers nor traders are aware of the correct method or quantity of
application , or of the potential hazards to the environment and health. Chemical
fertilisers are frequently applied in excessive quantities.

3.8 MECHANISATION

More than half the farmers own a tractor and equipment, and tractors including driver
and fuel, are available for rent at rates of YR 1200 to 1500/ha (ploughing) and YR

8OO/ha (cultivation). The majority of farmers use tractors for ploughing, levelling and

threshing, in combination with animal power and hand labour for other operations.
ln some cases farrners, individually or as a group, own machinery and equipment and

hire tractors to operate it; farmers also rent equipment from each other. However,
it must be pointed out that the tractors and equipment used are often not appropriate
to local conditions.

3.9 FINANCE AND CREDIT

No problems are reported by the farmers with financing except that CACB procedures

are cUmbersome, and therefore expensive, not least in terms of time; some are not
interested in credit for religious reasons. The traditional sources of finance are

relatives, affluent farmers, traders or businessmen' The most common is supplier
credit, usually consisting of a down payment and repayment over one or two years.

Many farmers who have worked abroad, or who have been involved in cross-border
trade, have saved enough to be able to finance their own operation.

3.10 MARKETING

Marketing is a major problem for perishable and non-perishable produce, except for
qat where an efficient system of distribution has been in existence for very many
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3.12

3.13

years. Storage of potatoes and grain crops is feasible' but there are no storage or

processing ta-citities for the perishible crops and no inf ormation on market trends and

price movements. Fruit, qai, livestock and surpluses of grain and vegetables are sold

in the markets on the trunk road and in Sa'dah' Fruit and qat are also sold through

wholesale traders into the Sana'a markets' The area is famous for its grapes and

pomegranates, but overproduction has resulted in lower prices' losses and the

grubbing of vines and trees, to be replaced with citrus and apple' Most farmers do

not know when to harvest, how to grade or how to package and transport fruit in

such a way that it will fetch the highest price and be competitive on the export

market.

The farmers are concerned at the lack of marketing infrastructure and knowledge in

the area; also that the authorities do not appreciate the magnitude of likely future

problems. Many farmers have planted fruit trees which will come into full production

in a few years time. No market or storage facilities have been developed' nor are any

initiatives contemplated by the Government or private enterprise' Some suggest that

they should organise themselves into fruit growers associations or co-operatives to

get a bette, grip on the markec to commence the building of storage' packing and

ir.nrport facilities; and to start, in collaboration with private entrepreneurs' a fruit

processing enterprise (iams and juices) to absorb and add value to the anticipated

surpluses of production in the Sa'dah basin'

FARMERS' ASSOCIATIONS

Farmers are very interested in establishing genuine farmers' associations' but do not

know how to go about iU they have negative experiences with an existing co-

operative. However, in 1 991 a wheat growing co-operative was established in Baqim

with the aim of encouraging farmers io gro* more and better wheat crops' and to

increase yields. fhe CeCg provides credit to the co-operative' which distributes the

funds to the members. The farmers have elected their own board of directors' which

is not dominated by outside interests or particular individuals or interest groups' lt

also provides fertiliser, improved seeds, pesticides, machinery and equipment' The

Government, through MAWR, provides inputs at discounted prices' which benefits

the farmers directlY.

PRIVATE ENTERPRISE

Private enterprise plays an essential role in the provision of services and agricultural

inputs, but prices are'high and credit expensive' No extension services are offered'

EXTENSION AND VETERTNARY SERVICES

Agricultural extension in the target area is administered through four offices under the

teihnical supervision of the block centre. No agricultural or irrigation extension is

carried out by the private sector. The farmers noted that the extension services

suffer from inadequate staffing and lack of transport; despite this they feel that they

get benefit and can rely on advice or agricultural inputs from the Block Centre'

Veterinary services are administered centrally from Sana'a' under technical

assistance; activities are limited to collection of statistics on diseases and

Sa'dah WMP
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immunisation campaigns and treatments. Farrners very much appreciate the level of
service provided; veterinary assistants and doctors visit regularly and are available on
demand.

3.14 LTVESTOCK

Livestock, largely sheep and goats, are a major source of cash within the farming
system. Livestock husbandry is becoming more difficult because of the decrease in
grazing and higher fodder prices, which particularly affects cattle. Three quarters of
the farmers keep cattle for home needs and more than half have oxen for use in
cultivation; few have donkeys or camels. The livestock are fed on crop residues and
loDdu D/ops, and ilte goats and sheep browse and graze, to proride (n€at aad (Rdk
for the family and some for sale. Sheep and goat meat fetches high prices (up to
YRlOO/kg live weight).

3.15 WOMEN IN AGRICULTURE

Women play a major role in the agricultural activities of the family, but have no
access to extension services and are not involved formally in the decision making
process on the farm. Besides all the household chores - cooking, cleaning, fetching
water and fuelwood - she has to assist in crop and animal husbandry. A few women
make an income from goats or poultry, or from a small village shop. Although
women are often involved full-time in agriculture and livestock there are no women
extension workers and so women are not able to benefit from the extension service.

3.16 THE FAMILY AND EMPLOYMENT

About one third of tarmers live in extended famity unfts, containing up to Ze or 4e
members, from three generations. Usually the ownership of the land is not divided
and the family cultivates as a group with the tather as the head and the eldest son
as his right hand and successor. One third of farmers live in nuclear families and have
only small holdings; another one third live in extended two generation families where
the eldest son cultivates the land with his brothers and sisters.

Family size is large - an average of nine children - because of the need for farm
labour. Many families still have one member working abroad or elsewherein yemen.
The head of the household is the oldest male, who is responsible for organisation of
the daily operations on the farm; the women have no role in this. Unemployment has
been increasing as workers return from abroad, and the price of labour has been
reduced as a result. Two thirds of the farmers have only agriculture as their source
of income. One third earn extra incorne through trade or business in local markets,
or by providing transport. The great majority of the farmers interviewed wanted their
sons to work in agriculture and to take over from thern. There is conflict between
this view and that of not wishing to do anything about falling groundwater levels.

3.17 LOCAL LEADERSHIP

The sheiks, and the leadership in the villages, do not generally play any part in
agricultural development or water management although some run demonstration
plots on their farms. These sheiks are often in a position to arrange for the necessary

27



Sa'dah WMP

inputs or facilitate farmers' efforts to make contacts or receive advice on the crops

grown on the demonstration plots by using their network of relations' Some sheiks

In tne Target Area are members of the local LCCD' They can play an important role

in water management, if they are respected by their constituency'

3.18 LOCAL COUNCIL FOR CO-OPERATIVE DEVELOPMENT

Each district has a LCCD; for every 500 inhabitants a representative is directly

elected by the villagers for a five year term of office' Village representatives elect an

executive council 7t S,l or 9 members; also a chairman' general secretary and

treasurer for a perio d of 4 years. The responsibilities of the LCCDs encompass rural

development services such as roads, health centres' schools' drinking water supply

and electricity' The LCCDs no longer play a significant role in agricultural

development or water management' The farmers want them to become involved

again in solving Problems.

3.19 GOVERNMENT INSTTTUTIONS

Farmers see government as playing a very limited role in the improvement of

agriculture. No maior contributions have been experienced by rnost farmers'

SSHARDA and Water Management
Farmers are not aware of SSHARDA's activities in water management' Neither do

they know of the NORADEP Project.

3.2A PUBLIC SERVICES

Farmers are particularly concerned about the shortage of health and drinking water

services; also the lack of female education opportunities and the low rate of female

literacy - at the same time not recognising the very heavy workload of the women!

3.20.1 Health

Health care facilities are non-existent in the villages' ln Sa'dah there are two
hospitals and in Dahyan one health centre; another is under construction' Four of the

larger villages have private clinics operated by a doctor and some nurses' Farmers

complain that these clinics are very expensive' However, Government clinics suffer

from staff absence and lack of medicines'

3.2O.2 Education

Primary education is not compulsory by law' Nearly all boys go to primary school in

Sa'dah; in the villages only about three quarters' Not all villages in the Target Area

have primary scho6ls, which are distributed so that they are within half an hour's

walk for all children, although some ride donkeys to school' ln Sa'dah a significant

number of girls go to separate primary schools, but in the villages only a few attend'

The level of illiteracy among women of all ages is still very high' Secondary
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education facilities only exist in Sa'dah. One third of the boys will continue their
education here on academic or technical courses and many try to continue to a
professional level. The problem is finance; one farmer has opened a small shop in
Sa'dah for his sons to operate so that they can earn their living costs and go to
school. Farmers would like more secondary schools.

3.20.3 Electricity, Water Supply and Sanitation

Only Sa'dah and the surrounding villages have a public electricity supply.

Piped water is also only available in Sa'dah and the surrounding villages, at a price
of YR 2Olm3. All villages have some form of drinking water supply, based on a
tubewell and a privately owned generator.

Only Sa'dah has a public sanitation system. About one third of village houses have
pour-flush latrines, the remaining two thirds have the traditional hole in the wall with
direct outlet to the street or garden. ln the foothills and the mountains people go to
the fields.

3.20.4 Postal Services, Shops and Trade

With the exception of a post office in Sa'dah there are no formal postal services in
the area.

ln each village of more than 15 houses there is a retail shop selling foodstuffs, and
other daily necessities. Restaurants can only be found in the towns and the larger
villages along the trunk road.

Blacksmiths, carpenters, plumbers, electricians, masons, motor mechanics, etc. have
workshops in the larger villages throughout the area.

3.21 ECOLOGICAL CONSIDERATIONS

Ecological damage is on the increase; farmers are partly aware of this but do not see
the need for preventative or ameliorative measures.

3.21.1 Soil Erosion

Soil erosion is very severe in many parts of the Target Area. Wadi spates have
damaged fields and washed topsoil away; in some areas mountain slopes have no
vegetation and the uncontrolled runoff damages the fields below. The Sa'dah plain
is an open area where there are practically no trees lefq high winds blow away much
of the topsoil. Terraces have been abandoned as farmers have moved to the plain;
the retaining walls are breaking down and topsoil is being washed away.

3.21.2 Wood Cutting

Trees are still the main source of energy and are cut indiscriminately, without any
replacement planting. Only a few farmers grow trees, next to their houses as shade
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4 CURRENT MANAGEMENT OF WATER USE AND AGRICULTURE

4.1 WATER SOURCES AND ALLOCATION

4.1.1 Background

The data in this section is drawn from the SONDEO and Well lnventory Surveys and
has been collated and arranged to form the basis for the discussion of water
management problems in Section 5.

4.1.2 General

SONDEO Suruey
1O to 15 years ago farmers relied entirely on rainfall, water harvesting and wadi
spates (Sayl). Table 4.1 shows the situation as determined from the SONDEO
interviews with 57 farmers. Half of the farmers now rely on groundwater to
supplement rainfall, and there is a clear division between them and the remainder
who still use the traditional water resources. There seems at the moment to be little
attempt to use these traditional sources conjuctively with groundwater.

Table 4.1 Sources of Water for Agriculture

WATER SOURCE o/o ot
Total Area

Rain Only
Runoff and Rain
Spate and Rain
Groundwater and Rain

30
5

15
50

Total 100

Farmers expressed interest in irrigation dams, but few appreciate the advantages or
disadvantages, and have not yet discussed the potential effects on traditional water
rights.

Well lnventory
The well inventory survey, which by definition covered only those farms where
groundwater is used for irrigation, showed that the average area associated with each
well is 3.4 ha, but that only 2.4 ha is commanded by groundwater, the remainder
being left fallow. The smallest plot is 0.5 ha, while the largest is 50 ha. 74Yo of
farmers have an area less than 4 ha. The smallest irrigated plot is 0.04 ha and the
largest 12.5 ha. Most irrigated farms (€9yol have a total commanded area less than
4 ha.

4.1.3 Spate lSayll Management

Water management of the Sayl is organised through a centuries-old system. Flood
water is allocated to the farmers whose lands border the wadi on the basis of an

31



Sa'dah WMP

lslamic legal principle of watering the higher fields before the lower fields' Onlv

farmers wnoJe plots of land borJer the wadi' and those who have the traditional

water rights benefit from the sayl' The water rights are always attached to the

ownership of ine land; water rights cannot be alienated by sale or through inheritance

from the land to which they are attached'

Floods are diverted by means of earth and stone dams constructed in the wadi to

divert part of the flow into a main channel' which is then divided into secondary'

tertiary and sometimes quarternary branches or distribution channels before the water

reaches the cultivated plots' A farmer starts the irrigation of his fields by

constructing an earth bund in the branch channel nearest his land to divert the water

into his land, from where it is directed to each field in turn' When a field has received

sufficient water, the bund between it and the next field is breached to allow the

water to flow through'

The irrigation operation by the farmers and the proper allocation of the available flood

water is supervised by an elected and authorized representative of the farmers' The

role of this iepresentative, the wakit is to supervise the distribution of the water

allocation, day anO night, at the time of the sayt' He is responsible for maintaining the

rules of distribution and assessing the labour duties for the maintenance of the main

and branch channels. He should- be neutral person and not a member of the local

farmers irrigation association; usually he is appointed from another part of the wadi'

Every diversion channel has its own wakiland if he loses the trust of the farmers he

can be rePlaced.

The lack of weirs and spate breakers in the area is a problem in that uncontrolled

floods cause floods soil erosion, damaging the fields and making maintenance

necessary and repair operations after each flood season'

4.1.4 Micro-Catchments lhudhanl

Only farmers owning plots of land which are situated near the foothills benefit from

the run off from the hudban These catchment areas are owned by a family or clan'

and the water rights can traditionally only be held by them' Other farmers will own

the right to use tlh. tr"rr, and yet others the grazing rights' on the same area of land'

4.1.5 Tubewells

Ownership
One third of the boreholes in the target atea arc individually owned and two thirds are

shared. Up to thirteen farmers may share one well in order to spread the investment

costs, but usually only two to four farmers have a share'

Water Sharing
Water sharint will only take place when a farmer has excess water which he cannot

use. There ,r" t*o types oi such farmers' ln the Target Area four types of water

sharing approaches were observed'

r Water is shared only by the joint owners'

YEM/87lO1s 32 NORADEP



Sa'dah WMP

The farmer makes water exchange arrangements with other deepwell owners.

The water is shared on the basis of water sharecropping arrangements

r The water is sold to neighbouring farmers or to a truck driver, who will sell to
qat and fruit growers, or for drinking water.

One advantage to the sharing of wells is that the process allows farmers, who
individually could not afford a borehole, to have access to groundwater-perhaps not
enough to irrigate all their land, but sufficient to enable them to grow more crops
than they otherwise could.

The main disadvantage observed is that the water allocation rotation (once every
eight days for a well owned equally by eight farmers for example) tends to be rigidly
applied, without regard to the needs of the crop. ln such circumstances irrigation
scheduling is far from efficient, water is waste and crop yields reduced.

Water sharing without payment is rare and happens only when a pump breaks down
within the family or with good friends, based on mutual understanding and trust that
the favour will be returned.

4.2 IRRIGATION

4.2.1 Water Conveyance

Lined channels are rarely used in the Target Areas; the most common methods used
to convey water from the well to the field edge are: PVC pipes, hand dug earthen
channels, galvanized steel pipes, and Lay-flat plastic tubing for distribution from the
steel pipe mains to the farm plots.

More than half of the farmers interviewed had installed piped distribution systems at
a cost of about YR 200/m, including transporation and installation, which was mostly
done by the farmers themselves. Due to the irregular shape and small size of the
plots the piping system for one well can total 4 km in length.

4.2.2 Water Application

Table 4.2, which is based on SONDEO data, gives general information on irrigation
methods and water application intervals. During crop establishment the intervals
shown would be shortened. However, if they are truly representative, these intervals
are for all crops except qat far too long. The soil would not be able to store sufficient
water from one irrigation to avoid severe moisture stress. For example in July,
vegetables should be irrigated every one to two days, and grapes about once in ten
days.
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Table 4.2 .General lrrigation Details

PERENNIAL
CROPS

IRRIGATION ANNUAL
CROPS

IRRIGATION

Method lnterval
(days) Method

lnterval
(days)

Grape
Pomegranate
Orange
Other fruit
Alfalfa
Oat

Furrow
Furrow
Furrow
Furrow
Basin
Furrow

15
15
15
15
15
10

Sorghum
Wheat
Barley
Pulses
Potato
Tomato

Basin
Basin
Basin
Basin
Furrow
Furrow

1

1

1

1

1

1

0
5
0
5
0
0

4.3 CROPPING

4.3.1 Cropping Pattern

Fig.4.1 shows the range of crops grown in the Target Area' in the form of a

cropping calendar assembled from dita gathered during the SONDEO and well

inventory surveys. Some other crops are cultivated, but on a very small scale' From

the SONDEO interviews the percentages of total land area under different crops were

estimated ffable 4.3).

Fig 4.1 General CroPPing Calender

Dec

SHITA

NovSept Oct

KHARIF

Juae AugJuly

SAYF

Mar Apr MaY

RABI'A

Jan Feb

SHITA
CROP

Month

Season

I

PERENNIAL
Grape

Pomegramate

Orange

Other Fruit

Alfalfa

Qat

ANNUAL

Sorghum

Wheat

Barley

Pulses

Potato

Tomato

Onion
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Table 4.3 Cropped Areas

PERENNIAL
CBOPS

o/o ot
Total
Area

ANNUAL
CROPS

o/o of
Total
Area

Grape
Pomegranate
Orange
Other fruit
Alfalfa
Oat

6
4
7
8
4
4

Sorghum
Wheat
Barley
Pulses and
Vegetables
Sum

19
12
7

4
42

Sum 33 Fallow Land 25

Cropping is concentrated heavily on the staple grains and cash crops - fruits and qat.
The only exception to this is alfalfa, which is grown for stockfeed. The percentage
of groundwater irrigated farms on which each crop is grown is shown in Table 4.4.

Vegetables, in particular onion, tomato and potato are grown on up to lOyo of the
farms, but there are virtually no pulses cultivated. Over half the farmers used 10%
or less of their land for qat, but about a third had between 1Oo/o and 3Oo/o of their
holding under the crop.

Table 4.4 Crop Distribution

CROP % of FARMS

Sorghum
Wheat
Pomegranate
Barley
Alfalfa
Grape
Oat
Peach
Apple
Fig
Apricot

94o/o
92o/o
68o/o
67o/o
62o/o

59Yo
44o/o
31o/o
29o/o
11o/o

1Oo/o

4.3.2 Use of lnputs

About a fifth of the farmers did not use any form of fertiliser; another tenth used only
manure; but the remaining used either a combination of manure and chemical
fertiliser, or chemical fertiliser only. Fertiliser application rates were relatively high,
frequently higher than recommended.

Half the farmers used pesticides, and about one fifth used improved wheat and
vegetable seeds.
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4.3.3 Mechanisation and Cultivation

Less than a tenth of farmers rely completely on animal power; a further fifth use only

machinery. The others use a combinaiion of animaldraft and machinery' increasingly

small-scale equipment better suited to the plot sizes' some of which is
manufactured/adapted in Sa'dah town'

Some farmers are attempting to conserve water by applying the appropriate (simple)

techniques to grape cultivation, and by using minimum tillage methods in their cereal

cultivations.

4.3.4 Crop Yields

From the SONDEO findings annual budgets for typical small' medium and large

farming families *"r" pr"p-.red. These are given in full in Annex 1 and discussed in

more detail in Section b. ifttv should not be taken as definitive' but are nonetheless

an extremely valuable guide to the financial status of farmers in the Target Area'

The typical crop yields shown in Table 4'5 are drawn from these budgets' ln some

instances the yield levels appear to be a little higher than is in fact probable' but there

is a universal tendency among farmers to exaggerate their production' Even so' in

all cases, the yields reported are lower than potential'

Tabte 4.5 'TyPical CroP Yields

CROP YIELD
t/ha

IRRIGATED
Grape
Citrus
Qat
Alfalfa
Wheat
Barley
Sorghum
Tomato

SPATE/RAINFED
Sorghum

12.O
25.O

2.O
40.0

3.5
3.0
4.O

24.O

2.O

4.4 CROP WATER USE

4.4.1 Crop Water Requirements

Neither the SONDEO survey nor the Well lnventory were designed to provide

information from which crop water requirements could be calculated precisely' The

necessary climatic and agricultural research data is not available in the necessary
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detail, in any case. However, using calculations carried out by Chaudry eral with the
FAO CROP WAT Program (TS-HWC, 1992) an estimate of the overall monthly and

daily crop evapotranspiration was been prepared, based on the range of crops grown

in the Sa'dah Plain. This is shown in Table 4.6' Average ETc per day ranges from

about 2.4 mm in March to over 6.0 mm in June and July, with an annual average of
4.0 mm/day.

4.4,2 Area lrrigated by Groundwater

As a result of the Well lnventory survey it was estimated that three are some 2330
wells in the TA, with which 7881 ha of land are associated - 5573 ha commanded

by irrigation and 2308 ha fallow for lack of sufficient water' lt should be noted that
this fallow area(44o/o of the commanded area) is for groundwater irrigated farms only

and cannot be compared with the 25o/o fallow land estimated for all farms (Table

4.3). The land area would be divided into more than 2330 individual holdings, since

wells are often owned in partnership by more than one farmer'

From the evidence gathered during the SONDEO survey, backed up by the experience

of agricultural extension staff, it is clear that:

r Not all of the area commanded by groundwater is irrigated at any one time,
because not enough water is pumped to meet crop water requirements'

r Farmers' irrigation scheduling is not optimum.

r Water conveynance and application is not efficient: there is seepage from
unlined conveyance canals (about 5Oo/o ol the water is conveyed in pipes from

'pump to field-edge); land levelling is poor; the layout of basins' borders and

furrows is not always ideal; and farmers tend to apply more water than the

crop actually requires, leading to excessive deep percolation.

All the matters discussed above have been taken into account in the compilation of
Table 4.7, in which the volume of water abstracted in 1991 is balanced with
domestic and irrigation usage, and the return flow to the aquifer through deep
percolation. On the conservative assumption that sufficient water is applied to cover

the full annual crop ETc, the maximum area of commanded land that could have been

irrigated was 2606 ha, ie. less than 50 percent. The main reason for this is the low
ovJrall irrigation efficiency (about 41 percent), a result of the water conveyance and

application problems summarised above.

It should be noted that surface runoff from irrigated areas due to inefficient water
application is not specifically accounted for. ln comparison with seepage losses,
runoff is likely to be insignificant at the level of accuracy of the estimates presented

in the table.

37



Sa'dah WMP

so
\
o).\
5oq
OJ

.G

=a.o
6
eq)
eq)
()
(o
{
o
lt
(E

F.

J
A4

zz

!f,
o\(art

.f,Oo\O
He.l(liO€\nrnQ

d

tir-NO\O\O\O\@O c.l t-- oo

Fi

a

ooo

ooCr-$tto€O=C65bua t.i ti\o {' 6 ..:
=Hd\o

v

oz

o
IJ

o.
q)

U)

oq
N

€
+

,d

00

(i
-t

00\o

SNSE $$8 I
-t\a

+
t--

st
00

€

alN

\OO\O\O(Q \n \a 0o

OC.lCli\o€000\

tt

(h

oo

a

a

F-
+st

o€

o\r-

Ost
00

r-

atr-

c.lN

c.lN

€

:t
oo

o\.f
cl

st
ol

*rn\o0o

ooo\\o \o o\ o\

O\tO\ra+.+OOiie.li

s
ca

&

cd

z

k(!
z

N
+

oq
ol

+
oi

\o
N

(c
co

(a
a.-

r-

t

O

o€

l-'

..too6+d)(aN(., st C.l \O \n f\ H
id

!t

C.l.+

(., O\ O\ O\or-c-€

o\H€o\(c\.)(c\o

F
(n

-o
,9)
Er

tr
d

O\+r-O\c{ioelClH6iaii\6 rr;\^5 g o d\c

\OO\\OOoO€cOiO\Oa(6F+ citq\o n F- c.i-id\.)

0i

r'.
O

EE
.o a/
EeoObOr
kO.90
<U

.,>E
rr'\ E
otrb00dEr,a
9ri&a

Ei
Fg E $

fJ.qr r <iI
Oo=
!9;rvoo<o

NORADEP38YEM/87/O15



Sa'dah WMP

Table 4.7 Groundwater Use in 1992

Total Groundwater Abstracted (Mcm)
Domestic Water Use (Mcm)
lrrigation Water Use (Mcm)
Commanded Area (ha) (1)

Average Area lrrigated (ha) (2)

80.3
2.8

77.5
5573
2460

Gross lrrigation Application (mm)

Total Efficiency Phl l2l
lrrigation Water Losses (mm)
Aquifer Recharge (Mcm)

31 50
41.3
1 851
45.5

Net lrrigation Application (mm)
Effective Rain (mm) (3)

Effective Spate (mm)
Total Effective Water (mm)

1 300
138
22

1 460

Annual Crop ET (ETc - mm) 1 460

Note:
1) Table 5.1
2) Adjusted to achieve balance between ETc and Total Effective Water
3) Conveyance Efficiency 75 %o (>5Oo/o piped)

Application Efficiency 55 Yo (Poor levelling)
Total Efficiency 41.3%

4) Based on data from Al Muthef, Gudami, Sa'dah, Dumeid (USBR Method)

4.5 LIVESTOCK

Sheep and goats are the major livestock, followed by cattle (Table 4.8). The average
flock size of sheep/goats ranges from 10 to 24 head per farm; the average farm
household keeps about three cattle (cows and oxen). Very few farmers keep camels
and donkeys. Some farmers own beehives.

Livestock management is traditional and at subsistence level. Cereal stalks and
residues in addition to a green ration of alfalfa and barley are the main fodder
sources. Sheep and goats are fed on crop residues or left to graze the grass and
shrubs of the adjacent rangelands. Cattle are kept in a compound on crop stalks,
barley and alfalfa. Signs of phosphorous deficiency in cattle were reported by many
farmers, variously attributed by AREA and others to phosphorous-deficient fodder
because of calcareous soils, and to inhibition of phosphorous absorption by cattle fed
on green barley fodder.
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Animal
No. of Farmers

lnterviewed

o/o Heads/Farm

Sheep
Goats
Sheep & Goats
Cattle
Donkeys
Camels

13
2

35
33

5
1

24
4

65
61

9
2

14
10
24

3
1

1

Sa'dah WMP

Table 4.8 General Details of Livestock
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5 PROBLEMS, SOLUTIONS, ACTIONS AND CONSTRAINTS

5.1 THE PROBLEMS

The major water management problems presented and discussed below can be

identified from the quantitative and qualitative data summarised in Sections 2,3 and
4. All must be addressed by the Water Management Plan. The problems, with their
general effects on the management of water, are summarised in Tables 5.1 , 5.2 and

5.3, which also contain summaries of the solutions proposed and the actions needed

to achieve the solutions.

5.1.1 Problems Directly Related to Water

Excessive Abstraction of Groundwater
Over 95% of the water pumped is used for irrigation, the remainder for domestic and

livestock purposes; there is negligible commercial or industrial use' Current
groundwater abstraction is estimated to be more than four time the recharge, and the
mean groundwater has declined by about 40 m between 1983 and 1992 (Section

2.3.71. ln 1991 it fell by some 5.6 m. lf abstraction were to continue at this rate
about 5Oo/o of the boreholes would be dry before the year 2015, when the average
water table would be about 190 rn below ground level.

The immediate effects are felt in the form of increased production costs, initially as
higher pumping costs coupled with reduced discharge, and eventually as the expense
involved in purchasing more powerfulpumping equipment andlor deepening/replacing
the borehole; provision of domestic water also becomes more expensive. Without
positive action to reduce abstraction substantially living standards generally will
decrease, with the poorer sections of the community being particularly affected.
Eventually the aquifer will be unusable, except for (very expensive) domestic water
supply.

lncreasing Water Supply
ln 1992 the average EC of the groundwater was 953 microS/cm, a level at which
some restriction on its use for irrigation has to be taken into account. Significant
areas show EC values of 1000 to 1500 microS/cm and more. Nine years ago most
of the area had EC levels below 750 microS/cm. The data available does not allow
definition of the cause of this increasing salinity, but it is clearly associated with the
decline in water level.

There must already be some reduction in crop yields as a result of the increased
salinity, and in places these will have become quite significant. Soils will eventually
become salinised, leading to further yield reductions. Fortunately the current
inefficiencies in water conveyance and application are likely thus far to have
minimised any salinisation, by allowing sufficient water to be applied to leach out the
salts. However, as irrigation is improved allowances for the application of additional
water (of the order of 15o/o for water of EC 1500 microS/cm to maintain the yield of
grape) will have to be made, so reducing the cost savings from the improved
irrigation and requiring a still higher level of management. ln the long term salts
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leached from the soil profile into the aquifer will further increase groundwater salinity
levels

tnefficient Water Conveyance and Application
The overall efficiency of irrigation including scheduling (see below) was estimated at
about 41o/o, ie.59o/o of the water pumped does not contribute to plant growth
(except as described above by leaching out salts from the soils). The fact that most
of this water will percolate back to the aquifer is not relevant in the context of
farmers' finances: the effective overall average cost of water because of these
inefficiencies is increased from YR 4.6 to YR 11.21m3.

lnefficient lnigation Scheduling
Because the inefficient scheduling of irrigation contributes to overall irrigation
inefficiency it also has adverse effects on the cost of production, not only in the form

of increased pumping costs but in the wastage of inputs, particularly fertiliser which
may not reach the plant roots at the right time. The excessive application of water
also contributes to this waste by washing fertilisers through the soil profile before

they can be effective.

A major cause of poor scheduling is the rigid application of the rules covering the
distribution of water from shared wells under which each shareholder takes water on

a given day regardless of whether his crops need water at that time or whether
another shareholder's crops are suffering from moisture stress.

lnefficient Use of Spate
Traditional techniques of spate management, though relatively efficient from the
water use point of view, can be improved upon by the introduction of modern
materials and construction methods (such as gabion boxes for small weirs and

deflectors) in order to save labour and decrease the risk of structural damage which
would lead to the "loss" of water down the wadi.

At the moment there is little conjunctive use of spate and groundwater for irrigation,
and as a result water use efficiency is reduced. ln most cases spate water would be

more effective (and equitably) employed by spreading it over a larger area than is

traditional and then using groundwater as required to meet subsequent crop water
requirement. Such an approach is no more than an extension of the improvement of
scheduling and application discussed above for groundwater application.

Multipurpose dams can also have a bearing on the efficient use of spate flows, again
if appropriate in conjunction with groundwater, by allowing the water to be used in
a fully controlled way. However. the.cost of the dam, the loss of water to
evaporation and any negative effects on farmers downstream with water rights have

to be very carefully considered.

Aquifer Pollution
There is currently no reason to think that the aquifer is polluted or indeed is in
immediate danger of pollution, except in so far as increasing salinity could be

regarded as a form of pollution. However, two potential causes of pollution are

sufficiently important to be discussed here.

YEM/87lO15 42 NORADEP



(n

z
L'
51
TJ

ko

o
a

Oe
r.9

Cc) H
O^.=

EE&ofi<€3b
a(h,
o!>
=oizi I o-tr Y.?=Fr o-= i:o E ic,)tri o c
qoe;as&i

o
dao=
o6eg
.oa)
O'd
trr
o!q
d ,?t

€g
cQq
EEob9=.=a-
+Fgo.sl (!
*uiE- au)
C oq

-!lxe
HE.] 9.ff€ D uL-C.\CB;9.2a
.E U.E.Ee..- ?: cd

d & 5F:

7q
0)
&
o
dea

6$o
F'i EtE{ E €
EEeS
€'F E s
FEfE
.E8gE
d o- F

^Y x= O-$3 a E.'tr! "i2El<-c5-.cn
o\BBvt
,=e!ts.H
E,g6EE

0
E0o
r',
0)
d

hE
H€

tr(, Oo -,.=
E.E 6iEE
.E i4 .E

vPo.E3n
o+l{
E E'* udEa*s
o V lut
--sv-

'E" 9'!A€&i

'd
o-

fiF
do I
ooll a
-Eo?
.24 d
i:: oEe E
6=?
J *>?.x 6

,EfEsioZBE]E.=
*= SotE E

* S E s sE
: EgE g 

E.E 3* dE i
SiEEqH"
TE6;€EE,H.E .}g I e.E
ES,EgE,gi

rt)
z
F
3
V)

Eo

do

o

o
troz

oE
a
oa
L

(n

o

(.) o.:t*Q t
LL,U906tr
E 60; ?

s€}5tr F Ou
s *E 3-\rog<E>
s.E & .ge38E
<LFHgzE.=_o.c-c tr'EOcO,!Urllo

C)
oo,o
o
E
o
v
Eo

.!
IL
c)

tska

E
{.)

6.gh0Y
H=

+r
9 6.0EE:ilB.si-r E
E-H
-qE-

;,EE
si ss:8.E 

E€.E 
E"9

E.EE

o
E
C)
oo

a
<n

ca
.9 lq
-L(l)9 q.5
i: -(! ,oE} H?r>-Ee
{Eq
ao ,:- Lr
trli: c)

=l;
---v'tr.kF

-oYe ts€tr o-tr
,xEtr

e#cc)eb6obot(Eo
Aao

Li OOOc ,^ Z 'tr'5
o di I 3'S8.Hr -hE!sF:oJdsr= sE ii E i:! Efi
*,q { # E 5:
E't8EE$€; APf I a;E
E e p;3 B r
5 SgS E E E

U)
L
trr!
frrt!
€
(n

3o
&

a\.
G,

tr
c)

Fr

tr
o

o

_!)

6

.9

x'
o;!
€ ir C4-=
E.E -g
OH'.=gE;
,E>
.9rt.)_o o

b(/)e
tr

a
oaR

€€Ok5a)o=

?=
-srfl 

o'E5e
ts-C
e 2ao::!l
:E5E
EsB

tr
o5
at

.9
a

€
oo
e
ct

hg>o
EUficvo
ooL€5;ia!+!5

zE#E kEooc)
:g5E
5E=
tr

g
gri:: {)E;d-€k-

H 7\ kx- v o

ESIE,?€<E
? 27. E6.082
S€zE
e& g i.:;:! 9fit 5F
E>SE
E

F-Y6*
.*2 iiic o
.9* so *

rt gs.iB
v A >,rH IE € E:;ara0rE.=€E E?EE

E $ -^ FS # E

E; {i E r?
;gEEEgEOtrAAr-r
OH--H

d

Sa'dah WMP

o

s
o
bo
aoq
\
oq)

.i\
a
vt
\
Qaot
ro
o
lt
(E

F

YEM/87tO1543NORADEP



5.1.2

Sa'dah WMP

The first is the leaching of agri-chemicals (fertilisers, herbicides and pesticides) from

the soil into the groundwater. There is evidence of the use of fertilisers at rates

above those recommended which, combined with excessive applications of irrigation

water, would eventually lead to accumulation of certain compounds in the

groundwater. The same would apply to non-organic herbicides and pesticides'

thougn these are probably not used in excessive quantities'

The second is the possible effects of seepage from the septic tanks and soakaways

used for the disposal of domestic waste water and sewage' ln this case most of the

potential pollutants are organic, as are some agri-chemicals, and therefore subject to

natural processes of degiadation and attenuation in the alluvium above the aquifer

and in the unsatrtated section of the aquifer itself' The total depth of this

unsaturated zone is between 60 and 80 metres over most of the Plain' Thus' except

for the area around Sa'dah Town where there is a high concentration of population'

there is generally little risk of pollution.

Problems Affecting Water Use Efficiency

Water use efficiency in this context is directed at obtaining the maximum return per

unit volume of water abstracted and used and so includes much more than efficient

irrigation conveyance and application. Any matter that has an effect on the

efficiency of water use must be taken account of in the planning process' Those

upon which SSHARDA can have influence, or where they have direct responsibilities'

are reviewed in this section.

Coveruge of Extension SerYrbes
Withoui comprehensive and efficient extension services there cannot be efficient use

of water. Extension advice, based on sound applied research, is essential for every

aspect of agricultural production: land preparation; selection of crop varieties and

planting time; crop *aiet requirements; irrigation scheduling, water conveyance and

applicaiion; irrigation methods; crop and livestock husbandry; and harvesting' storage

and packaging.

Though better than in most other Target Areas, provision of extension services is far

from 
-adequate 

and almost entirely absent in the case of women, who make major

contributions throughout the agricultural economy.

Access to Credit
Without easy access to reasonably priced finance it is not realistic to expect farmers

to improve water use efficiency. However, compared with some of the other Target

Areas, farmers in the Sa'dah Plain seem to be reasonably satisfied with the

availability of credit. Nevertheless, CACB procedures are cumbersome, slow (and

thus expensive), and CACB credit is not available to the smaller farmers' This has

two effects: those farmers most in need of finance to improve their farming and

increase the standard of living of their families are disadvantaged; and existing

inequities are exacerbated.
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lnput Availability and Use
The availability of the right inputs at the right time in the required quantities is
essential. The provision of advice on the optimum use of all inputs one of
SSHARDA's responsibilities, through extension. There are currently major shortfalls
in the supply of inputs and advice as to their best use.

Cropping Balance
Farmers using groundwater to produce cereal crops are already incurring a massive

financial loss (see Section 6.5). There may well be arguments (in the national
interest) for encouraging the farmer to subsidise the consumer; also (because he and

his family prefer the taste) for the farmer to invest in producing his own food staples.
However, from a financial point of view it makes no sense to grow cereals when
much better returns to water can be obtained from higher value crops, though often
still at an overall financial loss. From the national point of view, in the context of the
extremely severe shortage of water and depletion of water resources, there is an

imperative need to promote major developments in both cropping and downstream
value-adding activities.

The opportunity should be taken to make use of traditional crop varieties and

husbandry techniques in research and extension programmes to maximise rain/runoff-
fed yields.

Land Tenure (sharecropping) and Land Fragmentation
Current sharecropping arrangements, though subject to a long tradition, do not
encourage the tenant to invest in improving agricultural efficiency. The fragmentation
of land, brought about mainly by the inheritance laws, results in inefficient water
distribution and use; and in the poor use of resources generally.

5.1.3 Problems Affecting Agricultural Productivity

Although the problems discussed below do not have any direct connection with water
resources or water use they do have a profound affect on productivity and therefore
on the returns to water. As such they must be covered by the planning process.

Appropriate Mechanisation
There are individual plots in the Sa'dah Plain Target Area which are large enough to
make the use of small standard four-wheel tractors for land preparation, etc.
reasonably efficient, but only on the basis of shared ownership or hire. However, in
general miniature four-wheeled tractors or single-axle machines would be more
appropriate. lndeed Sa'dah is the only Target Area where some machines of this type
are to be found, together with small static threshing machines which are vastly more
efficient than the traditional hand or animal methods, and the use of motor vehicles
with or without special attachments on their wheels.

Much scope remains for the introduction of suitable machinery and appropriate
equipment, eg. tined cultivators rather than disc harrows, which are entirely
unsuitable to the Sa'dah Plain soils and cause enormous damage leading to further
productivity reductions.
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Marketing
Only for qat, the most valuable of the crops grown, does a full marketing system

exist, ie. one that covers the whole process from correct selection, harvesting and

packing of the crop through wholesale and transport, to the delivery of the product

iresn and undamaged to relail outlets' Gross margins on qat are high; they would be

much reduced if it were treated in the same way through the marketing cycle as are

the other perishable crops. Fruits and vegetables are wasted, as are the resources

used to pioduce them, incomes are reduced and potential export opportunities are

foregone.

Famers' Associations (Production and Purchasing)

Production and marketing decisions are hindered by lack of a marketing infrastructure;
production itself is made more difficult by irregular supplies and shortages of vital

inputs. There are no Farmers' Associations set up in such a way (involving the

private sector) as to overcome these, and other problems'

Watershed.Management
With the growth in groundwater irrigated agriculture traditional land management has

been neglected; th; population has doubled in the last 20 years and so the demand

for firewood and range for livestock has also increased' The result is increasingly

severe watershed degradation and loss of the natural resource base' 9O% of the

domestic energy r"ed in Yemen is obtained from wood, the supply of which is being

rapidly exhausted.

Properly structured watershed management, in addition to conserving soil and surface

*aie, resources for present and future use, has the potential to provide opportunities

for income generation which would help to take the unsustainable pressure off
groundwater.

lnvolved Local LeadershiP
Farmers feel that their local leadership is not sufficiently involved or committed to

development. lt may be that the farmers hope that more involvement by the

leadership would mean less work for them. This would not be the case' but it is
beyond dispute that successful development in all sectors requires balanced

contributions from all members of the community.

5.2 SOLUTIONS

5.2.1 Recommended Solutions

The recommended solutions to the problems set out above are clearly shown in

Tables 5.1, 5.2 and 5.3. Solutions to several of the problems overlap or are

complementary. As a result it is possible to summarise the solutions as follows:

r lnvolvement of local and community leaders: success in this will make other

solutions much easier to achieve.

r Control and reduction of abstraction, the feasibility of which will depend on the

level of farmers' knowledge.
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lmprovement and expansion of the efiension and research services in order to
help farmers increase their knowledge.

lmprovement of farmers knowledge of on-farm and spate water management,
crop husbandry, appropriate mechanisation, marketing, and the diversification
opportunities provided by investment in watershed management.

lntroduction of appropriate modern irrigation methods and equipment.

Reduction lto zero, as soon as possible) of the area ol low value (cereal) crops
under groundwater irrigation.

Simplification and increase access to credit.

Establishment of equitable and rational land tenure/ownership.

Formation of appropriate farmers associations for production and purchasing.

lnvolvement of private sector where appropriate.

5.2.2 Other Solutions Considered

Before it was decided which solutions should be recommended other possibilities
were considered for certain problems. These are described below.

lnigation Water Supply
Transfer of groundwater from adjacent catchments was dismissed at an early stage
in view of the already excessive cost of supply from the Sa'dah Plain aquifer (Section
6.5). The only possibly viable transfer would be of surface water, but a suitable
source is not available. With the general shortage of water resources in Yemen
proposals to transfer water, especially for irrigation, would in any case meet with
very powerful resistance.

Another superficially attractive option is the reuse of waste water. However, since
over 95% of groundwater is used for irrigation and there is no waterborne sewerage
system, except a small one for Sa'dah, in the Target Area to provide a source of
wastewater, this was also excluded from further consideration.

The last option considered was the pumping groundwater from beneath areas of non-
agricultural land for transfer to irrigated land. This would be expensive and might
also give rise to disputes over water rights. ln the Sa'dah Plain the density of
boreholes is relatively very high, but there are locations where such an approach
could be technically feasible. However, the potential cost and the lack of detailed
data on aquifer properties disqualifies this option from immediate consideration,
though it would be worth reviewing at a future date.

lncreasing Water Salinity
ln areas with water of very high salinity it may eventually become financially as well
as technically feasible to mix water pumped from boreholes in less affected areas, eg.

I

I

t

I
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the non-agricultural areas considered above as sources f or additional irrigation water;

for the imhediate future, however, it must be ruled out for the same reasons'

Provision qf Extension
ln certain circumstances it could be advantageous to provide extension advice

through contracts with private sector organisations' However' in Yemen there are

not eriough skilled and experienced personnel currently available to staff government

institutions with responsibility for providing extension services' and so the option was

not considered further' Nonetheless, once SSHARDA have established a sufficiently

positive record in extension and research activities to justify the charging of fees for

ihe provision of advice to farmers, this option may well be worth analysing in more

detail as a means of financing enhanced services'

THE ACTIONS NECESSARY

The actions necessary to reach the recommended solutions fall into some seven

general categories, f or all of which adequate resources must be provided (Tables 5 ' 1 '

5.2 and 5.3).

r lnvolvement of local leadership, community groups and the private sector; and

encouragement of Farmers' Association to promote efficiencies of scale'

r Staff 
.training: 

extension, research and credit'

r lntroduction and enforcement of legislation to control groundwater abstraction'

watershed management, and rationalise sharecropping'

I Collection, analysis and publication of data'

r Expansion of the applied research and extension programmes' and. monitoring

and evaluation of the results to ensure the work develops in line with farmers'

needs, including suitable diversification of farming activities'

r lntroduction of modern irrigation systems'

r Simplification and the widening of access to credit'

Detailed Action Lists for use in the planning of implementation are included as Annex

2.

These cover data collection and publication, extension, and applied/adaptive research'

assistance to farmers in procurement of modern irrigation systems through CACB and

will be referred to as appropriate in the discussions that follow'

lnvotvement of Local Leadership and Gommunities

Close liaison between SSHARDA and local leadership, perhaps via the LCCDs' and

farming communities is fundamental to the success of all activities within the Water

Management Plan short, medium and long term'
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It cannot be ernphasised too strongly that the only hope for success for the plan is

to ensure from the very beginning that all actions are farmer-centred, for if the
detailed plans are not accepted by farmers they will not work. Farmer-centred does
not mean that farmers' requirements should be met without question, but that they
must be actively involved from the outset in the planning process, so that they will
accept the final decisions.

The setting up of the institutional framework to involve the farmers and their
community leaders will be extremely time-consuming, but without it the technical
components of the plan cannot succeed.

Farmers on the Sa'dah Plain seem keen to adopt improvement in agriculture and

water management. One of the first priorities is to establish links with communities
at a very early stage so that their needs can be built into the initial detailed
implementation plans.

5.3.2 Staff Training

It must be emphasised that an essential prerequisite to all of the actions discussed
below is an extensive and comprehensive programme of staff training. Staff at all

levels will require training, in the form of courses locally run, regionally based or

overseas, and on job under the supervision of a suitably qualified and experienced
manager. Training is not a one-off exercise; regular updating and upgrading is

essential and as time goes on more of the training can take place in-house.

It is recognised that a training programme has been an integral part of the NORADEP

Project since it began. However, as is pointed out above, training needs and provision

should be kept under constant review in order to that changes made necessary by the
way in which the project develops can be introduced. The detailed multi-sectoral
planning process that will be required as the first activity in the implementation of the
Water Management Plan provides an ideal opportunity to review, and if found
necessary, to re-direct the current training programme and extend it in line with the
needs of the plan.

Training should cover at least the following subjects:

For Senior and Middle Management
- General management
- Project management
- Programme administration
- Water resources
- Research/extension management
- Monitoring and evaluation

At Supervisory Level
- Programme execution/administration
- Water resources management
- Practical research/extension
- Credit provision
- Rainfed agriculture

I
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5.3.3 Legislation

Groundwater

I

I rrigation agronomy/engineering
Women's development
Appropriate mechanisation
Animal husbandry
Horticulture

For Field Staff (Extension Agents and Subject Matter Specialists)
- General crop cultivation (lrrigated and rainfed).
- Extension and dissemination techniques.
- Women's development.
- Credit provision to small farmers.

Detailed legislation to control the drilling of wells and abstraction of groundwater is

currently undet discussion by a government committee with the brief to combine

draft laws prepared by MAWR and MOMR. Meanwhile a government decree giving

interim powers to the MAWR or authorities delegated by the Ministry, with the force

of a by-law, is in effect. The decree covers the three parties likely to be involved

with the drilling of a borehole:

r The Well Owner, who cannot contract for the drilling of a well until he has the

approval of MAWR or its agent. This approval depends on a thorough analysis
of the hydrogeology, proposed well depth, pump type and other specifications,
and the location of the proposed well in relation to existing boreholes. One of
the conditions for obtaining the licence is that the owner should undertake that
the borehole will not be used to irrigate qat.

r The Drilling Contractor, who must be licensed as competent and whose

equipment is subject to inspection and approval. He cannot commence drilling
until the owner has obtained permission for the well.

t The Pump Supplier, who must not sell any equipment to the owner that does

not meet the specifications set by MAWR or its agent. Equipment cannot be

supplied until the owner has a licence for the well.

ln the NORADEP region SSHARDA is to implement the decree, in combination with
the relevant extension activities.

Thus the necessary powers to control groundwater abstraction already exist, and are

in the process of being expanded and reinforced. However, the powers are not
currently being used.

Watershed Management
The natural resources of the watershed - soil, trees, vegetation - are just as vital to
the long term interests of Yemen as are water resources; indeed, they are linked with
water resources. Because of changes in traditional landuse, which have taken place

for perfectly valid reasons, there has been land degradation, increasingly rapid runoff

and more destructive wadi spates, which erode valuable arable land. Excessive
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cutting of fuelwood contributes to the process, as do overgrazing and neglect of
terraces.

It is not realistic to think that this process can be reversed without a combination of
legislation and incentives, together with research and extension work to demonstrate
that viable income generating activities are feasible in the watershed areas to provide
farmers with an opportunity to diversify their activities profitably. Examples of such
diversifications are discussed in Sections 6.4.

Land Tenure
Existing sharecropping arrangements, though sanctioned and supported by tradition,
and capable of pragmative modification as has successfully been demonstrated within
the NORADEP region during the recent years of low rainfall, are not conducive to the
improvement of water use efficiency or longterm sustainability of land resources.

Shardcropping is much less wide spread in the Sa'dah Plain than in other Target
Areas. However, the principle remains that a tenant with an unwritten agreement for
a yeil at a time for the use of a plot of land, and who will receive between 25o/o and
5Oo/o of the proceeds from the crops he grows, has no incentives to take care of the
land, invest in it and to seek to maximise the efficiency of production.

It is not in the interests of the landlord or the tenant, still less of the economy as a
whole, that this situation should continue. Legislation to ensure equitable and
sustainable use of sharecropped land is essential.

5.3.4 Data Collection and Publication

Groundwater
Extensive well inventory data was collected as part of the technical assistance
studies and is presented in the Groundwater Resources Report (NORADEP Report 8).
The most important data in the context of this plan are those concerning:

Groundwater level, its geographic variation and changes over time

Well yields and their variation over time and space.

Water salinity and its variation.

The water balance.

These are the major parameters required to monitor the abstraction control
component of the plan, and should be the focus of the groundwater monitoring
activities detailed in Annex. They are all fully illustrated in the form of contour maps,
cross-sections, (which are particularly revealing) frequency distributions and tables
in the Groundwater Resources Report, and some are reproduced in Section 2.3 of this
report. The maps and cross sections are by far the most appropriate way of
displaying the information for the purposes of training staff and conveying extension
messages to farmers. They are cheap and quick to produce and update and have
maximum impact in the eyes of the non-specialist.
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The well inventory provides a very sound basis for future work' but it also illustrated

iust how complex is tt,e aquifer system of the Sa'dah Plain' lt will be a very long

time before there is enougn'information for a meaningful model of the aquifers to be

made. Meanwhile work must concentrate on regular updating of data on the leading

parameters listed above, and most importantly on the rapid processing' publishing

and dissemination of the data'

A major additional advantage of regular monitoring is the contacts between

SSHARDA staff and farmers'

Hydro-Meteorological lnformation
As part of the technical assistance studies the need for hydro-meteo data collection'

for the enhancement of the national database' was examined; a specification for

suitable equipment for data collection and processing was prepared' At the time of

writing this report the equipment was yet to be procured'

Though the collection and automatic electronic logging of such data is vital for

national planning purposes, the time that necessarily elapses between gathering the

data and'publishing it reduces its use in the field'

Therefore, raingauges and Class A Evaporation Pans must be installed at all research

and demonstration facilities, at each SbXenOe Branch and Block Office' and on the

farms of reliable farmers, to give a reasonably uniform coverage of the area' The

data can be displayed simply in graphical form and used in crop research' for the

iraining of staff and farmers, and the development of extension messages'

Applied Research and Extension

Applied research and extension cannot practically be separated since they are part

of a continuous cfcle: extension identifies a problem' to which research is applied'

and the solution is used as an extension message' Furthermore' applied research is

carried out partly at a central location, partly on farms' so as to ensure that it is

relevant and contribiting to the solution of problems and to development generally'

Because there are bound to be false starts and blind alleys in research and.extension

work (as in any other) a continual process must take place of objective setting/review

of progress against obiectives, introduction of changed external factors' setting of

,rrl""J objectives, etc, ie. the process of monitoring and evaluation'

This section of the report deals with research and extension together and

differentiation is only made where necessary'

A comprehensive plan and monitoring system to permit modifications to be made as

experience gained is essentialto any research programme' ln this case research must

concentrate on practical applications for existing farming systems and- potential

diversifications. lt should be carried out at central locations (SSHARDA

demonstration farms) and on selected private farms of different types and sizes'

Effort must be invested in building up and maintaining contacts with other

organisations performing similar *ork in similar ecological zones outside the
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NORADEP region in order to avoid the waste of resources resulting from duplication
of work, and to promote cross fertilisation of ideas.

The wide range of activities that will have to be the subject of properly planned and

directed research is shown in Annex 2. The main topics are:

r Farming Systems.

r On-Farm-Water-Management.

r Soil Management.

r Crops, including fodder crops and intercropping.

r Agro-Forestry.

r Livestock.

Unless the farming systems of the arca are completely understood the most
appropriate interventions cannot be determined and extension resources will be

wasted.

Farming Sysferns
Farming systems in the Target Area vary from the subsistence oriented rainfed and

spate irrigated cultivation of staple grains around the edge of the plain, to the
growing of fruits and qat for sale and grain for consumption under groundwater
irrigation (which comprises the major part of the agricultural activity) to the recently
observed (August 1 993) introduction of polythene tunnels f or the intensive cultivation
of vegetables using drip irrigation and the most up-to-date techniques. The systems
are perhaps not so complex as those in other Target Areas but they require
investigation in order to be properly understood. The level of appropriate
mechanisation is higher here than elsewhere in the NORADEP region and this too
must be taken into account.

On-Fa rm Water Management
OFWM covers water management at farm level, from the source (spate flow,
harvested water or groundwater) to the plant roots, including irrigation scheduling,
water conveyance, application and irrigation management, and then finally drainage
to ensure that neither the crop nor the soil are damaged by excess water.

Some of the major problems experienced in Sa'dah during this process are discussed
in Section 5.1.1. However, the whole range of activities which constitute OFWM
(summarised in Annex 2) must be integrated into a research programme directed at
improving water management across the spectrum of farming systems.

An obvious first step is to establish crop water requirements, yield response to water
and to salinity in order that traditional irrigation can be improved - by introducing
piped conveyance, improving land preparation and applying water more efficiently.
These measures could reduce the water abstraction by about 25o/o while crop yields
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increase. The introduction of intermediate and advanced irrigation' eg' rnicrotube-

bubbler drip and sprinkler, would save a further 15oh of water (Section 6'3'21'

Relevant and useful work has, for example, recently been completed' as part of the

Rada lntegrated Rural Development Project in Al Bayda Province' into both microtube-

bubbler irrigation, and the supplementiry irrigation of sorghum which demonstrated

that farmerc norrul practice of nine irrigations was excessive and that reducing to

five timely irrigations may even give a higher yield'

These subjects are both discussed, in more detail in Section 5'3'6 and demonstrate

that it is imperative to take account of relevant research work done elsewhere and

to maintain close liaison with other researchers'

Soil Management
Most of the soils in the Sa'dah Plain are weak and require careful management; all

the soils would benefit from a higher organic matter content' While it is clear from

first principles that cultivation should bl with tined implements only' since discs

would further weaken the soil, detailed applications have to be developed' Some

farmers already use minimum tillage techniques' An examination and optimisation

of these, combined with work on mulching and the best fertiliser combination of

organic and chemical must be carried oui' Many farmers apply more chemical

fertiliser than is recommended. Recommendations must be supported with solid

evidence. Work on soil management will be very much interconnected with that on

OFWM described above.

An increase in organic matter content would also improve soil structure' The

introduction of pui-ses (legumes) to the area would serve this purpose as well as

providing 'free" nitrogen 
-and 

expanding the diet of farming families' Pulses are a

part of t-he cropping p-.tt"tn in other farget Areas and there is no reason' why they

should not becomJso in Sa'dah, given tlie correct interventions by SSHARDA staff '

Crops
Crop varieties and cropping patterns well suited to traditional water management

practices are well estabiish;d, and a relatively high proportion of farmers are using

improved seeds to take advantage of the availability of groundwater irrigation' There

remains, however, much work ylt to be done to optimise the potential of this assured

source of water, and to test and introduce varieties and techniques to extend

harvesting periods and so reduce the current cycle of shortage and glut on the

markets, reduce wastage and increase incomes'

The most important factor in crop research, as in all other research sectors' is to

maximise the (financial) returns to water by correct selection of varieties' cropping

patterns and mixes and the optimum use of inputs' Work on fodder crops -

irpror.rrnt of the traditional sorghum and alfalfa, together with trials on other high

yielding alternatives, eg. Napier brass, Stylo or Leucaena (cross-over with agro-

forestry), must be undertaken'

One of the maior problems in the development of the agricultural sector is the lack

of potential export crops. ln the highland plains such as Sa'dah any export would

almost certainly have to be high value, low buck and non-perishable' Grape' dried as
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raisin, is the only product that approaches these criteria, but lack of marketing
infrastructure and awareness currently precludes exploitation of this potential
opportunity. However, suitable liaison between private sector marketers and the
research and extension services-to tighten up on quality control would be essential
to the development of such trade.

Other, longer-term, possibilities for export include essential oils (such as geranium and
rosemary), and dried herbs. These also would require collaboration between the
private and government sectors to combine the agronomic, processing and marketing
components.

With the current lack of research resources and the extremely urgent need to work
on the improvement of basic techniques and knowledge any such work cannot be

contemplated in the near future. However, if the most is to be made in the future
of agricultural potential, these and other ideas should be entered into longterm plans.

Haruesting, Packaging and Storage
These are the crucial early stages of the sales component of the marketing process,
and the relevant knowledge and techniques are currently sadly lacking (except for
qat) in even this relatively advanced Target Area. There is little that is area or even
country specific in the methods required and so the extension process will simply be

the training of extension staff to deliver the necessary message to farmers.

Agro-Forestry
Agro-forestry should be an integral part of the soil management, cropping and
livestock systems and research work on it must be carried out accordingly. lt has
the potential to contribute significantly to the improvement of soils (through mulching
and the addition of organic sources of nitrogen); to crop yields and returns to water
(by maximising land utilisation and provision of nitrogen); and to the more intensive
rearing of livestock (through the rehabilitation of overgrazed rangelands and as a

source of high-nutrient feed).

ln addition it would contribute to land and water conservation in the watershed:
physically by helping to prevent soil erosion and the destruction of terraces and
natural woodlands; and financially by providing alternative sources of income through
intensification of the livestock sector and establishment of a sustainable fuelwood
industry (Section 6.4. 1 ).

lmportant and significant research work has been carried out into agro-forestry
(including the intercropping of trees with fodder crops) within water harvesting
(runoff) systems, which are very well understood by Yemeni farmers. The decline of
these traditional land use systems is responsible for land degradation in the Sa'dah
Plain catchment. Adaption of the methods developed elsewhere would contribute to
rehabilitation and conservation of the environment as well as widening the income
generating options in the agricultural sector.

Livestock
The livestock sub-sector is operated entirely on a subsistence basis, in spite of the
fact that production in Yemen, particularly of sheep and goats, does not meet market
requirements and so large scale imports (US $ 43 million in 1990) are required. ln
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addition the local product has the advantage of taste-preference and therefore
commands a premium price. Thus, there is a major opportunity for diversification into

the more intensive rearing of small ruminants' As an indication of the potential for

development, one million sheep/goats were imported in 1990, at which time the
national herd was estimated to be of the order of seven million head.

ln combination with the agronomic research into fodder crops and agro-forestry
systems outlined above, input will also be required from livestock specialists into the

appropriate breeds and breeding practices, the formulation of feeds and the need for

smallscale feed production operations, and the optimum husbandry and marketing

methods.

Modern lrrigation Systems

Although the evaluation, promotion and introduction of modern irrigation systems

really fills under the heading of the previous section, it is dealt with separately

because it is so crucial to the saving and management of water. The subject was

briefly mentioned in Section 5.3.3 under OFWM, and the financial aspects are dealt

with in Section 6.3.2.

Provision is made under the NORADEP project for installation of modern irrigation

equipment at the SSHARDA farm at Magash (drip) north of Sa'dah Town, and at a
privately owned farm in the Target Area (drip and sprinkler). (NORADEP Reports 24,
25 and 26 cover this). The intention is that these installations should be used for
extension and demonstration purposes to interested farmers as well as to increase

irrigation efficiency and financial returns on the farms where they are installed' ln the

extension/demonstration role, care will have to be taken to ensure that farmers are

not put off by the scale of the installations (20 ha at Al Magash) and go away
believing that, if they themselves do not have an equally large area, they cannot
consider installing modern irrigation. (This matter is dealt with below).

Piped Conveyance
Loss of pumped water by infiltration, and thus waste of money (and the proportion

of the water that evaporates), is usually considerable. ln an unlined earth canal

through loqmy sand soil losses are likely to be aboutO.lo/o per metre, ie. 1Oo/o of the

water running in a 100 m long canal and 50% in a 500 m long canal.

For surface irrigation, piped conveyance of the water from the pump to the field edge
provides a ready solution to this problem. About 5Oo/o ol the farmers in the Sa'dah
Plain use some form of piped conveyance: buried PVC with screw-plug outlets, or

systems of above ground piping and lay-flat hose. The Al Magash farm has a good

example of the former system. lnstallation costs are in the order of YR 35 000/ha
for a rigid pipe system, and layflat PVC hose is about YR 2500 for a 5O m roll (75

mm diameter).

There should be little problem demonstrating to farmers the benefits of installing

some form of piped conveyance'

It should be noted that lining earth canals with cement mortar is an alternative to
piped conveyance, but is usually more costly.
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lmproved Surtace lnigation
The layout, land grading and smoothing of surface irrigated plots frequently leaves
much to be desired. Rectification of these problems is a matter for the extension
officer under the guidance of an irrigation specialist as necessary. Designs will have
to take account of the natural gradients, soil types, irrigation method, ie. basin,
border or furrow, and the flow available. lf the flow is not sufficient to permit
efficient irrigation, eg. on a light, permeable soil, then consideration must be given
to the provision of sufficient storage to enable the optimum lead stream to be
supplied.

The application of water to furrows is straight forward, given that they are correctly
designed. However, the even spreading of water into a basin or onto the upper edge
of a border strip can cause problems. One method worth consideration and
development by research and extension staff is a locally fabricated variation on the
gated pipe. PVC pipe of different diameters is readily available, together with all the
necessary fittings. Trials using different flows at varying pressures, with pipes of
different lengths and with holes at a range of centres would quickly result in a set
of useful recommendations for transfer to farmers.

Sprinkler lrrigation
Sprinkler irrigation can be used for field crops - cereals and fodder - and for
vegetables. One of the disadvantages for the farmers in the Sa'dah Plain of using
sprinkler rather than surface irrigation for cereals is the cost. As will be seen in
Section 6.5 cereals are already grown at a financial loss (in real terms). A sprinkler
system would almost certainly require a higher pressure (35 m) than is available from
the borehole pump and so extra energy costs would be incurred in addition to the
capital cost.

The overall efficiency of a sprinkler system would be about 75o/o, against that of a
properly designed furrow or border strip layout of at least 65%, ie. there would be
about 15% saving in water and, therefore, from a water management point of view
its use would be worthwhile.

Drip lrrigation
Drip is suitable for vegetables, fruit trees and qat, all higher or high value crops and
therefore grown at less of a real financial loss, or a positive financial gross margin.
The capital cost would be about the same as that of sprinkler and the additional
pumping energy requirement about 20% less. Overall efficiency is about 85o/o, giving
a minimum 30% saving on water use over surface methods.

Mi c rot u b e- B u bbl e r I niga ti on
This is a relatively low cost system, suitable for the irrigation of fruit trees and
perhaps some vegetables, developed under the Rada lntegrated Rural Development
Project in Al Bayda Province. lt has potential application throughout Yemen. A full
description is given in Annex 3, which is taken from the Project Technical Note No.
50 - the Final Report of the Extension Advisor - but the most important features are
listed below.

I All necessary materials are available in Yemen.
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r Negligible infietd energy consumptlon'

r Low maintenance requirements'

r SimPle operation'

The system is based on the delivery by gravity of water' directly from the well pump

or if necessary from an elevated storage tank, through PVC pipes to polyethylene

lateral pipes which run alongside the rows of trees' From each lateral small diameter

(3 to 4 mm internal) microtubes carry water into a circular furrow around each tree'

The system received an extremely enthusiastic reception from farmers in the Rada

IRDP area and demand for it exceeded the Project's capacity to provide installation

services (farmers pay for all materials)'

It is clear that the microtube bubbler system has tremendous potential for use in the

Target Area and the liaison should be established immediately with RIRDP staff with

" 
ril* to establishing trials in the NORADEP region'

Demonstration and Promotion
The irrigation installation proposed for SSHARDA's Al Magash demonstration farm

(NORADEP Report 21), consisting of 2O ha of drip' is on too large a scale to be

relevant to the majority of farmers. The opportunity should be taken' during the

planning of demonstration facilities at Magash, to include provision' for example' of

in" rnoi" appropriately sized installationJ described below' which are likely to be

appropriate'for the requirements of other demonstration farms in the NORADEP area'

Outline Cosfs
ln order that up-to-date prices could be used in the cost/benefit calculations (Section

6.9.21, guideline quotaiions for small scale sprinkler and drip installations were

obtained from a well known international supplier of irrigation equipment in the United

Kingdom. These, with the outline specifications are contained in Annex 4' The cost

of Jupply and installation of the microtube-bubbler equipment was based on Annex

3, wiin a generous allowance made for the purchase and erection of a header tank'

lndicativeiostt for the supply and installation of one hectare of each of the systems

are tabulated below.

Tabte 5.4 lndicative Costs of Modern lrrigation Eguipment

Type Operating Head
(m)

Cost
(YR'000/ha)

Sprinkler
Drip
Microtube-Bubbler

36
29

2 (max)

165
175
125

5.3.7 Access to Credit

Ready availability of credit at reasonable rates of interest with minimum formality is
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essential if farmers are to use water more efficiently by investing in modern irrigation
methods and agricultural practices, and in additional to diversify their activities into
areas that require initial capital investments.

Credit is not currently available from CACB to all categories of farmer and one of the
first actions that must be undertaken is to explore, through liaison with local and
community leaders, farmers associations, the CACB and SSHARDA, ways and means
of giving all farmers access to credit for viable approved investments. Group loans
or loans guaranteed through a farmers' association may be one solution, depending
to what extent CACB rules can reasonably be modified while still maintaining a fair
lending margin. The availability of funds at concessionary rates for on-lending for
specific purposes would also be worth exploring.

Training and early administrative changes within CACB are necessary to reduce its
operating costs and make it more responsive to the needs of its customers. The bank
will have to ensure that its staff can travel without delay to where they may be
needed to assess eligibility for a loan. Equally, extension staff must be trained to
assist farmers in preparing loan applications.

5.4 CONSTRAINTS

There exist a large number of constraints which will inhibit the actions discussed in
Section 5.3 - severely in many cases. For the purposes of this report these
constraints have been divided into three groups, Socio-economic, Technical, and
lnstitutional, though there are inevitably linkages and cross-overs between the
groups.

5.4.1 Socio-EconomicConstraints

The background to the socio-economic factors that are likely to constrain
development is given in Section 3. Thus it is only necessary here to list the major
points, as follows:

The need for farmers to feed their families, which inhibits the move away from
traditional, less water efficient techniques.

Women's ambiguous status as major contributors to the rural economy who are
excluded from a formalrole in planning and decision making, and have restricted
access to education and virtually no exposure to extension services. ln Sa,dah
this constraint will take a long time to overcome.

The subsistence level of livestock husbandry, to which the status of women,
who are mainly responsible for livestock within the family farming unit, makes
a major contribution.

Traditional sharecropping practices, which have the effect of actively
discouraging efficient use of resources, and thus lead to reduced income for
both landowner and tenant in addition to land degradation.

I

T
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Traditional practices of "harvesting" fuelwood by lopping are falling away

because of increasing pressure on a dwindling resource, and trees are being

felled. No thought is given to growing trees in woodlots.

There is minimal awareness of the ecological damage being caused by

indiscriminate fuelwood cutting, by overgrazing or the abandonment (for sound

agricultural reasons), of terrace cultivation and no acceptance of the need for

changes in current practices in their own interest and those of their children'

Technical Constraints

A universal lack of sufficient education, with women particularly badly affected' is

the major factor governing the technical constraints to development, which can be

summarised as:

r Farmers do not recognise the right of government to interfere with their
perceived groundwater rights, which are an extension of the traditional rights

attaching to surface and shallow well water.

r Farmers are not aware of the true costs of groundwater irrigation and so

continue to irrigate low value crops at an effective financial loss'

r lnsufficient numbers of adequately educated (and experienced) SSHARDA

research and extension staff.

r Lack'of knowledge among farmers, which is compounded by the limited

support available from the extension services.

r The incidence of new plant diseases of which there is no remedies have not

been found. A particular example, and a very important one in view of the total

investment made in the crop, is a disease of orange trees which currently
(August 1993) seems to be affecting orchards in Sa'dah Plain, and for which

extension staff have no answers.

I nstitutional Constraints

These too have been effectively covered above and, as is unfortunately so often the

case, they are the main factor inhibiting development. ln summary, they are:

r SSHARDA's role in water management and agricultural development is not

understood bY the communitY.

r SSHARDA's willingness and ability to enforce current and future legislation to
control groundwater abstraction. (Until their role and authority are understood
it will be difficult for SSHARDA to be effective).

Local and community leadership and the LCCDs are not involved in water

management and agricultural development. Farmers say they want such

involvLment and SSHARDA must act as a catalyst for it. (This would logically

be part of the public relations exercise needed to establish SSHARDA's role,

5.4.2

5.4.3

I
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duties, responsibilities and authority in the minds of the farming community).

A lack of Farmers' Associations to promote and encourage joint activity in the
general interest of all, particularly in the securing of inputs and establishing and
expanding a marketing strategy.

Associated with the last point is the lack of constructive involvement by the
private sector in the development process. lnput supplies ate erratic,
sometimes of doubtful quality and often expensive; marketing standards require
much improvement. lt is in traders' interest as well as farmers' to play an
active part in development.

The inability to deliver credit efficiently to all farmers with a justified
requirement for funds.

A shortage of trained and experienced staff in research and extension
particularly women, and in livestock husbandry.

Lack of provision for adequate resources needed to deliver extension services.

Farmers see the Magash demonstration farm as too large to be relevant to their
needs. While this may not in fact be so, its very extent (20 ha) is intimidating.
Specific areas dedicated to demonstration and extension should be set aside,
perhaps near the farm entrance.
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6 FINANCIAL CONSIDERATIONS

6.1 INTRODUCTION

Unless the objectives of a Water Management Plan can be demonstrated as
financially acceptable to farmers, there can be no hope of implementing it. This is
particularly the case in the Sa'dah Target Area where the community has a history
of strong-minded independent action. This section contains outline analyses of the
subjects that are likely to be most critical in gaining acceptance of a plan: the cost
of pumping water, and the effect on farm family budgets in the context of a
population growing at over 3o/o pet \aar.

Diversification away from traditional agricultural activities will become increasingly
necessary to maintain real incomes. This also must be shown to be financially
attractive as well as compatible with accepted farming patterns if it is to be taken up
by farmers. Thus, the broad implications are examined of the introduction of agro-
forestry for fuelwood, stockfeed and soil improvement and of the intensification of
small livestock rearing. ln addition to increasing income these activities would have
positive environmental effects; also, since they are at present largely in the domain
of women's responsibilities, they will serve to encourage a wider overall role for
women in the farming community.

Finally, while it is not appropriate in this report, which is directed to pragmatic
solutions for extremely pressing water management problems, to attempt detailed
financial analysis (for which in any case data is not available), still less are economic
analyses possible or justified. However, Section 6.6 contains discussion of some of
the economic impacts of the current situation in the Target Area, and of possible
actions undertaken within the plan.

6.2 COST OF GROUNDWATER

Average groundwater level in the Sa'dah Plain declined by 5.6 metres in 1991. lf
that rate of decline were to continue 5Oo/o of the boreholes in the Target Area would
be dry by the year 2015 (Section 2.3.7 and Fig. 8.1). The financial implications for
the farmers are twofold:

The cost of pumping, ie. the running costs (diesel plus operation and
maintenance), will increase approximately in proportion to the fall in water level.

Farmers will have to deepen andlor replace their boreholes and install more
powerful pumping equipment.

The SONDEO Survey showed that farmers make no allowance in the costing of their
operations for the capital cost of the borehole and pumping equipment. Pumping
costs reported by farmers corresponded, crop-for-crop, almost exactly with the
running costs calculated from a consideration of average depth to water, average well
discharge, and the estimated gross irrigation water application. No allowance was

I

t

NORADEP 65 YEM/87l015



Sa'dah WMP

made in their thinking for the cost of the capital invested, which is in fact over three

and a half times the-running costs (YR 3.65/m3 and YR O'99/m3' in 1991)' The

implications of this on the cost of crop production are examined in Section 6'5 and

shown in Fig. 8.3, but the fact is that, while gross margins seem reasonable' they are

far from sufficient to cover the capital costs, and provide a profit margin' The

projected increase in cost of water is shown in Table 6'1' and illustrated in Fig' 8'2'

Table 6.1. Groundwater Cost Over Time

6.3 FARM FAMILY FINANCE

Family Budgets

From the data gathered in the SONDEO survey family budgets were compiled for

typical small, rntdiu, and large irrigated farming enterprises' as follows:

ln addition to facing steadily increasing running costs which will erode financial

returns, the farmers in due course will have to raise a large amount of c.apital to

replace wells and pumpsets' The availability of capital would have been less of a

problem when most of the boreholes in the Sa'dah Plain were drilled' because

iemittances from family members working outside Yemen would then have been

regular and substantial. Today and in the future, however, unless additional income

frJm off-farm employment or business is available, farmers are likely to have to raise

commercial credit toiund replacements' ln the financial scenario outlined above such

credit would not be viable, and so would not be offered'

Therefore, it is very much in farmers' interests to reduce the volume of water

pumped in order to ieduce the overall decline in margins and to delay for as long as

po.rlbl" the problem of finding new capital to invest for which the full commercial

price would have to be Paid.

Cost of Pumping (YR/m3)

Total
Capital

Cost
Sum

Running Cost
Dieselo&M

YEAR

4.64
4.99
5.3s
5.70
6.05
6.90
7.75
9.47

11 .28

3.65
3.89
4.12
4.36
4.59
5.12
5.64
6.78
7.95

o.99
1.11
1.23
1.34
1.46
1.79
2.11
2.69
3.33

0.58
0.65
o.72
0.78
0.85
1.O4
1.23
1.58
1.96

o.41
0.46
0.51
0.56
0.61
0.75
0.88
1 .11
1.37

1 991
1992
1 993
1 994
1 995
1 996
2000
2005
2010

Assuming consistent average decline of 5'6 m per year inNOTE
g roundwater level.

6.3.1
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Small
r Farm area 0.75 ha, fully under irrigation
r Family of 6 persons, of whom 3 work fully or partly on the farm
r 20 sheep and goats and 3 cattle

Medium
r Farm area 2.5 ha: 1.5 ha fully under irrigation; 1.0 ha rainfed
r Family of 9 persons, of whom 5 work fully or partly on the farm
r 30 sheep and goats and 5 cattle

Large
Farm area 5.5 ha: 4.0 ha fully under irrigation; 1'5 ha rainfed
Family of 12 persons, of whom 8 workfully or partly on the farm
50 sheep and goats, 6 cattle and 3 camels
Farmer has loans

The budgets are contained in Annex 1.

It must be understood that these budgets were assembled from Rapid RuralAppraisal
data and, therefore, have no statistical validity. However, they give a more than
adequate general picture of the situation on groundwater irrigated farms in the Target
Area and are an excellent basis for the discussion which follows; and, indeed, for the
more detailed work which will have to be carried out in the early stages of the Water
Management Plan.

The budgets were assembled for use in demonstrating the effects of interventions in

water management on groundwater irrigated farms, and so the farmers who rely on

rainfall and spate are not represented.

The budgets comprise three tables:

Cropping Plan and lncome, which shows the areas under different crops, the
yields, market values and gross income.

Operating and Production Costs, where the unit costs of various operations
from land preparation to marketing are extended into total production costs by
individual crop.

Family Cost/Benefit Account, where income from other sources is added to the
gross crop income to give the total gross income, and from which production
costs are deducted to arrive at the gross benefit. Finally taxes and the costs
of capital are deducted to give the net benefit. A proportion of this benefit will
be taken in cash from marketed goods the remainder as produce consumed by
the family. Note that the gross benefit calculation referred to above excludes
the capital cost component of groundwater abstraction. The implications of this
are examined in Table 6.4.

The tbbles of Operating and Production Costs clearly show the high proportion of the
total represented by pump running costs (lrrigation).
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Sources of income, other than from the arable/horticultural farming enterprise' are

livestock (for all three families), casual labour for the small farm, a business for the

medium and large farms, and from outside employment for the large farm family'

Only the large farm has a commercial loan, in addition to informal credit (from family

or tiader). The small and medium farms have iust informal credits' lt should be

noted that a completely unrealistic allowance for servicing the capital invested in the

borehole and pumpset and other major equipment is shown as "Depreciation" under

Operating and Production Costs. lf the true costs of capital were deducted from the

Gioss Benefit, Net Benefits in nearly all cases would be negative (Table 6'4)'

It is almost certain that operating costs having inputs from major items of machinery

or equipment owned by the farmer, eg. tractors, ploughs, threshing machines' do not

include allowances for the cost of capital. lnclusion of these would further reduce

the real net benefit.

The overall returns to labour, excluding income from employment off the farm and

casual labour, are tabulated below.

Table 6.2 Farm Family Returns to Labour (YR/day)

FARM NET BENEFIT LESS
NON-FARM INCOME

FAMILY
LABOUR DAYS

BENEFIT
PER DAY

Small
Medium
Large

49 000
1 29 000
202 000

640
1260
2160

77
102
93

Thus, returns are broadly comparable to what could be earned for casual labour, and

so do not provide any incentive to remain in farming if other opportunities for paid

employment arise.

Cost Benefit AnalYses

The farm family budgets discussed in Section 6.3.1 were used as a basis for

comparative cost/benefit analyses over a 20 year period, being taken as the starting
position in Year 1. The analyses are in Annex 1.

Each analysis contains four tables, showing:

r Crop Areas and Yields

r Crop Production, Value and Gross lncome

r Crop Production Costs

r Family Cost/Benefit Account

Yields, though perhaps questionable in some cases, were generally accepted' The
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calculated running costs for groundwater pumping were used, rather than those
derived from the SONDEO, which at the order of accuracy of the analyses had little
overall impact on the results. The nominal sum shown in the Farm Family Budgets
for depreciation was moved to the Cost/Benefit Account, where it was assumed to
represent the capital charges for major equipment, and the rate of Zakat was
standardised at l Oo/o of gross benefit. This ignored the fact that some of the benefit
would have been taken in kind; but "Other Taxes" were adjusted to keep the total tax
payments unchanged. The treatment of irrigation costs is described below.

Cost/benefit analyses (at 1991 prices) were carried out for three cases:

Base Case, for which the only change over time from the adjusted family
budget was in the treatment of irrigation water costs. These were divided into
two components, running costs and labour. Running costs were taken from
Table 6.1, and labour was calculated as a proportion of running costs from
SONDEO returns. Yields, and thus income, and all other production costs
remained as for Year 1.

Case 1 , for which it was assumed that extension interventions led to increased
yields, and that these were aided by increased expenditure on inputs. lt was
also assumed that piped conveyance was installed throughout the remainder of
the farm areas (from a base of about 5Oo/ol. The costs of the pipes were
assumed to be covered by a five year loan at a subsidised interest rate of 5o/o.

As a result of the increased irrigation efficiency the costs of irrigation water
were reduced.

I Case 2, for which it was assumed that yields would remain the same as in Case
1 but that water use would be further reduced by the installation of drip
irrigaticjn for suitable crops grape, citrus, qat and tomato. Purchase of the drip
.equipment was again assumed to be on a five year subsidised loan, and
allowances were made in the Production Costs tables for operation and
maintenance of the equipment.

A summary of the net benefits is given below (Table 6.3), and shown in Fig. 6.1,
(Base case and Case 2), which includes bars showing population growth at 3% per
year.

The effect of the steadily increasing cost of water in the Base Case is clearly
demonstrated: farming on this basis would become untenable sometime after Year
10 for the small and medium farmers, and atter 20 for the large farmers; and
probably even earlier if boreholes and/or pumpsets have to be replaced.

Case 1, where some 27o/o less water is used than in the Base Case, shows an
increase in benefit, but one that would not, except for the large farm, keep up with
the projected growth in population of over 3o/o per year. This growth rate would
double the population in 20 years.

Case 2 (35o/o to 43o/o less water) achieves "population parity" for the large farm and
approaches it for the medium farm, but the small farm is no better off than under
Case 1.
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6.1
Legend
Fig Effect of Water Cost lncreases on Farm lncomes
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Case 2 - tmproved yields/some modern irrigation
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Table 6.3 Farm Family Net Benefit Proiections

Thus it has been demonstrated that, given appropriate extension interventions,
production and incomes can be maintained while reducing the volume of water used.
However, it is clear that additional income/production would have to be obtained from
the improvement of rainfed agriculture andlor diversification. ln addition some way
will have to be found to cushion the effects on the smaller farmers of reducing living
standards.

It is also clear that improving water use efficiency will not on its own make a

worthwhile irnpact on the overall water balance.

To indicate the real financial position of the farms, the effect of the capital cost of
water abstraction, for Case 2 only, is shown in Table 6.4.

Table 6.4 Farm Family Real Net Benefit (YR'OOO)

FARM NET BENEFIT ryR 'OOO) Year 20
Year 1

(%t1 5 10 15 20

Small
Base Case
Case 1

Case 2
Medium
Base Case
Case 1

Case 2
Large
Base Case
Case 1

Case 2

52
52
52

138
138
138

251
251
251

45
600

47

127
223
163

351
576
428

33
76
73

100
259
235

426
658
600

22
68
66

76
242
220

360
610
560

10
59
59

49
222
204

286
556
516

19
113
113

35
161
148

114
221
205

FARM Year 1 5 10 15 20

Small
Net Benefit
lrrig. Capital Cost
Real Benefit

Me{ium
Net Benefit
lrrig. Capital Cost
Real Benefit

Large
Net Benefit
lrrig. Capital Cost
Real Benefit

52
77

(2s)

138
150
t12t

251
419

(168)

47
67

(20t

163
138
25

428
378

50

73
93

(20t

235
189
46

600
522

78

66
118
$2t

220
234
(41

560
647
@7t

59
144
(8s)

204
285
(81 )

516
791

t27st
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6.4 POTENTIAL DIVERSIFICATIONS

It was demonstrated in Section 6.3.2, in general terms, that unless crop returns to

water can be improved by unrealistically high margins, farm family benefits will fall

to a level at which the farming unit can no longer be maintained' lf this breakdown

of the agricultural economy is to be prevented then farmers will have to diversify their

activitie!. To be successful such diversifications will have to build on existing

knowledge and tradition, and to be demonstrably profitable' Even so much promotion

and extension will be essential to convince the farming community of the need for

diversification and the benefits to be gained. Focused demonstration activities run

by SSHARDA, or suitable progressive farmers, would be necessary'

Not only should diversifications be acceptable and profitable for the farmer' they

should be at least environmentally neutral (preferably positive), and contribute to the

overall good of the country's economy. The two potential diversifications discussed

briefly below - fuelwood and commercial small livestock rearing - fulfil both these

criteria, and in addition address the imperative need to improve the quality of

women's contribution to the farming system and their authority within it'

Other feasible diversifications and value-adding activities, which would require the

involvement of Farmers' Associations and the Private Sector in unison, could be the

storage of perishable produce, and its processing. These are long term possibilities'

which should be examined when the plan is well into implementation, and are not

discussed in this report.

6.4.1 Fuelwood

There is no forestry or fuelwood policy in Yemen.

Fuelwood provides about 9Oo/o of household energy and at the current rate of cutting

there is a severe risk that all trees in Yemen will have been cut down by the year

2OOO. Although there is a transition to bottled gas and kerosene for cooking' it is
likely that at leist half of the population will continue to rely on fuelwood while it is
still available.

The SONDEO Survey report records that natural rangelands, including Acacia species'

which are cut for fuelwood, covers about 1O% of the Sa'dah Target Area' However'

this resource is being rapidly depleted without any attempt at replacement'

A socio-economic study on forestry development funded by the Overseas

Development Administration of the United Kingdom in 1989, concluded that:

r Considerable potential exists f or agro-f orestry development, though competition
for water resources will require strong extension efforts to convince farmers of

the benefits of cultivating wood trees.

r Tree 'planting could be accelerated through training and extension linked to
demonstrations of trees as a cash crop.

r Established farmers are more amenable to this type of long term development'
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A preliminary budget for groundwater irrigated fuelwood production (Table 6.5)
indicates the potential gross benefits from growing fuelwood would be over YR 250
OOO/ha/year once full production had been established in the fifth year after planting,
excluding family labour.

Table 6.5 Fuelwood Preliminary Annual Production Budget UR/hd(1)

This gross benefit compares very favourably with other high value crops grown in the
Target Area (Table 6.6 and Fig. 8.4). lt should be noted that, although fuelwood
shows a gross benefit about two thirds of that for citrus, the value of citrus is likely
to reduce sharply when the recent new plantings come into full production in the next
five years. A 2Oo/o decrease in the value of citrus would reduce the gross benefit to
YR 296 OOO per ha. The market for fuelwood is far more robust.

There is also very great potential for growing fuelwood on terraces and other runoff
collecting areas. This would have the advantages of saving groundwater, returning
abandoned terraces to profitable use and thereby arresting land degradation.

ln climatic conditions similar to those in the Target Area (Average annual rainfall 1 15
mm and ETO 2350 mm; cf . Sa'dah: 1 50 mm and 2280 mm), experiments completed
in December 1 988 gave yields of over 20 tlha f or acacia salicina and over 25 tlha tor
Eucalyptus occidentalis after three years of growth at densities of 1250 trees/ha.
Soil water balance studies during the growing season suggested that water from
upper soil layers could be used by annual crops without affecting growth of the trees.
Thus it is probable that, for example, fodder crops could be grown between the trees.
This would have the advantage of suppressing weed growth, providing additional
cash benefits and, if the fodder crop were a legume, of reducing the need to apply
nitrogen fertiliser to the trees.

ITEM Unit Quantity Rate Sum Total

rNcoME(2)
Fuelwood
PRODUCTTON COSTS(3)
Seedlings
Planting & Watering
Weeding & Felling
lrrigation Water(4)
lnputs
Marketing
GROSS BENEFIT
(at full production)

tonne

nr
day
day
m3

LS
LS

200

450
310

5
12 000

1 500

5
100
100

1

5 000
10 000

300 000

2 250
3 000
500

12 000
5 000

10 000

300 000

32 750

267 250

Note
(1)

t2)

3
4

(

(

Adapted from World Bank, 1993
12OO trees/ha;3 year rotation frorn Year 5 for 5 years, ie. trees/halyear at
0.5 t/tree
Excluding family labour
Running costs
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Table 6.6 Comparative Crop Gross Benefits (YR 'OOO/ha)

There is every reason for SSHARDA, in liaison with relevant agencies, to initiate
production trials immediately with different tree varieties, and under both irrigated
and runoff conditions, in order to confirm the apparent potential. As well as being

essential to promote the concept of fuelwood farming to the community the trials,
and any subsequent commercial development, would provide a useful source of
finance to fund SSHARDA's other operations.

6.4.2 lntensification of Livestock

Since 1980 imports of cattle have increased by ten times, and of small ruminants by

three times, despite the market premium on local produce, and the potential for
regional exports. Livestock productivity is low in comparison with regional and East

African countries. ln addition to the economic implications the import of live animals,
which originate mainly from Africa, carries a risk of the import of contagious
diseases.

It is believed that the livestock population is static or diminishing, particularly in the
NOBADEP area. Even so, hides and skins are the third largest agricultural export
commodity in Yemen, though the potential quality of the products is halved by poor

handling and preserving practices.

There is obviously very great potential for the intensification of livestock rearing (for

meat and dairy products), but the realisation of this potential is subiect to a number
of important issues and constraints that willtake considerable time to resolve- These

include:

lncreasing scarcity of labour, with more children attending school.

Scarcity of fodder and competition for the water needed to grow it.

Shortage of other feeds

YEM/87lO15

CROP Yield(1)
(t/ha)

Value lncome Production
Cost

Gross
Benefit

Citrus
Qat
Tomato(2)
Fuelwood
Grape
Alfalfa
Sorghum(3)
Wheat(3)

25.O
2.O

24.O
200.0

12.O
40.0

4.O
3.5

20.o
220.O

15.0
1.5

15.0
1.5

12.4
11 .4

500
440
360
300
180
60
50
40

104
109
63
33

104
44
37
28

396
331
297
267

76
16
13
12

Notes
(1) Year 1 Yields
(2) "Mid-season" price: Ranges from YR 5 to YR 60/kg
(3) lncluding stover/straw
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Degradation of rangelands.

Poor productivity of traditional breeds

Before a livestock intensification policy can be developed much work will be required
to upgrade breeds and produce commercial breeding stock for farmers; to increase
the efficiency of forage production and conservation; to develop labour-saving
husbandry techniques; and to encourage the setting up of small scale facilities for
feed production and the processing and marketing of animal products.

6.5 THE REAL COST OF CROP PRODUCTION

Farmers'failure to include the real cost of groundwater in their crop costings, and the
problems that will arise in the future because of this, were discussed in Section 6.2.
The effect on the returns from crop production was examined over a 2Q year period
for a typical range of the crops grown under irrigation in the Target Area: sorghum,
wheat, grape, alfalfa, qat, citrus and tomato. Annex 5 contains the full calculations,
which are summarised for the Base Case in Table 6.7, and illustrated in Fig. 8.4.

Table 6.7 Effect of Production Cost lncreases on Margins (YR'OOO/\a)

CROP
Value

Citrus

500

Qat
MO

Tomato

360

YEAR
1

5

10

15

20

GM
402.2

388.7

370.0

353.4

335.0

IC
104.8

t31.7

161.9

t94.6

228.2

NM
297.4

257.4

208.1

158.8

106.8

GM
3M.6

335.8

323.5

312.6

300.6

IC
68.6

86.3

106.0

127.5

1.49.5

NM
276.0

249.5

2t7.5
185.1

151.1

GM
300.9

293.6

283.5

274.5

264.5

IC
56.7

71.3

87.7

105.4

123.6

NM
?44.2

222.3

195.8

169.1

t40.9

CROP
Value

Grape
180

Sorghum
50

Wheat

40

YEAR
1

5

10

15

20

GM
83.3

72.2

56.7

42.9

27.6

IC NM
86.e (3.6)

10e.2 (37.0)

134.2 (77.s)

t61.4 (118.5)

18e.2 (161.6)

GM
16.0

7.6

(3.e)

(14.2)

(2s.5)

IC
64.7

81.4

100.0

120.2

140.9

NM
(48.7)

(73.8)

(103.e)

(t34.4)
(166.4)

GM
15.2

9.5

t.7
(s.3)

(13.1)

IC
M.2
55.5

68.2

82.0

96.2

NM
(2e.0)

(46.0)

(66.s)
(87.3)

(10e.3)

Key
GM - Gross Margin, including irrigation lulning costs

IC - Cost of servicing irrigation capital investment
NM - Net Margin

Calculations were carried out for the Base Case and Cases 1 and 2 as appropriate
(Section 6.3.21, on a per hectare basis. Production costs were divided into two
components, pump running costs (O&M plus diesel) and other costs. Subtracting the
total production costs from the crop value gave the gross margin; and subtraction of

I

I
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6.6

6.6.1

the annual capital charges for the borehole and pumpset gave the net margin' These

figures ignore the effect of other capital items, which are in any case likely to be

small in comparison with that of the borehole and pumpset, but give a very good

general indication of the critical role that groundwater abstraction plays in the farming

economy.

Real net margins on sorghum and wheat are already severely negative; between Year

5 and 1O even the gross margin, which is the value used by farmers, approaches

zeto. For grape the situation is slightly better, but net margins are still negative

throughoutlne ZO year period. Citrus, qat and tomato maintain positive net margins

throughout, but the values in Year 20 are respectively 360/o,55% and 58o/o of those

in Year 1.

ECONOMIC IMPLICATIONS

It is not the purpose of this report to present an economic analysis of the effects of

a Water Management Plan and, indeed, there is not yet sufficient detailed data

available. However, some general comments would be appropriate; these follow'

Farmgate Prices and Costs

ln their 1993 Agricultural Sector Study the World Bank published estimated farmgate
prices for a number of different imported commodities as part of the financial and

economic analysis. These have been used in the compilation of Table 6'8 and Fig'

8.5, in which the price of irnports at farmgate are compared with the cost of
producing the same crops on-farm.

Tabte 6.8 Farmgate Price/Cost Comparison (YR'OOO/tonne)

lmported sorghum is substantially cheaper than that produced under irrigation in all

cases. lmported wheat is much cheaper than locally produced under irrigation if the

full cost of water is used, but of the same order (YR 8000/t) if the cost of capital is

COST OF PRODUCTION (2)

Case 2Case 1Base Case

BB AB A(1)

IMPORTED
PRICE

A

CROP

4.2
1.5

7.O
3.0

8.0
6.3
3.5
1.2

21.2
16.0

6.9
3.1

10.5
8.7
4.5
1.6

30.8
24.6

9.7
4.6

6.0
7.8

19.0
8.3

Sorghum
Wheat
Citrus
Tomato(3)

Adapted from World Bank, 1993 (ER $1 = YR 3O)

A - lncludes irrigation running costs only; B - lncludes irrigation capital costs

Note
(1)

QI
also

(3) Price for vegetables
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ignored. Locally produced oranges and tomatoes are much cheaper than imported
produce in all cases.

Therefore, from the national point of view as well as that of the farmers, the
cultivation of staple grains under irrigation should be phased out and replaced with
high value crops for local sale and export. The corollary of this is that the production
efficiency of cereals under rainfed and spate must be increased.

6.6.2 Rural Employment

With the return of migrant workers as a result of the Gulf crisis there is currently no
shortage of adult male labour. However, with the increasing tendency for children
to go to school and continuing pressures on women with respect to their many
duties, the labour force available in two vital sectors of the farm economy - fuelwood
and livestock - is shrinking. Thus, it is probably not the total labour resource that
may be a constraint on development, but its distribution over traditionally allocated
tasks. Given a partial reallocation of tasks and/or diversion of activity to more labour
intensive farming patterns, eg. rain/runoff-fed/spate irrigated cereals and fuelwood
cultivation, increased rural employment may be achievable.

However, the return to labour will have to be calculated over the entire farm family
enterprise, not judged on the basis of returns from individual crops or activities. ln
order to determine the likely opportunities for additional employment, much more
detail is required of the farming systems existing in the Target Area than can be
obtained from the SONDEO.

6.6.3 Sustainabilityof GroundwaterResources

Abstraction at the current rate of four times annual recharge is not sustainable,
physically or financially, regardless of which crops are grown.

This is without doubt the most important economic factor that has to be taken into
account. The effects on agriculture have been discussed at some length elsewhere
in this report, the effect on other economic developments cannot be ignored. The
most important of these are domestic water supply and sources of water for any
future industrial developments in the area, eg. factories to process agricultural
produce.

6.6.4 Environment

The effects on the environment of the changes in land use patterns over the last
twenty years, and of current activities in the rural economy, have also been discussed
above, as have the likely medium term adverse outcomes and measures necessary
to arrest and reverse the process. As far as possible only such measures as would
show a positive return to farmers investment have been considered. However, it
must be acknowledged that some costs to the economy - perhaps in the form of
temporarily subsidised credit and tax relief - may be necessary to prompt farmers to
make the initial investment within the required timeframe.

Other less profitable but also essential interventions may need longer term/higher
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financial inputs. One means of creating the necessary resources would be for

SSHARDA tq take part in profit-making enterprises with the intention of raising

finance without recourse to central funds. Community fund-raising against specific

objectives, eg. establishment/maintenance of woodlots or terraces, might in the

fuiure become feasible if SSHARDA's links with the community are properly

developed.

6.6.5 Equity

One of the objectives of economic development is to achieve a reasonable degree of

equity in conditions and standards of living. lnsofar as it may well be necessary to
provide extra incentives to poorer (subsistence oriented) farmers in order to
encourage them to change and develop their farming system, an additional burden

will be placed on the economy.
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7 RECOMMENDED WATER MANAGEMENT PLAN

At this stage it is appropriate to review the main points made so far in the report,
bef ore moving on select the major problems and issues that will have to be addressed
and rejstate the planning objectives. This process leads naturally to the
recommendations for a Water Management Plan, and the basic requirements for
implementation. (lmplementation is dealt with in more detail in the Regional Water
Management Plan - NORADEP Report 15).

7.1 STUDY REVIEW

The context into which this report must fit is set out in the first section, together
with the definition of water management used for the purposes of the report and the
genelal approach to the work. ln Sections 2 and 3 the findings of the comprehensive
studies on water resources and socio-economics, carried out to form the basis for the
planning process, are summarised. The current status of water and agricultural
management is examined in Section 4, which leads in Section 5 to a comprehensive
assessment with respect to water management of the problems revealed by the
studies, the solutions available, the action necessary and the constraints on such
actions. Section 6 contains a discussion of some of the financial considerations
affecting the planning process, and touches on broader economic issues.

7.2 THE PLANNING PROCESS

7.2.1 General

Water Management Planning in general has to take place on three levels, the national,
regional and local. ln this case the local dimension is described by the Target Area
concept and the region is the NORADEP area. At national level the perspective tends
to be strategic, built upon detailed data supplied from regional and local sources. The
Target Area, subject of this report, must be looked at pragmatically, for it is here that
the basic data is gathered and the overall success or failure of planning initiatives are
decided. ln the Target Area the plan meets the water users and impinges on their
established water use patterns. lf it has not been developed in negotiation with them
it will not work; it cannot be imposed by force.

The NORADEP Regional Water Management Plan (NORADEP Report 15) is based on
six Target Area plans (Reports 16 to 21) and the Tihama Wadi Development Study
(Reports 29 and 3O). ln it priorities among the Target Areas are determined and
regional objectives set out. lt is essentially a business plan for one sector of
SSHARDA's responsibilities, against which achievements should be measured.

7.2.2 Major Problems and lssues

The full range of water management problems, is discussed at some length in Section
5. Many of the problems and resulting issues are related or interact in some way;
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some are more important than others (critical in the case of over-abstraction of

groundwater). ln order to achieve a plan of manageable dimensions only the most

Important subjects have been selected for listing here, as follows:

r Excessive abstraction of groundwater.

r Poor on-farm-water-management and crop husbandry'

r Sub-optimal coverage by Extension Services'

r Selective and cumbersome credit procedures'

r Total lack of watershed management.

r lnadequate local leadership and community involvement'

The list has been chosen in such a way that the lesser problems are all associated in

some way with one of those listed, and will therefore be addressed and assigned the

appropriate prioritY.

It is on their success in solving these problems that SSHARDA's performance must

be judged.

Target Area Planning Obiectives

ln view of the wide range and absolutely basic nature of the problems and issues

listed above, great care must be taken to select obiectives that address the most

urgent and criiical of the problems and are achievable with SSHARDA's current and

foieseeable level of resources. Hence, two objectives have been set:

r Reduction of groundwater abstraction while maintaining farmers income levels'

r Establishment of the human, physical and data resources base for longterm

planning and action.

The first objective addresses the most pressing physical priority' the decline in

groundwatei levels, while acknowledging the importance of acceptance by farmers'

The second addresses the need to brild up institutional capabilities in order properly

to plan and execute the development process' Medium and long term achievement

of the first'objective will not be possible unless the requirements of the second are

met.

Planning Data

This report contains all the data necessary for quite detailed planning' and is

effectively a planning/implementation manual' However, the reports upon which it is

based must be referred to as necessary'
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7.3.

7.3.1

7.3.2

PLAN OF ACTION

To achieve these general obiectives a number of activities will have to be carried out

in parallel. This process is illustrated in Fig' 7 '1 - General Plan of Action and

lmplementation Programme. ln this report only the planning framework can be

established; detaileJactivities must be dLtermined after appropriate analysis within

SSHARDA.

Preliminary Procedures

Before any action is taken it is essential to set up the planning and liaison network'

which will control all other activities. This network will commence in the SSHARDA

planning department with decisions by senior management as to the allocation of

resources, setting of general operational objectives and overall budgets; and the best

way of establishing iorkable liaison groups with local leadership (say' via LCCDs)

and communities. initial approaches 6 LCCDs will in any case have to be made at

senior level. No contentious action, such as implementation of the decree to control

drilling and abstraction, should be taken before local and community leadership have

been briefed and appropriate procedures agreed'

Once established, the planning and liaison functions should be continuous in order to

monitor and guide ali other activities, and to adjust the approach to particular

problems in tne light of experience. ln the early stages of implementation such

adjustments are likely to be frequent and substantial'

General and Detailed Ptanning Activities

Detailed planning (and the monitoring and adjustment of plans) will be carried out at

all levels within SSHARDA, in increasing detait and with narrower focus as the

process moves down through management towards execution' lt will commence at

in" frigh"rt levels as described in Section 7'3'1 and will consist of the following

general comPonents:

I Setting of basic overall objectives in all sectors in which SSHARDA has

,"rpor-.ibilities defined by the terms of reference for its activities'

r Drafting of outline plans, sector by sector, with appropriate administrative and

operational linkages both internally and with other (external) agencies'

I Preparation of outline indicative resource budgets: man-power' equipment'

finance, etc. Preliminary sourcing of funds'

r Setting up at Branch and Block levels liaison with local leadership and

CommunitY grouPs.

r Consultation with:
- SSHARDA Branch Managers and staff, who will have to implement the

Sa'dah WMP

final plan.
Local leaders and community groups.

CACB to ensure efficient credit arrangements'
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Fig. 7.1 Sa'dah Target Area Plan of Action/lmplementation Programme
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External agencies with linking responsibilities to ensure minimum
duplication of effort and maximum use of existing resources, eg. MEB for
its water resource database.

.Modification of the original objectives in the light of the consultations,
finalisation of plans (keeping all parties informed); detailed budgeting and
programming of implementation; sourcing and allocation of funds.

Note
The consultation phase will be lengthy if it is to be effective, but items that are not
sensitive to consultation procedures (groundwater, hydro-meteo and some marketing
data collection, adaptive research, staff training) should be planned in detail,
budgeted and implemented as soon as possible to provide a base for the wider
actions to follow.

7.3.3 Gontrol'of Drilling and Abstraction

The legal basis (Decree Number 46) already exists for the control of drilling and
abstraction. However, implementation will require great diplomatic skill.

This is the most important of the early activities, and potentially the most difficult'
The need to agree the objectives and procedures with farmers and their leaders
before any action is taken has been emphasised above. Even so the utmost prudence
will have to be exercised and staff will have to be carefully selected and trained to
deal with the confrontations that will probably arise.

This is one of the major disadvantages of implementing the Decree through
SSHARDA since they will inevitably be perceived as giving (extension services, etc.)
with one hand and taking away (water) with the other - an almost impossible public
relations situation. Reallocation of the policing duties to a centrally administered
specialist agency would make the remainder of their tasks - in themselves an
enormous burden - very much easier to carry out.

7.3.4 Staff Recruitment and Training

The correct selection and training of new and existing staff is fundamental to the
success of the Water Management Plan as a whole. Training, in varying disciplines
and skills is needed at all levels in SSHARDA in the form of courses (in country,
regionally or overseas) and on-the-job coaching. Like planning, training must be a
continuous process, but as staff skills and knowledge improve, so more and more
training can be undertaken in-house.

lf staff are to become properly motivated a system of objective-driven management
will be essential under which responsibility and authority are clearly defined,
resources made available, and performance is rewarded according to its quality.

7.3.5 Data Collection

Groundwater monitoring can commence as soon as the objectives and operation
procedures have been agreed; sufficient staff are already trained and experienced as
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a result of the well-inventory (NORADEP Report 8), but equipment and transport will

have to be allocated. Areas where water levels are declining most rapidly and where

EC levels are highest should be given priority' The records of water levels' salinity'

and abstracted quantities will be used to iudge the success of the drilling/abstraction

control programme.

Hydro-meteo data collection and processing will first require the equipment to be

procured and installed, then staff to be trained and liaison set up with other

governmerit agencies to avoid duplication of effort and ensure the most efficient

processing and publication of data.

The locations for evaporation pans and raingauges (Section 5'3'4) should be agreed

at an early stage and procurement put in hand - the pans at least can be

manufactured locally to the relevant BSS/ISO code'

Research and Extension

The subiects to be covered are clearly shown in Fig' 7 '1, and Section 5'3'5 contains

discussion of specific points. There is no more that can usefully be added here'

except to emphasise once more that the approach throughout must be flexible to

avoid the waste of scarce resources, and that maximum use must be made of

relevant work carried out elsewhere in Yemen and regionally to avoid duplication of

eff orts.

Demonstration Facilities

The need to ensure that demonstration plots are relevant to the needs of the farmers

- both as to size and content - was dealt with in Sections 5'3'6/5'4'3' However' it

is worth pointing out that demonstrations should also include appropriate

mechanisation, livestock husbandry, (including improved fodder and storage)' crop

quality control and on-farrn processing, agro-f orestry' watershed and range

management techniques, and most importantly in the early stages' on-farm-water-

,"nul"r"nt for all iypes of farming systems' A series of field days on suitable

privat6 farms in addition to the standard arrangements at Al Magash farm would be

the best way to achieve this'
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8 NOTES ON IMPLEMENTATION

With such a wide range of detailed recommendations to be considered by SSHARDA
before the planning process can commence, only generalguidelines on priority actions
are given here. Preparation of a detailed implementation plan is not the purpose of
the technical assistance studies. lmplementation of the priority actions can
commence once the general planning phase is complete, while detailed planning is

being carried out.

8.1 PROGRAMME

Fig. 7.1 shows in bar chart form, against the schedule of required actions, a draft
implementation programme. Detailed planning by SSHARDA willexpand and modify
this in due course.

TARGETS

Precise targets can only be set during the detailed planning phase, but the following
would be typical:

r 5O% reduction in drilling in 5 years.

r 4Oo/o reduction in abstraction in 5 years, by improving efficiency.

r lOOo/o reduction in abstraction in 1O years, by diversifying away from irrigated
agriculture.

I 50% reduction in area under groundwater irrigated cereals in 5 years.

r 25o/o increase in yields on rainfed and spate irrigated land in 5 years,50% on
groundwater irrigated land in 10 years.

r 500 ha under fuelwood on terraces and runoff areas in 5 years.

r 1O0O ha under modern irrigation in 5 years.

r 5O% improvement in small livestock productivity in 5 years.

Not all of these targets may be realistic, but they are a good illustration of what
SSHARDA must aim at.

8.3 BUDGET

Budgets have not been prepared for individual Target Areas but are consolidated at
Regional level.
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8.4 FUNDING

Substantial funding will be essential to establish the Programme, although once it is
established it should be run on a self-financing basis, drawing its finance from the
income earned from providing extension services, and from the proceeds (channelled

from central government) of well drilling and abstraction licences, when the
regulations are put into force. The provisions of the current IDA Credit would allow
rapid implementation of the agricultural and irrigation improvement components of the
recommended plan, given that a detailed implementation programme can be agreed.

Components of the forthcoming World Bank funded Land and Water Conservation
Project will form part of the implementation programme.

It should be noted that funding agencies are likely to look very favourably on specific
projects prepared by SSHARDA/MAWR and presented for funding. Such projects

could be based on this report.

To ensure successful implementation the physical and human resource base of
SSHARDA will have to be extended - in the form of equipment and transport and

training - and provision made for the funding of the concessional credit needed to
encourage farmers to invest in improvements. Such credit should, however, be

applied selectively and discontinued as soon as possible so that farmers do not
become "grant driven" as has happened in other economies, where as a result
agriculture has become inefficient and the cost of production high.

8.5 COMPLEMENTARY PROJECTS

Great emphasis has been laid in this report on the need for SSHARDA to liaise with
other authorities and projects involved in similar or complementary work. Duplication
of effort and waste of resources will thus be avoided and obiectives will be achieved
more quickly. Two current projects, both within MAWR, are of particular relevance
to the implementation of the Sa'dah Water Management Plan.

8.5.1 Agro-Forestry Research and Extension (FAO)

This project, within the Department of Forestry and Range Management, commenced
in 1985 with the objectives of determining the most appropriate species (native and
exotic) f or use as fuelwood, building poles, fodder, windbreaks, dune stabilisation and
honey production; establishing on-farm nurseries and demonstration plotsi providing
extension services with particular emphasis on women; and training appropriately
qualified government staff. Some SSHARDA staff are receiving training. Response
from farmers has been good, but there have been major problems in the provision of
counterpart funding and resources. The fourth phase of the project is due to run from
September 1993 to August 1996.

8.5.2 Land and Water Conservation Project {WB)

A detailed outline of this project, which became effective in mid-1993 and is being
executed by MAWR, is given in Annex 5. lts objective is to strengthen sustainable
agriculture and assist in better management of water resources through:
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lnstitutional and technical developments in irrigation and forestry

lnitiating a programme of water use monitoring and regulation in the agricultural
sector.

lmproving the efficiency and water management of controlled and small-scale
spate irrigated agriculture.

Conserving key indigenous woodland areas, accelerating tree planting,
extending soil and water conservation.

Pilot actions to establish an approach to watershed management, including
rehabilitation of abandoned terraces.

The major implications for SSHARDA with respect to water management planning

are:

,Groundwater lrrigation lmprovements
The installation of piped conveyance in Sana'a and Sa'dah Provinces.

Pilot lmproved lrrigation Systems
40 one hectare installations of drip, bubbler or sprinkler irrigation.

Spate lrrigation lmprovements
Demonstration of improved methods.

lmplementation Unit
Provision of buildings, equipment and vehicles.

Forestry Development
Equipment and materials.

Watershed Management and Terrace Stabilisation
Pilot scale developments.

Use of Saline Water for lrrigation
Establishment and monitoring of two one hectare plots in the Northern Tihama

I Training and Technical Assistance

8.6 PRACTICALEARLYIMPLEMENTATIONACTIVITIES

8.6.1 General

I

I

Data packs of selected information from this report and the source reports should be

made up, translated into Arabic as appropriate, and distributed through all levels of
SSHARDA staff, local and community leadership, and farmers' groups in the Target
Area. There is a very substantial body of data contained in the NORADEP Reports
and maximum use should be made of it in pursuit of SSHARDA's objectives, the
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a.6.2

8.6.3

8.7

8.7.1

principle one with respect to water management being to convince farmers of the

need to reduce water abstraction.

Groundwater Monitoring

Comprehensive data is available from the well inventory carried out in early 1992' ot

which the most important for immediate purposes are water levels' salinity and

abstraction rates. Topographical maps at 1:50 000 scale should be made up for the

Target Area, and the iurrounding foothills, by assembling a mosaic from the

published survey sheets. Enough of these should be produced so that every

bSXenOe office in the Target Area has one to put on the wall'

On each map must be marked the lines of typical cross sections through the plain'

in particular through areas giving rise to particular concern on the grounds of rapid

water level decline or high sitinity' Cross sections along these lines (through defined

observation wells) should be plotted on strips of graph paper (at 1:50 000 horizontal

scale) showing ground level, water level and EC to appropriate vertical scales' After

each round of monitoring observations data should be plotted on these cross

sections. Trends in the parameters recorded can then be easily detected and the

effect of the efforts to control drilling and abstraction judged'

Research and Extension

No precise data is available on crop yields in the Target Area, though the SONDEO

data will be a valuable starting point. One of the early research activities will be to

determine yield ranges for the crops grown, and the type and levels of input use'

cultivation, etc. Since at least half of the land in the Target Area is under

rainfed/runoff/spate irrigated cultivation, work on the varieties and husbandry

practices traditionally used on these areas must be of equal priority to that on

groundwater irrigated farms. This data will then form a baseline against which

progress in research and extension can be measured.

TYPTCAL EXTENSION MESSAGES

The data gathered during the NORADEP studies should be put to practical

applications. One of the most important of these in the early stages is to convince

ail'relevant people in the Target Area that it is essentialto the medium and longterm

viability of the community that groundwater abstraction be reduced, and the water

that is abstracted be used at maximum efficiency. This should commence with the

leaders and opinion formers.

Suggestions for some of the ways in which data can be used in this way follow;
many other uses are Possible.

Reduction of Abstraction

Farmers generally are very conscious of running costs but apparently do not usually

associate water saving or more efficient water use with a reduction in running costs'
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Two graphs composed from data in the Well lnventory and derived from it (NORADEP

nepoit d), would be extremely valuable in this regard. Fig' 8'1 shows the rate at

which groundwater levels will decline if abstraction continues at the same rate as in

1991'; I tin" at 184m below groundlevel (Average depth to water plus average depth

of water, ie. the bottom of the average well) is superimposed to indicate the water

levet at which 5Oo/o ol the wells in the Target Area will become dry' The data is

contained in Table 8.1, together with the mean abstraction rate in the Target Area
(3.3 l/s).

Fig 8.1 Proiected Fall in Groundwater Level

66

94

122

150

178

1 991 1 995 2000 2005 2010 2015

Tabte 9.1 Average Water Level Decline Over Time

YEAR Water Level
(m bgl)

1 991
1 995
2000
2005
2010
2015

66
94

122
150
178
206

Note
Level at which 5Oo/o of wells are dry = 184 m

Average borehole discharge = 3.3 l/s

Comparison of this average data with the specific data from an individual farmers'

well will allow a more accurate estimation of when his well will run dry'

Fig. 8.2 (data in Table 8.2) shows how the average cost of pumping one cubic metre

oi*ater wilt increase over the next 20 years. lt should be pointed out to farmers

184
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I Running Cost E CaPital Cost

Table 8.2 Average lncrease in Cost of Water (YR/m?)

The cost of water relative to other production costs and to the value of a typical

i"ng, oi 
"rop, 

is shown in Fig. 8.3 ffable 8'3)' This fig.ure demonstrates clearlv the

financially unsound basis of ihe lo*er value crops and the very high proportion of

total production costs attributable to irrigation water' lt should be noted that Fig' 8'3

would be of equal relevance in Section 8'7 '2'

8.7.2 Revision of Cropping Pattern

Fig. 8.4 (Table 8.4) is designed to demonstrate the different benefits to be gained

from a t.ng"-oi 
"iopr, 

an-d that the lower value crops are actually grown at a

financial loJs when the full cost of water is taken into account'

(?)

E
E,

Sa'dah WMP

how many cubic metres are required to irrigate one hectare ' eg' 1 2 1 00 m3 f or one

ciop of w'heat, 40 7OO m3/year for alfalfa, and 28 700 m3/year for citrus'

Fig.8.2 lncrease in Cost of Water

I

6

4

2

0
1 991

Total
Cost

Capital
Cost(2)

Running
Cost(rl

YEAB

4.64
6.05
7.75
9.47

11.28

3.65
4.59
5.64
6.78
7.95

0.99
1.46
2.11
2.69
3.33

1 991
1 995
2000
2005
2010

Note
(1)
tzl

Operation and Maintenance plus diesel

lnterest Plus caPital rePaYment
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Fig. 8.3b Cost of Water Relative to Crop Value
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Table 8.3 Cost of Water Relative to Crop Value (YR'OOO/ha)

Actual Crop Returns

Citrus Oat Tomato Fuelwood Grape Alfalfa Sorghum Wheat

I Gross Benefit E ruet Benefit

Fig. 8.4

s00

400

300

200

100

o

-100

-200

o

C)oo
k

YEA,R Value Production Capital Total
Water Other

YEAR Value Production Capital Total
Water Other

SORGHUM
1991 50

1995 ' 50

2W 50

2ffi5 50

20to 50

t7.5
25.9

37.4

47.7

59.0

16.1

16.1

16.1

16.1

L6.L

&.7
81.4

100.0

720.2

140.9

98.3

123.4

153.5

1&1.0

216.0

18.6

27.4

39.7

50.6

62.6

QAT
1991

1995

2W
2005

20to

76.8

76.8

76.8

76.8

76.8

68.6

86.3

106.0

127.5

149.5

164.0

190.5

222.5

254.9

288.9

40
4q
qn
4q
440

12.9

t2.9
12.9

t2.9

t2.9

WHEAT
L99L

1995

?ffio
2m5
2010

69.1

86.1

106.6

t27.4

149.4

N
q
40

40
,t0

72.0

17.7

25.5

32.5

40.3

44.2

55.5

68.2

82.0

96.2

500

500

500

500

500

CITRUS
1991

1995

2W
2W5

20to

10.+.8

13L.7

L6L.9

194.6

228.2

2V2.6

243.0

291.9

34t.2

393.2

28.4

4L.9

60.6

77.2

95.6

69.4

69.4

69.4

69.4

69.4

GRAPE
L99t
1995

2000

zcn.5

2010

180

180

180

180

180

23.6

v.7
50.2

64.0
'19.3

73.1

73.1

73.L

73.t
73.1

86.9

109.2

t3l..2

161.4

t89.2

183.6

2t7.0
2s7.5

298.5

3r'.r.6

56.7

7L.3

87.7

105.4

L23.6

115.8

L37.7

1&.2
190.9

2L9.1

15.4

22.7

32.8

41.8

51.8

43.7

43.7

43.7

43.7

43.7

TOMATO
199t 360

1995 360

2W 360

20n5 360

2010 360
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Table 8.4 Comparative Crop Benefits (YR'OOO/ha)

The cost of local production compared with the equivalent costs of imported produce

are shown in Fig. 8.5 ffable 8.5), for the full cost of water, and for running costs

only. The true cost of "taste-preference" for local produce is demonstrated clearly

for the cereals.

Fig. 8.5 lmport Prices Compared with Production Costs (YR'OOO/tonne)

35.0

30.0

25.0

20.o

15.0

10.0

5.0

0.0
Sorghum Wheat Citrus Tomato

Ipnrce Wl tra

297
276
244
199

l4l
(137)

(49)
(29)

402
345
301
267
83
11
16
15

105
69
57
69
87

149
65
44

98
95
tro

33
97
49
34
25

20.o
220.O

15.0
1.5

15.0
1.5

12.4
11 .4

500
440
360
300
180

60
50
40

25.0
2.O

24.O
200.0

12.O
40.0

4.O
3.5

Citrus
Oat
Tomato(2)
Fuelwood
Grape
Alfalfa
Sorghum(3)
Wheat(3)

Note
(1) Year 1 Yields
(21 "Mid-season" price: Ranges from YR 5 to YR 60 kg
(3) lncluding stover/straw
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Table 8.5 tmport Prices Compared with Production Costs IYR'OOO/tonne)

CROP
IMPORT

PRICE
COST OF PRODUCTION (1)

A B

Sorghum
Wheat
Citrus
Tomato

6.0
7.8

19.0
8.3

1 0.
8.
4.
1.

5
7
5
6

30.8
24.6

9.7
4.6

Note
(1)A - lncludes irrigation running costs only;

B - lncludes irrigation capital costs also

Sa'dah WMP

NORADEP 95 YEM/87/O15



Sa'dah WMP

{

YEM/87lO15 96 NORADEP



Sa'dah WMP

REFERENCES

1.
2.
3.
4.
5.
6.
7.
8.
9.
10

1. REPORTS PRODUCED FOR THE NORADEP PROJECT

Water Management Plan
Water Balances in the NORADEP Region
Runoff Assessment in Areas with Scarce Flow Measurements
Groundwater Resources in the Amran Valley
Groundwater Resources in the Attaf Plain
Groundwater Resources in the Al Hamra Plain
'Groundwater Resources in the Al Ashshah Plain
Groundwater Resources in the Al Harf Plain
Groundwater Resources in the Sa'dah Plain
Groundwater Resources in the Baqim Plain
Mapping and evaluation of Groundwater Resources in the Wajid Sandstone in
the Sa'dah Region

11. Workplan for the Agro-economic and Sociological Research Programme
12. Al Jabber Dam Case study
13. Agro-economic and Sociological Sondeo Study

Vol. I Main Report
Vol. ll Target Area Studies
Vol. lll Field Reports

14.
15.
16.
17.
18.
19.
20.
21.

24.
25.
26.

Multi-purpose dams
22. Reconnaissance Study for Preselection of Small Dams (51 sites)
23. Feasibility Studies for Six Multi-purpose Dams

Demonstration Farms

Land Use Map NORADEP Region, Approach and Methodology
Water Management Plan - Regional Plan
Water Management Plan - Amran target area
Water Management Plan - Harf/Khaywan target area
Water Management Plan - Al Ashshah/Oaflah target area
Water Management Plan - Sa'dah target area
.Water Management Plan - Baqim target area
Water Management Plan - Kohlan Affar target area

Soil investigation of four SSHARDA Demo Farms
Soil and Water investigations of Four Private Demo Farms
Tender Design, Bid Documents and Layout Drawings for Modern
Systems of Four SSHARDA and Four Private Demo Farms

lrrigation

Hydro- and Meteorological Stations
27 . Hydrological and Meteorological Network; Specifications, Set-up and Monitoring
28. Automatic Registration and Data Handling for Hydro-Meteorological Monitoring

in Yemen (incl. lnstrument Specifications)

Northern Tihama Wadi Development Study
29. Groundwater Resources and Use in the Northern Tihama Region (Hajjah)
30. 'Northern Tihama Wadi Development Study (Final Report)

(lncluding Report on lmprovement Traditional Spate lrrigation)

NORADEP 97 YEM|97lO15'



Sa'dah WMP

2. OTHER MAJOR REFERENCES

Republic of Yemen: Agricultural Sector Study - Strategy for Sustainable Agricultural
Production. World Bank, (Draft) January 1993

Water Policy lnitiatives for Yemen: Consortium for lnternational Development.
USAID, September 1980

Fruit and Vegetable Marketing Study in the Yemen Arab Republic, lnternational
Advisory Company Ltd, UK, June 1986

Surface Water, Technical Secretariat of the High Water Council, UNDP/DTCD (Draft)

January 1992

Economic and Social lssues in Water Resources Development & Management in

Yemen: Seminar Proceedings Chaudry & Turkawi (Editors), May 1991

Yemen Arab Republic: lrrigation Sector Study, World Bank, September 1989.

Water Resources Management & Economic Development, Technical Secretariat of the
High Water Council, UNDP/DESD (10 Volumes) December 1992

Runoff Agrof oresty in Arid Lands. Lovenstein, Berliner and van Kenien, Agro-Forestry
System Conference, Edinburgh, UK, 1989

The Development and Extension of a Microtube-Bubbler lrrigation System for Fruit

Trees. Technical Note No. 50, Rada lntegrated Rural Development Project, Yemen.
Turner, AE, ILACO, The Netherlands, 1992

Adaptive Research on the Supplementary lrrigation of Sorghum. Technical Note No'
49, Bada lntegrated Rural Development Project, Yemen. Turner, AE, and Sayid M,
1992

Republic of Yemen Agricultural Sector Study (Strategy for Sustainable Agricultural
Production). World Bank, January 1993.

Yemen Arab Republic Household Fuel Marketing Study. World Bank/UNDP, February
1 990.

YEM/87IO15' 98 NORADEP



ANNEX 1
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COST BENEFIT ANALYSES

Annex 1: Farm Family; Sa'dah WMP

NORADEP YEM/87lO15
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t

MEDIUM FARTI _ SA'DAH PI.AIN BASE CASE

CROP AREAS (ha| & YIEIIIS ((ha)
ITEM AREA YEAR

123
YELDS

45

MEDIUM FASM - SA'DAH PLAIN BASE CASE

cRoP PRODUCTION COSTS (YR'ooo)

[and Prep/Cultivation

lnputs
Plant protection

lrrigation Water

Harvesting & Threshing

Packing & Marketing

FAMILY COST/BENEFIT ACGOUNT (Y8'ooo)
YEAR

1

INCOME
Gross Crop

Gross Westock
Business

Sum

COSTS
Crop Production

Sum

GROSS BENEFIT

LESS

Depreciation

Zakal
Other Taxes

Cost ol Capital
Sum

6101520
YEAR

-Running (1)

- tabour

TOTAL 126 131 136 14O 1.15 159 175 197 '223

1234s6101520
2s 2s 23 23 23 23 23 23 23

1s 1s 13 13 13 13 13 13 13

666666666
41 46 sl s6 61 75 88 112 139

666666666
13 13 13 13 13 13 13 13 13

23232323232232923

IRRIGATEO

Grape

Oat
Alht'a
Wheal - Grain

- Straw

Sorghum - Grain

- Stover

RAINFED

Sorghum ' - Grain

- Stov€r

IRRIGAIED

Grape
Oat

Atfalla
Wheat - Grain

- Straw

- Grain

- Stover

RAINFED

Sorghum - Grain

- Stover

GROSS CROP INCOME

a:\sdh_m

7 September .l993

2.O

2.O

2.0
2.O

0.so

0.25
0.2s
0.50

12.0 12.O 12.O 12.O 12.O 12.O 12.O 12.O 12.0

2.O 2.O 2.0 2.O 2.O 2.O 2.O 2.0 2.O

40.O lo.0 ,m.O 4(t.0 .tO.O lo.0 40.O 40.0 rlo.0

3.5 3.5 3.5 3.s 3.5 3.5 3.5 3.s 3.5

2.O 2.0 2.O 2.O 2.O 2.O 2.O 2.O 2.O

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.o 4.0

4.0 4.0 4.0 4.O 4.0 4.0 4.o 4.o 4.0
0.50

CROP PRODUCTION (tonnes), VALUE (per tonne) & GROSS INCOME (YR'OOO)

ITEM VALUE YEAR CBOP PFODUCTION

3456

1.OO 2.O 2.O 2.O 2.O 2.0 2.o 2.o 2-o 2.O

2.O 2.O 2.O 2.O 2.O 2.O 2.O 2.O 2.O

234s6101520

15.O

220.O

1.5

10.6

1.5

11 .4

1.0

6.0

0.5
10.0

1.8

1.0

2.O

2.O

6.0

0.5

10.0
.l.8

1.0

2.O

2.O

6.0

0.5

10.0

1.8

1.0

2.O

2.O

10

6.0
0.5

10.0

1.8

1.0

2.O

2.O

28s
31

15

330

126

126

285

31

15

330

285

31

15

330

136

136

28s
31

15

330

140

140

285

3t
15

330

1.15

145

19

19

20

285
31

15

330

159
159

285
31

15

s30

173
173

285
31

15

330

197

197

285
31

15

330

223

223

0.5

10.0

1.8

1.0

2.0

2.O

6.O

0.5
10.0

1.8

1.0

2.O

2.O

6.0
0.5

10.0

1.8

1.0

2.O

2.0

12 t5 20

6.0 6.0

0.5 0.5
5.0

10.0

1.8

1.0

2.O

2.O

10.o
1.8

1.0

2.O

2.O

131

131

Sorghum
20s 2w 195 190 l8s 171 1s8 134 107

11.4
1.0

2.O 2.O

2.O 2.O

285 285

2.O

2.O

2.O 2.0 2.o

2.O 2.O 2.O

285 zgs 285

2.O

2.O

285 285 2A5 28s

19 19 19

20 20 19

19 19 20

888
66 66 66

19

19

20

19

16

23

19

17

22

19

13

26

58

76

19

11

2A

58 58 58 58

138 
'36 

12A 132 127 113 100

58

49NET BENEFIT

Note
(1) O&M plus Diesel

a:\sdh_m

7 September 1993



MEDIUM FARU _ SA'DAH PTAIN CASE 1

CROP ABEAS (ha) & YIELDS (Vha)

ITEM AREA \EAR

MEDIUM FARM - SA'DAH PLAIN CASE I

cRoP PRoDUcTIoN cosrs (YR'ooo)
YEAF

285
3l
15

s30

2

23

t6
6

37
6

13

23

289
31

15

33s

326
31

15

371

124

128

s36
31

15

382

376

31

15

422

134

134

389
31

15

435

10

23
19

6
64

6

13

23

427
31

15

473

15s
155

427
31

15

4736.0
0.5

10.0

1.8

1.0

2.O

2.O

6.0

0.5

10.5

1.8
.l.0

2.1

2.O

6.3
0.6

11.3

1.9

1.O

2.2
2.O

6.5
0.6

12.s

2.O

1.0

2.3

2.O

7.O

0.8

13.8

2.1

1.0

2.3

2.O

123
YELDS

45 1520
23 23

19 19

66
82 101

66
13 13

23 23

3456
23 23 23 23

17 17 18 19

6666
40 42 44 55

6666
13 13 13 13

23 23 23 23

1

23

13

6

41

6
13

23

IRRIGAIED
Grape

Qat
Alfalh
Wheat

Sorghum

12.5

2.5

14.0

3.0

Land PreP/Cultivation

lnputg
Plant protection

lrrigation Water

INCOME
Gross CroP

Gross Livestock

Business

COSTS
Crop Production

GBOSS BENEFIT

LESS
Depreciation
Zakal
Othet Taxes

Cost of Capital

Credit RepaYments

NET BENEFIT

Note
(1) O&M plus Diesel

a:\sdh_m

7 September 
.l993

- Grain

- Straw

- Grain

- Stover

0.s0
0.25
0.2s
0.50

0.50

15.O

220.O

1.5

10.6

1.5

1 1.4

t.o

12.O

2.O

lt().0

3.5

2.O

4.0
4.0

r2.0
2.O

42.O

3.6

2.O

4.1

4_0

13.0

2.5

15.O

3.0
60.o

4.5

2.O

4.5

4.0

10 15 20

20.o 20.0 20.o

3.0 3.0 3.0

60.0 60.0 60.0

4.5 4.5 4.5

2.O 2.O 2.O

4.s 4.5 4.5

4.0 4.0 4.o

,15.O 50.0 55.0

3.8 4.0 4.2

2.O 2.O 2.O

4.3 4.5 4.5

4.O 4.0 4.0

-Running (1) -

- labour

Harvesting & Threshing

Packing & Markeling

TOTAL

FAMILY CoST/BENEFIT ACCOUNT (YR'o0o)

126 125 128 131 134 145 15s 173 192

YEAR

RAINFED

Sorghum - Grain

. - Stover

3.O 3.O

2.O 2.O
1.OO 2.O 2.2 2.4 2.6 2.8 3.0

2.O 2.O 2.O 2.O 2.O 2.O

3.0
2.O

7.5 10.0

0_8 0.8

15.0 15.0

123456101520
CROP PRODUCTION (tonnes,, VALUE (per tonne) & GROSS INCOME (YR'00O)

ITEM VALUE YEAR CROP PRODUCTION

1234s6 10 1s 20
427

31

15

473

IRRIGAIED
Grap€
Qat
Atfafa
Wheat

Sorghum

RAINFED

Sorghum

- Grain

- Straw

- Grain

- Stover

- Grain

- Stover

10.0
0.8

1s.o

10.0
0.8

1s.o

Sum

Sum

Sum

126
126

125

125

131

131

145

145

173

173

192
192

2.3 2.3 2.3 2.3

1.0 1.0 1.0 1.0

2.3 2.3 2.3 2.3

2.O 2.O 2.O 2.O

2.6 2.8 s.0 3.o

2.O 2.O 2.O 2.O

336 376 389 427

205 210 243 250 28E 2m 317 300 280

11.4

1.0

2.O

2.O

2.2

2.O

2.4
2.O

3.0
2.O

3.O

2.O 19 19 19 19 19 19 19 19

20 21 24 25 29 29 32 30

19181514101079
888

66666
66 72 72 64 a4 64 58 58

19

2A

11
285 289 326 427 427

GROSS CROP INCOME

a:\sdh_m
7 September 1993 138 138 171 186 223 225 259 242

58

222
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Annex 2: Detailed Action Lists; Sa'dah WMP

ANNEX 2 DETAIL ED ACTION LISTS

A2.1 DATA COLLECTION AND PUBLICATION

A.2.1 Groundwater Monitoring
- Establish a set of display material (cross-sections, contour maps, etc) to

demonstrate clearly to all staff and farmers the most critical monitoring
parameters: pumping rates, water level and salinity.

- Publish updates quarterly and distribute to all parties to ensure the message is
continuously reinf orced.

- Complete well inventory, using same questionnaire, taking care to get accurate
crop areas.

- Annual rnonitoring programme (on a rotating sample)to note changes; specific
measurements of water levels EC and yield; complete inventory for new
boreholes.

- Use of GIS system linked to Database to permit monitoring and analysis of
trends. NB. Such a system is being set up within MOMR under the WRAY
Programme. This should be used, duplication would be a waste of resources.

A.2.2 Hydro-Meteo Monitoring
- Regular data collection: existing and new stations; regular publication for use

in research
- Establishment of new stations as need becomes apparent (especially rain

gauges)
- Liaison with other agencies to ensure common availability of data
- Setting up of raingauges and class A Evaporation Pans at Extension Centres,

Demo Farms and Research Facilities for day-to-day use in irrigation scheduling

A2.2 EXTENSION

A.2.2.1 General
- Establish plans, objectives, guidelines, standards, monitoring parameters
- Research: on-farm and demo farms
- Links with others

A.2.2.1 On-Farm Water Management
- Crop Water Requirements
- Piped conveyance
- Field layout
- Land preparation
- Farmer co-operation to "consolidate" land holdings
- lrrigation method/crop type
- lrrigation scheduling
- Application efficiency
- lntermediate methods "gated pipe" /sub-irrigation
- Advanced (modern) methods, e.g bubbler/drip/sprinkler
- Leaching/Drainage
- Spate management

3NORADEP YEM/87i015



A2.2.2

A2.2.3

A2.24

A2.2.5

A2.2.6

Annox 2: Detailed Action Lists; Sa'dah WMP

Conjunctive use of water

Agriculture' Rainfed & lrrigated
- Cultivation
- Planting techniques
- Use of inPuts
- lnter-cropping and agro-forestry
- Varieties, including traditional low-input ones

- Response to water and inPuts
- Harvesting

Waterched Management
- Soil conservation
- Water conservation
- Forestry
- Vegetation
- Terrace conservation & management

Commercial Livestock
- Breeds and breed imProvement
- Growth rates
- Response to feeds
- Breeding
- Animal welfare

Diversification
- (Agro) ForestrY

- SPecies
- Planting densitY
- Yield Pattern
- Water requirements
- Harvesting
- Use
- Fuelwood
- Charcoal
- Animal feed
- Mulching

- Dried Fruit
- Processing

- Juice
- Jam

- 'Herbs

- Essential Oils

Marketing
- Data gathering and dissemination
- Pre & post harvesting handling and transport
- Co-operative action (to sell in bulk)

4YEM/87lO15
NORADEP



Ann€x 2: Detailed Action Lists; Sa'dah WMP

A2.2.7 lnstitution Building
. LCCD
- Farmer Associations
- Agricultural
- Crop
- Finance
- Marketing
- SSHARDA
- Extension:

- Existing (young) staff
- Farmer/Extension Agents
- Women

- Women's Groups

A2.3 APPLIED/ADAPTIVE RESEARCH

A2.3.1 General
- Establish plans, objectives, guidelines, standards, monitoring parameters
- Research: on-farm and demo farms
- Links with others

A2.3.2 Farming Systems
- Cropping patterns
- Crop husbandry
- Livestock
- lrrigation
- Labour patterns

A2.3.3 On-Farm Water Management
- lntermediate & advanced methods
- Scheduling/application efficiency
- Yield response to water
- Land preparation
- Yield response to salinity
- Leaching/drainage

A2.3.4 Soil Management
- Mulching
- Organic manure
- Chemical fertiliser
- Cultivation

A2.3.5 Crops
- Varieties, including low-input traditional ones
. Planting dates
- Crop seasons
- Response to inputs
- Water
- Fertiliser and Pesticides
- Fodder crops

5NORADEP YEM/87lO1s



A2.3.6

A2.3.7

A2.3.8

Annex 2: Detailed Action Lists; Sa'dah WMP

lntercropping
- Crop patterns
- lndividual & total yields to inputs

Agro-forestry
- Varieties
- ?lanting densitY
- Management, including water requirements
- Yields
- lntercroPPing
- Uses

Livestock
- Breeds and breed imProvement
- Feeds
- Husbandry

6YEM/87lO15 NORADEP



ANNEX 3

MICROTUBE-BUBBLER IRRI GATION

Annex 3: Microtube-Bubbler; Sa'dah WMP

NORADEP YEM/87/015



Republic of Yemen
MinistrY of Asriculture
and ltater Resources

Kinsdom of the Netherlands
Ministry of Foreisn Affairs

Deve lopment Cooperation
(Asia) DePartment

TliI DE\,i9L('Fl€li-f /.ljl-''):TEli:aL('ll t i
A I.1l CE,:)l'l-lL';-til-rE:l Ei: i F.:-:l'jLTlC)'l S;/;:T':{

F'P. FFLI:T IF.'ES

F I NAL ftF p(iftl r-ri Ti-iE I F:Fl1'-:FTl i )i
trXTEliS I r-,i,1 A!.V I SEli

Techntcal Ncte ll'--' 5'J

Turner. A.E
MaY l?92

I laco
Arnhem, The Netherlancis



r

I

ABSTRACT

A high economrc benefit is identified for
irrinition of fruit trees and the Problenrs
ii',; io.ol f armers are discussed'

the localised
and requirernents of

Bubbler irrigation systems have been used in the Republic of

Yemen since 1986 but f ace sorre problems, An alternative
"microtube" sYstem overcome= tnL=" fI"!1"*= but introd'uces

others. By .o*lining the good Point-s of h'oth systems' a

"microtuue-uur'irei" ivstem ;;; ;;"t' ct'u Ioped whrch costs about

Yr100 Per tree (Yr40'000/ha)'-;t;-;; slrnrrle t) oF'erate' The =vst-ein

sfrows a ber.efrt - cost ratlo;f 5'9 : L nrarnly on account ct

reCuced oFeratinE costs'

Al I the necessarY lrraterla
the I oca I market ar't1 nrcrst

Yenien.

Exlerrsion,fer,cnstrat:ons of t-hls 3)'st-Prlt It d'"e !'e?n r':Ce 6l-r'1

cc.rrsiderable lnte:'es'|' ir'):Ti iar::re:'s hc= be:n ir--unC'

Is for such sYsten'S
at'e rilil-rui actur-ed 1n

are nc,w avai laltle on
the Fler'ut,iic of
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1 INTRODUCTION

During the 1980's the declared policy .of the Government of The

Republic of Yemen was to Promote- import substitution and

increased ptoiu"iio'' of frulls ' Bv 1989 fruit production

nationally had reached some'-qi'OOO h9!tares and production of

fruit tree =""atings was at'afoui 400'000 Per vear (l'lAwR' 1990) '

Assumins that this area of f ruit trees -1:- :i"":- 1500rnm of

irrrgation watei""tt'irrv ti"" lnt national croP is usins in the

order of 700 million cubrc metres each year'

A study was maCe bv the Rada lntegru:"C-HuraI Llevelc'Pmer:t Fro-rect

(RlRDP,1988) on the *"ont'*i" rn'iact c'i a range c'! rrrigation
systems on various croFs ' 

'in i;;;= studv it was calL-ulated that

t ne greatest "tputt 
on t'he gl-c'ss Inir3] Fr f or any of the cr-ops

which are gl'c'wn ln Tt'e n-pt'ntl" or Yemerr (PoY) cart t'e exPected

frc,m the ,naaodu"tiorr crf i"tulised lrrlgatlc'n on frurt trees'

This ls part Iv because f i;;- ittieat-ion mettrods are not we I I

suited for ai"L croPs whicn]--"=o"ciallv in earlv vears' do not

cover the full field area'
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2

2

I RRIGATION REQUI REMEIIS

1 Managernent and labour requirementg

For centuries Yemeni farmers have been flooding fields with sPate

water and. Erore recerrtly' 
-t'itt' water o"*p"a irotn boreholes' -The

flow rate is of major i*polii"""-to tfrem because it determrnes

whether or not the water ";ii-";;u"n 
tn"-it aistant f ields' The

depth of flooding determin"l-inu- amount oi-o'it"t applied and the

d.uration of tne--i f ow rs of ontv secondary imPortance '

Localised irrigation goes -- 
agairrst everything r"nich' they have

learnt: The toncept of grr'ri;;-; -imat i 'quantitv of water over a

Iong Period or-'-ii*" is tr''"'"iult opposite of sPate irrisation;

Also localrsed irrigation ;";;;t;;' a hish IeveI of lrrarrasement

whereas f l-cd ;t;i;i[ io'' t'as- a 
''"tv Iow manag€rrerrt requirement '

Drip irrigat'ion seerirs to be Particulariy difficult for Yemeni

farmers to understand tretu"=I-t;';; iannot-="" the vrater excePt in

extreriely srial I guantitie= ' There 61-9 verY f ew exu'ples rn Yemen

of dt'ip rr-t'rgation systerns which are -=t"t"ssfully managed by

srrroll farners &rrd there ar? several exa;LPIes oi farlures'

I t aFPe3rs that wha'- is neeCe'J 1s sor:re kind of interriedi ate step

t'etween i]oc'rl irrigat'ion ui'a- tii'p systems' a system which f,oee

not regulre 
-u-- 

'"t' 
h1gn"-iei'e f oi uncerscancirng' Iabour or

mal-rd9?lletrt' 
r ---]L - labour f or

Fat-mers are usual lv very concerned wrth the cost ot

irrigation drrd this =ilou'ia---b; ref Iectea in the choice of

extension tntervent-ic'rrs' 
-:iolrC-set" sy=tems w:rich remaln 1n

place tf,rougnoui the life-of the croP'una'4" not need to be nroved

f rom f ie Id to-iit ia ' tu'' lu=t lir€?t this requir€merrt '

2.2 liater Pressure and punrping costs

Farmers are senerallv little concerneci with :lYi"' water

resources but are very much'i'"utt of the costs of runnrhg a Fuml'

This rmPIi"= tiut''-;ithoush s;;;"; :?::t nrav stiII be our maln

obj ectrve, ""'-*'=t concent'ioi" on irrrgation systems which give

significant .savings in pulr'pins cc'sts' 
-This rules out systems

such as =nt'rrii;;-irrigatron' 
rain guns and even hish Pressure

drip systems because' althoush they 'nuy-t'"" 
a lower volume of

water, they require a much t'igt'er oPeriting pressure which is

exPensive to provide: fi'''=="it (19911--eslimates the hourly

variable costs of irrisatioi ioi t'ist' Pressure drip or sPrinkler

irrisation at Yr 55'16 "o*out"i'to-ir 
rz'54-i"t traditional flood
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irrigation. This is unlikely to be of interest to farmers' In
contiast, by concentrating on very low Pressure systems'
considerable savings in pumPing costs and water use are Possible'

2.3 lvallabilitY of materials

For successful extension of irrigation systems the necessary
materials must be available in the local market'

In 1990/91 the Irrigation Systems and Technologies Project, RIRDP

and. the Tehama Development Authority (TDA) put much effort into
encouraging the Private sector in the local marrufacture and

=,-rpp 
t, of irrisation pipes and f ittings sulta!'le f or a ranse of

fotlfiseO irrigation svsterns. The results were very fruitfuI and

by late 1991 the situation was greatly rmProved with a ranse of
hish qualitv polyethvlene pipes and' fittings being avai lable' A

coirespondrng imProvement in the quaiity of the installed svstems
can be noted.

?.4 Maintenance requirements

The maintenance requirernents ctf any irri!ration system are closely
relaterl to the number of movlng Parts lrrvLl}ved. the oF'eratrng
pressure and, most of ail, moverrent of the system' A portable'
high pressure sPrinkler system for exarrPle would have a

relatively hish matntenance requtrement: PiPes and sPrirrl<Ier
heads would be easily damaged durrng transPort from field to
field and the high pregsure would exacerbate the Problem' Such a

system would depend heavi Iy on irirPc'rted materials and so
maintenance Problems would be conrPounded by dif f iculties in
obtainrng sPare Parts. Clearly this kind of system would not be
appropriate for rural areas of the RoY'

What is needed is a simple, Iow maintenance system which would be
inherently rnore reliabie, cheaper to oPerate and, ideal ly' even
possible f or a f armer to nraintain and rePair by hrrnseif '
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3 REVIEI{ OF PREVIOUS WORI(

The development of a simple, very low head bubbler irrigation
system was reported as long ago as L9?7 ty Rawlins, S.L. in the
USA. This system $7as essential ly a closgd .conduit distribution
system in which each tree was suPPlied with water frod it's ov,n
small diameter "riser pipe". The elevation of the riser PiPe
outlet was used to adjust the flow rate at each tree until all
the trees received the same flow rate, thereby comPensating for
the head losses in the system.

A trial systern, very similar to that developed by Rawlins, was
installed rn the RoY in 1986 by Twine (1986) for the Central
Hishlands Rural Developnrent Project at the Risabah station and
this vlas later fotlowed uP with some l:mrted extension work-
(Turner, A.E., 1990). These systems were besed on PVC PlPes
which needed to be buried to avoid degradation from sunlisht, and
consequently they were rather expensive. Similar systems were
instal]ed in 1988,289 by the USAID HITS project in the lbb area as
weII as at the Al Irra demonstration farm ne3r Sana'a.

Rawlins used r,aterials r^'hich were cheap anC readily available in
the USA and he explairrs clearly the Procedures used for
connecting ttre PlPes in the f ie ld. But u;if ortunate i;" he does not
pay as rnuch attent ion to the Problenrs and cc,sts of buryr ng the
pipes, supplyi:ig r+ater at a constant low he:d and calibrating the
system. In tl-.e RcY it r"'as these Froble:is w;!ch were fc;und to be
rnost diff icult to ovsrcolhe (Twjne, J., 1967) and whrch linrited
the rnteres+- of fat-nrers. In adCrtto;'r. dif f rcultte:: also arose
because the u'.a'.erials which were used in the USA were not
aval lable in the Rq1Y alrd, aIf-hough oth*r PlPes ;-ere avai lable,
alternative methocis for connectirrg them ha'l to be found.

These systems also have two serious disadvantages: Firstly, any
change in the supply Pressure uPsets, not only the discharge, but
also the unif ormity of irrigatron: a;'rd second ly, the e ]evation of
each riser Pipe 1s very easi ly disrupted.

Both th:,se prc,blems can be overcome by usrng the ierrgi-h of tlre
riser prpe. instead of the elevation, to control the discharge,
as in the microtube systems descrrbed by Vermetren and Joblins
(1984). These systems use very small diameter microtubes coupled
with an operating pressure. of about 1 bar and were the
forerunners of drip irrigation.

These early microtube systenrs mainly used medium Pressures, very
small diameter microtubes and low flovr rates in order to obtain
good uniformity (Vermeiren, L. and JobIing, G.A., 1984). However
they also suffered from two major disadvantages: The mrcrotube
lensths were calculated manually and, even with the use of design
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charts, this relnained a tedious oPeration; and secondly, the very
smalI diameters of microtubes which were used led to .probiems of
clogging and hence to the need for exPensive filtering systems.

By combining the good. points of these alternative sYstems a
suitable d,esign can be made: The use of slisht.ly larger
microtubes of 3 to 4ncn inside dian,eter with a discharge of about
50 l,/hr still overcomes the problems associated with the bubbler
systems but also avoids the problem of clogging which was
experienced with microtube sy-stems. It f urthermore maintains the
ad.vantage of a very low operatrng Pressure and avoids Problems of
pond jng resultins f rom the even hisher f lc'w rates of bubbler
systerns. The prohl en cf t-e,jrous Cesig'n j s nc'w less, oue tii tlr€
wid.esFre:d avar 1e!,i l:tr cf F=l':-a'i-.:I co::,Fut;:'= ertd sareaCsheet-
Frogr3l'i;.*:- r-'hich niake it 5'i,::.=l. l li 1--ir Qt-'lrr:i:1-v- des:gn escl-r 5i'stilrr
aL-eor,fjrtE t-,) the sctrlrl f ieici cc'rrd,itrc'ns and thereby c't't-ain a

hishr rrrigation unjlcrmitY.

It is this "microtuhe-buhtrler" sv=tenr lrhrch has baerr used by the
RIP.DP.
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4 TECHNICTL DETIILS OF THE SELECTED SYSTB{

4. 1 Gsncral d,cscriPtion

.The water suPPly for microtube-bubbler irrigation systems can be
piovia,'a either by gravitv from an elevated tarrk or bv a low
pi"==,-rt" take-of f from a pipeline' The total head of water
required to operate this system is' in most cases' 1m to 2m and'

it is regulated by meang of a gate valve and a manoLleter Pipe '
This head' delivers water to a sub-main pipe which is norr::allv of
63mm diameter PVC sewer pipe and' supPlies water to aII the
lateral pipes at a sinilar Pregsure' (See Figure 1) '

The Iateral Plpes may be of either 25mm or l€'mm drarneter-
polyethylene dependirrg c'l'r the rrurirb€F of tre's to be served 1n

each I ine. I n orchar'is which have $retYa than 1o trees 1n each

line it is Possible to Plar--e the sub-marn throu::h the centre of
the orchard and' irrigate tralf the orchard irc'rn each srde'

From each la|-eraI ptpe the snral I 'lian'eter microtubes carry the
water to the trees. These nricrotut'es are coi-rneL-ted to the
Iateral pipe by a push frt into a hole m=de by-e Punch and their
lenEt-5= ara calculat-e3 t': cc=-v€o=-3te tor the heaC 1c=-ges dua to
friction along the lat*:-oI PlPe' (ie' The rn:crcLr:!'es 9et shorter
lg,w,1rd=- t]:: end of t:'re lar:eral PiFe)' Eo.-'h irricrrJtu:'e I=ys on ti-'e
soil surf :ce a:rd dischat';:s w:i-er at 0'01; l/s lr'to a ctr;uLar"
f ,lrrow which carries che w:Ler arounC the tree'
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4.2 Dcslgn Proccdures

Before the Cesign work can begin it is necessary to make .a fietd
visit to check and measure the site. A check list is given in
Annex 1 rrhich details all the information which should be
col Iected on this visit.

4.2.1 Water lupply

For small systems requiring a flow rate of uFto 25\ cf the total
f low rate irom the f armer's pump it is nrc,st economrcal to sirap Iy
use a tal<e-off from the prpelrrre wlth a gate vaI','e fcr re':rulatron
and a manometer (mads or clear pipe) to measure the pressure.
Most far-mers in Al Bayda L;,)verrrc,rate ncw use Gl cr FVC ptFeltrres
within thejr faru'rs and the only coaditions for this krrrd of
ta]<e-off are that the pipelrne should also be in irequent use ior
other f ie lcis, and that the reduced drscharge at these other
f i e lds shou Id not pose a Frol: I em .

For slishtly Iarger systers it is necessary to'drax off a higher
f Iow rate f rom the main p jse I ine Ie:vin; the f a:'nrer with
inadequaie water f or ir-rigation e lsewhe:-e. Thrs occurs with
systens w.'rlch need atror:t 2i>6 to 9u-'a oi the tota I a'"ai Iable f lc,w
rat-e and in these cases a $ater reservorr is 13qu1red. ( 5^e9
Figure 2) Tlre size of thrs resarvoir cin be kept w:th:n
reasonable t'ound.s by arranging that rrrigaticn and tank f i I Iing
take place s:multaneougly using the f ul I t i,:w f rorn the plPe I ir:.
A manonneter anC pressure regrulatlng valve is not normally
required with a tank Frovrded that the elevatron of tlre tarrl< cari
be set so that t-he average waLer leve I corresponds w:.th the
required pressure.

For systerns regu jring 90% to 1lC% oi the avai lable t ic,w rate :t
is best to m3],.e sorne modifrcatlons to the Cesrgn oi the
irrigation system to match the s'.r'sten to the a'rar le: je f lc,"r r-te.

For very large systerrs rt is poss:ble to rotate the.irrrgated
area.
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4.2.2 Sclcctlon of tha lataral pipc alzc

It is best to use only one lateral pipe size for qach orchard
because tne local head losses at the connection to the sub-marn
are dif f erent f or 16nrn and 25run I aterals ' Mrxing these two sizes
within orre orchard wi I t theref ot-e disrupt the unrf ormity of
irrigation.

15mm d.iameter laterals are adequate for lines of upto 5 trees and

can be connected to the sub-rnain with a grommet connector which
is cheaP but rather troublesome' In contrast to this' the 25rwr'

d.iameter iaterals can serve upto 16 trees but need to be

connected t'l the sub-na: n with a more exFen-rlve ' t'ut bet'ter
qual rty. saclIe f ittrng-

It has been f or:nd that f arrr.ers nc'rlTr,il ly preier Sys-'e:Irs wjth 25::i:'

lateral PrFes because 1;'l itost cases rt :s possible to p Iace t]"e
sub-main along one side of the orchar'l and t-l:en rie lateral PlFis
can be rol ied' uP leaving the f ie Id c lear f or iaechanised weeC

contrcl.
Prc-iect is 1-,:-'w tryirrg t-o r:Ee 21'nn systerrr=:
the cies ign.

4.2. -i, Calculrtion of mi'crotube lenqths

h-i.rere e','er F'-'ssittle t-h+
1n c,r,i:r t o si andarCi se

Ca I cu I at r ng tf.e necess a:'y n'ri u-rotube
part r)i t-he Cesjgn .oroceiut-e. Tne
sectlr-n of the lateral Pl.3e and the
als,: be drtierent'. Th;refcre the
separately fcr each section of each

Iengths 1s tha mo=t conP 1e>:

f Icw raie rs C:f terer,t ln e:ch
Iel:gths oi tl'.ese gectlor.s tr,i'i

head Ic:-3es [,u.st te calL-ulat:':
IaLeral p:.pe.

tl':* larlest number of treeg aird/cl-
suF p ly wr l l exPerl€11.-8 lhe grear'9:t
t(\ t,a--e the rn:traI crleulat:c:-'= ''tir

The lat-eral pipe which serres
is furthest from the 'r'i!er
he aC l os=es end so i t i -s best'
thrs Iateral.

The f rrsL sr-ep is to chocs? a nominal length f c'r the nrtcrc;tr':he
-(also called the rlsel' pipe) . The leng''h of each subsequent
mi crotube tnust then lre r-eCuced 1n order t..'r cc'mPensate r or ti're

head. Iosses tn the Prececiing sectron of the lateral plpe'

The length of the Iast mrcrotube should normal }v be not less than
200mm (so that it can be easily drrected to the correct Pornt for
irrrgation). The calculation is therefore an lteratlve Prc'cedure
which must E,e iontinuerl unti I the length of the last microtube is
accePtable and. the Pregsure requrred in the sub-marn is
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convenient and similar for each lateral'
Iiii,"iition is most simplv and quicklv done

spieaasfrgs! prograrn as shown in Table 1'

For this
by using

reason the
a comPuter

At the top right hand side of this table are the details of the
microtube (or riser pipe) ' The nrain variables are the inside
diameter, aisttrarge- a'"J lengt-h of th9 microtube' From these the

Renould's number (Rel , head lo"" and kirretic energY comPorrent are

calculated.

The inside diarneter (ID) of the mrcrotube is' in Practice' fixed'
Initially the Sub-Section was uslng Plpe of 3'81mm ID but on our

request a tarse euantitv cf 
'*i"itilr'L of 3'2mm ID has been mace

local ly. Although this is not ei:5ct Iy to our specif rcations ' the

syetem has been adar'ted i; use this rnicrotube' The design
procedures whrch are exPlarned here assume that this microtube
wiII be used.

Having accePte'l thrs mlcr()tul:'e' the optirnulrr drscharEe was iound

to be 0.012 l/s. This ls varrabie only vrithin a smalI range: To

avoid transrtionll flcw in-lne microtubes Re should be greater

than 4000, and a slreht d'eci"u=" in the 'Cischarge will cause Re

to droP below thrs r"alue' Oi''-in" other hanC a slisht lricreaee ln
the d i scharge wr I I cause if'" heaC loss i n tlre rni crotube to

increas? consiCerably ar'f t-f-'is wr I I be particularly trou]:lesorre

in cases wliere r^-e wi=-'h to =-r'1pplY the negessary head t'y meirrs c'f

a;r e 1e';eted tarrk.

The Iength of the rirrcrclul:e ls
direct ly af f ects the hea'1 lr-lss 1n

the design to ba I anc'e t-he head
This head los= in the mrcrctube
ferl lowing fornrula (Riwl jr's' 1977)

thel-ef ore t-ire nialn variable' 1t
the mlcrot-ube ai-r'l 1t- is used 1n

losses thrcughorlt- tfr€ systenr'
1s calculated acccrdrng to the

h. 8.86x10=xlx

where I - micrc'tube length
g - discharge (l/s)
d - rns rde di a-'rreter
h, - head lcse (rr)

ql -/= / dn-r'i

(m)

( r.qnr)

The main body of the sFreadsheet (TabIe 1) 'descrttres the

hydraulic conditions in the lateral pipe' Colunn 1 sPecifies the

number of each tree and eachlsection of the lateral PlPe' Coluntn

2 specifies the length of each section and in Practice this ls
simply the sPacing between the trees as measured in the field'
In Column 3 i; ah; inside Aiameter of the Iateral pipe (25mm PE

pipe has an Ip oi 21.Omnr una-tO*' PE pipe has an tD of ]'3'Onrnr) '

Column 4 gives the f low tui" in each section of the lateral pipe



Now it is necessary to calculate the head loss in each section of
the lateral pipe. Firstlv the head loss Per metre length is
calculated in column 5 according to the following equation which
is based on the Darcy-t{iesbach and Blasius equations (see Annex 2
for the derivation).

(e/1OOO)..,s / ((D/1000)1--z= x 1245.1)

where - dis'charge in the lateral pipe (ms /s)
- di a.neter of the j at era I P I pe (m)

and it is calculated bY ta]<ing the
microtubes and multiplying by the nunber
each section of the lateral PiPe-

This js then multiplied by the length of the lateral
in column 6 in ord.er to obt-ain the head loss for
(Colurrn 6) .

o
D

12

s imp lY the s'.rm of a I I
of the lateral to the

discharge chosen for the
of microtubes served bY

piPe
each

sect i on
section

The cumulative head loss is
head Iosses from the star-t
cons i dered .
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4.2.4 Calculatlon of cub-maln Prcslurc
:

Having setup a sPreadsheet to ProPerly 'describe each lateral (ie'
the correct nurOlr of microtuUls Lnd the correct length for each

section of the lateral) it is then necessary to consider the
total head available in the sub-main at the junction of each

lateral. For smal I systerns with less than 7 lateral lines the
pressure in the 63mm sub-rnain can be assumed to be uniform but
for larger systerns some detailed analysis is required'

This can best be done with a seParate sPreadsheet to describe the
head losses and corresPonding Pressure gradient along the
sub-main. This sPread'sheet shoutd be Iirrl<ed to those for the
Iaterals so that it can automatically take the total flow rate
for each lateral pipe and use these to comPute the f low rate ln
each section of the sub-main' After choosing a convenient figure
for the total head at th; start of the sub-main' the head

available for each lateral is calculated by simply subtracting
the head losses uPto that point' See Table 2'

TABLE 2. SiRiris'{iil F0R IHE DESI611 0F IHE 9.iB'ile:li P:PE
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4.2.5 Rcadjustocnt of mlcrotuba lcnsths

The final step in the. design is then to return to .each of the
lateral pipe spreadsheets and to re-adjust the nominal microtube
length until the total.energy head for the lateral corresponds to
the available head at that point in the sub-main.

Annex 4 gives a large nurrber of standard designs which can be
used in cases where the trees (and hence the microtubes) are
regularly spaced along each line.

4.3 Sources and costs of materials

AII of the materials which are nseded for this kind of irrigation
system are available in Yerien and alnrost all are manuf actt:red
here.

Al I the polyethylene and PVtl pipes f or the sub-main and laterai
pipes are manufactured by the l{ational CornPeny fcr Sponge and
Plastic Industry Limited (NCSPIL) of Taiz. The polvethvlene
pipes and f ittings are avallable frorn this facto:'y in bulk orders
but srs net- !et generally fc,r-irrd irr lccal marke'ts. Tha FVC P1F'ee
a;rd. f rtt jngs c:n be Frlf u-fr6:-i'1. f 1't:,I-r t-lre m:rket- 1n a:;'-'r tc'wtl buL are
also avar Iable r:jr-):'e chec.t,ly f r<'::i tl.le l'l'li?lL f a:tc:'y.

Tlre sadd le connect 1r-';': Let-we:n the P'/C sr-lb-natn and the 25rrn
Iaterai is the only.corliForrerrt which rs djff rcult tc'f ir,d lo':aIIy.
There is one trader (Iilchant'nad Banoub) in Al HoCerdah who imPorts
these fittings from CYFrr.:s c,n a regul:r basrs but 3t Fresent thrs
is the only source in Ye;:ren. Trris t-raCer also hss solire u=eiul
tools such as the punch whrch is regr-1iv.3 fc'r the microtube
connect rons
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Tablc 3. Llct of materlalc, costs and sources for typlcal
60 trcc mlcrotube-bubblcr lrrigation aystem.

Item

63mm PVC PiPe
63mm PVC elbow
63mm PVC niPPle
63mm PVC end caP
2 inch gate valve
2 inch GI niPPle
63mm t-o 3/4" saddle
3/4" to 25rnm adaPtor
16mm grorunet
16mm clear PiPe 3m

25mm PE PiPe 27Om
Microtube 36m
Adhesive, taPe etc-

Quantity Unit
cost
Yr

19
11
39
31

280
35

t75
35
15
10
l2
I

Total Yr 6A52

Total Source of Supply
cost
Yr

36m 684
11
7A
31

280
35

105 0
2to

15
'30

3240
284
100

NCSPIL or
NCSPIL or
NCSPIL or
NCSPIL or
LocaI suq
LocaI suq
HoCe i dah
Hode idah
NCSPI L
NCSPIL OT

NCSPI L
NCSPI L
Local suq

loca I
local
local
Iocal

maj or

suq
suq
suq
suq

suq

1
z
1
1
1
6
6
1

Note: L/ A water tank would nct normally be
system of this size.

2/ Assuning the recorulrended de:-rsity of
this sives a cost of Yr 40'000zha'

needed for a

400 trees/ha

4 .4 I nsta ] t at i on Procedures

I rrsta I I rng these systerns is a straisht f orward procedure '

The first steP is to lavout and join the PVC PiPes and fittings
for the sub-main and to make the connection to the pressure
regulation and water suF'ply' Care should be taken to clean all
the PVC joints thoroughlY with thinner before 6pplying the
adhesive. The manometer PlPe should be fltted (by means of a

16mm grommet or saddle connectron) irrto the PVC sub-main on the
downstream side of the gate valve at a convenient place near the

"As. 
of the field. The oPerating pressure shou'ld be measured

above the field level and marked onto the uprisht which is used
a; support the manometer (not onto the manometer pipe itself) '

The second steP is to roll out the polyethvlene lateral pipe for
each line of trees, cut each one to the correct length (leaving
1.5m extra past the last tree) and to connect it to the sub-main'
Thig is simply a matter of drillins a hole of about 16mm diameter
(f or a 63nrm x 3/4 inch saddle) in the side of the sub-main'
fitting the saddle over the hole and, attaching the Polvethvlene
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lateral by means of an adaptor or comPression fitting'
of the lateral pipe can be easi ly closed by bending
inrough 180 d,egrees and tving it with string or wire':

The final step is to cut the microtubes according to the design
and fit them into the lateral Pipes- The cutting can best be
done before goinr to the field bv means of a 1'5m length of wood

"itn a measuiing tape fixed to it, each microtube should be cut
at a slight angl" for easy insertion into the lateral' The

microtubes for each lateral should be taped together in the
correct sequence and, the number of the lateral should be r+ritten
on the taPe. In the field care must be talen to push the
microtubes only about Sinrn ir.to the lateral pipe as more than this
wouI,1 cause scrll€ blockage r-rf the lateral '

The end
the pipe

Dr:ring initial operali6n t-he sr-rb-rnain
Ies.ks should be rePaired and the PVC pipe
by soil to protect it from the sunlighf'

should be checked, any
should then be covered

end
and
EaY

rnain

Annex 3 gives the actual work rates which have been obtained
unCer f ietd conditions.

4.5 0peration and maintenance

Bef ore the systern 1s oPerateci f or the f irst t ime the sub-main
caps and the ends of the lat-eral pipes shc'uld al I be oPened

the system should' be f lusl-.ed out to rirrove a;-ry material which
have been lef t insiCe the Plges during corrstructicn '

proced,ure should also be reFeated eveYy 6 mo;rths a;iC is the
routine maintenance oPer:ttc::'

Operating the system is a vel'y sin'ple Proceiure: For systerns
which are connected, direct-ly to a main pipeline' it is necessary
to oPen the regulation valve until the water level in the
rnanorneter plPe ieaches the nrark which was made to irrdrcate t]
operating Pressure; For systenrs which are connected to a r''ater
tank which has been selected' acce-r-drng to Frgure 2' the control
valve should be lef t f ui Iy oPen and irrigatron wr I I start
autornatical Iy as the water is P'rrrrrPed ir'io the tarik ' PunrPirrg

should. be stopped when the tanl< is full and the irrigation wiil
then continue unti I the tarrl< .has emPtieC again.

In both of these cases it is ad'visable to check occasionallv that
each microtube is d'ischarging correctlv' If it is not it should
be removed, from the lateral and cleared of any blockage which mav

have occurred. If there is no blockage and the problem affects
several microtubes then this may be due to the one or more
microtubes having been pushed too far into the lateral therebv
partly blocking lhe flow of water' ln this case the microtubes
should, be removed and re-inserted to just 5mm depth'
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Occasionalty it happens that there are spaces within an orchard
where a tree has died and is to be replanted later. At these
locations it is necessary to install a nicrotube in ord,er to ma]<e
the system complete but the water is temporarily not needed. A
gimple solution to thiE problem is to. tie a knot in the
microtube, this will stop the flow but allow it to be easily
reconnected, when needed. This method should not be used for
routine regulation of water.

4.6 Systcm pcrformancc

The performance of this irrisation svstem has been found to be
generally good. The coeffrcient of variatron of the microtube
discharges has been calculated, at 7.5% f or a systern irrstal Ied on
a farmer's field and no sisnificant change in this uniformity was
found with changes in the supplv Pressure uPto 150% of the desis
Pressure.

This means that systerns whrch use a water tank can be operated
without ccncet-n for the changes in Pressure which occur as the
water level drcps, t'ecause the req'Jired volume ot --ater will be
distributed unrformly over the freld irresPective of the flow
rate .

The design procedures heve I',een genera I ly f ound to give a good
simulation of the actuai hydraulic conditions of the system.
however a new point of concern has recerrt ly ernerged whi ch has
made it dif f icult to quarrtif v this. The quality of local Iy
manufactured microtut'e was rnrtially thought to he good but now
some variatrons in the insrCe dia.neter have been found.
Furthermore the ID which was quoted by the NCSPIL appears to be
less than the actual average ID and this has led to microtube
discharges which are higher than the desisn drschargre.

This may simply be the result of a bad ro11 of PiPe but
clearly indicates that- careful at-tentiorr nrust be given to qualitr
control and that it is advisable to check the actual microtube
djscharges in the field before Freparing an rrrrgatron schedule.

4.7 lrrigation gchedulinc

Thi s irriglat i on systern of f ers
trad.itional basin techniques.
Potential, it is necessary
according to a schedule which
of the crop.

considerable savjngs in water over
but, in order to achieve the full

to operate the irrigation system
is based on the water requirements
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At the BIRDP centre a long time series of good eualitv
,"t"oiological data now exists (Tinroermans and Johaish' 1991) '

ili; data- is processed, to give values of ETo accor.dins to the
i"""*.,""dations of the Soi I Survey and Land Classif ication
iri"i"it ot the Agricultural Research and Extension Authoritv (van

i*irur"", 1990). From this, and other information (Doorenbos' et
.f,-fggq & 1966), a detailed irr:igation schedule is made for each

=vit"* (as shown in Table 4) , and the farmer is gjven a

i iro l if ied version rrritten i n arabi c '

In cases where the farmer is using a water tank, the schedule is
based on the number of tanks to be given at each irigation' The

liiigation interval is usuallv 4 davs or less and is adjusted so

ln-t-comp]ete t'anks of r'rater can be applied' This is verv simPle
f.or the farmer to understano and corrtro] and has given good

iesuf ts irr the f ie Id . but f c'r sy-sterns wtrr ch do nct use a water
lu"X t-he sche'luling has to t'e based c'n ttre nurn!'er of hours c'f

operat i on .

IrBiE r. IRF:at'ilch s!rilJ;E FtlR ltlcPsiiJi!-Bl9BLER SYS'lirl

!:::: l.-'::

.,[..i' !'-l'.:! ]. . ::: ,

c ' =.t: =.

?t' l,::: i.: j.i::;'i-

ill',,1'=1,:' i;-: ;-:- :"'
il.-iJ.!-: L-!- : .:t,

. Ci'

.:_
_:5

l:'
'a;'

E1,.,

JU:

i-!

S::
0:t
lisv
lar

.t

ci
9:,

tr
. EJ

.7(i

. tt.,

l l.'

lr

tn:
g;

i;

l)

;1:

iri
I L'.

l!_

ili
I lri,

8r
(i

:r-

0

i .:

t I :i

1t i,:

t.45
o . i'.r

b.7']
0

lr.'

9i,

ti
7b

[]
0

l:
E

i

a

.l
(,

E-

1i,I

! 3i

1i(,

I c('

i 0::l tiul 95,j titT :79 4



19

5 ECONOMICS OT THE SYSTET.I

Continuing with the example of Section 4-3 the calculation of
the total capital cost of the irrigation sysLem ls as follows:

Total cost of materials Yr 6052

Labour

Initial site measur-ernerrt 2hrs 0 Yr2Oolday
Design Zhrs 0 Yr2t)O/daY
Installation Bman.hrsG\rtZA/daY
Adnrinistratron and Procurement

Yr 67
Yr 67
Yr 160
Yr 300

Total capital cost Yr 6646

Fre ld results f roro a systenr wfrlch was instal led on a 60 tree
crtrus orchard ln Septeniber 1990 have shown art annual savrng in
the cost of labour f or rrrigaLron arrd weed corrtt^ol of Yr 4720 '

The I if e of these nricrr-,tube-br:trbler rrrigatron systems is not
known. However a relat-rvely low qualrty system which was

installed by CHRDP 1n 1986 rs strll functioning normal ly and so
we can estittrate the life to be at least 1O years'

The ma: nt errance requ j rentent-s of these syslems are very low
because there ls no booster Pump or f r I trat ion equ i pment ' I n

real rty it nray even L're less than ttre cost of ffioll'rt-aining canals
and bastrrs wrth trarlitronal irrrgation methods' 5% of the
irritial mat-erial cost ls therefore irrcluded to account for
reparr costs onlY.
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6 EXTENSION TPPROACH

6.1 Trainlng Extcnsion Agentc

Initiat training for Extension Agents in bubbler irrigation was
gi""" as part of a more general course on irrigation which lasted
for one week. The dif f iculty at this earlv stage ' vtas that no

demonstration of bubbler irrigation could be shown in the Rada

it"o and so the training was rather suPerficial'

This trainrng was later fol lowed up with indrvrdual training for
the Extenslon Agents 1n each area where a dernonstration was

instal led.

6.2 Demonstrations

The project's policy has been to identify target areas for
irrigatron lnLerventrons and to establrsh demonstrations in these
areas as the first step ln extensron to farmers' The areas of
Rada basin, Juban, Dhi Na'rm and Al tsayda were selected accordins
to the criter-ion of maxlmun) antrcrpated extension rmPact coupled
with some other minor criterra'

Havrrrg se lected the general area f or a

Extension Agerrt is ttren Prirrtarily resPc'rnsrble
surtable f at-nrer- Tftis wi I I nornra I ly be orr€ of
wrth whonr he is alreadY working'

The Irrigation Sub-Section then takes resF'onsibility for checking
the srte and errsurlng that the f arnrer 1s fuIly urrderstanding the
irrigation systenr and his duties wrthrrr the extension Programme'

Next the Irrigation Sub-section PrePares an initral cost estimate
and the f al^nrer is then expected- to contrrbute 50% of thrs cost
either tn eash or in nraterials (eg. a water tank) " Only when

ttris is received dq-,es ttre work Proceed turther'

demonstration, the
for identifYins a
the leader farmers

a . total of five
givins reasonable
in Table 6 below.

The Irrrgatiorr Sub-Section has now established
d.emonstrations of microtube-bubbler irrrgation
coverage of the target areas. Detai ls are given
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Vi I lase Area
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of Microtube-Dubblcr

Year Trees

Irrl gratton Demonatrat lon!'

Al Wathbah
Al Rahab
Al Gari im
DuraYbah
Proj ect

Rada
Juban
Dhi Na'im
Rada
AI Bayda

1990
1990
t992
L992
L992

App le
Citrus
APPIe,
Peach,
Almond,

19
60

t20
198

60

c itrus
app le, PomegJranate
fig, Pomegranate

6.3 Farmer meetings

A programme of farmer meetings was Flanned for
site rn order tl-inrorm othei farnrers about the

and it's advaniin"= over tradrttonal systems'

eactr demonstration'
rrrigation sYstem

The f irst of' these meetings is rrormal ly conducted during

instal latron of the d"'*o''=iilti"" svstem' But the f ol Iow-up

meetinss trdv€ ruun--inaef i"ii;i;-p"=tooned because the demand from

other farmers 
-'utv -ou'"xii^' Liiulo"a int caPacrtv of the

Sub-Sectron to instilt these irrrgatron systems'



7

7

EXTENSION RESULTS

1 General

The demand for this
now it has not been
it's advantages.

23

system has been such that
to try to convince farmers

irrigation
necessary

unti I
about

7-Z Farmers' interest

The number of farmers who are aware of this irrigatron system is
in the order of 86. Of these farmers, 49 have shown interest in
the systern and have visited the extension agent to ask about it '

For each enquiry rt rs first nrade clear that the farmer must Pay
for the full cost of the materials and that a frrst aPproxlmation
of the cost is Yr 100 per tree.

lf the farlner 1s strll rnterested a f reld visrt is made to
measure ttre f reld arrd check the water supply (see Annex 1)'
FoI lowing ttrls a pre I lnrirrary desrgrr and 'a n)ore detar Ied costrrrg
is made arrel the f at-mer' ls lrrf or-nled how much he should pay. When

this [r,:'rrey ls recervet] ttre d,:tai led desrgn 1s nrade and the
farlner's narne jotns the bottorn of a lrst farmers who are Haitins
for therr sysLerrrs to be rnstalled.

4 systems have so far beerr lnstaIled for farrners and three more
are curr-errl-ly under rrrstal IaLron.

7 .3 I nstal I at ion

At presenL the RIRDP 1s trvrng to irrstal I ttrese irrigation
systenrs for f arrners Lrut tl're caPacity of the Pro-rect- to do this is
limitetl. Fc,r this reasorr the RIRDP has been actively looking for
a loca I contractc.,r who cou ld learn to do this work, but
unfortunately these efforts have not yet been succepsful. It was
envisaged that the project would contlnue to do the initial site
survey, the systern desrgn and Preparatron of irrrgation schedules
whilst the contractor would be resPonsible for installation of
the systems under t{IRDP supervrsion.

An alternative strategy is now being investigated in which the
Extension Agents would advise farmers on the main layout of the
system (after training), farmers would buy lhe main bulk of the
materials fronr the Asricultural CooPeratives and install them by
themselves, leavirrg the Project technical staff to measure the
system in the field and design and fit the microtubes.
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B CONCLUSIONS

This irrigation system appears to rneet the prlorrtres of farmers
within the constraints of the avarlable levels of management,
labour, and the avallabilrty of water Pressure and irrigation
materials.

The costs of the system are acceptable to most farmers and show a
clear and quick return on the investment.

What ls now required is the involvement of the prrvate sector in
the installatton work:n order to lncrease the work output and at
the sarne trme allow the project to concentrate on the extensron
of this rrrigatrorr system and on the deve lopment of other
systems.
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ANNEX 1. Check Liat for Initiat Sitc Survev

1/ fhi Water SuPPIY

Water QualitY EC

Other Problems

Water QuantitV

Pipeline Yes/No

If Yes diameter

If No distance from PumP

Flow rate

-

Check number of trees and refer to Figure 2

and discuss wrth the farmer:

a. Use of remaining flow rate
and f requency of PumPing (hrlday and days'/month)

OR b. Water Tank - ltze, location' elevation'

Do f loods enter the

If Yes then: DePth

f re ld? YeslNo

of f looding

Frequency of f looding

Av.
Max.
11: n.

Av.
Max.
Min.

Z. The Orchard

Type of trees

Condition of trees.

I ntercroP

Weed control bY tractor?

3. Access

Distance for carrYins materials

Is the orchard fenced?

4. Schetch of the site-.



ANNEX 2.
Dcrlvatlon o[ Equatloo to Detcrulnc Hcadloss ln Smoth Plpc

Y
(DO
TlrD2

Re-VD'

\- 0.316 (Blaslusr equan) lfrtctlon factor

Llhere Re Reyuolds no. (Dlocnalonlcss)
V llater velocltY (n/s)
y Kloeoatlc vlecosltY (o 2/s)
a Hater dlschargc (r 3/s)
D PlPe dlaueter (r)

Hf headloss (r)
g force of grarltY (n2/s)
L le;gth of PlPe (o)

ls
nn

Re
0.25

uf -ll, v2

2gD

rQ. t6

I

- I x 0.316
1.75 tO.Z5

0. tg 71t.75 D
4.75

4

L 16 Q2

2sD I[2 oa

= 8.012 r l0

l. i5

u Qt'zs
D{. 

75

4

-
t 245.1 D

q.75

Source: Twtne. J " 1986 '

L_q

rJ

a



ANNEX 3. I{ork Ratce tor Inetalling Microtubc-bubblcr avetomg

Operation Unit of work . ltlinutes

Laying out and
connecting PVC sub-main

Fitting saddle connections

6m pipe

unit

50m

Total job

Total job

6

4

7Laying out and
connecting 25mnr PE I atera I

f itting manometer

Connecting sYsLem to water suPPlY

NoLes:

10

15

1/ All trmes are based on 2 technicians with some

experience '

Z/ Add'itional tinre should be al lowed f or un-loadrng and

carryrng materials to the f'reld' thrs dePends on the
di st ance .
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ANNEX 4

IRRIGATION EOUIPMENT
OUTLINE SPECIFTCATIONS

AND

PRICE INDICATIONS

FOR

SMALL-SCALE INSTALLATIONS OF

SPRINKLER, DRIP AND MICROJET



Annex 4: lrrigation Equipment; Sa'dah WMP

A4.1 INTRODUCTION

ln order to provide realistic input to the Cost/Benefit Analyses carried out for typical
farm families, up-to-date prices were obtained for a range of modern irrigation
equipment specified for small farm use.

The {ata is given in two sections:

I General descriptions of the systems for different crops
r Outline Specifications and lndicative Prices.

A4.2 GENERAL DESCRIPTIONS

Alfalfa - O.25 ha - Sprinkler Hose lrrigation System
Capacity to apply 64 mm per 8 days operating 12 hours/day, comprising a diesel
engine driven pump set complete with suction and delivery fittings. A portable
supply main runs up the side of the area to be irrigated which has valve take-offs 12
m apart. A sprinkler on tripod and hose assembly is positioned at a valve take-off
connection. The sprinkler is then reset to the next take-off position. This sequence
of operation continues until the complete area is irrigated.

Vegetables - 0.5 ha Hand Move Sprinkler System
Capacity to apply 18mml2 days operating I hours/day, suction and delivery fittings.
A portable supply main runs along the end of the area to be irrigated which has valve
take-offs 12 m apart. A sprinkler line with 8 sprinklers on risers is connected to the
first irrigating set position and operates for the required time. At the end of the set
the complete sprinkler line is moved and set up to operate in the next set position.
This sequence of operation continues until the complete area is irrigated.

Wheat/Barley - t ha Hand Move Sprinkler System
Capacity to apply 48 mm per 8 days operating 1 t hours/day, comprising a diesel
engine driven pump set complete with suction and delivery fittings. A portable
supply main runs up the side of the area to be irrigated which has valve take-offs 12
m apart. A sprinkler on tripod and hose assembly is positioned at a valve take-off
connection. The sprinkler is then reset to the next take-off position. This sequence
of operation continues until the complete area is irrigated.

Sorghum I ha Hand Move Sprinkler System
Capacity to apply 64 mm per 8 days operating 12 hours/day, comprising a diesel
engine driven pumpset complete with suction and delivery fittings. A portable supply
main runs up the side of the area to be irrigated which has valve take-offs 12 m
apart. A sprinkler on tripod and hose assembly is positioned at a valve take-off
connection. The sprinkler is then reset to the next take off position. This sequence
of operation continues until the complete area is irrigated.

Vegetables - 0.5 ha Drip lrrigation System
Capacity to apply 9mm per 1 day operating 12 hours/day, comprising a diesel engine
driven pumpset complete with suction and delivery fittings, and including filtration
equipment. A portable supply main runs along the end of the area to be irrigated
which has 3 valve take-offs. Header mains run from each valve and connect to the

3NORADEP YEM/87lO15



Annex 4: lrrigation EquipmenU Sa'dah WMP

drip lateral lines. The drip lateral lines run down each crop row and water the

,"f"t"Ut", spaced at O'5 m x 1.0 m apart' The control valves are operated in

sequence to complete the irrigation of the area'

Trees - 0.5 ha Drip lrrigation System
Capacity to apply igZ titt"s of water per tree in a 2 da.y cycle' comprising a diesel

engine driven pumpset complete with suction and delivery fittings' and including

filtration equipmeni' A portable supply main runs along the end of the area to be

irrigated which has 2 valve take-offs. Header main runs from each valve and connect

to in. drip lateral lines. The drip lateral lines run down each crop row and water the

trees spaced at 4 m x 5 m apart. The control valves are operated in sequence to

complete the irrigation of the area.

Trees - O.Sha Microiet lrrigation System
Capacity to apply t g-8 litres of water per tree in a 2'5 day cycle' suction and delivery

fittings, all including filtration equipment. A portable supply main runs along the end

of the area to be irri-gated and connects to the microjet lateral lines' The lateral lines

run down each row-and water the trees spaced at 4 m x 5 m apart' There is one

take-off at each tree location and to this take-off are fitted 2 microjets with 180

degree arcs to ensure that the complete root zone of the tree is watered' The control

,al'r"s are operated in sequence to complete the irrigation of the area'

A4.3 OUTLINE SPECIFICATIONS AND INDICATIVE PRICES

These follow on separate sheets.

It should be noted that large plots would give rise to economies of scale and lower

unit costs Per hectare'

4YEM/87l01s
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Wright Rain Lrd.. Planned lrrigalion
Rrnguood, Hampshrre, BH24 I PA. England
Tclegtss. RrnOurcod (O4 25) 4 7225 I
Tclegnms UrtftrIrain. F'ngwood Teler: 4l206
fraimilc lto: O{25 472258

Proposal*flriutrl Rair

qUOTATION SUMHARY

Quoting to: DIIV Consultants BV
P O Box 79752
Sana'a
Yeren

Budgretary ProposaT for Price Indication use
for: Area of 0-25 has

SPrinkler hose irrigation sYstem
Capacity to aPPIY: 54
Irrigating daiTY tor: 72

Date 27.7.93
Enqy No 0350/EE

for Guideiine onlY.

in8

SUMI{,ARY

Puapsets comPtisinq:
7 x tlR Ds7 puapset djeseT engine driven
c/t hand statting on base

7 x suction, footvaive, hose and primer
7 x deTiverY. vaTves, hose to nains

SuppTy mains comPrising:
95nts x a7i. mains piPe and fittings
c/t 8 vaTved take offs

In tield irrigation equipment comprisinq:
7 x spriakTer assemblY on triPod
c,/w hose and fittings

TotaT f c I S.UK.Port (incTusive of export packing)- PstT f
Estjaa ted cost to ship goods - Pstl f
Estimated total C p f - pstT f. Port Sana'a

nm qross
hours

days per cycle

Pstl f,

2570.00
455 .75

i066 -75

Terms of Palment:
In tu77 aqalnst shipping documents from an irrevocabTe Tetter of credit
confirmed in our faiour by the HidTand Bank Plc' The Bridge' llalsaTT' ll
NidTands, rISl' 7I'N - Sort code 404579 - Account No' 27325565 - in terms
acceptabTe to ourselves.vhich sha77 include acceptance and or Payment of
our draft by the UK advising bank.The letter of credit to be valid for
negotiatioi for 5 weeks after the date indicated beTos far compTetion of
deTivery. or other terns to be agreed' Any additionai shipping costs
incurrei,d by ltright Rain sha77 be for the account of the customer
Shipping costs Zre estinated due to world fuel situation and ni77 be
invoiced at actuaTs at the tine of shipping' If cTient reguires a firm
shippinq cost, then a proforma invoice shouTd be requested against ttjs
offer -

Fu77 bi77 of materials to be submitted at tine of order'

Packing: For ocean shiPment'

Shipment: C P T PortSana'a Incoterms 7990

trom date of accePtance of
of credit (subiect).

Quotation valid for 60 daYs'

Deliveryi 8-70 torking weeks'
FOB.S.UK.Port of order and acceptable l'etter



Proposa I
Wright Rain Ltd.. Planned lrrigalton
R'^dvrcod. Hamoshire. 8H24 I PA Engl'^d
fcre'pttom Rrnguood (Oa25l 472251

i;i;.";; wf"r'ai'. R'nswood Terex !I206
F.6imile No: Oa25 472258$AHTIUIII Rilitt

QUOTATTON SUAILARY

Quoting to: DElt Consultants Bv
P O Box 79752
Sana'a
Yemen

Pumpsets comprisingr:
7 x tR Ds7 punpset dieser engrine driven
c/n hand starting on base

Suction and deTiverY fittngs:
7 x suetion, footvaTve, hose and primer
7 x delivery, valves, hose to nains

Supply aains conPtisiaq:
30nts x ali- mains pipe and fittings
c/w 2 valved take offs

In field irrigation eguipment conprising:
96nts x sprinkTer Tine pipe and fittings
and 8 spriakTers on 7 mt risers

TotaT f c e S-UK.Port (incTusive of export packingr)- Psti f
Estimated cost to ship goods - Pstl f
EstimatedtotaiCPT -Pstlf PortSana'a

Date 27 .7 .93
Enqy No 0350/ME

Budgtetary Proposal for Price fndication use for Guideiine onTy'
tor: Area of 0.5 has

Hand Dove sprinkiet irrigation system
Capaeity to apply: 78 mm qross in 2 days per cycTe
fruigrating daiTY for: I hours

SUI'T,TARY 
_ PSIT f

Terms of paYment:
In fu77 aqalast shippinq documents from an irrevocabTe letter of credit
confirmed in our tavour by the llidTand Bank Pic, The Bridge, tlalsa77, ll
Itidlands, 1IS7 7LN - Sort code 404579 - Account No' 27325556 - in terms
acceptabTe to ourseTves.which sha77 incTude acceptance and or payment of
our draft by the W advisinqr bank-The Tetter of credit to be valid for
negrotiatioi tor 5 reeks after the date indicated beTov tor conpTetion of
deTivery. Or other terns to be agreed. Any additionai shipping costs
incurred by tlright Rajn sha77 be for the account of the customer
Shippinq eosts ire estinated due to worTd fueT situation and vi77 be
invoiced at actuals at the tine of shipping' If ciient reguires a firn
shippingt cost, then a proforma invoice shouTd be requested against this

"frlrl';rr7 of materiars to be subnitted at tine or order.

Packinq: For ocean shiPnent-

3074. O0
537.95

3577.95

of
Shipnent: CPTPortSana'a Incoterms7990

DeTivery3 8-7O vorking weeks' from date of acceptanee
FOB-S.UR.Port of order and acceptabTe Tetter of credit (subject) '

Quotation valid for 60 daYs'



Wrighr Rain Ltd., Planned lrrigarion
Rrrpurcod. Hampshr,e. 8H24 IPA Englao6
TclCotsr: Rrnonood loA25l 17 2251
Tctegrams. lYr[hrln. R,^g*ood. feler 4l 2O6

F.caimib Xc 0425 a72258
ProposalS#Hristtt Rair

QUOTATION STI?TI4ARY

Quoting to:

Budgetary ProPosal for Price ladication use for Guideline oniy'
for: Area of 7-O bas

Hand move spriakTet irriqation system
Capacity to apply: 48 nm gross in I days per cycle
Irrigating daiTY for: 77 hours

S1HHAR7 Pstl f

Pumpsets coaprising:
7 x tIR DsJ punpset djesel engine driven
c/w hand starting on base

Suction and deiiverY fittngs:
7 x suction, footvaTve, hose and priner
7 x deiivery. vaTves, hose to mains

Supply mains comprising:
48nts x a7i. mains pipe and fittings
c/v 4 vaTved take ofts

In field iruigation equipment coaprising:
95nts x spriakler Tine pipe and fittings
and 8 spriaklers on 7 nt risers

DI{V ConsuLtants BV
P o Box 79752
Sana'a
Yemen

TotaT f c e S.UK.Port (inclusjve of export packins)- Pstl f
Estimated cost to ship goods - Pstl f
Estinated totaT C P T - PstT f Port Sana'a

Date 27 .7 - 93
Enqy No 0350/ME

3247 . O0
567 .78

3808 - 78

Terms of payment:
In tu77 against shipping documents tron an irrevocable Tetter of credit
confirmed in our favour by the ltidTand Bank P7c, The Btidge, Jlalsall, ll
ttidlands, PS7 LLN - Sort code 404579 - Account No. 27325566 - in terns
acceptabTe to ourselves.which shalT incl.ude acceptance and or papent of
our draft by the tlK advising bank.The Tetter of credit to be vaTid tor
negrotiation for 6 neeks after the date indicated below for compTetion of
delivery. Or other terms to be agreed- Any additionaT shipping costs
incurred by ttright Rain sha77 be for the account of the customer
Shipping cists are estinated due to world fueT situation and ti77 be
invoicbd at actuaTs at the time of shippingr. If cTient reguires a firm
shipping cost, then a proforma invoice should be requested against this
ofter.
Fu77 bi77 of materials to be subnicted at tiae of order'

Packiag: For ocean shiPment.

Shipnent: C P T PortSana'a Incoterms 7990

Delivery: 8-70 working weeks- from date of acceptance ot
FOB.S.UK.Port of order aad acceptable letter of credit (subject) '

Quotation valid tor 6O daYs-



Proposo I
Wright Rain Lrd.. Planned lrrigation
Rrnguood. Hampshire. 8H24 1 PA. €^Oland
TcleFhonr: Rrngwood (Ol251 47225 I
felegrams: Wriirrtrain, Rrngwod Ieler 4l 2OG

Facsrmrle No 0425 472258S#ilriuttl Rilill

QUOTATTON Sttt{I{ARY

Quoting to: DEV Consultants BV
P O Box 79752
Sana'a
Yemen

Pumpsets coaprisiag:
7 x JIR Ds7 punpset dieseT engine driven
c/w hand startingr on base

Suction and deTiverY fittngs:
7 x suction, footvaTve, hose and priner
7 x delivery, vaTves, fiTter units, hose to mains

Supply mains comPrising:
35nts x supply mains pipe and fittings
c/w 3 eontrol valves take offs

In field irrigation equipment conprising:
Sonts x p.e. header mains pipe and fittinqs
5o00nts x drie Tateral piping and fittings

TotalT c l' s'trK'Port (incTusive of export packinq)- Psti f
Estinated cost to ship goods - PstT f
EstimatedtotaTCPT -PstJf PortSana'a

Date 27 -7.93
Enqy No 0350/t{E

Budgetary ProposaT for Price Indication use for GuideTine onTy'
for: Area of O-5 has

Dtip irrigation syltem - for veqetables 0'5n x 7'On
Caiacity to appTy: 9 ma qross in 7 days per cycl
frrigratinq daiTY for: 72 hours

PstTST,IMHARY

3787 . O
555 .5

3737.5

Terms of Palment:
In fu77 abalnst shippingr documents from an irrevocabTe Tetter of credit
confirmed in our tavour by the Hidland Bank P7c, The Bridge, Jlalsa77, 7l

ItidTands, llST 7LN - Sort code 404579 - Account No' 27325555 - in terms
acceptabTe to ourseTves.vhich sha77 inciude acceptance and or payment of
our draft by the UR advising bank-The Tetter of credit to be vaTid for
negotiatioi for 6 teeks after the date indicated beTow tor conpletion of
delivery. Or other terms to be agreed- Any additionaT shipping costs
incurrid by Jtright Rain sha77 be for the aecount of the customer
Shippinq colts are estimated due to vorld fuel situation and wi77 be
invoiced at actuals at the time of shippinq. If client requires a firm
shippingr cost, then a proforma invoice should be requested agrainst tiis
offer -
Fu77 bi77 of materiaTs to be subnitted at tine of order-

I

Packing: For ocean shiPnent.

Shipnent: CPTPortSana'a Incoterns7990

Delivery: 8-7O torking weeks. from date of aeceptanee of
FOB.S.UR.Port of order and acceptable -Ietter of credit (subject) '

Quotation valid for 60 daYs-



Prop os alS#tristll Rair

Wright Rain Lld.. Planned lrrigation
Rrngurcod. xanpshrre, 8H24 I PA. E^glaM
T€lcphfl. Singuood {O425} 472251
Iclcarros: lVr[htrrin, Singwood Tclex 4l 2O6

Frcimrlc iao: Oa25 t172258

QUOTATTON STIHI{ARY

Quoting to: DI{V Consultants BV
P O Box 79752
SaDa'a
Yemen

Budgetary ProposaT for Price Indication
for: Area of 0.5 has

Orip irrigation sYStea - for
CapacitY to aPPIY: 792
Irrigatiag daiTY for: 72

STIITT{ARY

Packiag: For ocean sbipment.

Shipnent: C P T PortSana'a

use for Guideliae only.

trees 4n x 5n
Titres in
hours

Port Sana'a

Incoterms 799O

Date 27-7-93
Enqy No O350fi,18

2 days per cycle

Pstl f

3233. O0
565.78

3798.78

Puapsets comprisinq:
7 x tIR Ds7 pumpset djeseT eagine driven
c/t haad starting oa base

Suction and deliverY tittngs:
7 x suctioa, tootvalve, hose and primer
7 x delivery. valves, fiTter units, hose to mains

SuppTy maias comprising:
25nts x swpTy mains pipe and tittings
c/n 2 controT valves take offs

In field irrigation equipmeat comprising:
50nts x p.e. header maias pipe and fittings
TO0Onts x drip Tateral piping and tittings
7000

Totaj
x
F

Estimated cost to ship goods - PstT f
Estinated total C P T - PstT f

47ph on Tine emitters
C A S.UK.Port (incTusive of export packing)- PstT f

Terms of payment:
In tulf agaiast shippiag Qssttmsnfs from an irrevocabTe Jetter of credit
confirmed in our favour by the Midland Bank Plc, The Bridge, lla7sa77, ll
Itidlands, ttST 7I'N - Sort code 404579 - Account No. 27325556 - in terms
acceptabTe to ourselves.shich sha77 incTude acceptance and or Payment of
our draft by the UK advising bank.The Tetter of credit to be valid for
negotiation tor 5 weeks after the date indicated beTon for compTetion of
delivery- Or other terms to be agrreed. Any additionaT shippinq costs
incurred by tlright Sain sha77 be tor the account of the customer
Shippinq costs are estimated due to norld fueT situation and wi77 be
invoiced at actua-Is at the tine of shipping. If client requires a firm
shipping cost, thea a proforma invoice shouTd be requested against this
offer -
Fu77 bi77 of materiaTs to be submitted at tine of order.

Delivery: 8-7O rorking weeks. froa date of acceptalce ot
FOB.S-IIK.Port of order aad acceptable Tetter of credit (subject).

Quotation valid for 50 daYs-



+AHriuttl Railt

Wright Rtin Ltd., Planned lrrigation
R'^o$6od. H.nroshrrc. BH24 lPA England

Tctiphone Rrnguood (Oa25l o7225 t

fir"g,*t. w;t,,.ain. Brngwod lelex ! I 200

Fa6rmrle Nor 0425 472258
Proposol

QUOTATTOI{ ST'I{ITARY

Quotinq to: DI|Y Consultants BV
P O Box 79752
Saaa'a
Yemen

Budgetary ProposaT for Price Indication
for: Area of 0.5 has

tticrojet irrigatiorl sYsten
Capacity to aPPTY: 798
Irriqating daiTY for: 70

ST]HHARY

use for GuideTine on7y.

- for trees 4n x 5n
Titres in 2
hours

Date 27 -7.93
Ensy No 0350/HE

days per cycle

PstT f

Pumpsets comprising:
7 x llR Ds7 pumpset dieseT engine driven
c/v hand starting on base

7 x suction, footvaTve, hose and ptimer
7 x delivery. valves, fiTter units, hose to nains

Supply mains comprising:
45nts x supply mains pipe and fittings
c/tt 5 eontrol vaTves take offs

In fieTd irriqation equipment conprisinq:
4onts x p.e. header aains pipe and fittings
7000nts x p.e. lateral pipinq and fittings
500 x 780deq. aicrojet assembTies and fittinqs

Total F c a s'UK'Port (inclusive of export packing)- PstT f
Estimated cost to ship groods - PstJ f
EstiaatedtotaTCPT -Pstlf PortSana'a

3794 . O0
663 - 95

44s7.95

Terms of palment:
In tu77 against shipping documents from an irrevocable Tetter of credit
confirmed in our favour by the HidTand Bank P7c, The Bridge, Jla7sa77, 9l

llidlands, ,ISl 7LN - Sort code 404579 - Account No. 2L325566 - in terms
acceptabTe to ourselves.nhich shalT incTude acceptance and or pa)mtent of
our draft by the UK advising bank.The Tetter of credit to be vaTid tor
negotiation for 6 neeks after the date indicated below for completion of
delivery- Or other terms to be agreed. Any additionaT shipping costs
incurred by ttriqht Rain sha77 be for the account of the customer
Shipping costs are estiaated due to worTd fuel situation and tri77 be
invoiced at actuals at the time of shipping. ft client requires a tirn
shippinqr cost, then a proforna invoiee shouTd be requested against this
offer.
Fu77 bi77 of aaterials to be subnitted at tine of order-

Packinqr: For ocean shiPnent-

Slriprent: C P T Portsana'a Incoterms 7990

DeTivery: 8-7O norkirq ,""*"- from date of aeeeptance of
FOB.S.W.Port of order and acceptable Tetter of credit (subiect) -

Quotation vaTid tor 60 days-



r

ANNEX 5

EFFECT OF PRODUCTION COST

INCREASES ON MARGINS

Annsx 5: Production Cost; Sa'dah WMP
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Annex 1: Farm FamilY; Sa'dah WMP

ANNEX 6

OUTLINE OF LAND & WATER CONSERVATION PROJECT
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Annex 1: Farm FamilY; Sa'dah WMP

WORLD BANK PROJECT
LAND AND WATER CONSERVATION PROJECT

OUTLINE

1 OBECTIVES

Strengthen sustainable agriculture and assist in better management of water

resources through:
- lnstitutional and technical developments in irrigation and forestry
- lnitiating a programme of water use monitoring and regulation in the

agricultural sector
- frprovingthe efficiency and water management of controlled and

small-scale spate irrigated agriculture
- Conserving key indigenous woodland areas, accelerating tree planting'

extending soil and water conservation
- Pilot actions to establish an approach to watershed management'

including rehabilitation of abandoned terraces

2 MEANS (Project ScoPe)

lrrigation DeveloPment
- Supply and installation of groundwater conveyance pipes

- Supply and installation of equipment to establish improved (1ha)

irrigation demonstration units on farmers' fields
- Gabion baskets and other materials for improving existing traditional

spate schemes
- Equipment, vehicles and staff allowances for implementation units in

regional agencies

I Forestry DeveloPment
- Technical assistance, training, equipment, vehicles, materials and staff

allowances for:
- lnitiating a programme of indigenous woodland management and

rehabilitation
- Upgrading the network of tree nurseries
- Sand dune fixation, coastal sand stabilisation, and flood control

lnstitution Strengthening
- Technical assistance, training, facilities, equipment, vehicles and staff

allowances for central and regional agencies for:
- Strengthening the respective Directorates General
- Estabiishing a system of water monitoring and regulating its use in

irrigated agriculture
- St;ngthening technical capabilities in irrigation agronomy, engineering

and forestrY

I

NORADEP YEM/87/O15



3.7

3.8

3.9

Annex 1: Farm FamilY; Sa'dah WMP

Forestry DeveloPment
r Overseas training for graduates and technicians from regional staff
r Establishment of large nursery (250 000 seedlings/year) in Hajjah (Wadi

Shiras), primarily for water catchment management; equipping of LCCD

nursery
I Equipment, materials and transport
r Training f or two graduates; materials and transport for an extension

programme using the extension service of SSHARDA, including technical

assistance

Watershed Management and Terrace Stabilisation
r Pilot scale development in Wadi Shiras of integrated approach for future

replication, emphasising self-help by farmers.
I Construction of office-residence-store, provision of materials for wadi training'

bubbler and drip irrigation and hydrometric and sediment measuring stations

Use of Saline Water for lrrigation
r Consultant input forestablishing and monitoring two one-hectare plots in the

Northern Tihama
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