NISSSI U
Y (sze--@ i

Water Resources and Agricultural

Development Project

QATAR

TERMINAL REPORT

FOOD AND AGRICULTURE ORGANIZATION
OF THE UNITED NATIONS ROME 1981




WSS - ST
Ly (6 )

Table of Contents

INTRODUCTION

1.1 Project Background
1.2 Description of Project
1.3 Project Implementation

1.4 Related Activities

CONCLUSIONS

2.k Land and Water Resources and Utilization

2.2  Agricultural Production

WATER RESOURCES AND AGRICULTURAL DEVELOPMENT

3.3 Introduction

32 The Water Resources and Agriculturzl
Development Planning by Systems Enalysis

3.3 Results of the Analysis
3.4 Pelicy Options

3.4.1 Maximum Expansion of Agriculture
3.4.2 Limited Expansion of Agriculture
345 A Proposed Agricultural and Water Rescurces

Develcpment Plan

e Dud Introduction

3.5.2 The Agricultural Development Plan
3.5.2.1 Traditicnal Mixed Farming Development
< Milk and Beef Production
3.5.2.3 Protected Agriculture
3.5.2.4 pbu Samrah Sheep Farm

3.5.3 The Water Resources Development Plan

(T (S Annual Demands

3.5.3.2 Monthly Variations in Water Demand




II

RECCMMENDATIONS

4.1 Summary and Congiderations
4.2 Major Recommendaticns

4.3 Other Reccomendations

Appendices
List of Senior Project Staff
2bstracts of Project Technical Reports

List of Technical Documents, Notes and Working Papers.




INTRODUCTION

il PROJECT RACKGROUJND

Prior to the late 1950s agriculture in Qatar was confined to

a few farms and date gardens within the environs of boha and scme

of the other main centres of the country, but from about 1958 conward

the number of farms increzsed steadily to reach a total of over

350 by 1967 and in excess of 500 by 1¢80. This expansicn in
agriculture has, however, placed a considerable strain cn the
existing grouncdwater resoQuUrces of the country and as early as

1967, a year in which total abstracticn is estimated to have exceeded
the ncrmal recharge from rainfall, the Geverrment cf Qatar began to

/ith cencern this continued cover-exploitation of its greouncéwater

view w
resources. At that time, however, there was very little hydrogeological
cr other data upcn which any relisble assessment cf the extent of this

prcbable cver-exploitation could be made. In late 1971 therefore,

Government with the technical assistance cf the United Nations
Develcpment Programme (UNDP) a2nd the Fecod and Agriculture Organization
of the United Nations (F20), initiated a project known as
'Hydro-Agricultural Rescurces Surveys' (orT/ 71 /EOl). This
vreliminary project was brought to a close in 1973 &/ after having
established a hydrcmeteorclegical and groundwater observation network
throughout the country, carried out a geophysical survey and the
drilling of 10 exploratory wells, provided an initial quantitative
assessment cof the hydrological balance of Qatar, completed a soil

reconnaissance and land classificaticn survey and limited horticultural

trials.

With these basic data as firm foundation, the Ministry of

Industry and Agriculture, with the collaboration of the Water

Department of the Ministry of Electricity and Water and increased

Y

27 See FAO. Hydro-Agricultural Rescurces Survey.
Report on project results, conclusions and recommendations,
Rome 1973. AGL DP QAT /71 /501, Technical Report.




technical assistance by UNDP and FAOQ, initiated a second phase

project in mid-1974 and known as 'Integrated Water and Land Use'

(QAT/73/007) . The objective of this expanded project was to

carry out a wide range of studies and investigations arising from
the previous project's recommendations aimed at achieving a close
integration of the limited groundwater resources with agricultural
producticn, taking into consideration also both present and future
possible usage of water for municipel and industrial purposes, and
to collect and analyse hydreo-agricultural data pertaining to water

supply and usage.

Between 1974 and 1977 this second phase project carried out a
wide range of cbservations, investigations, experiments, trials and
special studies. The hydrological and groundwater cbservational
networks were modernized znd expanded. Intensified cbservaticns of
run-off, infiltraticn and recharge were carried cut after heavy rain-
. fall and these data supplemented by the drilling cf a further 10
exploratory wells. The occurence and movement of groundwater within
Qata¥ was further evaluated by the introduction of environmental
isotope studies, carried ocut with the collaboraticn of the International
Atomic Energy Agency (IAER). The beundaries of the freshwater
acuifer of northern Qatar was accurately defined by a new geophysical
survey. The total grcundwater extracticn rates for domestic and
industrial purpcses was determined and renewed agricultural abstraction

survey was undertaken.

In the agricultural cector of project activities, a wide range of
herticultural trials with local and newly introduced varieties and
crops was performed over three consecutive summer and winter season
at the Rawdat el Faras experimental station, to test response to
improved cultivation practices. Irrigaticon practices aznd soil manage-
ment studies to evaluate crop water requirements and water/yield ratios
under improved water and soil management techniques, including drip
irrigation trials, were carried out over two consecutive summer and
winter seasons at the Barada experimental station. A farm management
and production survey was undertaken over an 18 month peried which
provided basic data on the farming systems of Qatar. Work was initiated

into controlled-environment greenhouses.




1/

At the close of project operaticns in mid-1977— , the Government
of Qatar decided to intensify these jeint water respources and agricultural
investigations particularly in the light of project results which clearly
showed the potential for agricultural producticn under improved practices
a nd especially with regard to water conservaticn. Consequently, a third

phase project, known as 'Water Resources and Agricultural Development'

was initiated in July 1977 with the continued assistance of a team of
FAO experts but now under a Funds-in-Trust agreement with the Food

and Agriculture Organizaticn of the United Nations.

L.2 DESCRIFTICN CF TEE PROJECT

The cbjective of the project was to assist the Government in
initiating the implementation of prepcsals and recommendations arising
from the UNDP/FAO assisted project - Integrated Water and Land Use -
-for an 18-menth pericd by which time it was expectéd that suitably
gqualified governzent staff would have taken over the implementation of

these programaes. Specifiically, the precject was to :-

(a) Continue the cperaticn of the hydrcmeteorclegical, hydrological
and grcundwater data collection survey; assemble, znalyse and
store 2ll data in a computericed retrieval system; introduce
the regulér publication of all data on an annual basis, prcvide
data on regular basis to zll government agencies and prepare to
hand over all water resources data collection to Government at

the apprcpriate time.

(b) Continue to provide advisory services on water resources questions
to all Government zgencies and technically assist the Water Depart-
ment in the monitoring of water resources and remote sensing
investigations to be undertaken by consultants. To collaborate
with consultants to the Water Department in the formulation of a

‘groundwater model.

1/

= See FAO. Integrated Water and Land Use.
Report on Project findings and recommendations,
Rome, 1978 AaG : DP/QAT/73/007, Technical Report.




(c)

(a)

(e)

(£)

(q)

(h)

(1)

(3

(k)

To examine, monitor and assist in specific water resources
development proposals for agricultural development at farm
level or for specific agricultural development projects, includ-

ing recharge enhancezent works.

To initiate an agricultural extension programme to disseminate
information and assist private farmers in the raising of
producticn through the appropriate improved technical agricultural

and irrigation methods.

Continue to expand investigaticns into crep water requirements

and new methods of irrigation (drip irrigation, shade irrigation).

Continue horticultural experimental work and expand this to
production trials at farm level, if possible. Centinue cooled
greenhouse and controlled environment vegetable trials with

the view to expanding these systems.
Continue soil management studies over a wider range cf soils.

Assist in the establishment of a pilot farm on sandy soils in
Abu Samra area of southern Qatar to investigate the possibilities
of uzing moderateéely saline water fcr irrigaticn for the production

of fecdéer and vegetzble crops.

Undertake further investigations into cost/price relaticnships
at farm level, a marketing survey and assist the Department
of Agriculture in consolidating their statistics section,

including training.

Assist the Department of Agriculture in the establishment,

organisation and management of farm machinery hire centres.

Undertake a detailed evaluation programme of the full agricultural
potential of Qatar, taking into account all technical constraints
of water, soil climate and crop suitability. This analyses will
be undertaken by consultants employing specialised techniques

who will be appointed by the Ministry of Industry and Agriculture,

based on basic data provided by the project.




Owing to delays in the recruitment of governmént staff intended to
take over the duties of the FAO experts the term of proﬁect was extended,
with a reduced team of experts, to April 1980. 1In December 13979
government requested a further extension of the project until 30 April
1981. Early in 1981, the Ccuncil-of-Ministers issued a compréhensive
directive cencerning the future of water resources and agricultural
research in Qatar whereby provision was made for the estazblishment of a
new government department to succeed and continue the work of the
project. While it was never the intention that the project would
play an institution-building role, the organization built-up over the
years has evolved into an organizaticn capable of centinuing the work

of the project.

The total cost of the three successive FAO-executed projects was

-

$ 2,717,489 of which UNDP contributed a total ef $ 511,026 to the first

two projects.

1.3 PROJECT IMPLEMENTATION

The cbjective of this third phase project was to intensify
initiate the implementaticn of

With

investigaticns in certain areas and to
proposals and recommendations arising from the former project.
the accumulated experience of some 6 years of prior investigations,
this project was able to make significant strides towards concluding
major unresolved problems as well as initiating new phases of work,

particularly in the agronomy, soil management and extension fields.

In the hydrogeological sectcr a renewed, but closely supervised,
drilling programme was carried out and 12 further exploratory wells
were drilled. Geophysical logging of wells was undertaken and these
data, together with those obtained from chemical and isotcpe analysis
enabled the project to modify the previously held concept of a floating
freshwater lens to a more complex, two-layered aquifer system in which
all previous anocmalies and unexplained features may now be reconciled.
Based on these additional data a computerized mathematical model was

devised and is now available for the testing of future aguifer behaviour

vrder simulated or assumed future operating rules.




Irrigation investigations were expanded and concentrated on
reducing water losses and improving irrigation efficienéy. These
investigations have included drip irrigation, different levels of
water application, reducing conveyance losses and the introduction
of sprinkler irrigation on an experimental basis. Soil Management
investigaticns were intensified and over 30 separate experiments
involving physical, mechanical and chenmical methods designed to
improve the management and productivity of both heavy calcareous
and sterile dune sands, were undertaken. Definitive ccnclusions
and recommendaticns for their improved management have been made and

this work is being continued.

In south-western Qatar the project established an experimental
etation in the dune sands cf the Wadi el Araig region. &t this
station two seasons of agronomic experimental work on a wide range of

field and fcdder crops were completed and work is ccntinuing,

. Agronomic screening nurseries were established in conjunction with
ICARDA and other internationai research organizaticns where the
performance of well cover 100 entries of wheat, barley, sorghums and
millets have been evaluated. The results of three years pilet work
have been both impressive and encouraging and the Project has assisted
the Ministry in freming terms of refere..ce for further detailed

investigations.

Horticultural investigations were expanded at the Rawdat el Faras
experimental farm to production trials of known and tested varieties
under improved management, the evaluaticn of methods designed to extend
the growing season, by wind breaks, shading, misting systems and cooled
greerhouses. This work led to the decision to expand experimental
work in ccoled greenhouses and in 1979 the project established a new
experimental station at Al Otoriyah in central Qatar where 12 additional
cooled greenhouses were erected. Other activities covered the economic
analysis of vegetable production, and continued involvement in water
resources and agricultural planning, the preparation of preliminary
engineering designs and an investment feasibility study for the
agricultural utilization of sewage effluent and other irrigation and

drainage schemes.




In 1978 the project purchased a HP 9830 B computer with extended
mass memory with the cbjective of creating a computerized water
resources and agricultural data bank. By 1980 this objective had been
achieved with a large velume of data archived in a computerized
retrieval systeam with a full range of program packages. The computer
facilities have also proved to be of the greatest walue in developirng
the groundwater model and the sclution of cptimizing prcblems by linear
programming and in the develcpment of the master plan.

In 1978 a significant step was taken in the initiation of an
agricultural extension programme. This programme, with a few co-oper-
ating farmers in the first instance, was designed to familiarize them
with the results of experiments and trials conducted by the project
and to assist in adopting them to increase agricultural production and
net income. The FAO expert was withdrawn after 12 months and the

programme taken over by the Department of Agriculture but cwing to

. staff shortages —uch of the impetus has been lest. Similarly, the

training of ccunterpart staff, implicit in the project cbjective,

suffered frem a lack of suitable candidates feor further training.

A major cbjective of project operations was the preparation of
an evaluvation of the full agricultural potential cf Qatar, taking into
account all technical constraints of water, scil, climate znd crop
suitability. During the course of the project, however, it becanme
clear that such an analysis coculd not be undertaken in isclation and
that a systems approach was regquired. 1t was therefore decided to
undertake the preparation of a master water rescurces and agricultural
development plan by systems analysis with the assistance of specialised
consultants in this field. As a first stage FAO appointed a consultant
in systems analysis in May 1979 to determine the nature and extent cf
available data, subsequent to which specialised consultants in the
field of systems analysis were invited to submit proposals. Owing to
a series of delays final selection and the appointment of a consultant
was not finalised until late 1980 and the study only commenced in

January 1881 in the closing stages of the Project.




Five technical reports have been reproduced locally by the Project
These reports cover Agronozy (No.l), Soil Management {Nd.2), Horticulture
and Extension (No.3), Irrigation Practices (No.4) and Water Resources
(No.5). 1In addition, 56 technical notes, 9 technical papers and studies
and 5 project proposals were published (See Appendix II) together with

a summary technical report (Project Findings and Reccmmendations) and

which was submitted to the Government cf Qatar in September 198l.

1.4 RELATED ACTIVITIES

In 1978, two experts of the FRO Regiocnal Land and Water Project
(REM/508/MUL) were outposted to Qatar and were integrated into the
project team to work on soil reclamaticn and irrigation practices.

In 1980 the FAO Regional Marketing Information Project (REM/S503/MUL)
.meved its headquarters from Cairo to Doha and was accommodated within
tha project building complex where it was assisted administratively and

in computing facilities fer the processing of marketing data.

In 1978, at the request of the Secretariat of the Congress of
Ministers of Agriculture in the Gulf States and the Arabian Peninsula,
FAO undertcck a detailed survey and evaluatiocn cf available data cn
the groundwater resources of the entire region. This survey was under-
taken by a team of consultants under the zegis of the FRO Regional Land
and Water Project (REM/508/MUL) and all groundwater and other relevant
data from Qatar were provided by the Project for this study. Project
staff also collaborated in the final drafting of the report which was

issued in four volumes in 1979.

During late 1979/early 1980 Shell Gas International Ltd. undertook
a wide-ranging study of future energy and water demands for Qatar in
connexion with the proposed development of the North Dome coff-shore
gasfield on behalf of the Qatar General Petroleum Corporation. With
the possibility that large quantities of distilled sea water could be
made available for agriculture as an integral part of any future
development, the Project became closely identified with these
proposals and provided much of the water resources, agricultural data
and possible development opticns for consideration. 1In June 1980,

Shell Gas International Ltd. decided to prepare a separate agricultural




proposal and engaged Messrs Eunting Technical Services of the

United Kingdem to undertake the work over a period of two months.

The team of consultants worked with the project staff in all fields
and, with the prier approval cf the Government, were provided with all

available data.
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CONCLUSIONS

2.1 LAND AND WATER RESOURCES AND UTILIZATICH

Qatar has, over the past decade, enjcyed unprecendented economic
growth which in large part has resulted merely from transforming oil
into financial assets. However, in attempting to diversify the
econcmy to attain some measure of self-sufficiency, particularly in
food productiecn, the country is faced with meagre and declining soil

and water rescurces set in adverse climatic environment.

The tctal arable soils in the country cover scme 29,600 ha of
which 3,200 ha are at present under irrigation and some 800 ha has
already been abandoned as a result cf excessive water use and
inefficient irrigation. Water is being extracted from the main

northern acuifer system at nearly twice the rate cf replenishment and
the cuality is deteriorating at a rate of 5 per cent per annum caused
by sea water intrusion and upward diffusion of deeper saline water.
To meet increased dozestic and commercial demands for water, the
fresh grcundwater source has been supplemented by distilled sea water
eince 1964, growing in volume to provide almost 42% cf tetal water
consumpticn in the country by 1880. Total water use in Qatar in 1280

zmounted to 125.4 MmByr_l (million cubic meters pex annun) of which:-

1
e 76.2 Hn3yr is composed of fresh (500-2500 mg/l) groundwater
of which 13.8 Mm3 is returned to the upper acuifer as

irrigation return.

3 =l i
o 3.3 Mm'yr = of brackish groundwater (3500-10,000 mg/l) is
abstracted for agricultural use on sandy soils in SW Qatar and

in the Doha area for blending with distilled sea water.

e 44.0 Mm3yr“l of distilled sea water is supplied for exclusive
domestic and commercial use of which approximately 14 Mm yr = is
lost in distribution and is recharging an aguifer under Doha where
it is being polluted by leakage from sewers and overflow from

septic tanks. Of the 28 Mm3yr_1 consumed directly approximately
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- 3 ; T
35% or 8.4 Mm~ is utilized in garden watering of which 20%

3 4 i \
(L.7 Mm”) is also being returned to the acuirer.

3 -1
@ 1.6 Ma yr = of treated effluent water is being used for the

irrigaticn of municipal trees and parks.

The real (econcmic) cost cf water in Qatar in 1280 has been

determined to be as follcws:

o OR 6.00/m3 for distilled sea water at existing distillation
plants near Dcha and QR 5.30/n3 f£or the proposed new plant
at Ras Laffan with gas azt world market price. If gas is
considered as a free gift the costs are reduced to QR 4,15 and

OR 4.25 per cubic meter respectively

3 . 3
® QR 0.85/m” fcr treated sewage effluent delivered to a site

in Central Qatar.

3
e OR 0.25/m” for groundwater zbstracted by pumped well cn a

farm.

Conveyence ccsts, incerporating all capital, cperaters, caintenance
and fuel costs (et the Full eccnomic cost) are estimated to range from

3 . ;
0.014 to 0.047 QR/m” /¥m depending upon the size cof conveycr.

An important compcnent of project investigations was the develcp-
ment of a ccmputer-based mathematical model of the nmain northern aguifer
system, which is the major source of fresh greundwzter. This model has
clgarly shcwn the groundwater situation to be in a more precarious
State than hitherto realised. Whereas it had always been assumed
that the system behaved as a simple input/output aguifer where in scze
years recharge might just pcssibly exceed abstraction, this assumption
is no longer tenable because of the geological centrol at the base of
the upper aguifer inhibiting the downward flcw of recharge to the higher
yielding lower aguifer. Thus, while the upper aguifer is in approximate
balance between recharge, (including irrigation return), outflow,
transfer to the lower aquifer and limited abstraction the lower aquifer
exhibits a progressively increasing deficit and where the freshwater

reserve is being irreversibly displaced laterally by csaline water.
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In the eastern sector of fhe ncrthern groundwater'province there has
been a progressive deterioraticn in water quality over the past decade
and which may be directly related to an advancing saline front in this
area. At the estimated rate of 1 km yr_l many farms of this region will
face increasing and seriocus salinity problems with the next decade.

The fact that water levels have not declined substantially in recent
years has unfertunately induced scme complacency among land owners of
this area. This is a paradcx as there is no relaticnship between

increasing salinity and declining water table.

In summary, the mathezatical model of the csomewhat complex

aquifer systems shows:

@ The tctal annual abstractien from ncrthern Qatar in 1978/79

5 3 . 2
was 26.7 Mm~ from the upper (Rus) aguifer and 25.1 Mam Zfrom

the lower (Umm er Radhuma) aquifer.

. ; =
@ The deficiency in bothacuifers amounted to 26 Mm yr

in 1978/79.

® At present abstracticn rates the advance of the calt water
s s y ¢ i '-l
interface is ectimated to be at a rate of 1 kz/yr .

& At present abstracticn rates the acuifers will be depleted

in 20 years.

Of the greatest impcrtance are the conclusions that

3. .=l
a One third of fresh groundwater abstracticn amounting to 24 Mm yr

is being utilized for the irrigaticn of trees, landscape areas,
non-productive date palms and limited non-marketed production
cn amenity farms. This is equivalent to the safe yield of the
aguifer which is being overdrawn by more than twice the rate

of recharge.

e One third of all domestic water produced by the desalination
plants is being lost by leakage in distribution and is recharging
the fermations under Dcha where it is being polluted by

sewage discharges.
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Although the irrigatéd zrea represents only il% of the arable land,
soil and water management on existing farms is poor, with indicated
irrigation efficiencies ranging from 35 to 60%. This low efficiency
results from poor land levelling and layout, inccrrect land preparation
and a high irrigaticn fregquency arising from a general lack of under-
standing of the cptimum use cf poor cquality water on soils with a
high calcium carbcnate content. Careful land levelling is rare and
irrigation layout is by small basins or furrows. Land preparétion is
normally performed by mould-board ploughing, resulting in large clod
formation. This is follcowed by repeated disc harrcwing, forming a
hard crust on the surface which inhibits infiltration and seed emergence.
With a poor cuality irrigation water, of a total dissolved solids '
ranging from 1,000 to 2,000 =g/l with a high salinity hazard and low
to medium sodium (alkali) hazard, there is usually a rapid build up
cf salts in the surface layers leading to reduction in yield and

eventual zbandonment.

2+2 AGRICULTURAL PRODUCTICHN

In 1980 there were 573 registered farms in Qatar of which 377 were
in cperaticn. Cf these only 228 farms can however, be said to be
productive. The remaining 149 farms may be regarded as amenity farms
which serve as country estates for a number cf leading citizens and

do not participate in the producticn of crops for the market.

Total agricultural producticn in 1980 amounted to 30,000 tons.

In terms of economic value, vegetable production is clearly the foremost
agricultural enterprise accocunting for 70% of the total value but conly
40% of total production. At current (1981) prices the total naticnal
agricultural crop producticn is estimated to be QR 39 million and the
value of produce actually sold as QR 19 million. This may be accounted
for by production from 70 vegetable/fodder farms on average size of 18 ha
using observed production factors. Thus, the average vegetable type
farm realises a gross sales revenue of QR 273,000: The costs of

production, including subsidised supplies such as seeds, herbicides,
insecticides but excluding the cost of pumping water, would amount to
QR 200,000 approximately. The value of government subsidy is estimated
to be QR 22,500 and the net revenue of typical vegetable farm is there-

fore estimated to be QR 67,500 per annum which, after deduction of




14

pumping costs would be of: the order of QR 35,000. -

On the other hard considering the value of the total state productien,

either sold or otherwise disposed of, as QR 39,381,000 from 228 farms,
the gross return per farm would be QR 173,700 and gross costs

(excluding pumping and subsidy value) would be QR 159,300. The net
overall value of crop production per orerating farm would therefore
appear to be QR 11,000. To this should be added the value of mutteon
produced at QR 12,900 less the value cf the crops consumed at QR 17,880,
leaving an average net loss per farm of QR 15,500. It is concluded that
the return to active farms would, with a few exceptions, lie between
OR 67,000 and QR-60,000 depending on the amount of produce distributed

traditicnally instead of marketed.

The average tenant vegetable farmer probably earns an annual
profit of abecut QR 67,000 but needs to meet annual working expenses of
_some QR 145,000 and living costs estimated to be QR 45,000 and his
average return may amocunt to 12% This highlights the hand-to-mouth
situation endured by most tenant farmers in Qatar where then would
probably only have available 3% months supply of working capital
whereas the majority of vegetable crops give a first yield only after
3-4 months. Elsewhere farm operating capital is usually provided through
credit arrangements by co-cperatives, land banks or by government itself
under certain circumstances. In Qatar ncne of these sources are open
to tenant farmers who are immigrant workers and what small amount of
credit they may obtain is usually from friends, relatives or dealers
in agricultural supplies as a form of deferred payment and, in rare
cases, from vegetable wholesalers. Although landlcrds have access to
credit from ccommercial banks very little of this is invested in the
land either in the form of providing or renewing farm infrastructure
or as locans to ternant farmers. The opportunity cost of investment in
the urban sector is so very much lower under prevailing conditicns that

landlords very rarely invest in their farms leased to tenants.

On omner-operated farms, usually through a manager, which are

predominantly of the orchard/forage type, it cannot be assumed that

the intention is to derive profit from farming. In most cases the
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landowner has an alternate: source of income and which may be of the order
of ten to twenty times that which cculd be generated by farming. To
the landowner, a farm is considered as a country estate which furnishes
him and his family with a fresh supply of produce and congenial
alternative to life in Doha. The value of QR €0,000 must therefore
represent the amenity value of the farm which carnnot provide a return

on capital running to several hundred thousands of riyals per farm.

In summary, it is concluded that

e Agricultural production in Qatar cannot be said to be an entirely
viable ccommercial enterprise under present circumstances. An
exception to this generalised statement are the small number of
tenant farmers (less than one-fifth cof all faermers) engaged upcn
exclusive vegetable farming in northern Qatar and who derive a

small profit of about 12% of gross costs.

® Crcp producticn is hampered by a number of serious constraints.

- Present levels of production per unit of water are low and on-farm
investment and the provision of supplies are beth sub-optimal.
This stems from the non-commercial approach to farming decisions
by many land-cwners, insecurity of tenure by tenant farmers, the
lower corportunity cost of investment in the rapidly developin
urban sector, chronic labour shortages coupled with the low
standard of farming skill by immigrant farm labour and poor land

and water management.

@ Agricultural production in Qatar may be greatly increased,
by as much as 100%, on existing farms thrcugh a package of
technical improvements whose value may be enhanced if the

major constraints of land tenure and credit could be resolved

in keeping with national policy.
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3. WATER RESOURCES AND AGRICULTURAL DEVELOPMENT

Sl INTRODUCTION

With large accumulated capital reserves and committed to an
energetic development prograrmme, one aim of which is to attain self-
reliance in fbodstuffs, the Govermment of Qatar is understandebly anxiocus
to undertake a considerable herizental expansion of agriculture.

However, the work of the project has clearly identified the circumscribed
natural resource environment of Qatar and the many limitations and
constraints militating against such an agricultural policy. The

major limitation is the lack of an adequate water resource to sustain
such an expansion and ancther is the adverse climate which imposes a
severe constraint to diversified arable crop prcducticn cn the limited

area of arzhle soils.

In 1979 total fcood ceonsumption amcunted to 163,758 tens of which

20,525 or 13% was supplied from docmestic sources, the bulk of which
.being fresh végetables during the period January - May. By a simple
projection based on estimates of future population the total food
requirenent by 2000 has keen estimated to be 380,000 tcns. Whilst in
theory nearly all of this food requirement cculd ke ¢rcwn, in many
instances the crops grcwn either do not produce in concert with demanrd
cr would nct ba fully acceptzble zs a replacement for imports. The
degree to which the country could beccme self-sufficient in the potentially

replaceable crcps has therefore been re-assessed as follows:

Target replacezble food demands for Qatar

(tonnes and degrees cf self-sufficiency (per cent)

1980 1880 2000
Crop
t % t % t %
Milk 1400 4 4200 7 5600 7
Beef ~ - 1€0 11 240 11
Sheepmeat 400 6 3400 3 4500 38
Cereals 400 1 17000 29 23000 29
Dates 1600 52 2700 58 3700 58
Winter vegetables 8200 42 14000 47 18000 47
Summer vegetables 2600 68 6000 75 8100 75
Fruit 1400 9 2700 11 3700 11
Qif-season cucumber - - 4980 100 650 100
. The degree of self-sufficiency is the percentage of Qatar's total
recuirement which could practicably be produced in Qatar.
2

values shown for 1980 are actual producticn figures.
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To achieve even this modest degree of food self-sufficiency
large quantities of water would be required. 3By 2000 the total domestic/
commercial and industrial demand for water will amount to approximately

g i
3yr l. To meet agricultural demand an additional 240 Mm yr .

105 Mm
may be required and the overall total water cemand may therefore amount

=1
to 245 Mm3yx if such an agricultural policy were to ke pursued.

The overall safe yield of the acuifer is 33 Mm3yr_l and it is
estimated that by the year 2000  36.5 Mmayr—l of treated sewage effluent
would ba available for agricultural use, a guantity marginally greater
than groundwater rescurces. Thus, the water resource potential of Qatar
would be of the oxder of 73 MmByr_l in the year 2000 and would conly meet

23% of the projected demand by that time.

While the high cost of distilled sea water (== QR5.50/:13 or
QR 25/1000 galls) may, under present circumstances, be acceptable for
agricultural use, it would be imprudent to base the entire future
agricultural development of Qatar on a water resource, of which 77%
would be distilled sea water. Distillation and power plants are
vulnerable to accidental failure and an interruption of supply for a

period as brief as two weeks could bring zbout ccmpelte crop failure.

Notwithstanding these cverwhelming arguments against a major
expansion of agriculture based on a very large element cof distilled
sea water, the project prepared, at the request of Government, a number
of specific proposals for agricultural cevelopment based on the optimised
conjunctive use of groundwater, sewage effluent water and distilled sea
water and/or saline groundwaterif. However, whilest these proposals
may appear to be straight-forward in technical concept and design, they
raise a number of complex issues and more impertantly do not analyse the

complicated technical, economic and social inter-relationships of each

(a) An Agricultural Development Plan for Qatar,
FAO Project Proposal No. 3, 1880.

(b} The Re-Use of Treated Sewage Water for Agricultural
Development in the Al-Ashara Area,
FA0 Project Proposal No. 2, 1979

(c) The Re-Use of Treated Sewage Water for Agricultural
Development in the Rakayih - Wadi Jalal Area
FAO Project Technical Note No. 14, 1980

(d) wWater Resources and Agricultural Development of S.W. Qatar
Report to H.H. The Emir, 1980.
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part of the problem to every other part as well as the inter-
relaticnship to each other, among objectives and the zeans by which
they may be achieved. The optimal apportionment of the different
sources of water and their relative inter-relationship to each other
for different uses may ccnveniently be considered by systems analysis.
Properly applied a systems approach to planning not only provides those
responsible for planning with a realistic optimized solution to thel
overall prcblem but should also indicate what the consequences would

be by the adopticn or otherwise of certain policies and alternatives.

At mid-stage in project operations therefore it was decided that
a specialised systems analysis approach to planning was essential if the
full benefit of the project were to be realised. This was adepted and
approved Ly Government and led to the appointment cf specialist
consultants - Messrs Halcrew-Balfour Ltd. of Londen -~ to undertake the
analysis in cellaboration with the project in its cleosing stages. The

1
. consultants report H/ was submitted in September 1S81.

B2 THEE WATER RESOURCEZS AND AGRICULTURAL DEVELOPMENT:

PLANNING BY SYSTEMS ANALYSIS

Tre major factors in formulating a master plan are water, land
and lzbour. In a planning context these must be considered together
with foed demands, the suitability of different crcps to different
areas, the compilaticn of cropping calendars and the practical limitations
on implementing new works and initiating unfamiliar procedures. Strong
inter-relationships between these factors are readily apparent, and make
the process of reaching a vizble sclution a tedious and time-consuming
exercise by manual methods. For every realistic solution, there are
many more that may ultimately prove to be impractical at a later stage
of investigation. Mor eower, the chances of locating a soluticn that
satisfies a predetermined criterion of what constitutes a 'best' plan are

remote unless the prcblem is cast in an appropriate mathematical

Y

A Master Water Resources and Agricultural Development Plan, 2000
for Ministry of Industry and Agriculture
by Halcrow-Balfour Ltd., 1981
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framework. The translation of the planning prcblem into a form which
can be examined using the computer involves the application through a

group cf technicques known as systems analysis.

A prerequisite to the application of such a systems model is the
choice of a suitable cbjective function. Since a financial analysis of
potential farm operations clearly showed that substantial capital
subsidies would be required in most cases, eapplication of conventional
cost-benefit analyses was impracticable. The model was therefore
designed to alleocazte the available water resources so that sufficient
food would be produced for the inhabitants of Qatar, either by dcmestic
agriculture cor by means of imports, at the minimum eccncmic cost under
any assumed policy. The planning pericd over which the model was run
began in 1980 (the base year) and ended in the year 2000 by which time -

it is estimated that the pcpulation will have reached 430,000.

As the resocurces of Qatar are not uniformly distributed the model
was based upon a suitable division of the country into 6 separate
characteristic regions of differing potential and a data bank of all
relevant information cecmpiled. These ccvered land resources, water
resources, food requirements and farm data from which an allocaticn
model involving about 50 variables and 40 constraints was constructed.
This allocaticn model was run to search for a set of values for the
variables which enabled all the censtraints to be satisfied in a

feasible solution.

The systems analysis model was programmed to handle a wide range
of combinations of initial assumptions on population, petable water
demands, treated sewage effluent, desalinised water, land, groundwater,

gas and electricity and discount rates.

The model was intended to f£ind the most ecconomical method of
attaining the required levels of production of particular crops so
that Qatar could become less dependent on imports. Although many
different combinations of options are possible, there are relatively
few basic alternatives. Eight alternative options were tested
followed by a further four sensitivity analyses to test the effects

of major changes in the basic assumptions likely to be affected.
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3.3 RESULTS OF THE ANALYSIS

Table 3.1 summarises the expected agricultural producticn, water
and land requirements and the ecconcmic cest of each of the eight possible
development options examined. Opticn 1 assuﬁes that all agriculture
will cease by 19285 and was made in order to test the economic cest,
although essentially this is a control against which the other opticns
may be evaluated. The seven other cpticns 2 to 8 show an overlapping
progressien starting with the eccnomic solutien (2) based upcn ground-
water alone and thereafter supplementing this eccnomic source with
moderate-ceost treated sewage effluent (upon which certain constraints
in its utilizaticn have been set) and increasing volumes of distilled
water being brought in to finally achieve self-sufficiency in replace-
able food dexzands (Optien 6). The remaining two additicnal opticns

are variaticns on the self-sufficiency cption no. 6.

The following are the salient conclusicns arising from the

analysis:

e Vinter and summer vegetables irrigated by groundwater are the
only crops that may be econecmically grown in Qatar: all cther
crops are cheaper to import. The total econcmic cost of meeting
this policy would amount to QR 186 million in the year 2000, some
20 per cent less than the cost in the same year if everything were
to ke imported. This suggests that there is real benefit to Qatar

from crowing vegetables.

o It was demonstrated (Option 3) that with treated sewage effluent
transferred to central Qatar as planned at present, the maximum
zmount of milk and rkeef cculd be produced. Such an enterprise
would not however recuire the entire expected quantity of effluent
by 2000 and it would be necessary to develop sub-econcmic sheep

farming in the same area.

@ The first five opticns clearly established that cereal and sheep-
rearing enterprises are highly uneccncmic because of the heavy
water demand and high farm costs for relatively low output. By
including these two enterprises not only do the water costs

increase dramatically by having to utilize high cost distilled
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TABLE

SUMMARY OF POSSIBLE ALTERNATIVE AGRICULTURAL AMND
WATER RESOURCES DEVELOPEENT CPTIONS

BY SYSTEHMS ANALYSIS

Pcreczcter Run 1 | Run 2 Run 3 Run 4 Run § Run & Run 7 Run 6
Locel creduce (temnes)
Milk - - 5600 5600 5¢00 5600 5600 -
Beef - - 240 240 240 240 240 -
Mutten - 150 6£0 75C 2400 4500 300 -
Cereols - - - 1800C] 23000 23000 e 23000
Cotes - - - - 3300 2700 3700 -
Winter vegetobles - 160CGC 18000 1ECOC| 12000 18000 12000 -
Summer vegstobles - 8100 £i00 gi1oci 8100 8100 8100 -
Fruit - - - - 1700 3700 3700 -
. Cucurbers - = - - - 650 65? -
Woter used (MCH)
Croundwoter - 19 19 21 29 29 23 24
Treoted Sewcge Effluent - - 35 35 35 35 il 29
Desolincted Water = - - 501 142 242 35 23
Totol - 19 54 106 206 06 69 &7
Economic Cests (QR millicng
Farm costs - 4C 80 160 250 340 90 95
Water costs - 5 35 350 940 1580 230 165
Imports 230 140 115 95 50 - 90 215
Totel 220 185 230 409 1240 1940 410 475
Area formed (hao) - 1900 2900 2100 | 13800 17600 4800 7700
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water but also because farming costs alcne still outweigh

the value of producticn.

Once the use of distilled sea water beccmes necessary, the
procuction costs of any crop rise éramatically. (See Fig 1)
This also has the effect of highlighting the diseconcmies
inherent in develecping egriculture in Qatar beyend the present
water resource limits. For instance, the total economic
ccst of Option 3 based on greoundwater and treated sevage
effluent is QR 230 milliocn whereas by introcducing even a
modest quantity of distilled water (35 MCM in Cption 7)
causes the water costs to increase by a factor of 6.5 from
OR 35 millien to QR 230 millien and the cverall ccsts to
OR 410 million. In this particular case the benefits which
accrue amcunt to an additional 000 tonnes of dates, fruit
and cucumber for an additicnal cost of OR 180 millicn per year.
when cereals and sheep rearing are included in the Optien
(Option 6) the cests rise at an zccelerated rate and the

total cost rises to QR 1940 millien, ten times greater than

the ecencmic optimum (Cption 2).

In Coticn 7 cereals and sheep-rearing were excluded for the
reasons given above and because of this not all the available
treated sewage effluent would therefcre be required at the
proposed development site in central Qatar. A cheaper overall
colution could, however, be realised if some cf this water were
to be made available in northern Qatar. Ih an alternate option
(12) it was shown that if the unused balance cf treated sewage
water was not restricted to central Qatar and allocated to the
main farming areas of northern Qatar, the demand fcr distilled
seawater was reduced by 27 MCM in 2000 with a saving of
CR 140 millicn, per year. This cenclusion draws attenticn to
the high value of treated sewage effluent in comparisen with
' cther sources of water in future agricultural development.
(This alternate, however eccnomically attractive, is unlikely
to be realised in view of Governments prevailing policy of not
allowing the use of treated sewage effluent in the main

populated farming districts of northern Qatar).
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The sensitivity test showed that variations in either the interest

rate or, the poPulatlon estimates, or whether or not gas was regarded

as a free gcod did not affect significantly the preferred order of

crops and '’ the;r economic viability. In one parameter, however, the

icantly affected by changing the estimated population

for the year 2000 to a "conjuctural" one of 253,000 in the same year.

results were signif

This had the effect of reducing the economic cost of meeting the

country's food demands and the annuzl costs are conly 50 percent greater

than at present. The "conjectural" populaticn estimate Was taken at

60 percent of the assumed estimate, illustrating that the marginal cost

of feeding an acdditicnal inhabitant under trhecse pelicies is greater than

the average cost. This results, once zgain, freom the high cost of

desalinised water being required to produce his fruit and vegetables if

abstraction of groundwater is to ke maintaized at the safe yield of the

aquifer. The total cost of water for both agricultural and dcmestic

demand bv 2000, even in this case, would be QR 325 yr" ;

TOTAL
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3.4 POLICY OPTIONS

The eight opticns examined fall into two distinct groups. The
first group composed of Options 2 and 3 have in effect maximised
production with respect to available water resources at minimal cost
and in accordance with all censtraints and variables. Options 4, 5, and
6 on the other hand are the result of progressively supplementing the
total water requirement with increasing amounts of distilled water to
achieve full self-sufficiency in replaceable food cdemand by the year
2000 (Option 6). These latter options may be regarded as maximising
production with regard to the location, distribution and extent of
arable land with the water constraint partially relaxed. The remaining
two Options, 7 and 8, are variaticns on Opticn 6 where in Option 7
highly uneconomic enterprises (cereals and sheep rearing) were excluded
from the maximised soluticn and in Option B8 cereals precluded the eccnomic

production of all other crops.

After consideraticn of the allocatiecn model results, the
Consultants (Halcrow-Balfeour Ltd) identified four basic pclicies,
the choice essentially depending upon the level of agriculture

desired by Goverament. The four policies are:

I concentrate cn grewing the economic crops of vegetables to

the exclusicn of zll other non-eccnomic crops, based on Opticn 2.

I : as in Policy I, but using all availzble treated sewage effluent
in central Qatar as planned and growing the appropriate

traditional crops, based on Opticn 3.

LTI

increasing producticn by the provision of distilled sea
water to enable Qatar to raise its levels of preduction
to the maximum practicable in all crops except cereals

and mutton, based on Optien 7.

IV : as Policy III, but based on Option 6 including cereals and
mutton to achieve the highest degree of self-sufficiency to

the full extent of available arazble land resources.
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In framing a development plan based on any one cf the foregoing
four policy cptions it is clear that there are only two apparent choices:
These are Policy II and IV and Correspond in principle to the development
options previously recomnended for Governments consideration by FA0 in
1977; a 'vertical' and a 'horizontal' expansion in agriculture. The
crux of the matter was then seen to be a choice between whether cr not
high cost distilled water should be used for agriculture. Ccnsidered in
a systems context, hcwever, the choice is not as clear-cut as this earlier
recommendation nor the various policy options shown in Table 3.1 might

suggest

3.4.1 Maximum Expansion of Agriculture

The horizental expansicn cption, as represented by Policy Optien IV,
has maximiced producticn to available land and productive rescurces,
with the limited water resource augmented to a considerable degree by
distilled sea water. To meet the set targets, including cereals and
mutton, the demand for land and water rise éramatically, while a total
of nearly 4,000 agricultural workers would be required by the year 2000.
Eppreximately 80 Mm3yr_l of expensive distilled water would be recuired

by 1590, rising to 240 1»:m3yz'l by the year 2000.

The expected value cf agricultural preduction in 2000 is estimated at

QR 204 millicn, a three fold increase cver present levels of productiocn.
However, as Fig 1 shcws, the escalation of cests is chencaenal, rising to a
annual cost of OR 1940 by the year 2000, equivalent to about 12 percent of
estimated 1980 GNP at 1980 prices while the value of agricultural production
would be equal to 1.3 percent. This indicates a negative cost/benefit
ratio of approximately 1lO. The diminishing returns from agricultural

_ development based on high cost distilled water are particularly evident
when it is recalled that this investment will only fulfill about 20% of
Qatars estimated food need by the year 2000. The agricultural sector
at this level of ocutput and costs would ke obtaining a dispropertionately

large share of GNP in relation to its contribution.

In addition to these overwhelming economic arguments against the
use of large amounts of distilled sea water for agriculture, as pointed
out earlier, it would be imprudent to base 80% of the country's agricultural
econcmy upon a scurce cof irrigation water which is vulnerable to intex-

uption from a variety of causes.
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3.4.2 A Limited Expansicn of Agriculture

Policy OPtion II represents the possible maximum production based on
the safe vield of the groundwater aquifer and the expected volume of
treated sewage effluent by the year 2000. 1In addition to economic
vegetable targets being achieved those of beef and milk are also met.

Th this solution a constraint was set whereby all treated sewage water
was to be utilized and cenfined to the central regicns of Qatar. This
has had the effect of introducing uneconcmic sheep-rearing in this area

to be set against the cost of dumping it if it were not used.

This policy would double the value of agricultural producticn
realised in 1280 at sim;lar prices and the annual cost would be
OR 40 million higher in the year 2000 compared to the eccnoaic optimum,
Total annual costs in the year 2000 for all elements including the
remaining imports required is less than 2 percent cf estimated GNP in
1980 prices and the total value of agrigultural production would be less

than 1 percent.

This solution is an optimum one whereby costs are mininised and
although it represents only a small proporticn of Qaters total expected
food imports, it prcvides the basis for a practical agricultural development
plan within reasonable limits of subsidy and the ccuntry's capacity.
However, by subjecting the whole questicn of agricultural and water
resources development to a systems analysis stucy whereby the various
inter-relationships of each part of the problem to every other part as
well as the relationship to each other are examined, it is clear that

this solution would not provide for an acceptable development strategy.

Under such a policy the use of treated sewage water being constrained
to central Qatar, will have the effect of developing this area preferentially
to the detriment of higher value vegetable and orxchard enterprises in
northern Qatar where farms would have to close in order to redress the
present zbstraction/recharge imbalance. This would bring about a
radical alteration to existing farming patterns and is one which would
not find favour with present landowners in northern Qatar. But in any
event, even if the present high rates of abstraction are maintained and

not brought back into equilibrium with average recharge, increasing
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groundwater salinity will force the abandonment of almost all present
vegetable farming f northern Qatar within 20 years. This would effectively
bring about a shift away from economic vegetable production to increasingly
uneconomic fodder production based on treated sewage water and increasingly

saline water.

To preserve the preferred pattern of improving existing vegetable/
orchard farms in northern Qatar, concentrate animal production on treated
sewage effluent in central Qatar and reduce the abstraction of groundwater
to the safe yield, any future strategy must therefore be based on
providing a limited additional scurce of water in northern Qatar. This
can be provided by either the unused balance of treated sewage effluent
or distilled sea water. As there would be a serious social cbjecticns
to the utilization of the former for vegetable producticn recourse would
have to be made to distilled sea water. With this strategy in mind
Pclicy IIT (based on Option 7) was developed by the Consultants as the

most suitable alternative policy and upen which viable agricultural and

water resources development plan could ke based.

Under thig Policy only 11 Mm3yr-l of the 35 MmSyr’l of treated
sewage effluent would be required for milk and beef producticn,
uneconomic sheep-rearing having been specifically excluded. Rdditicnaly,
35 Mm3yr_l of distilled water would be recguired in north-eastern Qatar
to replace reduced groundwater abstracticn which would be necessary to

veturn the agquifer to equilibrium.

Under this policy total annual costs, including the balance of imports
rises to QR 410 million; slightly less than double the equivalent costs
under Policy II, and as pointed out earlier, water costs are increased
by 75%. The incremental value of production for this very large increase
in cost is QR 18 million worth of dates, fruit and cucumber representing
only 15% of the total value of production. The additicnal cost should
not, however, be compared with increased production for this represents
in reality the cost of stebilizing the northern groundwater aquifer.

The QR 200 million additional water costs may also be regarded as an
annual subsidy cost tO farmers in northern Qatar who would expect to be

supplied from an alternate source as compensation for reduced groundwater

abstractions.
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As pointed ocut in Sec 3.3, if all unused treated sewage effluent
were permitted to be intrcduced into northern Qatar and substituted for
high cost distilled water, the annual cost saving would amount to
OR 140 million. This potential saving of up to 70% in cost should
stimulate cocnsideration of the possibiliéy of strictly centrolled usage

in the area despite present cbjecticns based con principle only.

As an alternate soluticn, not considered in the Master Plan, is
the possibility of the artificial recharge of the unused balance of
treated sewage water if direct usage is rejected. Detailed knowledge of
the aquifer systems of Qatar suggest that cuch a solution would be feasible

but the percentage recovery remains uncertain without further investigation.

35 A PROPOSED AGRICULTURAL AND WATER RESOURCES DEVELOBMENT PLAN

3.5.1 Introduction

The propcsed agricultural develcpment plan preposal assumes that
the Covernment of Qatar will first select their required level of agricultural
activity and that the develcpment of water resources will then be organised
to satisfy the overall water demands of the country. In accordance with
this approach, the proposed Agricultural Development Plan is presented
first followed by an associated Water Resources Development Plan designed
to meet these needs. The proposed Agricultural Development Plan is a
practical interpretation of Policy III and fully discussed in the fore-
going sectien. This Policy involves raising the levels of agricultural
production of all suitzble crops except cereals and mutton to the level
at which the greatest practicable amount of impofts have been replaced.
The production of both cereals and mutton a large scale requires Very
large quantities of desalinated water at considerable cost, and even if
this water cost is ignored, these foocdstuffs can only be produced in Qatar
at several times the imported cost. Table 3.2 summarised expected

production, water requirement, costs and value of the plan.



3.5.2 The Agricultural Development Plan

3.5.2.1 Traditional Mixed Farming Development

This secter would continue to provicde the bulk of local vegetables,
fruit and dates as well as some mutten. Using the three farm typses,
vegetable, vegetable/orchard/forage and orchard/forage (See Sec. 2.2.2.4)
with average areas cf 18, 19 and 10 ha respectively, about 250 productive
farms would be required. These farms should be encourzged to adcpt new
and to increase

techniques and to invest in new equipzent to save water,

yields and cropping intensity.

The increase in the area of fruit would need to be relatively greater
than the growth inthe area cf vegetables and could be established on land
currently fallewed. Fruit production could be increased from existing
trees and new plantations, but prices are low and the high cost cof labour
discourages production by landowners who are not greatly interested in
producing for the market. Financial incentives, access to credit and
increased security cf tenure should be used to encourage fruit production
from tenanted farmers, although some direct Government investment weuld
also be necessary in view of the delay between planning and full

production (at least 5 years).

The proposed expansion in vegetables and fruit cannot be achieved
using groundwater only as availability is jimited. Vegetable and fruit
farms using water saving and improved production technologies should be
developed in northern Qatar as close as possible to the proposed desali-
nation plant at Ras Laffan, so minimising the cost of the reticulation

system. Abcut 30 MCY in the year 2000 for the production of vegetables,

fruit and dates.

The quality, grading and packaging of domestically produced vegetables

and fruit particularly tomatoes would need to be improved for them to be
competitive with imports. Care would be needed to avoid stimulating
production at a rate faster than the market could absorb the extra food-

stuff, which would lead to falling prices and ultimately defeat the

objective of raising output.
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Table 3.2

SROPOSED AGRICULTURAL AND WATER RESOURCES
DEVELOPMENT PLAN

(2000)
1. Preduction
Product Replace- Local Cul- Lzbcur
able Pro=- tivated
imports duction area
(tens) (tons) (ha) (rnc)
Milk 5628 5628
Beef 235 235 370 200
Mutton 3883 300
Cereals 23034 -
Dates 3650 3300
Vegetzbles (W) 18270 18270 4401 1800
Vegetables (8) 8070 3070
Fruit 3650 3700
Cucumber 650 650 13 100
Total 67070 40,153 4784 2200
2. Water Requirements (MCH)
Agriculture Demestic
Groundwater 2855 =
Treated Sewage Effluent 105 =
Distilled Watex 35.2 105
Total 69.2 105
3. Cest (QR millions)
Agriculture Domestic
Farming Costs 92.2 -
Water Costs 229.5 618
Food Imports 89.5 s
Totzal 411.1 €13
4. Value
Total value of production (QR millicon) 115.4
Total value of producticn (% of 1980 GNP) 0.7

Total % increase in value of agricultural

producticn cver 1280. i
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Be5u2ud Milk and Beef Production

Assuming the Qatar Dairy Company continues to produce 1,450 tonnes of
milk per year from 380 cows, approximately 1,430 cows would be required to
produce 5,600 tonnes of milk by 2000. The Qatar Dairy Company is currently
considering plans for increasing milk productiocn which would need to be
taken into account priocr to embarking on the expansion of milk production.

The Qatar Dairy Ccmpany has the infrastructure and dairy management expertise,
and its production costs per unit of milk would probably be less than those
of completely new ventures. Therefore, encouraging its expansicn up to the

levels required would be prefereble.

Assuming 21l additional milk output is produced freom new farms using
treated sewage effluent in central Qatar, the milk production strategy

could be as follows:-
-~ establich a 90 cow pilot farm ready for producticn in 1985;

- double up the zbove 20 ccw unit to 180 in 1920 and

develcop one new 180 cow unit;
- develecp two further 150 cow units in 1595; and
- develop two further 195 cow units in the year 2000.

at present, the Qatar Dairy Company feeds a high properticn of imported
concentrates and the minimum of alfalfa because this is a cheaper policy than
producting larger quantities of alfalfa. If the costs of supplying irrigation
water were set too high, any new private dairy enterprise would do likewise
and merely import cattle feed, thereby partially defeating the objective

of increasing self-sufficiency.

3.5.2.3 Protected Agriculture

Off-seascn cucumber production from coolhcuses located in central Qatar
and using good quality groundwater should be developed from the existing
0.5 ha of Ministry of Industry and Agriculture and IDTC coolhouses so that

in 1990 there would be 1.65 ha of coolhouses plus 1.65 ha of adjacent
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outdoor vegetables., This development would rise to 6.5 ha of coolhouses

and 6.5 ha of outdoor vegetables by the year 2000.

Each one hectare of coolhouses would produce 100 tonnes of off-season

cucumber and could also supplement vegetable production during other periods.

3,524 abu Samrah Sheep Farm

Domestic mutton production has been shown to be very uneconomic.
However, as the Abu Samra sheep farm is a sunk cost, the Government should
rehabilitate its drainage and irrigation systems and continue to utilise
existing groundwater resources. The farm's original cbjective of
producing improved breeding steck for distribution to the traditicnal

sector should be the main aim.

3.5.3 THE WATER RESCURCES DEVELOPMENT PLAN

35,81 Annuel Denands

Under the prepesed Agricultural Plan, the demand fcr water for
productive agriculture rises from 53 MCM in 1980 to about 69 MCHM in the
year 2000, which shculd be added to demands from other sectors. Hcowever,
not all of the demands need to be considered directly in preparing an overall
plan. Industrial and other consumers with their own desalination plants
may be excluded. The specific requirements in Doha for landscaping
(0.7 MCM IN 1980) may in future be met by the develcpment of the freshwater

“ dome building up under the city, (See Section 2.2.1 (a) ). The remaining
demands are for productive agriculture, amenity farms, central potable
supplies and isolated domestic supplies not drawn from agricultural wells.
These isolated supplies amount to abcut 0.8 MCM, and may be expected to
continue at a similar level. The demands from each of the three remaining

sectors rise from 124 MCM in 1980 to 196 MCM in the year 2000.

The most practical large source of desalination water in Qatar would
be multistage flash distillation associated with waste heat from thermal
power stations or industrial processes. The installations at Ras Abu Fontas

and Ras 2bu A boud could produce about 64 MCM at present at a load facter
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of 75 percent. This capacity will rise to 88 MCM when the installation of

four new units and ancilliaries is completed in the next 2-3 years. No

further extension to either plant is planned and future desalination facilities
are proposed at Ras Laffan. The results obtained from this Study cenfirm

that there are no cheaper cr more relisble sources of watexr, and that any
deficit in Qatar's supplies shcould be made good by increased capacity at

Ras Laffan.

Under the suggested Water Resources Development Plan, the dependence
of productive agriculture upen grounéwater would be reduced in order to
curtail the over-zbstracticen in the north to restore equilibrium with

recharge. This would invelve :

G centinuing abstraction at their present level until 1285; then

2 reducing the level of net zbstraction progressively to
27 MCM/year in 1590; and

i continuing therezfter at the lcwer zbstracticn rate.
g

Under this operating rule, the overall net abstraction rate fcr the

next 20 years weculd be equivalent to the safe yield of 33 MHCM.

The quantity ¢f distilled sea water recquired would hewever, be

considerably reduced if treated sewage water could either be made available

in the north east of Qatar or if the quality constraints could be relaxed.
Neither of these changes has been incorporated into the Water Resources i

Develcpment Plan and so Ras Laffan weculd be called upon to precduce about

29 MCM in 1990 rising to 45 MCM in the year 2000. Although in theory there
would be scme spare capacity at Ras Abu Aboud and Ras Abu Fontas in 1990,

the censtruction of a special distribution system would not be practiceble
for such a short period, and all the agricultural demands have been assumed

to be met from Ras Laffan.

3.B.3.2 Monthly Variaticns in Water Demand

The total annual water demand figures derived in the foregoing show
a considerable variation in demand within the year. The importance of these

variations depends upon the source cf supply cecncerned.
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Assuming that the groundwater reservoir will be properly monitored

and good practice encouraged, groundwater abstractions cculd be regulated
to reduce the peak demands on other sources, particularly cesalinatien.
Under the suggested Plan, distilled sea water for agriculture is proposed
for irrigaticn in northern Qatar, close to the Ras Laffan site. The
allocation model indicated which farm types should be lccated in which
areas, and on cexbining these results with the overall monthly irrigation
demands for each farm type, the monthly agricultural water requirements

were cbtained.

After subtracting tne groundwater supply in a suitable tezporal
pattern, the agricultural demand for desalinated water was found to range
frem 1.7 to 2.7 ¥CM/month in 1990, and from 2.1 to 3.3 MCM/month in 2000.
Combining agricultural demand with the potable demand the total pattern

of demand feor desalinated water is arrived at.

The ceonclusions of the analysis of annual and monthly water

requirements are

% The installed desalination capacity at Ras Laffan will need to
risa to 33 MCM by 1920 and 57 MCM by 2000, representing 4 units
and 7 units respectively of the site currently installed at

Rag nbu Fontas and proposed for Ras Laffen.

24 The land factors for Ras Laffan are adequately high yet retain

cufficient margins to allow for maintenance; and

2. The demands for water are sufficiently well matched to the

supply to avoid the need for very large storage reservoirs.

As a corollary to point (3) zbove, the earlier proposal that
aquifer storage by injection should be provided to minimise fluctuations
in demand is therefore seen to be unnecessary. Further investigation of

this proposal has not therefore been pursued.

iR At

S S T
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s RECOMMENDATIONS

4.1 SUMMARY AND CONSIDERATIONS

Qatar is cne of the countries making up a regicn which has a large
food deficit. The present food gap is alarming; the region is the highest
per capita food importer in the weorld which constitutes a grave rroblem
with far-reaching implications. The long~term demand for food poses an
unprecedented challenge to fcod production in the region and unless pro-
duction efforts are intensified, dependence of imported food will
probably reach an unsupportable limit and bring-abcut serious socio-
econcmic problems. The Government cf Qatar is keenly aware cf this
problem and has decreed that all future deliveraticns in future agricultural
development should have as their objective the attainment of seli-sufficiency

in basiec foodstuffs.

In the final chapter of this report a summary of the detailed systems
analysis study undertaken by consultants to the project to provide a number
of policy opticns has besen given and a suggested develcpment plan put
forward. This systems analysis stud§.has shown very clearly the limited
choice of opticns open to the Govermnment of Qatar in developing agriculture
and complete self-sufficiency is not a practical peclicy. While four
possible options are presented for consideration, the choice is apparently
limited to one of two of these if the overall cbjective of some measure
of food self-sufficiency is to be maintained, the crux of the matter being
whether or not distilled sea water should be utilized in agriculture.
Econemically there is no justification for the use of this high cost water
for agriculture but the systems analysis approach to the problem has shown
that a modest proportion of this water needs to be employed to ensure a long-
term balanced agricultural strategy and to correct over-exploitation of

groundwater resources in the past.
The present analysis has shown that :

e By the year 2000 the population of Qatar will have reached 440,000
persons, fcod reguirements will be 380,000 tcns at an estimated cost
of QR 450 million at an assumed rate of price inflation, and the
potable water requirement would be 105 Mm3yr_l at probable production

costs of QR 650 millicn



Food eelf-cufficiency i& nct a practical policy and taking into
account the availability;distribution,size of arable land and

climatic factors, (excluding water) the maximum amount cf food
capeble of being produced in Qatar amounts to 67,500 cr 20% of

the total requirement by the year 2000.

The groundwater reserves cf Qatar are being cver-explcited at an
accelerating rate and by the end of the century project investigations
have shown conclusively that groundwater will have been exhausted or

reduced to an unusable quality.

To produce the maximum amcunt of fcod possible (67,500 tcns) would
require a total cf 206 Mm yr_l of water, 850% of which would need to
be distilled sea water at an anrual cost of QR 1580 million, to which
other agricultural cecsts must be added bringing the total annual

cost to OR 1940. The value of agricultural production in this case
realised would ke QR 204 million givirg an negative cost/benefit

ratio of 1l0.

The very high water costs of achieving the maximum production
possible results from cereal roduction wl.ich has a lew yield and
price and yet requires large areas of land and volumes of expensive
water. Once distilled water is introduced into agricultural develcp-

ment, costs escalate rapidly and soon lead to diminishing returns.

The systems analysis study has indicated a modest buf sound strategy for
for develcpment based con the safe yvield of groundwater, treated sewage
effluent and an equal amount cf distilled sea water to make up for
over-sbstracticn of the aguifer in the past. This plan wouléd cost

OR 410 annually and would meet all replaceable import targets except

in sheep and cereals.
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MAJOR RECOMMENDATIONS

During the course of the project a number of major
recommendations were made to the Government of Qatar which in
due course were either accepted in their entirety or incorporated
within wider internal organizational mattersprior to project

termination.

a) The first of these was a recommendation to continue the
work of the project, which had been organized as a
separate entity successfully integrating staff and
equipment provided by both the Ministry of Industry and
Agriculture and the Ministry of Electricity and Water.
This resulted in a decision by the Council-of-Minister's
to establish a new department - the Department of
Agricultural and Water Research - within the Ministry of
Industry and Agriculture to centinue the work of the

project immediately upon project terminaticn con lst May 1981.

b) As a result cf a number cof zudiences with His Highness
The Emir of Qatar, Sheikh Xhalifa bin Hamad Al-Thani,
arising out of earlier memoranda on the continued and
worsening grouncwater deficit, an Amiri decree prchibiting
the drilling of new wells throughout the cocuntry, except

in cases of expleration and investigatien, was premulgated.

In the final chapter of this report a summary of the
detailed systems analysis study undertzken by consultants to
the project to provide a number of policy opticns has been given
and a suggested development plan put forward. This systems
analysis study has shown very clearly the limited choice of
options open to the Government of Qatar in developing agriculture
and complete self-sufficiency is not a practical policy. While
four possible policy options are presented for consideration,
the choice is in reality limited to one of two of these if the
overall objective of food self-reliance is to be pursued. Whilst
it is for the Government of Qatmr to decide which policy they wish

to pursue, it is strongly recommended that urgent censideration
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be given to the suggested plan cutlined in the feregoing secticn
and based on Policy Option III. This provides for raising the
level of production of all suiteble crops except cereals and
sheeprearing to that which the greatest practicable amount of
imports are replaced. By including both cereals and sheep~-
yearing the water requirement would be increased by a factor of
3.5 and the annual cost five-fold. Even if the additional high
cost of water is ignored, these two items could still only be

procduced at several times their import cost.

It is prudent and a common feature of the policies of
governments to ensure that sufficient foodstocks are held in the
courtry to enable any unforeseen shortages or total failure of
supply to be met. Project studies have indicated that there is
no possibility of Qatar becoming self-sufficient in foodstuffs
and indeed a relatively high proportion would still need to be
imported. Given this situation it is recommended that Goverrment
consider and implement the prcvisicn of storage facilities to the

follewing extent:-

Wheat : 100,000 tons
Animal food-stuff

(wheat, bran, and barley) : 45000 Tons
Meat : 10,000 tons (frozen)
Selected Fruit and Vegetables S 30,000 tens (chilled)
4ilk and Dairy Preducts : 40,000 tons

In addition to these food storage facilities there would
be a need to maintain adequate stockpiles of seed, fertilizers,

herbicides, insecticides and farm machinery spare parts.

In drawing-up a development plan based on the systems
analysis_study it has been realised that the practical implementation
of any cne of the options presented would be difficult given the
present agricultural situation in Qatar. The greatest problem does

not lie with devising a suitable plan and strategy but in the creation

e
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of the incentives necessary to notivate owners, managers, tenants

and farm workers. In particular, it is recommended that steps be

taken by Government to educate the farming community to :

(a) develop an interest in sericus, efficient agriculture

among Qatari landowners.

(b create a general awareness of the need for water and land
conservaticn.
(c) to persuade landowners and farmers to adopt econcemic farm

planning in accereance with market forces.

(d) to persuade owners to adept efficient irrigation methods

and inculcate an awareness of the need to reduce the

abstraction of groundwater.

Because of competing investment opportunities elsewhere in

the econcmy private investment in agriculture needs to be

subtcidized to ensure that owners realise a rate of return of at
least 153, It is recoztencded that an agricultural subsidy

scheme embracing the follewing be implemented :

(&) a system of capital grants on initial investment;

(=}

(b) input cost subsidies for private farmers and when appropriate;

(c) Goverrnment funding for water distributicn schemes.

Notwithstanding the recommendation made in 4.2.4, the

difficulties inherent in mounting an agricultural educaticn programme

designed to raise the level of agricultural production is ccnsidered

to be very great, and would take many years to fully implement. As

an alternative course of action it is recomnended that consideration
be given to the proposition that 211 new farms be developed under
the aegis of a national farming corporation. This would be a semi-
autonomous organizatien with the necessary flexibility to undertake
Provision should be made to allow for the

e with the

commercial agriculture.

purchase of existing leased farms as these beccme availabl
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ultimate aim of consolidating all productive agriculture in Qatar

under one organisation but at the same time allowing for a contin-

wation of emenity farms under private ownership. This would resolve

the present unsatisfactory situation of tenant farmers operating

under a land tenure system with its inherent disadvantages. Such

a course would also relieve the Ministry of Industry and Agriculture

from direct management of variocus agricultural enterprises and allow
it to undertake its proper function in legislation, planning and

research. It should however, be stressed, this recommendation does
not advocate the establishment of 'State Farms' but rather a profit-

oriented commercial enterprise.

OTEER - RECOMMENDATICNS

It is also recoxmended that :-

A feasibility study of the Wadi el Araig area be undertaken
by consultants to determine the econcmic and technical feasibility
of developing large areas of dune sand in that area based on poor

quality groundwater. Terms of reference have been prepared by

the Project.

A design study of the El-Ashara project area should be carried
out by consultants within the immediate future. Terms of

reference have been prepared by the project.

An investigation of the magnitude of leakage of desalinised

water and the associated groundwater situation within the Doha

city area be undertaken. This study should prcpose a practical

system of reducing, reccvering and treating leakage for beneficial

use.

4.3.4 A countrywide investigation lezding to the design and implementation

of constructing simple water retaining and induced recharge structures

at suitable locations be undertaken based on work already carried out

by the Project.
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The final development of the Rhu Samrah sheep farm by the
construction of an adequate irrigation and drainage system on

the basis of a design prepared by the Project be undertaken.

A renewed expleratory drilling programme be initiated by the
Department of Agricultural and Water Research. This programme
should be designed to explecre groundwater conditions in certain
special areas and thereafter maintained as monitoring wells to

check cn changes in quality.

In the shert and medium terms, &s a paralled activity to longer-
term planning and implementation, the Ministry of Industry and
Agriculture should be strengthened to undertake a comprehensive
agricultural extension programme not only to raise general
cultivation practices and increase production but to inmprcve
irrigation efficiency and reduce the high rate of water extracticn
through remedial works, controls and adecuate prevision of
financial assistance and subsidies. 1In particular; action should

be taken to :-

2
Q

cnstruct artificial recharge works in combination with

Hy

lood protection works wherever possible.

& Constr-ct drainage systems with depressed fearm areas to

remove damaging excess rainwater.

e Improeve the efficiency of pumps and engines through

cubgidized replacement programmes.

® Reduce water transmission losses through the provision of

gated pipe for water distribution.

e Intrcduce more effective irrigation methods for border
strip, proper scheduling, reducing frequency, soil

preparation and leaching.

e Provide adequate windbreaks around the periphery of
farms and within the farm area itself by the planting of
sesbania which may also be cropped for animal feed and

green manuring.
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e Introduce optimized cropping programme designed to.
maximize incomé as presented by the Project by reoptimization
procedures with different cropping and constraints by the

copputer facility provided by the Project.

e Continue: investigations into soil amendment and management,

particularly in south western Qatar.
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APPENDTIZX I

List of Senicr Project Staff

Name Designation Dates of Service
Starting Concluding
FAQ Date Date
J.G. Pike Project Manager 4 1 Jul. 77 30 Apr. 81
F.A. Ruwayha Horticulturist/ 2/ 1 Jul. 77 30 Apr. 81
Ext. Specialist
R. Hognestad Farm Machinery Expert 11 Feb. 78 1l Aug. 79
B.L. Eccleston Hydrogeologist 13 Mar. 78 30 Apr. 81
M. Xhalifa Agromist 24 Mar. 78 8 Oct. 79
M. Ramzan Scil Management Expert 1 Aug. 78 1l Feb. 8O
M. Rogers Conoputer Systems Spec. 3 Feb. 79 3 Feb €O
J. Kirkhean Drilling Supt. 15 Jun. 79 15 Apr. 81
E. McGreger (lrs) Administrative Asst. E/ 1 z2ug. 77 30 Apr. 81
Government
M. Farah Co-Manager 1 Jul. 77 30 Apr. 81
I. Harhash Eead, Groundwater Section 1 Jal. 77 30 Apr. 81
M. Al-Faihani Head, VWater Resources Sectioné/ L Jii).. TT 30 Rpr. 81
S. El-Sheikh Eead, Soils Secticn 1 Jul., 77 30 rpr. B1
0. Shahata Khalil Agronomy Expert 1 Wov. 78 30 Apr. 81
A.S. Xhunji Heorticulturist 1 Jul. 77 30 2pr. 81
M. aAl-Mannai Hydrometeorolecgist 1 Jqul. 77 30 apr. 8l
M.A. Fauda Asst. Hydrcmeteorologist 1 Jul. 77 30 Apr. 81
M. Ycusseff Computer Programmer 1 Sep. 78 30 Apr. @l
M. Hashim Irrigation Engineer 1 Jul. 79 30 Apr. B1
Y Arrived Qatar 9 September 1374
2/ Arrived Qatar 3% January 1974
3! 2Arrived Qatar 17 November 1974
4/

= Appointed Director of the Department of Agricultural and
Water Research, to succeed the project with effect from

lst May 1981.
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FAO Consultants

J.

.

£

Lloyd

.R.E. Chidley

Rogers

. Lueke

McConnell

Olympus

Savva

Pilgrim

(ii)

Designation

Hydrogeolegy

Groundwater Modelling

Computer Sy

Systens Ana

Production

Greenhcucse

Irrigation

Greenhoucse

stems

lyst

Eccnomist

Expert

Pates of Service

Starting

Date

14
28
12
11

14
26
26
12
: R
12

27

25

13

Dec.
Dec.
Dec.
Apr.

Bag.

Aug.
Aug.
Nowv.

Feb.

Apr.

Nov.

Oct.

Mar.

Feb.

Mar.

71
78
T2
80
8O

77
79
79
79
80
€0

78
78
78
€o

79

79
80

80

80

78

Concluding

Date

21 Dec. 77
4 Jan. 79
22 Dec. 79
19 Apr. 80
19 Dec. 80

21 Dec. 11
31 Jan. 79
17 Apr. 79
22 Dec. 79
19 Rpr. 80
19 Dec. 80

5 Aug. 78
18 aug. 78
13 Dec. 78

26 Mar. BO

5 May 79
17 Dec. 79
28 Nov. 80
29 Mar. 80

4 Mar. 80
19 Mar. 78
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ABSTRACTS OF PROJECT TECHNICAL REPORTS

FAO Water Rescurces and Agricultural Development Project.

UTEN/QAT/O03/QATAR. Technical Report No. 1. PRgroncmy
(based on the work of M.A. Khalifa and O.S. ¥halil) Doha, Qatar, 1SS1

ABSTRACT

The evaluation of the present agricultural systems cf Qatar
together with investigaticns into the groundwater resources, trials
and investigations designed to improve irrigation efficiency,
cultivatien practices, soil management, farm machinew, preocduction
econcmics and the preparation of master plan for future water resources
and agricultural development was undertaken in a 4-year project
executed by the Food and Agricultural Organization of the
United Nations under a Funds-in-Trust agreement with the
Government of Qatar and as a follow-on to an earlier 2-year
UNDB/FAO preoject, Integrated Water znd Land Use.

As part of this programse detailed agroncmic investigaticns
were initiated in 1978 at two representative experimental sites;
on the heavy calcareous soils of northern Qatar and on the sterile
dune sands irrigated by brackish groundwater in south-western Qatar.
This report presents the results of the first year of experiments
which have since been centinued by the project based upcn the
recommendaticns made as a result of this first year's work.

Because of the short growing season, early maturing varieties
of both whezt and barley were found to be well suited to local
conditions. Sest wheat yields were cbtained from Chenab 70 sown
in November and best barley yields were obtained from Beladi improved
sown in late Octcber. Projected production yields are estimated to
be of the order of 3.5 - 4.0 t ha under imprcved standarxds of
management.

The considerzble potential for field and fodder crecp production
on the sterile sands irrigated by brackish groundwaters in south-
western Qatar was demonstrated. Alfalfa, sorghum, millets, barley,
wheat and pasture grasses all perfcrmed well. Yields cof alfalfa
were excepticnally high at an indicated field procducticn level of
140 t ha which is higher than any reported yields from other
countries in the region. Sorghum and millets were both introduced
to Qatar for the first time as potential summer crops, both of which
returned high experimental yields of 10 t ha grain and 70 t ha/cut
of green fodder. A large numbexr of new entries were tested in
preliminary observation nurseries in a collaborative programme with
ICRISAT and ICARDA.
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FA0' Water Rescurces and Agricultural Development Project,

UTFN/QAT/003/QATAR. Technical Report No. 2, Soil Management

(based on the work of M. Ramzan and S. El-Sheikh) Doha, Qatar, 1981

ABSTRACT

The evaluztion of the present agricultural systems of
Qatar together with investigation into the grouncwater resources,
trials and investigations designed to impreve irrigation efficiency,
cultivation practices, soil management, farm machinery, production
econcmics and the preparation of a master plan for future water
resources and agricultural develcpment, was undertaken in a 4-year
project executed by the Foced and Agriculture Organization of the
United Naticns under a Funds-in-Trust agreement with the CGovernzment
of Qatar and as a follcw-con to an earlier 3-year UNDP/FRO Project,
Integrated Water and Land Use.

As part of this programme detailed soil management investigations
were initiated in 1978 to two representative experimental sites;
on the heavy calcareous soils of northern Qatar and the sterile
dune sands irrigated by brackish groundwater in south-western Qatar.
This report cresents the results of 35 detailed field experiments
designed to investigate the chemical, physio-chemical, mechanical
and cultivation metheods of soil management and in particular to
solve the problems asscciated with surface crusting cf the heavier
soils and increasing the water holding capacity and fertility cf
the zeolian sands.

This work clearly demonstrated practical methods cf overcoming
soil crusting, increasing infiltration, reducing salinity and
increaging productivity through the applicaticn of chisel plouching,
pre-irrigaticn, the use of mulches, coptimum application of chemical
fertilizer, cereal straw, organic matter and re-cycled municipal
garbage on the heavier soils. The agricultural potential of the
sterile dune sands of scuth-western Qatar was demonstrated in a
series of experiments to determine optimum amounts of fertilizer,
organic matter, straw mulching and admixtures of clay soil designed
to improve water holding cepacity and increase fertility.
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FAO Water Resources and Rgricultural Development Project,

UTFN/QAT/003/QATAR.  Technical Report No. 3. Horticulture

and Extensicn, (based on the work of F.A. Ruwayha,

I. AL-Badr, A.S. Xhuniji) Dcha, Qatar, 1981

ABSTRACT

The evaluaticn of the present agricultural systems of Qatar
together with investigaticns into the groundwater resocurces,
trials and investigaticns designed to improve irrigation efficiency,
cultivaticn practices, soil management, farm machinery, productiocn
econcnics and the preparation of a master plan fecr future water
rescurces and agricultural develcpment, was undertaken in a
4-year project executed by the Food and Agriculture Organization
of the United Nations under a Funds-in-Trust agreement with the
Government of Qatar and as a follcw-con to an earlier 3-year
UNDP/FAO Project, Integrated Water and Land Use.

Nearly 70% the total value of agricultural production in
Qatar is made up of vegetables grown during the main winter
season and horticultural investigaticns have occupied a central
position in the project's agricultural programme continuing
on the work initiated by the former FRO executed project in
1974 by the same zuthors.

A wide range of varieties of the sixteen types cf vegetables
grcwn in Qatar were evaluated under various replications of
planting date, spacing, water application, fertilizer rate,
susceptibility to disease and pests and other imprcved cultural
practices. In addition, a further six new vegetables were
intrecduced with good results.

The very considerable potential for the imprcvement of
vegetable producticn cver present levels of an average of
15 t/ha was demonstrated. These increase of up to 25 t/ha may
be achieved through a package of relatively simple improved
cultural practices with minimel investment. In an effort to
extend the growing seascn into the hotter summer menths investigations
into the feasibility of protected herticulture and controlled
environment was carried out. At the close of the project, after
4 years work, the eccnomic and technical feasibility of introducing
cooled greenhcuses had not been established and it is unlikely
to be in the prevailing climate of Qatar.
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FAO.  Water Resources and Agricultural Development Project

UTFN/QAT/003/0ATLR. ' Technical Report No, 4, Irrigatien

Practices. (based on the work of N.G., Dastane and

M.F. Al-Faihani). Dcha, Qatar, 1881

The evaluation of the present agricultural systems of Qatar
together with investigaticons into the groundwater rescurces,
trials and investigations designed to impreove irrigation efficiency,
cultivaticn practices, soil management, farm machinery, procuction
economics and the preparatien of a master plan for future water
resources and agricultural development, was undertaken in a
4-year project executed by the Food and Acriculture Organization
of the United Nations under a Funds-in-Trust agresment with the
Government of Qatar, as a follow-cn to an earlier 3-year
UNDP/FAQ Project, Integrated Water and Land Use.

As part cf this programme detailed investigaticns into
irrigation practices were carried out zt a number of sites. Work
in 1975/76, as part of the previous Fa0 Project, high-lignhted a
lew irrigation eificiency cof about 35%, excessive epplicatiens of
water at clcse intervals of between 2 zrnd 4 days, lack of land
levelling, rapid sezlinizztion of the upper scil and a lew yield/
water ratio.

During the renewed investigaticn rphase ccmmenced in 1978,
with the cellaberaticn of the FAO Regional Land and Water Use
Project, it was demonstrated that water use efficiencies cculd
ke enhanced ceonsiderably Lty increasing plant density, inter-
cropping and by the prolengatien of irrigasticn interval, on
different scil types hy at least 1-2 days during summer and
2-4 days in winter withcut a reducticn in yield. Tomato, which
is the most widely grown crop in Qatar, cffers excepticnal
opportunities for inter-cropping as well as water saving.
Experimental work showed a ten-fold increase in total crop
production per unit water when intercrcpped with other winter
vegetables. '

Zn eccnomic evaluaticn of irrigcation resulted in the
ccnclusion that by the introduction of a package of improvements
total water savings would amcunt to 15 Mm3yr“l eguivalent to
25% of net water use, with a 100% increase in yield.




FAO. Water Resources and Agricultural Development Project

UTFN/QAT/003/QATAR. Technical Report No. 5 Water Rescurces

and their Development (based on the work of B.L. Eccleston,

J.G. Pike and I. Harhash), Doha, Qatar 1981

ABSTRACT

The evaluaticn of the present agricultural systems of
Qatar together with investigatiens into the groundwater resources,
trials and investigations dssigned to improve irrigaticn efficiency,
cultivation practices, soil management, farm machinery, procduction
economics and the preparaticn of a master plan for future water
réscurces and agriculturzl development, was undertaken in a
4-year project executed by the Focd and Agriculture Organizaticn
of the United Naticns under a Funds-in-Trust agreement with the
Government of Qatar, as a follcw-on to an earlier 3-year
UNDP/FAO project, Integrated Water and Land Use.

The major scurce of usable grounéwater in Qatar is cerived
frem a bedy of meteoric water in the neorthern half of the country.
Detailed investigatiens by the Project involving expleratory
drilling, regular piezczetric and salinity observations, a
detailed analysis cf the hydro-chemistry and environmental
isotopes, field observaticns of rainfall, run-off and recharge
have all confirmed the scurce ¢f this quifer system to be from
recent recharge cover the ncerthern part of the country emounting
to some 27 Madyxr-l, This rescurce is estimzted to centain
approximately 2500 ¥m3 of freshwater within two acuifer systems;
an upper aquifer of the Rus Formaticn made up principally of
chalky and marly lirestones with a lcw transmissivity, storage
and yield and a lcwer acuifer within the upper Umm er Radhuma
compcsed of pecrous, fracture and karstified limestone of high
transmissivity. Throughout the remainder of Qatar, except in
the extreme south west, grcundwater cenditions are highly variable
with generzlly poor yields and a higher salinity except in a few
favourzble localities. The differences in groundwater cccurence
between the northern and southern provinces of the country are
attributed to geological controls and the sub-surface erosion
or original nen depositicn of gypsum within the Rus fermation.

Total water use in Qatar amounts to 125 MmByr_l cof which
6.2 MmByr"l is composed of fresh groundwater, the remainder of
brackish groundwater cr distilled sea water. The very large
difference in groundwater abstraction and estimated recharge
recharge, now of the orcer of 26 Mm3yr"l is depleting groundwater
reserves at an ever increasing rate and it is destimated the
life of groundwater reserves may be of the order of 2G-30 years
at present rates of abstractioen.

The problems associated with this serious overdraft are
examined and future development possibilities based on a systems
analysis are advanced. These are based on the conjunctive use
of grounéwater, distilled sea water, reclaimed effluent water
to meet domestic, industrial and agricultural needs, including
a provisicn to meet self-sufficiency in food. This latter option
involves a large element of distilled cea water derived from
waste heat from natural gas licuefication and linked to the
development cf the Nerth Dome offshere gasfield.
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