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PREFACE

In response to. a response from the Government of Sultanate of
Oman, the Japanese Government decided to conduct a study on
Agriculture Development Project in the Nejd Region and entrusted the
study to Japan International Cooperation Agency (JICA).

JICA séent to Oman-a Study Team headed by Mr. Makoto TANAKA,
Pacific Consultants  International, five times in the period from
October, 1987 to September 1989,

--The Study Team held discussions with concerned officials of
the Government of Sultanate of Oman and conducted field surveys
(Phase I and II) in the Nejd of Southern Region. After the ' team
returned to Japan, further studies were made and the present report
was prepared.

'T hope that this report will contribute to the development of
the Project and to the promotion of friendly relations between our
two countries.

. I wish to express my sincere appreciation to the officials
concerned of the Government of Sultanate of Oman for their close
cooperation extended te the Study Team.

Octoberxr, 1989

Eomomita ﬁmﬁ—

Kensuke YANAGIYA
President
Japan International Cooperation Agency
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Summary and Recommendations

This is a summary ‘of "Phe Agriculture Development Project in the Nejd

Region"'. The report of this study consists of the following two volumes:

1.

2.1

Volume 1 : Main Report

Volume 11 :  Appendix

Objectives of the Study

e

-

A this study, surveys were conducted on the groundwater and soil

resources in the five areas of the Nejd from the wview peint of

agriculture development.

Based on the results of the survey, a guideline for agriculture
development in a.promising_area.and- a plan for a pilot farm, are
fqrmulated. Applicable farming system and appropriate utilization of

groundwater and soil are elaborated.

Background of the $tudy

The Sultanate of Oman gives a high priority to the promotion of
agriculture development and water resources development, since the
Government wishes to achieve economic independence from oil and self

sufficiency in the supply of food, a goal since the first five-year

plan (1976 - 1980). Furthermore, agriculture is planned to be

developed intensively in a 10-year plan.

Salalah plain is situated on the coast and is the main populated part
of the southern region with a major farming area. In this plain, a
little room 1is 1left for the additional large scale agriculture
dévelopment, since theré has been a rapid. utilization of land and
water -resoﬁrcés_ caused = by the rapid increase of population

accompanying with the urbanization.
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1

e development in the Nejd which has a

In this rtegard, the agricultur
. the development of the

development potential, becomes important for

southern region,

Critical naturai conditions and poor infrastrudture'facilities:hgd

restricted the agriculture development with only some small'_scale

farms doing cultivation in the Nejd. However, the groundwater and

soil investigations show the availability these resources and the
agricultural development scheme was started in the Nejd.
A PDO desert farm was established "as a pioneer to experiment the

crops suitable for the desert area.

However, the condition and the potential of the groﬁndwatér resources
have not been clarified, since only a partial invesﬁigation'of.the
groundwater resources was made in the past. 1In the above 1conditions,
the effective method is to establish a pilot farm as the firsf_stagé
of the devélopmént and pfoceed with the appraisal of groundwater
resources in order to plan an agriculture developmeht preject fof'the

effective conservation of precious groundwater resources.

For the purpose of carrying out this study on agriculture development

in the Nejd, the gpovernment of the Sultanate of Oman requested for

_the technical cooperation of the Government of Japan.

In response to the rfequest, the Government of Japan agreed to  carry
out the study through’ the Japan International Gooperation Agency
(JICA) which then_despatched a preliminary study' team to Oman. The
team held a series of discussions with the Omani officials concerned

and in December 1986 agreed upon the scope of the work.
The survey was carried out from October, 1987 to September, 1989.

Current Situation of the Stﬁdz Area

General OQutline of the Area

Nejd is located in the southern region and has an area of approx
40,000 km?.
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"The study area consists of five target areas; i.e, Dauka, Wadi

Mokhawrim, Shast, Hanfeet -and Quitbeet. These target areas extend

over 100 km both from east to west and from north to south,

Infrastructure facilities are undeveloped in the study area, except a

National Highway of 1,000 km length which cqnnécts Muscat and Salalah.

‘There are some settlements surrounding the study area, i.e, Thumrait

which 15 the major settlement for both administration and commerce,

- Shasr .which is an oasis from the ancient days, Quitbeet and Hailat

Al-Rakah.

Population density in the Nejd is quite low with approx. 7,300. The

population of Thumrait is approx. 2,100 and the other areas is

approx. 5,200, Most of the people are nomads who don’t have their
ownl ﬁérmaneﬁt residences, and therefore the population wvaries

seasanwWise.

Natural Conditions

The terrain of the Nejd 1is moderately sloping towards north fromw
mounﬁains. at the southern fringe. The mountains at the southerun
fringe is not.only the northernrlimit of monsoon vrain, but also the
watershed between the coastal area and the Néejd. The northern margin
of the Nejd is bordered by the great sand desert, Rub’ Al-Khali at
190 kﬁ-from the coast.

in the southern region, southwestern monsoon blows égainst the

southern slope of the 1,000 m high Dhofar Mountains. The monsoon
produces rainfall from June to September and for this reason summer
is referred_as rainy season. However, the rainfall area is limited

only. to the coastal plains and the southern slope and the summit area

of the mountain range. Aridity increases in the inland area, forming

parallel climatic zone to the coastline.
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to the meteorological data in Thumrait, diu;nal_range of

a is very large and a range

According

atmospheric temperature in the study are

of 20°C 1s common throughout the year. The _maximym annual

temperature of 43 to 450C is observed In June. The minimum is 2 to

6°C in January. Annﬁal precipitation. 1is highly.variqble, ranging

from O mm to 150 mm. Major rain is caused by eyclone. Large scale

cyclones are supposed to occur at the Nejd once in every five years.

Soil Survey

The Soil Classification Map and the Land Suitability Classification
were already prepared by Harza (1985) and GDG (1986). In this study,
Soil Classification Map and Land Suitability Classification Map of
the same scale (1:60,000) are prepared for an area of 418,100 ha
based on the soil information collected around the proposed pilot

farm site, in confirmation with the previous data.

Most of the soils in the study area cccur on limestone and marl of
Tertiary System. These soils are constitued of the eolian and

aqueous sediments of the weathered material of these rocks.

The shallow soil (about 30 cm depth) is dominant in the study area,
while the deep soil (more than 100 cm depth) is distributed only in a

small area of wadi, alluvial fan and teeslope,

The land unsuitable . for cultivafidn covers an area of 363,125Iha
(about 87% of the study area), and the land suitable for cultivation
covers an area of 54,975 ha (about 13%). Highly suitable land of
'$1' class and moderately suitable land of ’S2’ class cover only an

area of 18,905 ha (about 4.5%).

Some farms were established around the study area without considering
the s0il conditions. Problems of poor drainage and salt accumulation

occur in these farms with shallow soil depth.
At the proposed pilet farm site, an impermeable layer (hard
limestone) is located at a depth of 4 - 5 m and therefore the natural

drainage potential should be high.
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Agriculture’

| The agriculture development in the Nejd started at the beginning of

1980‘s with the development of hand-dug well and flowing well by the
local people. Small scale farms are established recently and the

agriculture development progressed rapidly.

There are 54 farme in the study area with a total area of 390 ha,
excluding the PDO farm of 100 ha area.

Among these farms only 20 farms of 128 ha area are rtegistered. The
total .cultivated area is only 95 ha and and other area is in
developing stage. At present some of these farms are unsuitable,
because of poor soil conditions caused by salinity hazard,

Major crops :cultivated are fodder grass, frults and vegetables with

an average planted area of 52.1%, 25.0% and 21.3% respectively.

There is a high demand of fodder gfass for the cattle grazing at the
Jabal mnext to the Nejd. Although there is a plan to reduce the
cattle population in Jabal by the livestock destocking program, a
stable supply of the fodder grass is indispensable if the rangelands
are to be preserved in the Jabal.

Most of the fodder grass cultivated in Nejd is Rhodes grass. Rhodes
grass 1is the most suitable crop to'improve the so0il structure and is
highly tolerant for drought and salinity. Therefore it 1s widely

cultivated at several farms in the Nejd.

Rhodes grass  of high ‘quality and high yield was experimented at PDO
farm and was found that it can be harvested 10 times a vyear with the

yield of 40 - 45 tons/ha/year as dry matter. .

PDO farm was established in 1985 by the instruction of H.M. Sultan
Qabooé with the prime.objective of rapidly evaluating the possibility
of irrigated agriculture in the Interidr desert. Originally the farm
size was 40 ha and a 60 ha ‘area was added with a centre pivot

irrigation system and at present the total area is 100ha.
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Water is pumped with six deep wells of 450 - 590 m depth and the

water level is about 60 m depth below the ground level. ,
shares 95% of the total farm land,

Forage crép

cultivation, mainly Rhodes -grass,

and vegetables and fruits are also cultivated. Rhodes grass hay 1is

sold to nomads and some amount is -sent to market. Other products are
mainly consumed by the people who live in Marmul oil camp.
The agricultural technology such as cropping pattern has not been -
established in the area. Crop cultivation period of vegetables 1s
much different between each farmer. However, cropping season trials

of vegetables, such as tomato and cucumber have been started by the

PDO farm and the experimental cultivation is still under progress.

According to the experimental cultivation results at the PDO farm,
the appropriate sceding time of vegetables in the area is from
October to November, If the seeding time is délayed; the crop will
be damaged by low temperature in the seeding period and yield will be
much decreased. Crop cultivation is very difficult in the summer
season of July and August and the crops are affected by the high
temperature. However, a few crops such as Okra and water melon are

cultivated during the summer season. -

Groundwater Resources

Review of Preceding Groundwater Surveys

Groundwater survey in the Nejd is still at the preliminary level.
Surveys of restricted scale and accuracy were carried out by Sir
W.Halcrow and Partners (1976), Sir A.Gibb and Parﬁners {1984) and
Harza {1985). These surveys were followed by two significant surveys
carried out by PDO (1985) and PAWR (1986).

The survey carried out by PDO was a compilation work of the water
resource surveys, which were carried out as an auxiliary part of oil
exploration. In this report, eastern portiom of the Nejd is covered,

but most of the central and all of the western Nejd are excluded.
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PAWR drilléd'groundwater exploration bore holes at 13 points, over an
area of 15,000 km? of the Nejd in almost the identical area of the

preséﬁt project. Almost in the same period, PAWR had conducted

environmental isotope studies on the groundwater in nation wide

scale. According to the study, the lower UER aguifer, the target
aquifer of the present project, bears groundwater of low level

carbon-14 throughout the area and the groundwater ages were computed

“as more than 10,000 years. Also it was discovered that the oxygen

and hydrogen isotope ratios of the lower UER aquifer is different
from those of rain and groundwater of the Dhofar Mountains. These
facts strongly suggested that the Nejd groundwater 1is disconnected
from the present hydrologic cycle, Eventually the ~groundwater

resources are believed to be finite without any current recharge.

Hydrogeology

The basement of the Nejd is Pre-Gambrian, but most of the outcropping
rocks are sedimentaries of Hadhramaut group from Palaevcene to Eocene

in geologic age.

The tertiary formations are divided into the following Four

formations from the lower to the upper horizon,

L. U Er'Radhuma (UER) formation
Lower UER formation
Upper UER formation
2. Rus formation
Dammam formation
4. Aydim formation . _
Remarks : PDO classified UER formation inte three subformations in
which Shammar Shale of the lower UER of this report is

termed as Lower UER and the overlying part as middle UER.
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As the aquifer develops mainly in the carbonate rocks;.it is presumed
that some Fracture structure mway be related.  Fracture cquld be
cavsed by faults and/or synelinical structures. - These structures may

broduce lineaments at the ground surface. . |
In the survey area lineaments of SW-NE trend was recognized to be

prevailing.

Groundwater Hydrology

Four aquifers were discriminated for the project area in the Nejd by

PAWR and the present survey.

7one A: Dammam formation and Rus formatiohs, 0-140 m
Generally good water quality of EC less than 2,000 uS/cm, except
for some high salinity water of more than 10,000 }is/em' is
available in the Rus formation. However the total resource amount

is not appreciable. Some waters are in confined condition.

Zone B: Upper part 6f upper UER formation 140-270m
Largé transmissivity can be encountered. There are some good
quality waters but the watev quality of the marly part of the
formation 1is degraded, more than 2,000 uS/cm. Mostly in confined

condition.

Zone ¢: Top of lower UER formation, 270-310 () m
This aquifer develops extensively in the Nejd. Quality 1is good
with EC around 1,500 u#S/em. The aquifer is confined and produces

flowing wells in the north.

Zone D: Lower UER formation, 310 (7) m -
Both guality and quantity {s poorer than Zone C. EC exceeds
2,000 uS/cm. and tends to increase with the depth.

Potentiometric  groundwater heads and EC wvalues of Zone C were
measured by the observation wells drilled by PAWR and this project.
The - contour patterns indicate '~ prevailing flow direction of SW-NE'iﬁ

the project area.
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By the analysis for Zome C waters, it 1is anticipated that the

groundwater iﬁ . the Nejd agrees with the flow zone system. These Nejd

waters are different from Salalah Plain groundwaters which  are

- currently  récharged by the ‘rains on the Dhofar Mountains.

Consequently Zone C waters do not sgeem to contain any. recharge waters

from the Mountains.

Electric Prospecting

Two yprospecting methods, i.e. FELF-MT and Schlumberger, were applied

in stages to cover the widespread area of the Nejd within a limited

period.

For the first stage, the ELF-MT methbd, was selected as the regional
mapping method. This method can be easily practiced to determine the

general trend of the local ground resistivity.
For the second stage, the Schlumberger method was applied to analyse
vertical components of resistivity anomalies which were detected by

the first stage.

Exploration Drilling Works

In ‘order to evaluate groundwater with a view of developing
agriculture in the Nejd and secure the water source for the planned
Pilot Farm, two observation wells and two test wells were drilled as

specified in the following table.

Specification of Exploration Drilling Works

' Well Depth Borehole Dia. Casing Dia.
Study P Wel
udy Phase No ell type (m) (mm) (mm)
Phase T NIJD-1 Observation Well 400 152 -4i4 178-245
(1987)
Phase 11 NJD-2 Test Well 350 216-610 245-340
(1988) MJD-3 Observation Well 350 152-444 178-245

NJD-4 Test Well 350 216-660 245-340
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of drilling works, it {s found that the

Based on the  result | |
R formation have low water level

gfuundwaters except for the lower UE
Lower UER formation has
{s pressurized ‘under  approx.

with low quality. groundwatey whose level is
merely the same as ground level and it . 2P|
30 atm with relatively good quality. As per each pumping test, its
transmissivity is 4,000 m?/day and its storage coefficient is 4 x

1073,
Groundwater Resources Evaluation

Three models of vegional groundwater systems are formulated based on

the field results and previously published data, namely,

1. Isolated confined aquifer model
9. Residual gradient model without groundwater recharge

3. Residual gradient model with groundwater recharge

The most suitable groundwater model fox the regional groundwater
system should be verified by further groundwater observation and
survey. However, the “"residual gradient model without groundwater

recharge" seems to be adequate at this stage.

The drawdown proceeds in two stages. In the first stage it occurs
mostly in the piezometric loss. Then in the second stage it involves

decline of phreatic level.

Based on the results of the analysis, the following two main points

are remarkable.

1. For a development area of 300-5300 ha, the 1life time is generally
fairly long, i.e. in the order of thousands years.

2. Initial drawdown puts a limitation to the reclamation scale, i.e.

reclamation scale of 1,000 ha is critical.
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Development and Conservation of Groundwater Resources

Lower VUER formation 1is the major water resource for the agriculture
development in the Nejd. Based on the characteristics of this
formation, the following directions are proposed for the groundwarer

conservation and development.

1. Optimization of pumping site disposition.

2. Decide the rate of groundwater development based on continuous and
systematic groundwater observationm.

3. Administrative system for groundwater conservation.
Under this system, groundwater monitoring, routine groundwater
exploration, development and control of the resources shall be

executed.

Guideline for Agriculture Development in the Nejd

A guideline is proposed for the agriculture development in the Nejd,

based on the potential of groundwater resources and soil conditions
in the study area. However there are a lot of constraints to be
settled so as to make agriculture in the Nejd as a prime industry of

the area.

Particular attention should be paid to the fact that the groundwater
in the Nejd is categofized as fossil water and is a limited water
resource like oil, Therefore, while utilizing this scarce resource,
suitable and appropriate methods should be adopted based on the
resource life time and its contribution for the prosperity and

development of Oman.

Phased Agriculture Development

& phased agriculture development plan 1is propeosed in this study,
based on the actual conditions and limitations of the Nejd.
Because of high uncertainties of groundwater and other yesources, it

is not advisable to introduce a large scale development project.
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agriculture development plan ave as

The three phases of phased

follows:
1. Phase 1 . ‘ -
. Establishment of pilot farm; experimentation at pilqt farm and

collection of data.

2. Phase 11 _—
- Development of upto 500 ha area based on the results of phase I.

3. Phase ITI _ |
. Further development based on the results of phase IIL.

Tentative Scale and Pace of the Development

The following two jtems should be clarified for the successful

implementation of the agriculture development project.

1. Project development pace (Suitable deVelopment pacé)

2. Limitation of the project area (Maximum development area)

In the phase II of the phased development plan, . the development aréa
is  assumed temporarily as 500 ha and the prosperity of this
devélopment scale éhould be verified at ~first. if the expected
results can not be achieved, the development scale should be revised

and the prosperity should be studied once again.

Evaluation Items to Step Up from One Phase to Next Phase

The phased agricultﬁre development plan in the HNejd 1is divided into
three phases. The problem points of each phase sﬁoula be clarified
properly before shifting from one phase to the next phase.

The following items should be evaluated before shifting from phase 1

to phase II,

5-12
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Groundwater drawdown accompanying with pumping up should be within
the reasonable value.

The quality'of groundwater should not become worse because of the

“pumping up operation.

There should not be any problems regarding the cultivation
technoiogy for fodder grass. _

Marketability of fodder prass should not be decreased remarkably.
Supporting systems to proceed with farm  management  under
commercial base should be clarified.

Systematic control system of groundwater should be established.

Soil survey for the development area should be carried out in

detail.
Training and  extension system should be established for  the

farmers.

Items to be evaluated for shifting from phase II to phase II1 are as

follows:

1. Clarification of groundwater . condition by the groundwater
investigation in the whole area.

2. Confirmation of the suitable project development pace and the
limitation of the project area based on the groundwater condition.

3. Confirmation of the cropping pattern, cultivation technology, and
marketability Ffor different crops.

4. Establishment of mérketing system for the fodder grass and the

other crops to be introduced.
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Proposed Site'for Agriculture Development

Based on the natural and socioeconomic conditions, the selection is
recommended to the following four areas for introducing agriculture

development project. The advantage of each area is shown below.

1. Nagha area (Areé'around the proposed pilot farm site)
- Adjacent- to national highway and located at the centre of the

existing development area

2. Dauka_areé

- Adjacent. to ﬁational highway and can expect high pressurized

groundwater

3. Shasr area

% Adj&éent to local road and can expect  high  pressurized

' groundwater mext to Dauka Region

4. Wadi Makhawfim area

- Adjacent to local road and_can expect enough area of '§2' soil

class. At present there is no residence in this area.

Project site selection should be done carefully by considering the

conditions mentioned below.

_1.'Soi1 Qondition

The site selection should be made in the area where the sail class
is ’S?f more and the area of this soil class in this study area is

18,900 ha.

2. Static groundwater level
The pumping area should be selected in a site where the static
groundwater level is at a higher level or level equal to the
ground surface so that the primary investment, pumping cost and
operation and maintenance cost will be cheaper.

3. Socioeconomic Conditions

The project site selection should be done in an area wheve it has

good access to the national highway and local gravel roads.
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5.7

5.8

5.9

Groundwater Development Plan

‘Top of the lower UER formation should be deﬁeloped as a groundwater
cultural development in the Neid.

g1oundwate1 with good quality (1, SOO.US/cm -
the result of this

resources for agri
It was found that the
2,000 #S/cm) spreads in the project area from
study .

The target groundwater resources is a strongly pressured qonfined'one

and store stagnant fossil water.

Since any extraction of watet causes inevitable decline of watey

level, it 1is necessary to envisage the limited. availability of

groﬁndwater both in terms of volume and span for its agrlcultural use,

It impractical to pump up the groundwater from 300 metex depth from
the view point of farm management. Fariming can be done upto a
groundwater depth of 100 m, since the pumping head of the ordinary-

pump for farming is within 100 meters.

For the winimum interference of water levels between the production
wells, the mutual distance should be kept beyond the radius of
influence.

The distance between the production wells should be low enough which
will cause low interference in groundwater level and should be close
enough to the farms. Hence the distance between the production wells
of two 50 ha farms is proposed as 10 km which will cause an
acceptable draw down of 100 mm over an area of 50 ha for a discharge

of 5,900 m2/day.

Farm Arrangement Plan

From the viewpoint of so0il and groundwater conditions, two.types of

farm arrangement are considered.
1. Scattered type

- In this type, the farms will be located at separate locations

close to their production wells

S-16
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2. Councentrated type _ | o |
. In this type, the Earms will be located together at one.locatlon
although they are separated from. their production wells

Among'these two types concentrated type is proposed and the reasons

are as follows:

1. Concentrated t&pe creates a concept of comumunity which is very
much essential for the development project

2. Farm machineries can be purchased and maintained togethéf by
farmers' association

3. The infrastructure facilities such as roads, electricity etc. can

be developed in common, at one location.

Crop Selection Plan

At first, it 1is advisable to grow fodder gréss, especially Rhodes
grass which is more suitable for the Nejd. Later, in accordance with
the progress of the agriculture development, the commercial crops
such as vegetables can be added based on the crop selection criteria

such as natural conditions, yield benefit, markéting potential etc,
Reasens for selecting fodder grass are as follows:

1. Rhodes grass which has high talerance for drought and salinity can
be cultivated as the reclamation crop to improve the soil
structure. |

2. It is possible to cultivate high quality grass in & whole year in
the dry weather of the Nejd. |

3. It is pdséible to minimize the manpower requirement by  the
introduction of machineries and it doesn’t require any extra
facilicies for marketing,

4. The cultivation and marketing of _Rhodes grass are done at the
existing farms and PDO farm in the Nejd and hence the cuItivation

techniques and marketing are already practicéd.



5. Thefé is a demand of fodder grass for cattle graZLng at the Jahal

with a market prlce of R.0.100/ton.
In. futuxe even if the cattle popu1at10n of the Jabal 1is destocked
.to half by the introduction of the destocking programme, a stable
sﬁpply of the fodder grass "will be indispensable for the
'cbﬁsérvafion 6f-the'Jabal grasslands.

6. In - ﬁhé southern region, the . farm products are agsigned in three
'éxeas i.e., Salalah Plain, the Jabal and the Nejd for the
-efféctiVé-‘utiiization of available resources in each area. In
“this régard, the farming in the Nejd is proposed ‘as "fodder grass
suppiy area", to éupply” grass for the cattle population in the
‘Jabal and Salalah plain. |

5.11  Crop selection plan for the commercial crops such as vegetables must

2.

i2

R S e

be decided based on . the experimental cultivation at the pilet farm,

considering the following factors:

Natural conditions
Yield benefit
. Appropriate cultivation technology

. Marketing pdténﬁial

Qrganizational Set-up for Project Development

The ‘agriculture development progect starting with the establishment
of pilot farm necessiates the. coordination of dlfferent organizations

for the effectlve management of the project,

The various activities to be performed in course of introducing the

agriculture development project are as follows:

1. Technical guidance/extension service to the farmers

?. Procurement ' of production materials and services for storapge and
marketing of farm pfoducts
3. Financing for farming

4. Operation and maintenance of farm roads, electricity, etc.
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6.1

Hence coordination of different organizapiqns becomes necessary to-

activitles, “Project appraisal and advisory

perform all these
of d1ffalent organizatlons is

committee” with the replcsentatives

required for this purpose, Besides, a project: office which will be

responsible for the execution and
will be responsible for the-

management__of the development

project and a pilot farm which

experimental {nvestigation and tralnlng w111 also be establlshed

Settlement Plan

of development project.mainly depends upon the groundwater

decide the number of

The pace
condition. The  government  should

families/enterprise which will settle at the area to malntaln the new
developed farms. Policles of land tenure, owning of machlneLles,

facilities, prices etc. should be decided by the government in

accordance with govermment policy.

The main objective of agriculture development project is toriﬁtrodace
agricultural development through the "Omanization” concept. This.
means that an innovative group of Oman people should take.-the full
responsibility for complete management of the farms and.this group
will act as the pioneers for the future generation who will shoulder

the responsibility of Oman's future agriculture.
Hence a suitable farming group of local peaple should be selected to
take this responsibility. Before the settlement, the farming group

should be given enough training at the proposed pilot farm.

Pilot Farm Plan

In the project area, data necessary for plannlng and 1mplement1ng of
the agriculture development is highly insufficient. Especially data
such as groundwater potential, meteorological data, type of crops
suitable, appropriate cultivation technology etc. are lacking which
restrict the planning of suitable development projeét For this
purpose a pilot farm project should be executed as the flrst phase of

the phased development plan. The major objectives of the pilot Ffarm

are summarized as follows:



6.2

6.3

1. Expérimental' cultivation by infroducing" Iocally  appropriate
technology . | _
2. Démthtration of these techniques to the local people and the
" others through dn farﬁ training
3. Extension of thééej techniques to the Nejd through agricultural
ékteﬁsion work
4, Fvaluation of grouhdﬁater potehtial and observation of soil and

metecrological conditions.

Area of the filot Farm

The farm size is plannéd as 50 ha, considering the pumping rate of

‘two test-wells which were drilled during this study.

Three 'types of farm will be operéted at - the pilot farm, and the

following allotment will be made in order to achieve the target.

Experiment31 farm . 5 ha x 1 ea. = 5 ha

Sﬁéll scale verification farm 6 hax 1 ea. =05 ha
9 ha ®x1lea. =9 ha

Largé scale verification farm 30 ha x 1 ea. = 30 ha

Farm Management Plan

Based on the objectives of pilot farm, the farm management plan can

be divided into the following four categories.
(1) Crop cultivation plan

After estabiishing the pilot farm, at first it is necessary to
improve the soil condition by applying organic matter,
fertilizers etc. . Fodder grass will be grown for some period till
the soil is cultivated enough and become suitable for. the other
Crops. Hence the crop cultivation plan 1is divided into two

‘stages:
1. Soil reclamation stage

-~ At this stage fodder grass will be cultivated in the whole

pilot farm area to improve the soil condition,

S$-21



(2)

(3)

2. Crop cultivation stage

_ After the soil condition is fmproved and become suitable for

experimental cultivation should be started

the other crops,

using the appropriate technology for the Nejd.

agriculture Training Plan

To succeed in agriculture in a virgin land, several cultivation

techniques and knowledpe are required, Continuous technical

guidance and education is necessary for the  farmers .of " the

existing farms and for the mnew ~comeis who will be engaged in

agriculture in the near future.

Hence it is planmed to establish an agriculture training center
within the pilot farm, where the farmers and agriculture students

can learn and experience the actual farming techniques.

Agricultural Extension Plan

As a primary step towards the agriculture development of the
Nejd, the pilot farm is obliged to diffuse the agricultural
technology and knowledge to the farmers of the existing farms and
to the mnew comers who will be engaged in agriculture in tﬁe

future.

The results obtained from these extension activities will be ~fed
back to the pilet farm and will be analyzed by carrying out the
consecutive activities at pilot farm.

The main extension works are as follows:

1. Guidance of appropriate farming technigues

2, Publicizing technical informations

3. Investigating and collecting informations
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6.4

(4) Groundwater, Meteorology and Soil Observation Plan

Continuous - observation of groundwatér level 1s necessary to
evaluate. thé hydrcgeoldgidal' features and properties of  the
Nejd.  Therefore after the establishment of pilot farm, the
groﬁndwater level at the two observation wells of the pilot farm
and the other 6bservation wells around it should be measured
continucusly andrsystematically.

Continuous observation of meteorological and soil conditions are
necessary'since these data can be wused in planning the future

agriculture development.

Irrigation Plan

Irrigation methods such as centre .pivot sprinkier system in large
scale verification farm and vain gun and side wheel sprinkler systems
in small scale verification farm and experimental farm will be
introduced. @ Drip irrvrigation system will be adopted in a part of

experimental favm.

The daily water reqﬁirements for the 50 ha farm is 7750 cu.m/day as
the maximum and 3900 cu.m/day -as the minimum. Total annual

requirement is 2.16 million cu.m.

The irrigation water requirement for the two pumping cases is

summarized as follows:

Pumping MAX MTN MEAN

Time )

18 hrs 7.1 cﬁ.m/min 3.8 cu.m/min 5.5 cu.m/min
(118 lit/sec) (63 1lit/sec) (%1 lit/sec) .

24 hrs 5.3 cu.m/min 2.8 cu.m/min 4.1 cu.m/min

(89 lit/sec) (47 lit/sec) (68 lit/sec)

The maximum requirement is 118 lit/sec and the pump capacity required
for one production well in case of 18 hrs of pump operation is 59

1it/sec.
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Irrigation Facilities Plan

6.5 Irrigation facilities proposed for the pilet farm are summarized as

follows:

1. Water supply facilities o
Production well : 2 Nos. (Test well drilled during this study)

9 Water distribution facilities

Farm pond « 1 No. (2,400 m?)
Distribution pump : 1 place(Booster pump; 5 Nos.)
Distribution line : Pipeline network

3. Drainage facility
Pipe drainage . 1 ha (Experimental farm)

4. Irrigation facilities

Irripgation Method Type of Farm
Center pivot sprinkler : 30 ha {Large scale verification farm)
Side-wheel sprinkler . 6 ha (Small scale verification farm)

9 ha (Small scale verification farm)
46 ha {Experimental farm)
1 ha (Experimental farm)

Rain gun irrigation

Drip irrigation

5. Road
Trunk road : 5.1 km (width 10 m)
Branch road 3.3 km {(width 7 m)

Cultivation passway : 2.3 km (width 3 m)

6. Windbreak facilities

Windbreak trees 9.7 km
Windbreak fence T 4.4 kn
7. Power facility : 500 kVA (100 KVA x 5 Nos.)
8. Buildings : 1,420 m? (Office building, training
building, Dormitory, staff quarter, etc.)
9. Agro-meteorological : Temperature, Raiﬁfall, Humidity,
cbservation station Wind, Evaporation, etec.
10. Farm machineries 1 16 Wos. (Tractor, Harrow, Truck, etc.)
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6.6

Pilot Farm Execution and Maintenance Plan

Project Execution Apency

The DGAFS (MAF) is recommended as the project execution agency for

the pilet farm project. Groundwater monitoring should be techulcally

supported by PAWR which is executed in  parallel with

operation/maintenance work after its construction.

Project Cost for the Pilot Farm

The total project cost is estimated as R.0.1,698,500 (US$%4,423,200)

under prices in January 1989.

The swmmary of the project cost is shown in the follawing table.

Summary of the project cost

unit: _R.O.

Item Cost

1. Construction cost 1,193,951-

2. Machineries & equipments cost 149,040

Sub Total ) 1,342,991

3. Project facilities cost 9,400
4, Administration cost 5,700
5, Consultation service cost 186,000
6. Physical Contingency 154,409
- Grand Total 1,698,500

Operation and Maintenance Plan

The pilot farm office takes care of operation/maintenance of several
facilities in the pilot farm. This office is composed of 20 staffs.
including experts of agronomy and irrigation, agriculturai extension
workers, operators and mechanics. Observatidn workers should be
included for monitoring of groundwater/soil and maintenance of
meteorological observation equipments. If the activity:of the pilot

farm goes well, the experts from outside should also be invited Ffor

training.
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6.

9

10

- A-Case Study of Agricultural Development in the Nejd

Backgroﬁnd and Purpose of the Project Plan

In order to proceed the agriculture development in the Nejd

systematically, the phased development which begins with the pilot

farm establishment must be practiced.

in ‘case of proceeding with the development project after the pilot
farm construction, the appraisal of the project enlargement pace for
fatrm development and limitation of the project scale is quite
important. _

A case study of the project proposed from the guideline 1is discussed
in order to understand the problems to be expected at the project
execution stage as the second phase of the agriculture development

plan,

Main items to be studied are as follows.
1. Rough estimation of the project cost
2. Appraisal of the project

3. Governmental subsidy for the project

Presumptions of the Project Plan

The presumptions of the project plan of the case study are as follows.

1. Accomplishment scale of the project
The accomplishment scale for the preject is presumed as 500 ha
based on the groundwater conditions obtained from the survey
results,

2. Phased development
Devel opment area will be expanded step-by-step, bhased on the
evaluation of the groundwater.

3. Crop selectrion.
Rhodes grass will be cultivated.

4. Project starting periéd
Thé'project will be started after the confirmation of development

potential by monitoring/management at the pilot farm for two years.
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11

.12

.13

Development Area

Among the four areas selected in the guideline, Nagha avea and Dauka

area are selected as the development areas in this
t are estimated, since

project plan. By

selecting these Cwo areas, the mean pyoject cos

the project cost is different between thesge areas.

Construction Plan

The project plan presumes that the area of farms is 30 ha and the

development unit is expanded step-by-step in Nagha area and Dauka
area. It presumes that the 50 ha farm 1is constructed as ten units

and the development area reaches to 500 ha in total.
Facilities Plan

The Facilities, materials and machineries required for the 50 ha farm
is detailed as follows: Five sets of these items will be reguived

both in Nagha area and Dauka area.
Item Details
1. Land reclamation : 50 ha  area should be the unit of

development and it will be irrigated by a

centre pivot irrigation system.

2. Distribution line : Same as the pilot farm plan
3. Windbreak : -- ditto --
facilities
4. Farm road : Construct mnew trunk voads and cultivation
pass way.
5. Farm pond : One farm pond is designed per 50 ha area.
6. Booster pump : Arrange two booster pumps of 65 KW

7. Irrigation facility: Introduce a centre pivot irrigation.
system for 50 ha area

8. Production well i Vells are designed assuming their depths
as 330 m in Nagha area and 430 m in Dauka
area |

9. Monitoring well : -- ditte --
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14

10,
11.
12,
13,
14,
15,
16.

17.

Submersibie punmp
Storage line

Power facility.
Connecting road

Operation and

Maintenance Road

Farm machineries

Vehicles

Residences and

acconmmodations

Submersible pump should be installed at
Nagha area only. 45 KW

Storage line 1is installed from production
well to farm pond to deliver water

Power facility is designed for both
submersible pump and booster pump
Conhecting road is designed to connect
the national highway and development avea
This road is designed for operation and
maintenance of production well and
storage line

Necessary farm machineries are introduced
Vehicles are provided for operation and
maintenance of the farm

Residences and accommodations for

settlers ave provided

Project Cost for the Case Study

The

project cost for

50 ha farm is shown in the following Table.

The mean values of the 10 farms of the WNagha and Dauka area are

shown in this table.

The total project cost for 500 ha farm area

is estimated as 10 times of the 50 ha farm.

Item

Mean value of 50 ha unit farm
1. Construction cost R.0.1,296,500
2. Machinery cost R.O. 84,500
Sub-total R.0.1,381,000
3. Construétion facilities cost R.O 7,400
4., Administration cost R.O. 53,700
5. Consultation service cost R.O 110,700
6. Physical contingency R.O0. 150,500
Total R.0.1,655,300
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7.1

7.2

Operation and Maintenance Cost

Operation and maintenance cost includes depreciation, repalring cost

and fuel consumption cost.

The mean annual operation/maintenance cost of 50 ha unit farm is

R.0.128,500 ($334,600) although - it is different for each favm with

respect to water resource conditions of the area. The following

three costs are the main items of operation maintenance cost,

0/M cost of intake facilities 28%
0/M cost of on farm facilities & housing 48%
0/ cost of farm machineries 23%

Appraisal of the Nejd Agriculture Development Plan

Based on the case study of agricultural development as the phasé_II
of the phased apriculture development scheme, a financial appraisal
is prepared in order to examine the policy of governmental subsidy to

support the project.

Financial Internal Rate of Return (FIRR)

Financial Internal Rate of Return (FIRR) of the project 1is estimated
for the following three cases of governmental subsidy for the unit
price of Rhodes grass of R.0.100/ton and the unit production Trate is

set at &40 ton/ha.

CASE Governmental Subsidy FIRR (%)
1. . Without any subsidy +1.1%
Construction of obserﬁatioﬁ well, st
2 e storage +6.0

line (with O0/M road) and connecting road

Construction of production well, observation
3. well, storage line {with U/M road) and +11.6%
connecting road '

Pregsumptions: TProject life is set to 30 years

Project price is calculated as of Jan., 1989
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7.:

FIRR of the project for all the three cases of Governmental subsidy
is positive for the unit pfice of Rhodes grasé “of R.O.lOO/ton. In
addition to this FIRR of the project is estimated with the unit price
of R.0.70/ton for the three cases of Goverﬁment subsidy and it was
found out that FIRR 1is negative for the unit.price of R.0,70/ton.
GonSéquently,wit can be concluded that this high cost project will be
economical oﬁly if the revenue of Rhodes grass will be equal to or

above 4,000/ha: (= R,0.100/ton x 40 ton/ha).

Debt Service S$chedule, Financial Statement and Govermment Expenditure

The financial Statements_'tell us that, with generous doses of
government subsidies, which is éet to cover the interest cost of
investment .to the farm facilities, to bear the investment and
operation/maintenance cost to the rest of the facilities except to
installing the production wells with its pumps which is to be  charged
to the farm 'operatOIS, the annual sale of fodder grass.with the unit
price of R.0.100/ton will not only cover the direct production cost
iucluding water cost, the O/M cost, depreciation cost and repayment
of the long term loan but also be able to allow the farmers to vretain
the remuneration of R.0.720 per year per hectare.

With the 1level of remuneration mentioned above, the periodical
replacement cost of machinery can be paid without taiéing any extra
short term loan.

The following items of the government expenditure are required for

obtaining the remuneration.

1. Interest
The govermment ig supposed to bear the interest (1.5%) of the long

term loan for the project provided by the OBAF.

‘2. Monitoring Well with Observation Equipment

It is suppcsed to bear the cost of installation of the facilities
and its maintenance and operation. The latter cost may be borne
by the PAWR, as the operation may appropriately fall within its

jurisdiction .

5-31



7.4

3, Storage line with O/M Roads

Construction costs and O/M cost are supposed Lo be borne by the 

'government. The latter may be maintained by the MAF.

4. Gormecting Roads

Construction cogts and 0O/M cost are supposed to be borpe by Fh?_

government. The latter may be borne by either the MOC or “the Wali

of Phofar.

Project Impacts

the project benefit that can be quantified and valued

and  benefit that . are

In addition to
in wonetary terms, every project entails cost

intangible and do not lend themselves to evaluation. - Because these
cost and benefit are a factor for project selection, it is important
that these are identified.

Probable impacts are as follows:

1. Agriculture development in the Nejd facilitate the development of
southern region as a whole.

2. Development of - basic =~ industries  creates new employment
oppertunities in the area.

3. Pilot farm project contributes for the development of human
resources through its training and extension program.

4. The project will supply fodder grass for the cattle population in
the nearby Jabal.

5. The project will facilitate to improve the social infrastructure

of the area.

However spares they may be, people have been living in the ffontier
desert of the Nejd. It is impoertant for the governmént to-prdﬁidé
them with infrastructures not only for living but also for production
and transport, because they give the local people self-esteem. Buﬁ
beyond the 1level - of purely financial appraisal, raﬁking §f the
project in the priority schedule would be left entrusted to the

perspective of the policy makers.
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Recommendations

At .Rﬁésent,- the ,éocioécondﬁic _cohditians of Oman highly dgpend on the
éetroleum industry and the agricﬁlture‘deVeiopmént is highly essential for
'stabiiizing‘:poétaoil economy; However, tﬁe-informations regarding the Nejd
_such'és natﬂfal'envi;ohméhﬁ, 9011,'gt0undwafér and socioeconomic _conditions
are-:ﬁot éufficiéht' éndugh. Hence the scale and détaiis of the agriculture

development project in the Nejd should be decided carefully.

Based on the study of groundwater and soil, and agricultural conditions the
following recommendations aré made for the agriculture development in the

.Néjd}'-

(1)_The agriculturé develbpment project should. be established in
.confirmation with tﬁé'gfpundwéter aﬁd.soil conditions of the area. The
grouﬁdwétef and soil éohditiohs'in-fhe”Nejd can not be clarified until
fhe_ déﬁailéd investigatidn - is carried out further in the ﬁhole area,
‘Hence the accﬁmﬁlétidn of the informations regarding all the relevant

parameters should be carried out under a suitable investigation system.

(2) The development pféje@t should proceed with a systematic development
plan'in'prder to obtain good resﬁlts fitting- with proper investment.
It is hoped that the establishment of the project appraisal and
adv136ry -éommittee_.ﬁith the co@rdination of concerned governmental
offices will be helpful in 'ordér te manage and control groundwater,
land and manpower resources and for the planning and promotion of

suitable agriculture'development project.

(3) The'-phased agriculture  development project plénrshould be established
based on the guideline for the agriculture development proposed in this

- report,

{(4) The pilot farm .project_which will be carried out as the first phase of
the phaééd égriculture development project is the most important phase
to cdnfirm the development potential of the Nejd. In this regard, the

early execution of the pilot farm preject is strongly recommended,.
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"It
for developing th

1. Continubus observation of grbundwa;er con
- Groundwater level
- Groundwater quality _ _
9. Continuous observation of soil conditiogs |
- Physical and chemical properﬁies of the'cultiﬁated soil
. Tests of fertility status and salt concentration
3. Continuous observation of meteorological daté
4. Crop cultivation experiments which include type of crops to be
introduced, cropping pattern and cultivation techniques.
5. Irrigation tests which include the selection of irvigation methéd'
and analysis of water requiremeﬁt for each crop.
The groundwater resource 1is the most imﬁortant factor which influences
the promotion of the agriculture development project in the Nejd. For
the further developitent and conservation of the groundwater resource,
the investigation of groundwater condition in the whole aféa should be
carried out systematically and in detail in parallel with the phased
agriculture'developmenf project. The following investigations should
bpe carried out. |
1. Exploration of groundwater
- Drilling of new explorétion wells and new observation wells
- Exploration of  aquifer distribﬁtion by :the electro-magnetic
prospecting
2. Groundwater monitoring

is necessary to collect the following data which are indispensable

e agricultural project in the Nejd.

ditions

- Continuation of groundwater observation and improvement of its
observation network.
- Establishment of groundwater observation system and securing of

staffs for its observation,
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(6)

(7

(8)

3.7Administrative system for groundwater resource conservation
- Establishment of administrative system for groundwater development
and conservation.
-~ Desirable drilliﬁg procedure and well structure
- Optimization of well érrangement
- Détermination of suitable development speed and limitation of

| project area based on the groundwater appraisal.

Although a detailed soil survey was carried out in the pilot farm site,

only a preliminary soil survey was done in the other areas and the

information of soil ¢ondition is not sufficient enough. In case of
selection of further development area the following detailed soil

survey 1is reduired-in the tarpget area proposed in this report.

- Air photo survey

- Topographical sutvey

- Definition of land suitability and description of soils

The results  of the financial appraisal make it clear that the large
scale governmental subsidy is required to implement the project with
préper remuneratioh under the assumption of the unit price of Rhodes
grass as R.0.100/ton and the yield as 40 tbﬁ/ha. The high cost of
groundwater irrigation project. will be economical only of the high
yielding crops, which can make the revenue of R.0.4,000/ha/year should

be grown in the newly developed area.

It is. hoped that the concerned governmental offices should review the
project plan periodically during the promotion of the project and
revise 1its contents if necessary, so as to reflect the socioeconomical

conditions of Oman,
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1.2

- CHAPTER 1 INTRODUCTION
Background of the Study'

The Government of Sultanate of Oman requested the Government of Japan
for the technical cooperation of the study on Agriculture Development

Project in the Nejd Regilon.

in response to the .reqﬁest, the GOvernmeht_of Japan agreed to carry
out the study thrbugh ‘the Japan International Cooperation Agency
(JICA)-which then despatched a Preliminary .Study Team to Oman. The
Team held a series of discﬁssions with the Omani Govermment officials

concerned and in December, 1987, agreed upon the scope of work.

The Government of Oman established a Technical Permanent GCommittee for
this study cousisting of eleven representatives from the following

Govermment bodies:

The Mihistry of Agriculture and Fisheries (MAF), The Council for
conservation of Environment and Water Resources (CCEWR), The Ministry
of Petroleum and Mining (MPM), and the Planning Committee for

Development and Environment in the Southern Region (PCDESR).

The Technical Permanent Committee’s Chairman is Mr. Abdulla bin Hamdan

Al-Waﬁaibi, the Diréctor'General of Irrigation Affairs, MAF,

The Committee's vice Chairman is H.H. Barghash bin Ghalib Al-Said, the

Director General of Water Rescurces Research, CCEWR.
Objectives of the Study

Surveys will be conducted on groundwater and soil resources in the
five areas of the Nejd from the viewpéint of agricultural development,
Baééd on the reéults of these surveys, a guideline for agriculture
deveiopment in a promising area and a plan for a pilot farm will be

formulated. Applicable farming system and appropriate utilization of

groundwater will be elaborated.
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(1

Study Area

Wadi Mokhawrim,.Shasr; Hanfeot, and

The study area consists of Dauka, .
Quitbeet. These five a4areas are located in ' the mnorth of Dhofax
Mountains.

Scope of the Study

The study work is performed in two stages,

i.e. Stage I and Stage 11

and the scope of each stage is as follows (TABLE 1.4.1):

Stage I

iy

2)

Phase I

The first €ield survey of :groundwaﬁer, electrical resistivity of
ground, and soil and agricultural:coﬁditions was carried out ddring
the pericd of October to December, 1987. Based on this survey a
promising agriculture development area, a pilot farm site, and

observation and test well drilling locations were selected.

During the second field survey period (from January tﬁ Mérch 1988),
a well drilling contract was made with a local driliing' coﬁtractor,
and the first observation well was drilled, Pumping tests, bore
hole loggings, and water sampling of the well were carried out. A
meteoroidgical observation point was set up and automatic water.
ievel recorders were installed in the wells existing in the séudy

area.
Phase 1I

During the third field survey peried (from June to October 1988),
one observation well and two test wells were drilied.. Bofé hole
loggings, pumping tests, and  water gsampling were carried out and
aquifers’ hydraulic coefficients were measured. Further, by
geochemical groundwater surveys, dissolﬁed ions, radibiSOCOpes,.and

stable-isotopes were analyzed.



(2) Stage II

1)

2)

Phase'l

Based on the results of the analysis of observation and test wells,
the _groﬁndWater potential was estimated. Based on the estimation,
a pilét farm plan and the agriculture development guideline were
studied and appropriate farming systems wefe investigated during

the fourth field survey period (from December 1988 to March 1989).

Phase 11

After the'analysis (performed in Japan) of the fourth field survey,

a pilot' farm plan and the agriculture development guideline have

been formulated during the Phase II period.
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CHAPTER 2 BACKGROUND

Ceneral Background

Geography

Oman is situated at the southeastern corner of the Arabian Peninsula
and is boundéd by the People's Democratic Republic of Yemen in the
éouth, and by the Kingdom of Saudl Arabia and the United Arab
Emirateé in the west:. Gulf of Oman and Arabian Sea wash the north

and east coast respectively,

~Its .territory extends from 16°37'N to 26930’N and from 51°50'E to

59940'E, with a coastline of 1,600 km and territorial area of 300,000

km? approximately.

The geography of Oman wvaries greatly from area to area. Two
extensive mountainous reglons are the major remarkable geographical
features; one is Hajar Mountains along the northern coast and the

other is Dhofar Mountains along the southern coast. They  are

" separated by a great desertic flat land, Rub’ Al-Khali or the Empty

Quarter and its marginal barren aveas,

The mountains scrape the altitude levels in excess of 2,000 m in the
north and 1,000 m in the south. Due to the orographic effects there
are appreciable  amounts of rainfall which provide amicable

environment in and around the mountainous regions.
Climate

The climate of Oman 1is classified as a tropical arid, but it wvaries
from place to place influenced by wvarious factors such as oceanie
geomofphological, etc. The climatic contrast of the northern region
to the southern regions and of eoastal to inland are especially
noticeable, The northern - and southern regiocns are 1,000km away from

each other and their climatic conditions are considerably different.
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In the wporthern region, westerlies cause rainfall during the winter.

In the southern reglon, the southwestern monsoons bring rainfall
during the summer.

Southwestern monsoons blow against the southern slope of the 1,000 wm

high Dhofar Mountains and cause rainfall due to its ascending alv

currents. However, the rainfall avea is limited only to the coastal

plains, the southern slopes and the summit areas of the mountain

fange.
Social Aspect

In 1970 H. M. the Sultan Qaboos bin Said undertook a reformation of
his country by opening it again to the outside world and promoted its

recoustruction, and the efforts has beéen continued till the present

time.

The sequence of the country’s modernization after 1970 is as follows:

a) 1970 - 1975: .
Construction of wvarious  infrastructures such  as sea-ports,

airports, roads, schools, power stations, etle.

b) 1976 - 1980:
Improvement of infrastructure and prometion of industries, in line

with the First Five-year plan.

) 1981 - 1985: _
In the Second Five-year Plan, further improvement of
infrastructure, promotion of agriculture, fisheries and mining
industry, expansion of education, public health and public welfare

facilities were achieved.

~d) 1986 - 1990:

Improvement of infrastructure in rural - places and investment for
the development of agriculture, Ffisheries and medium-small scale
industries were tangible. However, because of the effects of the

sudden and sharp fall of oil price since the beginning of 1986,
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some new development projects have been frozen, while the others

have been revised,

Oman has a variety of communities created by the  long tradition of
maritime state and - by the conslstant wnatiomal unity. Stable

communities based on the tribal groups have been maintained and these

groups operated agriculture, fisheries, animal  husbandry,

manufacturing and wurban commerce., ‘Under the modernization policy
these communities are being progressively united with each other by
the extension of infra>structures such as vrvoad, communication and
electric supply. National administration services which accompany

modern education system has been also strengthened in the country

.gide.

In 1987, the Sultan Qaboos University was established as the first

national  university. it culminated the education campaign,

~completing the constyvuction of national educational frame. — The

National Consultative Council, which 1is the consulting body of the
Sultan, can be regarded as manifesting the social maturity explained

above,
Ecornomy

Major industry of Oman 1is the production of oil which shares about
46% of GDP and 91% of Gross export walue in 1987. Agriculture and
fishery production against GDP was about 30% before the commencement
of 0il production, while this value fell into a mere 3% in 1987, in

spite that it occupied about 44% of employed population.

In itemise, import of machines and transport equipment shares 36% of
the total. Manufactured goods and food preducts/livestock shares 17%
and 19% vrespectively, These three items corresponds te 72% of the

total import.



2.1.5 Popuiation

2.

1.6

(1)

contribution from expatriates to the working force.

According to the World Bank, the population of Oman is estimated as

1.38 million (1987). However, the Government of Oman’ e&timated the

populatioﬁ as two million and 'uses__this figure for . the various

national development plans (Statistical Year Book, '1988). It is

estimated that one-third of the populatien is qoncentrated in the
capital and Batinah Coast areas.-

One of the characteristics of the population structure iz the large

The mnumber of
expatriates at  the ecnd of 1985 was estimated as 400,000. However,
since the beginning of 1986, 100,000 expatriates, mainly TIndians,

left Oman due to the decline of oil economy.

Major expatriates in Oman are Indians (about' 170,000), Pakistanis

.(about 40,000);,; Bangladeshis (about. 40,000) , Egjptians-' {about

15,000), Philipinos {about 20,000), Srilankans (about 10,000},

Furopeans, and Americans.

As new farms are reclaimed increasingly,  foreigners came to
supplement the local work forece. This phenomenon is same even in the

southern part of the country. In this area, both large and small

farms hire foreign laborers.

Agriculture
Role of Agriculture in National Economy

It is assumed that 60% of the Oman's work force is engaged in
agriculture. However, the contribution of agriculture to the
country’s economy is very small (about ' 3% of the GDP). The total
farmland area of Oman is 83,000 ha (0.28% of the territorial area) of
which the cultivated land occupieszﬁl,OOO ha.



(2) Farming Areas in Oman

(3)

There are two major farming areas in Omanp One is in the northern
part of the coﬁntry on both sides of the 2,000 m: high Hajar Mountain
range;_ and - the other in the southern part around Salalah City. In
the desert areas, which occupy more than one half of Ehe country,

only a limited parts are used by nomads and oil bases.

The northern areas can be divided into four zones:

1} the Batinah coast - zones (along = the coastline north of Muscat)
stretches 300 km in north-south direction ﬁaving a width of 10 -
30 lm,

2) the inland 4drea spreads out at the western out-skirt of the Oman
mountains. _

3) the northwestern oases of Al-Dhahirah Region border on the United
Arab Emirates.

4} the Sharqiyah Region fringes the mnorthern flank of the Wahiba

Sands.,

The southern farming areas can be divided inte three areas; the
Salalah Plain, the mountainous - area in the north of the Salalah
Plain, and the Nejd beyond the mountains. However, the coastal plain
is the only cultivated area and the mountainous area is used as

grazing land.
Crops

Orchard crops occupy more than 28,000 ha in Oman, which amounts to
68.6% of the total cultivated area. - Grains and forage crops are
planted on 4,800 ha (11.7% of the total area) and vegetables are
planted on 2,140 ha (5.2% of the total area).

Main forage crops cultivated in the country are Rhodes grass and
alfalfa. They are widely cultivated in Oman and wused as .feed Crops
for cattles, goats and sheep. These crops are important in order to
promote livestock farming. Recently  Rhodes grass is  widely

cultivated but the areal data is not availabile in the official-



2.

2.

2

2.

1

Other subsequeht

veports., Alfalfa farms occupy an area of 3,700 ha and ls placed at

the second after date farms.

Date palms are planted on more than 20,

000 ha which occupies: 49% of
and is the major crop in Oman. -

the total cultivated area,

orchard crops includé mango (2,960 ha), 1ime (2,030

ha), and banana (1,990 ha).

Major vegetables cultivated in the country are onion, water melon,
tomato, chilli, etc. However, these vegetéble sup?ly:can'oﬁly meet a
small percentage of the .countiy's need and their consumptioh_ is
expected to increase with'.incréase of wurban populationf- Wheat is
planted only on 300 ha and barley is planted on 150 ha. - The = areas

used for growing wheat and barley are limited to the inland plateau

area. Only a small amount of wheat and barley is produced.

Background in the Southern Region
Geographical, Social and Economical Conditions

The Southern Region of Oman spreads over an area. of approximately
117,000  kmZ (about 40% of the entire country) and is bounded by Saudi
Arabia in the north, People’s Democratic Republic of Yemen in the
west and Arabian Sea in the south with the éoastal line of about 500

km,

According to the country'’s sampling census, the population of the

Southern Region in 1985 was estimated as about 110,000 with about

81,000 Omanis and 29,000 foreigners. In Salalah city; about 64,000
people (more than 50% of the region’s population) 38,000 Omani and

26,000 foreigners are living.
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The southern region which inciudes the Nejd Coﬁpriseé a 'siﬁgle
Wilayah (administrative province), Dhofar, which executes the local
‘government admiﬁistratiOn. The Dhofar Wilayah is administrated by a
WaliIth is also the Minister of State and 1s regponsible for local

admiﬁistration, policy and implemeﬁtatiou_of civil law in the region.

75%. of the employed ﬁale omanis are c¢ivil servants including the
militéry men. It is assumed that '12% of Omanis are employed in
agricultural sector.  45% of non-omani are engaged in the
construction-wofksi 12% in retail and catering works, and only 3% in

agricultural sector.

As shown in TABLE 2.2.1 the southern region shares 14% of GDP

excluding oil production and 40 - 45% of oil production, playing an

important role in mnational economy. Major industry other than the
oil production is fishery which shares 30 - 35% of total amount of
fishery  production = in  Oman. Other industries include Fish

Processing; Soft Drinks, Cement, Cattle Feed ‘and small scale

constructive industries.

Foliowing table shows main socio-economic index:

TABLE - 2.2.1 Comparison of Socio-Lconomic Index
' {Mational-Seuthern Region)

[tem National Share of South

I tconomic Index ( 1987 ) (1975-85 x)
GDP. (Excluding oil) 1674.4 Hill.R.0 4%

S 0il R 1362.0 Hill.R. O A0-45%
Haaufacturing 101.4 Hilt.R. O h-8%
C(Excluding oil refinery)
fishing 34.8 Hill.R.O B Y 4
Exports 39.0 Hill.R.O 20%
(txciuding oil, Mostiy Fish)
Developmenl Expenditure 328.8 Hill.R.D 12%

I Social Index . { 1987 ) { 1987 ) -
Land Area 300000 Kof 100000 kof (33%)
Population ' 1200000 120000 (10%)
lowns and villages 1898 - 60 - ( 3¥%)
Rospitals 47 5 {11%)
Beds _ ' - 3450 384 (11%)
Government Schools _

Primary o 367 73 (20%)
freparatory ' 249 29 112%)
Secondary 7 62 7 ( 7%)

source ; Statistical Year Book, 1988
* fconomic Development Prospects for the Southern Region, Veol.1
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9.2.2 Agriculture

(L) Agricultural Land Use
Agricﬁltural land use in the southerh region cat be_div;ded into

three distinct subregions:

1) The Salalah Plain
2) The Jabal or Dhofar Mountains
3) The Nejd, Inland plains

The agricultural land use patterns differ vastly between  the
subregions. These differences are due to the difference in soil and

water resources and climatic palterns.

In thé Sélalah Plain and south zone of the Jabal? | suummel - monsoon
brings rainfall with cool weather, which results in the ecology of

plants and animals having a distinct features among the  Arabian

Peninsula.
(2) Crops
a) The Salalah Plain

Salalah Plain is bounded by.the'iabai and the coast, exteﬁding‘lﬁ.km
from south to morth and 50 km from east to west. _The watef':féSOurces
originated from tﬁe rainfall. in the mountains are utilized by local
agriculture from spring and falaj. Cultivations ~in thé_'Southern

Region are concentrated mostly in this area.

There is a rainy .season from June to September in the Salélah:fléin.
and the Jabal due to sduthWestern' MoNsoon. Local conditions are
favorable for_‘croppihg in- these areas. Becaﬁse bf'thé ﬁanéoon,
crops in these areas are diffefent from those in the other pafts -of
the country:. coconut, banana, :and pépaya are populér.grbwn here.
The total cultivated land in the southern region is  about 3,000 ha.

An areal breakdown of cultivated laﬁd in 1987 is as follows:
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b)

Otchard: . © - 970 ha
vegefables:' 380 ha
‘Field crops: - 340 ha
ForageICrOps: 1,310 ha

The main agriculture pattern in this area can be characterized by
small scale traditional agriculture which occupies more than half of

that area and large scale organized agriculture.

Traditional agriculture is represented by small scale farms of about
2 ha and produce fruits and vegetables for local consumption  and for
the north Oman market. Main crops are coconut and banana, and others

are lime, melon, tomato, but grown only in a small area.

Large scale farms of Dhofar Cattle Feed'Company have areas of 350 ha

and 150  ha, - TheSe farms are_Spécialized in dairy products and feed

crops, Rhodes grass. Most of the products are consumed locally and

some of them are transported to the north Oman market. The farm
keeps 3,000 cattles including dairy and beef cattles which consumes
40%. of the forage produects. The rest, 60%, is sold to the local

people.

The Jabal

The main local agriculture is livestock grazing. Southwest monsoon
from June to September brings rain te the mountains, which grow

natural pasture there. The mountain tribe Jibbali are grazing cows

and goats this pasture.-

The 1livestock population in this area is estimated to share 90% of

-the Southern Region, forming the most important livestock region in

Oman.

In recent vyears, the rapid increase of livestock disturbed the

natural ecology and caused shortage of natural pasture and increased

the need for the supplementary feeds.



c)

2.2.3

In 1978/79 agricultural census, the cultivatlon area 15  reported as

only 3 ha, but in the latest report'it was estimated that 100 - 200

ha cultivated area was developed in stone wall enclosures,

The Nejd

In 1978/79 agricultural census, ‘the total cultivated - avea was

estimated as only 65 ha.

Agriculture development was hindered by severe climatic conditions,

moratorium of well drilling and undeveloped infrastructure.

Recently some farms were developed by local people, using artesian

well and/or potable water well.

Main crop in the area is Rhodes grass; vegetables and orchard crops

are also cultivated in a  small area. The farmers have a poor
experience. Hence apriculture extension activities are urgently
required.

PDO  desert farm was established in 1985 with initial 40  ha
cultivation, and tested cropping technelogy -in the area. The farm

was expanded in 1987, constructing a 60 ha centre pivot irrigator,

Regional Development Plan

The development of the Southern Region is one of the major issues of
the long term government policy to construct a geopolitically
well-balanced nation, The local advantages of the Southern -Region,
i.e. 'its monsoonal climate along the coast and relatively massive
comnunities have been exploitéd for many centﬁries, especially éver

the last twenty years, there has been very rapid development there.
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"~ The 'Elanning Committee for beéelopment and PEnviromment in the
Southern . Reglon (PGDESR) .was established 1n 1984 in order to
formulate a comprehenseve plan for land use and coordinate all the

yelated fields of development in the South.

PCDESR:is éomprised of the foiiowihg members :

' The.Mihister_of State and Wali of Dhofar (the chairman),  the Minister
of " Agricultute and Fisheries, and six other Ministers related to the
hationa1 developmént plan, the Undersecretary for Financial Affairs,
and a Representative from the Council for Conservation of Environment

and Prevention of Pollution.

At present, PCDESR is preparing the regional development plan and

- setting up an appropriate future land use plan in the Southern Region.

In line with the Third Five-year Plan (1986 - 1990), the Ministry of
State and Wali of Dhofar nomindted a study of agricultural
development plan (maximum 1,000ha) in its jurisdiction. The Ministry
of Agriculﬁure and ~ Fisheries will carry out  the detail=d
_inyeétigations on groundwater, soil and other agricultural items
which are necessary for positioning development sites of up to 1,000

ha for cultivation in the Nejd.
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CHAPTER 3 - CURRENT SITUATION OF THE STUDY AREA
General Outline of the Area
Location

The Nejd stretches from north of the Dhofar Mountains to the Rub’
Al-Khali Sands. The total areal extent is 40,000 km? counsisting of

sandy desert and hammadah plain.

The Study.Area beloﬁgs to the Nejd and is enclosed from L17955'N to
18%45'N and 53°35'E to 54935'E, and is located north of the Salalah

city.

There are five target areas, i.e. Dauka, Wadi Mokhawrim, Shasr,

Hanfeet and Quitbeet.

These target areas extend 100 km both from south to north and from
east to west. They overlap the previous preliminary survey area for

soil and water resource. (HARZA 1985 and GDC 1987)

Salalah . - Muscat National Highway of 1,000 km length is the only

route which provides access to the study area. From this .national

highway there are some gravel roads connécting'Thumrait_to Shasr,

Marmul -and Mudayy. However, local guides are indispensable to vreach

each target area due to poor road conditions.
Social Condition
Administrative Structure

The WNejd is administrated by a Naib Wali, a deputy governor of fhe
Southern Region, who stations at Thumrait.

Thumrait-is a major settlement near the study area located at 80 km
north of . Salaiah. The town developed father recently when a air-base
was constructed. Nowadays 1t has become the center of administration

and commeirce in the Nejd,



(2) Population

(3)

The population density in the Nejd is quite low, According to sauple

population suyvey in 1985,  the population o of' Thumrait _ is

approximately 2, 100, with 1,400 Omanis and 700 foreignels : Population
of the Nejd excludlng Thumrait is estimated approximately 5,100

Omanis and 100 foreigners.

Most of the people are nomads who don’t have their own ’permanent

residences, Therefore population distribution varies from time to

time.
Settlement

Settlements adjacent to the study area except for Thumrait are

summarized as follows:

(a) Shasr
Shast is an oasis settlement from ancient times, located at about 70
km northwest of Thumrait and about 80 km southwest of Dauka. Most of
the inhabitants are nomads, forming a small- settlement composed of
about | 10 houses and a mosque. Sixty grazing'families are séid'to
live around there with 1 000 camels and 2,000 goats. The nomads come
to Shasr in order to pray at the mosque and to get water for their
livestock. Housing corporation, MOH, 1is now constructing ten unew

residences at Shasr for the settlement of the nomads.

In 1970s, date palms were planted with oasis water. Now they have
grown up with abundant leaves. There is a 6 ha farm owned by'1six
families and vegetables, citrus fruits and grasses are cultivated by

some Pakistani employees.

On the other hand, recently some new farms are reclaimed  with new

shallow wells and this development proceeded rapidly.



(b) Hailat Al-Rakah

Hailat Al-Rakah is 1located along the branch road to Shasr from
Al-Nagha and is 17 km west of the HNational Highway and 20 km
southwest of the pilot farm site. '

In 1980s a sub-tribe of Bait Kathir established a group-reclaimed
farm. In 1983,‘a.first shallow ‘well was dug and five farms are
constructed.. The land registration was completed for 15 farms in
1986, 25 farms in 1988 and 42 farms in 1989. All these farms are
~eultivated with shallow wells, In future, about 80 farms are

scheduled to be established in the region,

However, the farm owners do not live in Hailat Al-Rakah, ~instead they
live in Salalah or Thumrit. The infrastructure facilities such as
Wali-office, mosque, school, clinic or water service facilities does

not exist. Only the foreign employees live and work in the farms.
{c) Quitbeet

Quitbeet is a  small settlement of nomads located at about 30 km east
of the pilot farm site. Few years ago, there were about 20 houses
but houses rapidly increased to 40 in 1988 and 60 in 1989, There are
a Wali-office, a mosque, a school and water supply and it forms the
principal place for the nomads around there. However, the cultivated

area is very little,
(d) Dauka

Dauka is located along the National Highway to Muscat at about 110 km
north of Thumrait. There is nothing but only several househelds
running farms there. The owners are living in Thumrait and/or
Salalah, Those farms depend on leaking water from abandoned flowing

well. The well was drilled as oil exploration well originally.



3.2

3.2,

. Natural Environment

1

Geomorphology

The peomorphological maps of 1/100,000 - (1986) 5ﬂd_1/250n000 (1982)

scale, published by the Ministxy of Defence of U.K. are the available

reference.

The Ministry of Agriculture and Fisheries of the Sultanate made
compesite sartellite imégeries and interpretational  charts over its
own territory in 1982. In 1983, the defence Ministry of Oman carried

out aerial photographing of 1/60,000 scale in the Southern Region.

fn addition to these, in 1988 the ministry of Agriculture and
Fisheries took aerial phtographing of 1/20,000. scale over the parts

of the project avea which cover about 350 ki,

The terrain of the Nejd is moderately sloping towafds north from
mountains at the sourthern fringe. The mountains at the sourthern
fringe is wnot only the northern limit of monsoon rain, but also the
watershed between the coastal area and the Nejd. The northern wmargin
of the WNejd is bordered by the great sand desert, Rub' Al-Khali at

190 km from the coast,

The terrains of the Nejd from seashore to inland can be divided into

the following zZones.

(a) Zone from the southern  watershed to the northern fringe of the
alluvial fans deeply dissected by wadis in places. Surface

.gradient is 1/100 approximately.
(b) Zone from the fringe of alluvial fans to the central area of the

Hejd. There are terrains of rhree levels, i.e. high, medium and

low. Surface gradient is 1/300 approximately.
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3.2.2

.(c) Zone from the central area to the southern fringe of Rub’

Al-Khali. Flat plains extend widely. Surface gradlent is 1/500
approximately. ' '

The = areal = extent of the three zones are of the ratio, a:b:c: = 1:2:4

approximately. Generally surface materials become finer and rounder

~from- the mountain to inland. There are weathered angular detritus on

the old terrains and exposed tock surfaces. They are frequently

observed objects in arid region.

Terrains can be distinguished by their relative heiphts. The color
grade of desert varnish, formed on cherty gravel, may indicate the

age of the terrains.
Meteorology and Hydrology
(1) Climate

In . the southern rtegion, southwestérn monsoon blows against the
southern slope of the 1,000 m high Dhofar Mountains. The monsoon
produces rainfall from ‘June to September and for this reason summer
is referred as rainy season. However, the rainfall area 1is limited
only- to the coastal plains and the southern slope and the summit area
of the motntain range. Aridity increases inland, forming parallel

climatic zone to the coastal line.

According to the meteorological data in Thumrait, diurnal range of
atmospheric temperature in the study area is very large and a range

of 20°C is common throughout the year.

The . maximum apnual temperature of 43 to 45°C is observed in June and

the minimum temperature of 2 to 6°C is observed in January.

Annual precipitation is highly variable, ranging from 0 mm to 150

mm. The average precipitation in 1980s is 32 mm.



Major .rain -is causéd by cyclone. - Lavge scale cyelones are supposed

to occur at the Nejd. once in every five years and there__is no
definite wet season.

Theré was no meteorological observation station within - the St“dY_

area, However, three meteorologlecal -observation statlons are

maintained by the Ministry of Communication in -adjacent south.

Informations are given in TABLE 3.2.1. Each location 1is shown in
FIG.3.2.1.

The data from Qairoon Hairitti were mnot adopted  for observation
period,'was shott.  In this study, two new meteorological observation

stations were established at Dauka and at the pilot farm site.-

Cbntinuous observations at these locations  will .clarify - the
meteorological condition in the study area. The equipments. installed

at each site and the observation parameters adopted are as follows:

a) Dauka Station (Observation started at 13:00 Omaﬁ Standard Time, on

19th of November, 1987)

* Robinson type wind-run anemometer (Weekly mean wind speed)

* Rutherford type maximum and minimum thermometers (Weekly maximum
and minimum atmospheric temperature)

% Dry and wet bulb thermometer (Relative humidity)

* Automatic hygro-thermo-recorder (Relative humidity and
temperature.on a weekly chart

¥ 20 cm diameter rain gauge (Rain precipitation)

b) NJD-3 Station (Observation Started at 16:00 Oman Standard Time, on
21st of October, 1988) .

* Vane type automatic wind recorder, model KDD-300, (Wind speed
and direction record on a 3 month recording'bhart)

% Solar radiometer, wmodel MS-42, (Solar radiation on a 3 month
recording chart) ' |

* Automatlc rain recorder (Rain precipitation on a 3 month

recording chart)



(2).

Precipitation

The - highest: annual - rainfall recorded; wete 359.8 mm and 144.6 mm at
$alalah and Thumralt respectively and both were recorded in 1983,
And the lowest was 53.4 mm at Salalah in 1981 and 7.0 mm at Thumrait

in 1932. 'Precibitation'is quite variable from'Year to year,

The éﬁerage annual rainfall at Salalah and Thumrait is calculated as

120.7 wm and 36.3 mm féspectivély. Salalah is located in the coastal

‘area and Thumrait is beyond Qara Mountéins and the precipitation data

'.clearly demonstrate the orographic effect of Qara against the mensoon.

(3)

Atmospheric Temperature

Arinual mean temperature at Salalah is around 26°C. The annual and

diurnal ranges of maximum, mean and minimum temperatures are about

©.59C and 10°C respectively.

(&)

.For Thumrait, the annual mean temperature 1ig .about 26°C which is

alwost.  similar to Salalah. But the annual and the diurnal ranges are
15°¢C and 20°G respectively. The diurnal range is almost same

throughout the year.

‘Relative Humidity

Relative ‘humidity at_.Salalah reaches the maximum of 90% in July and
August and gradually attains the winimum of 50% in December and

January.

" in° Thumrait, the peak humidity is found twice in a year, i.e. in

(5}

December/Januvary "and July/August with 53% and 60% respectiﬁely.

During the other months the relative humidity is about 40%.
Wind

In Salalah, average wind blows at a speed of around 3.5 m/sec
throughout'the year, and annual variation 1is small. Southern wind
prevails throughout the year with some minor northern wind in

January/ﬁebruary and western wind in July.



(6)

(7)

In Thumrait annual average wind “speed ~is 5-'m/Ser but  the annual

range 18 largei i.g. a maximum of 9 w/sec in August and a minimum of

3.5 m/sec in winter. The average wind speed at the first half of the
is 6.0 m/sec and southern wind prevails throughout the year with

year
The notthwestern

occasional north and northwestern gale in winter.

gale is called .'Shimal’. Shimal causes large scale sand storms

Evaporation

Evapofation is measured by Piche atmometer = at both Salalah and .

Thumrait.

Evaporation rate at Salalah in ‘monsoon and winter seasons are 2.0

‘ml/day and 10ml/day respectively, and - the annial average is 6.4

ml/day. The annual rarige is comparatively small and is about. 4.0

ﬁl/day.

In Thumrait the annual average ¥s 15.5 ml/day with maximum  in  summer

and minimum in winter, and this trend is opposite to Salalah.

Sunshine duration

Sunshine duratien is observed ohly ‘at Salalah. It is on1y 2 hours
per day in monsoon season of July and August. In the other seasons -9

to 10 hours of sunshine per day are common,



TABLE 3. 2.1 Available Climalological Data
S station ] Satalal Salalah |Thumrait |JUCGA slation |J1CA siation
Hea - o7 Hame “hirport, _ORIROOH 1IAIRII Davka Hagha {Pilot fare)
localion_-(H) of (1AI) | 17° 02 "N 17905 176 K | 177 407 228" W 18° 40° N 18° 19 N
SR (O T (1 I LA BA® 05 06,77 £ | 4% 01 3.7 L S4° 04 | 54" 03" 1

Al tude - (-ASH)

878.30m a.s. |

A66. 806m a. 5.1

213 M0m a. 5.

2063, 10m a.5. |

Operation Agcicy

- 20.78m a.s. |
MOC

MO

MOC

J1CA

JICA

Dala Colleclion fera

Sdan, a0 --Ocl__.-'al_

Jan. "85 - Pec, ‘86

Jan. 85— Ocl. "8

Nov. "87 - How

(gt 'A% - Now

Ama)

Thi-max  Hondhly

Fressure: Daily '&'Z'BOMI'II? nil Dnil?’-l{can,mx,._mi_u _ nil wit o
- . “(Daily Hcan)_.hl‘.'_i o _ hpa|. _
Air Temperature Daily & Honthly | Gaily & Honthiy | Daily & Hoathly | Weekly. Hax, Hin nil
¢y o D fy, Mo, Min, Hean | Bad by, Hax, Hin Hean ) Baily, Bax, Hin Hean { Hoarly
vapour Pressire hil nit Daily. & Hu'nlhly nil nil
(hra). & S Baily, Hax, Kin, Hean :
Relative Hamidity Paity & Fonihly i Paily & Hon.l.hlv Hour by wil
o (Daily Hean) - % Bai ly, Hax, Hin, Hean’
Rind. PREV-D ~Daily & Honlhly nil Baily & Honthly Heekly ‘Daily & tourly
o | (Daily Hean} deg (Daily Hean) - dey
H-SPIED Honthly Hcan Kty ni |l Baily &--'Hdmhly nil " Daily & Nowrly
e Lol (Daily Hean) ki ' :
CMacsst l)a_iiv & Holhly | nil Daily & Hu_hlhly nil Daity & Honthly
S ~Daily Hean,” Kl Daily Hean, Kt :
Fvaporation | taity & .Hon_!hly- nil Daily & Hontlily il nil
e - - .;.Nm‘x“.‘- _ PICUL, ma ’
Diration of Brighl | Paily. & Honthly- | i 1 Honthly  (h) nil il
Sunshine Ahwiirs) oo Hean, Hax,Hin o
fadiation per Day - | Hombly “ (/e | i Nomhly (i of) nil A tionthty . (k)
o Hean, Hax, Hin' - . | Hean, Max, Hin : Hean, Hax, Hin
Prrcciu_il'at_iun' 'Ba_irly" &-Honlh'lv paily & Himlhly" baily’ lolad, 10min, Accemitlale Hourly, taily, -
e {om) ' Homthiy
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TABLE 3.2,2
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FIG.  3.2.2 .Mea'r_l Monthly climatologiéfai Data
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