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sphere (MAB) Program. It is a preliminary review of information avil

able in the United States on the status of the environment and the
 

one of a series of
natural resou!:'ces of the identified country and is 


similar studies now underway on countries which receive U.S, bilateral
 

assistance.
 

This report is the first step in a process to develop better in

formatinn for the A.I.D. Mission, for host country officials: and others
 

on the environmental situation in specific countries and begins to
 

areas of concern. A more comprehensive study
identify the most critical 


may be undertaken in each country by Regional Bureaus and/or A.I.D.
 

These would involve local scientists in a more detailed
Missions. 

well as a better definition
examination of the actual situations as 


of issues, problems and priorities. Such "Phase II" studies would pro

vide substance for the Agency's Country Development Strategy Statements
 
enas well as justifications for program initiatives in the areas of 


vironment and natural resources.
 

Comments on the attached draft report would be welcomed by US MAB
 

and ST/FNR and should be addressed to either:
 

Jim Corson 	 Moljy Kux
 
Bureau of Science & Technology
AID/MAB Project 

Office of Forestry, Environment and
Department of State 


Room 410, SA-5 'atural Resources
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SLMMRY 

The Sultanate of Oman lies entirely within the vast arid and semi-arid
 
zones which stretch across North Africa and into Asia. Most of Oman
 
receives 100 -m or less of rain annually, and even relatively "wet"
 
areas of the country normally get less than 250 m. Oman has the
 
advantage of modest oil resources, which are fueling development
 
efforts, but development is still in the begiiining stages. The
 
majority of the population resides in rural areas and engages in
 
agriculture. 

As might be exnected under such circxnastances, most major environmental 
problems concern water supplies, agricultural resources, and rural 
health. Major problems include:
 

Natural water shortages. .Rainfallis not sufficient to support d.yland
 
agriculture in Oman, and irrigation water is )btained primarily from 
shallow acuifers and the subsurface flow of --';stream courses. These 
water sources can be qreatly affected by prolonged drought,- which is 
a recurrent feature of the arid cl-imate. :n addition, vast areas of 
the country completely lack water resources at depths accessible by
 
traditional methods.
 

Overpumping and soil salinity. The introduction of modern oumos in 
Oman has led to widesread exploitation of groundwater at rates faster 
than natural recharge. in the northern coastal area, this has caused 
sea water intrusion into the shallow aquifers, which in turn has 
caused serious soil salinization problems. In the interior, the nature 
of the hydrological regime is such that =umps exploit water of higher 
salinity than that obtained by traditional methods. in this area, 
high salinity can become a major oroblam even without over;uimping. 

Rural health. improved sanitation and public health programs such
 
as malaria control could probably prevent the majority of Oman's 
current health problems. Malaria, gastro-enteritis, and dysentery 
are some of the most frecuent diseases. The general lack of larines 
or sewage disposal systams helps create cond:i-ons conducive to disease 
organisms. Unproteczed water sources and such practices as washing 
in wells or water channels help spread disease. 

Oil oills. information is not readil availabe a3bout this envirornmental 
danger, but Oman _s a modest oil producer. There is some concern about 
the reliabilit'; of pipelines exposed to corrosion, and leaks have seen 
reporzec in oil storace facilities. More significant is the intense 
tanker traffic through the Strait of Hormuz and -he Gulf of Oman. 
The Sultanate recorted in late 1980 that many or .t:s beaches were 
polluted with tar from tanker bilgewater discharges. 

V 



Lack of trained personnel, environmental data, institutions, The Sultanate
 

has shown that it is concerned with.environmental aspects in principle.
 

However, the country is in the beginning stages of development and still
 

lacks manpower trained in environmental technology. In addition, progress
 

is hampered by the nearly complete lack of detailed data on nearly
 

every aspect of resources and environment, No country-wide comprehensive
 
Finally,
water, soil, or vegetation surveys have yet been carried out. 


the Sultanate is only beginning to set up institutions which watch
 

the impact of projects in the development
over the environment and assess 

effort.
 

Despite the difficulties which face Oman in the solution of environmental
 

problems, the government has already initiated or proposed a number of
 

projects which demonstrate its intention of solving such problems. It
 

has also begun to issue a few laws regulating the worst abuses.
 

Perhaps the most striking demonstration of the government's intent
 

and certainly the most successful to date is the protection of endangered
 

wildlife.
 

The government of the Sultanate has defined wildlife presertation as
 

one of its priorities. Activity to Caze has focused on the Arabian
 

tahr, the Arabian oryx, and several gazelles. Strict regulations and
 

controls, along with the general willingness of the Omani people to comply
 

with government directives in this sphere, have aided tahr and gazelle
 
last several years.
populations in a gradual recovery during the 


The Sultanate is also participating in a program to restore the oryx 

to its native habitat in Oman, after its disappearence in the wild
 

at the beginning of the decade.
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1.0 Introduction
 

This draft envirQnmenta4 profile summarizes information avail

able in the United States on the natural resources and environment
 

of the Sultanate of Cinan. The report reviews the major enviromnental
 

problems of Oman and the impact of the development process upon
 

resources and the environment. This draft report represents the
 

first step in developing an environmental profile for use by the
 

U.S. Agency for International Deelopment (.U.S. AID) and Omani
 
government officials. The ne=t step in this process should be a
 

field study to evaluate the information presented here, obtain
 
additional information, and define the issues, problems, and
 
priorities in greater detail. This entire process should help
 
orovide direction in future efforts to deal with the management,
 
conservation, and rehabilitation of the envirornent and natural
 
resources. 

The information and interpretations in this report are preliminary
 
and are not intended to attain the detail and accuracy required
 
for development planning. 1'e report represents a cooperative
 
effort by the Man and the Biosphere (MAB) project staff of the
 
Arid Lands Information Center CALIC). The primary research, wr.iing,
 

and analysis were done by Mark Speece, through the resources cf ALIC
 
and the Universitv of Axizona Library. Particular thanks are extended
 
to Dr. Michael Bonine and Majid ar-PRwahi for thi ise of materials obtained
 
in Oman. The cooperation of James Corson, AID/M.IAB Project Coordinator,
 
and other AID personnel is gratefully acknowledged.
 

Arid Lands Information Center C.AIC) 
MAB Project Staff 

M. Justin Wilkinson Manacer, ALC 
Mark Speece Profile Coordinator 
james Silliman Profile Editor 
Eric J. Axnould Profiler 
Steven L. ilty Profiler 
Robert G. Varady Profile 



2.0 General Description
 

2.1 Geography and Climatal
 

The Sultanate of Oman lies in the southeastern corner of the 
Arabian Peninsula. The term "Oman" referred originally to 
a part of the northern interior of the Sultanate. "Oman" came 
to mean the entire southeastern portion of Arabia to Europeans, 
but many inhbitants still assume that "Oman" refers to the 
interior. In this report, "Oman" is used for the entire Sultanate 
of Oman. Oman should not be confused with Trucial Oman, which 
became the United Arab Emirates in 1971. 

Oman is bordered by the Gulf of Oman on its northern coast, and 
by the Arabian Sea along its eastern coast. Theri are inland 
boundaries with the United Arab Emirates (UAE) to the northeast, 
Saudi Arabia to the east, and the People's Democratic Republic 
of Yemen (also called Yemen-Aden or PDRY) to the southeast. The 
tip of the Musandz.n Peninsula is also a part of Oman, but it is 
separated from the rest of te Sulanate by .AE territort. Only 
the borders of the Musandam =ortion and zhat with the PDRY have 
been officially demarcated. Figures given for the area of the 
countz-r therefore differ widely, ranging from 212,400 to 310,000 
sq. '. 

The Sultanate consists of wc. major inhabited zortions, the 
northern area and Dhufar, separ ated by an expanse of nearly 
uninhabited desert (Fig. 1). These to portions have a similar 
progression of geographic zones in many respects. However, the 
climatic regime of Dixufar is tied to the monsoon climate of the 
Indian Ocean. Dhufar is thus somewhat ,-.olerand wetter in the 
summer than the rest of the countr_. 

1Sources: 
 Cordes and Scholz. 1980.
 
Hawley. 1977.
 
Nyrop, et al. 1977. 
Pedgley. 1970.
 
Scholz. 1976. 
Stevens. 1970.
 
UNESCO. 1976. 
Wilkinson. 1977. 
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2.1.1 Northern Coastal Area
 

Geographers distinguish six zones in northern Oman (Fig. 2),
 
although much of the literature blenaz these into three broader
 
regions. The Batinah is a low lying coastal alluvial plain.
 
It extends for about 240 km from the borders of the UAE
 
nearly to the area of Musqat, and there are pockets of this
 
coastal plain along the coast between Musqat and Ras al-Hadd.
 

Air streams from the Mediterranean reach Oman in the winter 
by way of the Persian/Arabian Gulf, and are responsible for 
most rainfall in the Batinah. The Batinah gets an average 
of 76 to 100 mm annual rainfall. However, the average rain
fall for Sohar is stated to be only 37.2 mm by UNESCO (1976). 

The average for Musqat (1893-1976) was 103.7 mm. Nearly 
three-fourths of Musqat's rain falls in December through 
February or March. Average rainfall can be quite erratic 
from year to year. For example, the figures for Musqat in 
1376, 1977, 1978 were 302.3 mm, 181.3 mm, and 73.7 mm re
spectively. 

Temperatures along the Batinah are generally high, sometimes 
reaching 48*C in the summon. Mean temperatures in the winter 
range from 15WC to 24"C. At Musqat, the monthly average 
maximum in JanuarI is 27.01C and in June'and July 40.9C. 
Relative humidity in the Batinah may reach over 90 percent. 
At Musqat the average maximum humidity was above 90 percent 
all year, and the average minimum was never below 20 percent 
for the period 1952-1961. Appendix 1 contains more detailed 
climatic statistics for Musqat and several other Omani cities. 

The coastward foothills and wadi (wash) rogicn (Region !I,
 
Fig. 2) is distinguished by geographers as a transition zone
 
between the mountains and the 3atinah, and has an intermediate
 
climate. This region is quite sparsely inhabited compared to
 
the Batinah or the wadis of the mountains.
 

2.1.2 Northern Highlands
 

The Oman mountains extend from the Musandam Peninsula to the
 
easternmost point of Oman at Ras al-Hadd. At either end of
 
this arc the mountains reach the seacoast; only in the central
 
portion does the Batinah (and the foothills region) intervene.
 
These mountains are composed of sedimentary and volcanic rocks,
 
forming steep escarpments cut by canyon-like valleys and broad,
 
flat wadis. General elevations are around 1220 m, but there
 
are extensive areas of higher elevation. Peaks in the Jabal
 
A.khdar area, central to the chain, reach 3050 m. There 
are also extensive plateau areas which approach the 200 m 
level. 
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A number of major wadis run out of the highlands across the
 
il is the only
Batinah toward the Gulf of Oman. Wadi Sama' 


one that normally has surface flow in its lower reaches
 
throughout the year. In particularly dry years, even this
 

may fail. ther major wadis which cross the Batinah include
 

(north to sout-heast) Jizzi, cAhin, Hawasina, bani Ghafir,
 

Farca, bani Kharus, and MaCawil. Wadis Mijlas, Tayyin and
 
Falaij reach the sea on the northeast coast of Oman between
 

Musqat and Ras al-Hadd. In none of these does surface flow
 

reach the sea except in particularly wet years or after
 

exceptionally heav,7 rains.
 

Wadis draining inland include Dhank, Kabir, Sayfam, and
 

Bahlah. These drain toward t--he Rubc al-lKhali. Wadis Halfain 
and CAndam run from the central portion of the mountains to the 

sout,heast coast near Masirah. Wadi Batha and its tributaries 
begin in the southeastern portion of the mountains and reach
 

the sea south of Ras a!-Hadd. 

Rainfal in t.e mountain zone is hizher than along the coast, 
averaging 150 -o 200 -m in most areas, ;nd even somewhat 

higher in Jabal Akhdar. The average annual rainfall at
 

Nizwa for 1963-1967 was 161 mm, while 139.2 mm were recorded
 

in 1973. There is no extended record for other stations,
 

but at Rustac 38.3 mm were recorded in 1973, a year in 

which Musaat received 73.7 mm. 

Oman's situation on the boundaz- of two meterological regions 
is more evident at higher altitudes than in -he Batinah 
coastal plain. For the period 1963 to 1967 Nizwa recorded 
the highest rainfall in the months of April, May, and July. 

= 

(28 m, 50 mm, and 30 mm respectively; yearly average 161 .Tn). 

Smaller amounts fell in the winter (15 m= in December). 
However, in 1973 there were heavy rains in winter and early
 

spring (23.9 mm Januazi!; 42.3 mm March) , and only one mon-th 
of heav; summer rains (51.1 -m July; year 129.2 m) . At 
Rustaq in 1978 rainfall was fairly evenly divided bet-wieen 
the late winter and late summer oeriods.
 

The average humiditr at Rustaq, which is on the coastal side 
of the mountains, varied in 1978 between 51 and 73 percent 
throughout zhe year. At Nizwa, on .. e inland side, humiditY 
ranged prcm 45 to 71 percent for the same year. Maximum 
temperatures at Rustaq were a few degrees warmer in the 
summer and a few degrees ccoier in -he winter than in Musqat. 
The minimum temperature was a few degrees cooler year round 
for 1973. At Niwa the maximums -were zcomarable to those of 
Rustac, while minimums averaged stil another few degrees 
cooler.
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2.1.3 Interior Oman
 

The inner foothills and wadi region is another transitional
 

zone, sometimes classed with the mountain region, sometimes
 

with the interior lowlands. A few records are available
 

from stations in this area. AI-Wafi, at the eastern end of
 

this region, received 69 mm of rainfall in 1978, nearly
 

all of it in winter and early spring. Temperatures were
 

similar to Rustaq or Niizwa, while humidity was somewhat
 
Rainfall records fromhigher than in either of these towns. 

the border between the Sultanate and the UAE,show an
Buraimi, on 

mm for 1966, 1967,
annual total of 39.5 mm, 14.8, and 77.3 


1968 respectively. Most rainfall fell during winter and
 

early spring.
 

The interior foothills and wadi region is the last area in
 
From here to Dhufar
the north inhabited by sedentary groups. 


the desert areas are frequented only v nomads. In western
 

Oman t-he fringes of the Rub c al-Khali form a sand region, 

while the east contains t-he extensive Walhiba sands. The 

strip between the sand regicns consists ofnor-th-south 
broad, flat terraces cut by a number of shallow wadis.
 

These are grazing lands for nomads' herds, and a few oases
 

are scattered throughout the area.
 

Within this nomadic region climatological data is available
 

from Fahud. Average annual rainfall for the periods 1956

only 30 m, with 26 = of this evenly
1957; 1963-1967 was 

Relative humidity
distributed in March, April and May. 


ranged from 23 to 51 percent. Average daily maximum temperature
 

varied from 25*C in January to 45"C in June.
 

2.1.4 Dhufar
 

In Dhufar the geographical progression is similar though less 

pzonounced than in the northern portion of the Sultanate. The 

sands of the Rub- a!-(hali also .ntr.de into northern 

Dhufar, where the bands of the interior foothills and wadi 

regions begin. Cl.matic data from Thamarit (Midway) shows 

that temperatures and humidity are similar to Fahud. Rain

fall figures a. not available, but conditions are likely. 

to be similar to those in Fahud. The nor-hern slopes of 

the mountains lie in a rain shadow, and the vegetation 

is quite sparse. 

tne eastern extension of a
The highlands of Chufar are 
in -ne ?ORY as well. -n Dhufar -hewider range that lies 

highest peaks reach about 12720 m. Beynd general obser
vations, no detailed climatic data is available for :-e 

The southern side receives high rainfallmountain region.
Xrom the summer monsoons. 'hufar is the only place in Oman 

to receive a substantial amount of rainfall from these 
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southeast 	monsoons. Precipitation is higher on the
 

southern slopes than in any other area of the country, 
ranging from 633 to 762 mm. 

The coastward foothills and wadi region is a small tran-
This plain is
sitional zone to the coastal plain in Dhufar. 


about 48 km long, centered on Salala, with a maximum width
 

of about 8 km. Average annual rainfall from 1942 - 1972
 

was 107.9 .mmat Salala, and 71.0, 116.9, and 367.7 mm for
 

1975, 1976, and 1977 respectively. July and August are
 

normally the heavy rainfall months, but heavy rains can 

also occur during any other month between April and October. 

Temperature ranges are not as extreme at Salala as in most 

other areas of the country. The average monthly maximum 
Average
lies between 26.8*C and 33.4*C (1974 - 1977). 

monthly minima may be as low as 15.0WC in the winter. 

2.2 Demographic Characteristic&

2.2.1 Distribution
 

has ever been taken in Cman, thus all figures areNo census 

based upon estimates. World Bank estimates from 1979 place
 

the population at 860,000 to 64,000. Of these, about
 

140,000 are foreign residents. There also may be as many
 

as 38,000 Omanis working abroad. The government uses a
 

population figure of 1.5 million for planning purposes, but
 

is well aware of current estimates. Approximately 20 percent
 

of the population was urban in 1973, up from 5.1 percent in
 

1970. The largest urban area is the region around Musqat,
 

the capital, and Matrah. This "capital area", which includes
 

Musqat, Matrah, Ruwi, and Sib, is being developed as one
 

urban unit. The combined population of the capital area
 

is about 30,000. Other towns of some importance include
 

Nizwa (10,000), Salala (10,000), Sohar, and Sur. Oman's
 

growth rate is estimated at 3.1 percent.
 

The population density for the country is estimated at 

about 3 persons per square m. The density on arable 

land however, is about 3! persons per square km. Settlements 

in r ral areas are confined -o those places where both
 
water and cultivable land are available. The Batinah
 

Sources: 	 3irks and Sinclair. 1979.
 
Hawley. 1977.
 
Middle East Annual Review. 1980. 
,uarterlyEconomic Review of Bahrain, latar, Cman, 

the Yemens. Annual Supplement. i980. 
Sultanate 	of Oman. . ?9. 

U.S. AID. 1980a.
 
U.S. Dept. of Commerce. 1980.
 
Who's Who in che Arab World 1978-79.
 

9
 



coastal olain is one such area, and this coastal strip is the 
most densely populated area of the Sultanate. In the foot-hills 
regions on either side of the mountains, as well as in the 
mountains thermselves, settlements usually lie along the major 
wadis. Wadi Sam'il and the wadis around Rustaq-Awabi are 
two particularly populous areas. The desert areas between the 
northern region and Dhufar are virtually uninhabited. Dhufar
 

itself is sparsely populated compared with the northern region. 

2.2.2 Social Composition
 

The population is over.-heLningly Arab and Arabic speaking, and 
is nearly all Muslim. Nevertheless, a number of divisions 
within Omani society reveal influences of non-Arab peoples,
 
differences in religious practice within Islam, different 
socio-economic organization, and tribal =olitics. In the 
major urban areas of coastal Oman, there are sizeab e 

minorities of E. Indians, Pakistanis, Baluchis, and Persians.
 
Black African influence is also evident in some urban areas,
 
particularl 7 in Salala. Dhufaris are also -often considered
 
distinct from the Arabs. They can probably trace t=heir an
cestry back to non-Arab peoples who inhabited southern 
Arabia in ancient times. The Shihuh of the Musandam 
Peninsula is another group which may be =aced to pre-Arab 
populations. 

The oredominant religion of Oman is Zbadhi Islam, which is 
distinct from either the Sunni or Shia branches which_.e
vail in the rest of the Muslim world. About three-fourths 
of the population is Ibadhi Muslim, and ibadhism has set the 
tone in govermental organization and jurisprudence in Oman. 
About one quarter of the copulation is Sunni, including a 

aew tribes which are ahhabi. Schi ism is practiced by a few 
Omanis, eseciall> in coastal urban areas where thr:e is 
Iranian influence. Another dichotomy within Omani societ 
is the one bet.4een settled villagers and nomadic Bedouin. 
Bedouin rance over most of the vast non-mcuntainous area of 
the Sultanate, but they number only about 30,000. 

Tribalism is ver much a factor in Omani society, a.mong the 
settled majority as well as the nomadic 3edouin. Tribal
 
organization is most firmly entrenched in interior areas, and 
often must be considered in deveiocment schemes. For example, 
water, land or grazing riqhts may be owned cor=orate-, 
rat.er than individuall>. 

The 7.4o Zoi-ia of mani socie-y,traditional !ivisicns 
'inawi and Ghafiri, are based =.on tribal alliances, and cut 
across scio-economic orcanizaion or religious boundaries. 
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2.2.3 
3/Public Health 

Despi-e great strides during the last decade, there is still 
ample room for improvement in health standards. The crude 
death rate was estimated at about 19 per 1000 in 1977, an 
improvement over the 26 per 1000 in 1960. The death rate 
among children I to 4 years of age was about 29 per 1000 in 
1979, also down from 48 in 1960. The infant mortality rate 
is estimated at about 142 per 1000. Life expectancy at
 
birth is about 47 years. The poor health conditions, par
ticularly outside the few major urban areas, may be attributed 
to malnutrition, lack of sanitation facilities, and general
 
absence of knowledge about personal hygiene or preventive 
health measures. Severe shortages of medical persornnel further 
contribute to inadequate health care.
 

Very few figures are available on incidence of disease or 
cause of death. Malaria was apparently the most comton disease 
treated during 1977. Of 730,000 patients treated, 46.6 percent 
of the treatments were for malaria. Enteritis accounted for 
another 23.9 percent of these. treatnents. A parasi-e sur-ley 
conducted among 2548 school children in 1977-1979 yielded 
346 (13.6 =er-ent) pcsitive tests. Another survey conducted 
in the cacital area showed n.utritional deficiencies among 
students of various ages (Table 1). 

Table 1. Nutrional Defi:.encies 

Age 6-12 13-18 19-24 

Sample 122-54 510 211 

Deficiencies (%age of sampe) 

Viitamin B 2.0 4.0 4.7 

Vitamin C 0.1 0.4 0.6 

iron 4.2 7.0 3.3 

Calci',m 2.6 9.0 .0.9 

Flurosis 0.3 6.2 6.8 

Source: Autret and Miladi. 1979h. 

3Sources: Autret and M..iladi. L1979a.
 
Aut-et and Miladi. 1979b.
 
Hawley. 1977.
 
Jesscp. 1979
 
Nyrop et a!. 1977.
 
Reid. 1973.
 

U.S. AID. 1980a.
 
U.S. A.D. 190Cb.
 
.'io's Wno in t.ne Arab World 1978-79.
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2.3 

Comparable figures for children under 6 years of age are 

not available. Malnutrition and growth retardation are cited 

age groups. These problems are largelyas problems for all 
due to ignorance of nutritional requirements and to intestinal 

food (Amine 1980, Hawleyparasites, rather than to lack of 
1977). 

in Oman,A number cf other diseases are cited as present 
Trachoma,
without quantitative data about incidence. 


glaucoma, and other eye diseases are common, as were helmin

thiasis, poliomyelitis, tuberculosis, and various vitamin
 

deficiency diseases. Zmall incidences of leprosy, cholera, 

and smallpox were also noted in the mid-1970s. Eoidem._s 

of cholera, measles, and influenza occur periodically. 
Several immunization and innoculation programs have been 

carried out, including efforts against smallpox, polio

myelitis, diptheria, whooping cough, tetanus, and tuberculosis.
 

-1/ 

Economic Characteriszics

and GDPAt first glance, Oman's per capita GDP of US $3,900 

growth rate of 31 percent may indicate that the count--- is quite
 

advanced in tlhe development process. However, these figures are
 

a reflection of Oman's modest oil exports, rather tan the true
 

state of the economy. The GDP growth rate is largely a result
 

o: oil price increases, and approximately two-thirds of "he 

population is thought to have an annual income of less than US 

$300 per year. Oil revenues accounted for 61 percent of the 

GDP in 1979, while public administration (including defense) 

made up another 11 percent (Table 2) . Approxi-matel7 95 percent 

the value of Oman's extorts was from oil, and most of the 
'Table 3). The only orher =roducts 

or 

rest was from re-exor:s 
originating in the country were agricultural goods. On1/ 2 

of the labor force is involved in the oil industry,percent 
while 50 =ercent are employed in services.
 

4Sources: Birks and Sinclair. 1979.
 

Europa Publications. 1980. 
Middle East Annual Review. 1980. 

1978.
Middle East Econcmic Digest, Special Report. 


Nvroo et al. 1977.
 

Quarterly Economic Review of Bahrain, Qatar, Cman, the Yemens.
 

Annual Sucol-zent. j 70.
 
Sultanate of Oman. 19ECa.
 
Sultanate of Oman. D79.
 
Sultanate of Oman. no da-a.
 
U.S. AID. 190b.
 
World Bank. 1979.
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Table 2. Gross Domestic Product by Industrial Origin, Market Prices 
Millions of Omani .ials (OR) 

Agriculture,fishing 

Oil 

Manufacturing 

Construction 

Transport,communications 

Power 

'Wholesale,retailtrade 

Banking 

Ownership of dwellings 

Public administ=ration,defense 

Services 

Total GDP 


a Provisional.
 

1975 1976 1977 


18.1 20.0 24.0 

473.7 525.0 534.8 


2.5 4.0 8.3 

89.2 98.2 84.2 

23.5 29.6 28.2 

1.8 2.9 6.3 


48.1 47.0 65.5 
9.9 9.4 13.3 

9.3 14.2 18.3 

55.3 78.9 83.4 

8.4 10.0 13.8 


738.8 839.2 880.1 


% in 
1978 19 79 a 1979 

27.1 32.0 2.7 
498.4 710.0 60.6 
11.2 14.2 1.2 
35.3 95.7 8.2 
33.2 36.7 3.1 
8.0 9.3 0.8 

72.2 83.0 7.1 
14.- 15.4 1.3 
21.S 26.3 2.2 

105.9 131.8 11.3 
13.2 16.3 1..I 

892.8 1170.7 99.9 

Source: Quarterly Economic Review of Bahrain, Qatar, Cman, the
 
Yemens. Annual Sucolement. 1980.
 

Table 3. External Trade, Millions of O!
 

1973 1974 1976 1977 -978
1975 1979
 

Imports
Recorded • . 40.7 135.6 :64.3 :50.5 302.1 327.: 416.4 
Uarecorded st ate 45. 73.:o.o :11..0o 104.0 :08.3 6z.7 

TOTAL . 35.3 :14.: 371"3 405.5 40o6.; 4353.5 479.1 

Lx arts 
Petroleum 114.3 418.7 438.r 543.3 545.9 521.3 745.7 
Other .0. .4 1.1 1.4 t.5 6.5 4 
Re-e.ports - - - 6.0 1.o 24.0 f 4 

TOTAL 114.9 419.1 489.2 [ 551. 559.4 552.3 788.9 

Source: Euroca Publications. 1980. 
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2.3.1 Agricultural Sector
 

Agriculture (including livestock and fishing) is still one 

of the most important sectors of the economy, and certainly 
t.he sector which is predomLnant in rural areas. Although it 

has contributed less than 3 percent to the GDP since the 
totalearly 1970s (2.7 percent in 1979), 48 percent of the 

labor force is employed in agriculture. Nearly 70 percent 
is active in this sector.of the native Omani work force 

Agriculture is still largely oriented toward subsistance.
 
area)An estimated 36,000 ha (0.12 nercent of Oman's surface 

are cultivated, with about 58 percent of this devoted to 
date 

palms in 1975. Alfalfa accounted for nearly another 14 percent 

Limes and onions are other relativelyof "the cropped area. 
important crops, while wheat and maize, tobacco, bananas,
 

a lesser
 mangos, coconuts and a number of others are grown to 


extent.
 

The agricultural sector has been stagnant tihroughout
 
a number of causes, including
the 19;C-. There a-

both the public and private sectors,byinsuficient investment 
and high rates of migration from rural areas which leaves 

labor shortages in agricultural areas. Scarcity of water is
 

a natural constraint which also contributes to the stagnation, 
.sparticularly since the traditional irrigation system 

thefrom lack of maintenance which exacerbatesdeteriorating 
farming in theproblem. Fishing has been second on!y to 

traditional economy, and still occupies about 10 percent of 

the labor force. This activity has also declined over tne 

same reasons that agriculturepast decade for many of the 

has.
 

This stagnation in agricultue and fishing has come at a 

demand for food has rapidly increased. As atime when 
imports of agriculturalresult Cman is becoming dependent upon 


goods in which the count--f was once self-sufficient. Food,
 

animals, beverages, tobacco, cercent
and animal and vegetableimports in

oils 
of Omani 1973.and fats accounted for 17.4 

The value of these imcorts has risen rapi.dly in the last decade 

address these problems in the fi-st(Table 4) . Oman began to 'out budgeted only 4.4 percent of:ive .year olan (1976-1980) , 

i erid direcly1- to agtotal government scending t 

riculture and fisheries. Acutal spending during -he first 

was only 57 perzenz of th.e f-ndsthree years of the plan 
budgeted to agricaultre. The L981-i985 plan allocates 

10.3 percent of total gover.nment exenditures to -e 

Xinist-- of Agriculture and Fishing. 
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''ab iLu 4. Recordud Iml,'orLs Cld~ifiud undLer SVI Seutkci-zas 

Value In thousand ftlals Omani 

SITC Saction 1970 1071 1972 173 1974 1975 1978 1977 1978 

0 Food & live alllsl 3.000 i 39.5) 4.995 ( 38.3) 5.845 (30.2) 9.747 ( 24.0) 16.033 ( 11.1) 2a.803 ( 10.1) 30.390 (12.1) 38.116 ( 126) 42363 ( 12.9) 

I evoraijea & tubacco 141 1.91 420 4 30) 68o 38) 114 4 2.0) 1.685 ( 1.2) 3.087 1 1.21 4.827 ( 1.9) 6.322 1 2 1) 116411 35) 

2 Crude niastallla. InediblW. 

excepI lt.l 7 IK( 1.0) 203 ( I 9) 203 ( 1.8) 782 4 1.9) 2.763 ( 20) 5.628 ( 2.1) 5.944 ( 2.41 6.414 1 2 1) 48133 I 1.5) 

1 Mliiieal fuels. iubli,cani and I 
selntud ngleliala 34U ( 4.5) 905 1 82) V10 ( 4V) 1.759 I 4.3) 6.073 1 37) 10,797 ( 4.1) 17.138 ( 8.8) 21.461 4 7.1) 27542 ( 8-4) 

4 Animal & voualablo Oil& A le. 179 ( 0.4) 704 ( 0.5) 809 ( 0.3) 1.171 4 0.5) 1.973 4 0.7) 3134 ( 1.0) 

5 Clieaileals 103 j 2.4) 577 4 42) 741 4 4.0) 1.837 ( 4.5) 5.01d ( 3.7) 0.990 ( 3.4) 9.384 4 3.7) 11.139 4 3.71 13610 4.2)' 

8 hianuhacluled goods 1.1113 ( 239) 2.233 4 10.2) 3.630 ( 19.4) 7.011 190) 20.66S7 (21.5) 40.519 ( lb.4) 47.739 4 19.1) 53.782 178) 80,19 1.9) 

I Macliinety & liti:poit equipment 1.204 I 169) 3.451 4250) 5.223 ( 279) 12.612 4 31.0) 53.710 396) 95.774 (3a.2) 102.083 4 40.8) 123.563 4 409) 125933 311.5 

8 MllCullalluu3 niflnutaciuged 9oud 450 ( 59) 697 4 5.1) 990 53) 2.656 ( 7.0) 11.060 &.2) 18.292 4 89) 22.538 9.0) 29.425 4 91) 31961 9 0b) 

X Aiticlaa nut clusailled 305 ( 40) 100 4 1.4) i15 4 3.3) 2.100 ( 5.2) 11.001 ( 8.21 45.545 17.2) 9.345 4 3.7) 9.070 33) 7640 4 2.3) 

TOTAL 7.592 (100.0) 13.784 (1000) 10.713 (100.0) 40.G74 (100.0) 135.578 (100.0) 264.313 (100.0) 250.540 (100.0) 302.064 (1000) 327221 (100.0) 

NOTES I Pilo( to 1915. hauli lig ruccllud imiljos lioului lSulall ae niot avlisildbla. hulnc not includd. For 1975. only total value is available and it included under 
ArtiClez oiwl cln:tAlaUd" 

2 ilil liuiutit are Calculatd oin ihi J)asir ofl c.i.1 values. and tire clash lled ,ccoodin9 1o Ih Slailaid Intatrniaolial asde Ca liticlatoi ISITC). 

3 hlUiila. in parrUIrun ,1 aid perculllus Of ilia total value Of im11pols 

*SuIperlellIIuuealrut available. included under aectIon 0. 

SOULC' ; StI LcAiidtu OtI Oillil. 19"9. 



2.3.2 Effects of Migration on Agriculture
 

The impact of migration is largely felt Ln rural areas, and 

thus by the agricultural sector. Rural men often leave
 

their villages or tribal territory to work in neighboring
 

Arab states or in Oman's urban areas or oil fields. In one
 
to
sampled population of 17,000, 74 percent of males aged 14 


40 years were absent from home. Only 12 percent of all males
 

over 15 years of age had not been away at least half a year
 

as a wage earner. Even these statistics do not give a complete
 
migrationpicture, because veryI often the purpose of labor 

is to gain the skills or capital to enter a higher status 
Thus, even if the migrant returnsnon-agricultural occupation. 


home eventually, he is usually no longer willing to be involved
 

in agricultural work.
 

Lack of labor has led directly to a contaction of cropped 

acreage (Birks and Sinclair 1979). Winter wheat cultivation, 
was:or example, is about one-fourth as exzensive as .it 

three decades ago. Less obvious but perhaps more significant 

is the d-cl ing care given to date ;al:n husband--', "hich is 

beginning to cause declining yields. Xnot--h result- is the 
m. Thedeterioration of the traditional irrigation syst 

flaj (aflaj) system is dependent on man-made underground 

channels which tap aquifers in higher rainfall mountain 

areas and transport the water to culti';able areas. The system 

requires constant maintenance to operate. Migration of 

0-anis abroad does affect other sectors also. The 
over half of its modern sector workSultanate must import 

Most of the Loported labor is unskilled and could
force. 

easily be filled by Omanis who are workinc abroad.
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3.0 Environmental Resources
 

3.1 Geology and Mineral Resources 

5/

Geolog!3.1.1 

A UNESCO-FAO survey (UNTESCO-FAO 1977) shows four broad geological 
regions in Oman (Fig. 3) 

Figure 3. 	 Geological Regions 

1. Hadhramaut p aeau
 
2. Jiddat al-Harasis plain
 
3. RubC al 	 Khali desert 
4. Oman Mountains 

Source: Adapted from UNESCO-FAO 1977.
 

5Sources: 	 Hawley. 1977. 
Morton. 1959. 
Tsciocp. 1967. 
UNESCO-FAO. 1977.
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iree of these broad regions are considered subregions of 

ae Arabian Shield and Median Zone. The Hadhramaut plateau 

Region 1, Fig. 3) is situated primarily in the PDRY, with 

nly a small portion intruding into Dhufar. The plateau 

Dnsists ma.inly of tertiary rocks, including calcareous 

aale, lime:;tone, and massive gypsum with chert and marly 

ands interbedded with limestone. 

ne Jiddat al-Harasis plain (Region 2, Fig. 3) is found in
 

hufar and central Oman. This flat gravel plain is dotted
 

ith low eroded ridges and scree hills. in the eastern
 
in turn
art gravel overlies chalk and marl, which are 


nderlain by Cretaceous limestone. In the southwest and
 

orth the underlying rock is fine-grained hard ILmestone. 
can also be found in a number of areas in
obile sand dunes 


he Jiddat al-Harasis.
 

he Rub Cal-.Chali desert (Region 3, Fig. 3) covers much of 

he interior of the Sultanate. in this vast was-eland. of 

ravel plains and sand deserts, the sand is maini'; aeolian 

- often occurs in very high, long ridges, which may be up 

over 40 '.,- long. The Wahnba Sands- whicho 150 m high and 
each the coast are considered an extension of :is desert 

egion. 

Fig. 3) are struct...ria>', car'heOman mountains (Re ion 4, 
They consist of anf the Zagros chain found in Iran. 

.nticline of Cretaceous rocks with a Precambrian core. 

'he main rocks are chert, limestone, gabbro, diorize, and 

;everal other ultrabasic rocks. 

lue to anteresttn oil, the stratigraphy of rtr2ern Cman 

.s known in some detail. A basement of igneous rocks has 

found in the nortnern zart of the Sultanate.:or- yet been 
"t seems to be represented only in a small area of Dhufar
 

and nearby on t-he Kuria Muria islands. Paleozoic:near Murbat) 
forationsLnd pre-Cambrian to Middle Cambrian sedmentar-

ire found in the iaushi Huqf area and near Jabal .k<hdar 

ind Saih Hatat in the -man mountains (Figs. 4, 5, 6). 

The base fo-mations are characterized by sandstones, 
-:o siI.v s1ales, and cherty dolomitesirgilaceous siltstones 

Ln th.e Haushi Hucf area. -n !he Oman mountains tne 

-omcosition is of conglcmeratic clastics containing basement 

:ocks, followed by shallow marine sar:dstones and thin tidal

flat limestones and sandstones. Over .ying formations include 
4n_o"omi....d limestones 

mountains t-.e successicn of 
-lastics and lfa- the 

.aushi uuaf area. --n e 
iltstone, sandstone, and Limestone bands is reneated. 

= s-zromatolites :an be found-olomites with si i -i aia. 
4n the t1o levels. 

1
 



Figure 4. Major Tectcnc~il Elements 
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Figure 5. Geological Map 
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Figure 6. Stzratigraphical Correlat-ion Chart 
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Perm.o-Tri.ass~c and Jurassic to Cenomian forma~ior.s are 

generally sound in areas surrounding the pre-Cambrian
 
formations, with additi~naI outcrops in the :4usandam
 
?eninsula. Conglomerates, red sands tones, various .L es tones,
 
and argillaceous sil:stone predominate in tne Hausni Huaf
 
area through bothn sequences, Dolomites are .. i.n
ost corrnon 
-the ?ermo-Triassiz formnaior o: tn~e mountains. Various 
limestone secuences ."redominate in t"he'nn"en Jurassic to
 

Cenomanian.
 

3ase.nenz block .move.ments followed the decosi-ion of thi"e
 

preceeding sequences, which resulted in several separate
 
secuences. Most oz tne Oman mounzai.ns are .made ,o or ei-.er
 
Hawasina ;roup depcosits zr Sama',.1 Othioli-es. The Hawasina
 

23.
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Figure 7. Structural Cross-Sections of Oman Foreland 
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Figure 8. Structural Cross-Sections of Cman Mountains 
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3.1.2 

6Sources: 

group consists of calcareous shales, limestone conglomerates, 
cherty limestones and shales, and radiolarites. Sama'i.
 
Ozhiolites are ultrabasic extrusions, and form one of the 
largest almost continuous outcrops of ophiolites in the 
Middle East. Contacts with other rocks are seldom seen, 
feeder pipes or fissures have not yet been found, and thus 
little is known about the subsurface form and thickness of 
the various bodies of Qphiolites. Small areas of Tertiary 
sequence are scattered along tlhe fringes of the mountains 
and Haushi Huqf area. A large continuous area is found in 

Ohufar. Structura. cross sections for a number of areas 
are shown in Figures 7 and S. 

6/ 
Petroleum Resources 

By world standards, Oman's petroleum production is not
 

particularly large. The Sultanate pumped 14,200 thousand 
tons in 1980 compared to 495,000 thousand tons for Saudi 
Arabia or 30,000 thousand tons for Egypt (Petroleum 
Economist Jan. 19.2 ,evertheless, oil is the mcs- sig
nificant sector in the Omani economy in term-s of :ontrihution 
to the GDP. Just over 60 percent of the GDP was from oil 
(Table 2, section 2.3) and 95 percent of export earnings 
came from oil. (Table 3, section 2.3). Although the first 
concession was granted in 1937, exploration was interrupted
 
by the Second World War, and did not resume until 1948. 
Only in 1964 was the announcement finally made that oil 
did exist in Oman in auantities sufficient for production. 

Since then production
Production and export began in 1967. 

has fluctuated somewhat and peaked in 1976 at 133.3 million 

barrels (Table 5) . Japan is the major purchaser of Omani 
oil (Table 6). 

Europa Publications. 1980. 
Middle East Annual Review. 1980.
 
Middle East Economic Digest. Special Retort. 1978.
 

Petoleum Econcmist. jan. 1981.
 
Quarterly Economic Review of Bahrain, Qatar, O'man,
 

tne Yamens. Annual Supplement. 1380. 
Who's Who in Ithe Arab World. 1978-1979. 
World Bank. 1979. 
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and ZxploraLon 	Act.ivitiasTable S. Production of Crude Ol., Lxvor. 

Cuulat..e N"me- of 
.on-Poducinq (a) 
Producing 

Wells 

1967 

50.0 
21.0 

1969 

80.0 
58.0 

1972 

134.0 
109.nl 

1973 

174.3 
143.0 

1974 

207.0 
150.0 

1975 

194.0 
213.0 

1976 

220.0 
226.0 

1977 

240.3 
245.3 

1978 

293.3 
M3.0 

1979 b 1960 
-
c 

Product.on 
(Thousand 3BBL.ay) 
(Mil.lion BL,/ea) 

57.0 
20.9 

328.0 
1.9.7 

282.0 
102.3 

293.0 
107.0 

290.0 
OS.3 

3.1.0 
124.6 

368.0 
133.7 

340.0 
124.1 

314.3 
1-4.7 107.7 51.0 

(cxpor-ts (Mi3.1-on 3BLdYsa.) 20.9 119.2 103.2 106.9 105.8 124.8 134.3 122.2 11S.3 107.6 49.3 

a. 

b. 

,on-producing wa11s Lnclude .x' holes, water injec.tion and wells 

produci-ble but wtc ;zoducinq. (In 1973, out of 174 man-prodocinq 

Wells, six were producible. 

Source: * uaxrary 3onoz.c Review of Sanain, Qatar, 0mn, the Yemens. 

Annual Supplement. 1980. 

c. Jan-June 

S.u zrce: -3rid 8a.,.. 1)79 . 

"able 6. DOiect.nn of Oil b ;or' (in parcentaqes) 

1974 1975 1976 1977 i978 19794 1960 

'a3an 35.4 37.5 43.3 51.4 57.3 i3.3 49.1 

United status 2.3 5.3 15.8 15.4 15.3 13.2 .4 

Cazxbbean :',ands 3.7 10.7 7.5 3.i 5.9 (c) (c) 

.eel AndS 1.3 :0.5 14.5 3.1 i.3 7.1 16.2 
12.0 6.3 6.4 3.3 1.3 0.5 2.. 

Norway 3.3 1.2 3.4 3.1 i.5 4.8 5.3 

Sweden 3.2 3.3 ;.2 3.4 3.8 (c) (ci 

CAnAda L1.7 3.8 6.3 3.3 3.3 (c) ic) 

UnL-t*d dnoqm 5.4 6.6 1.3 1., 0.7 5.6 3.2 
Other.10.9 7.3 4.7 3.6 5.2 5.2 1.2 

1O0tl 10.3 co.0 00.2 100.2 100. 

prnce 


100. 10. 

A. 	 Sorcq1 ^.Uartazly Ecnomiac Uavivd -if 'zatar, 3afri'isii , n 
nheYenad. Annual Supplement. 9dO. 

b. january-.une 
C. t d.at nqui.sed sep.rstaly in source 

Source: Oorld 3.ank. 1979. 
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Most of the currently producing fields are in the desert of 
the northern part of +-he Sultanate. The group of fields 

around Fahud (Fig. 9) are the largest producers. Yibal, Fahud,
 

and Natih began production in 1967, and are connected by
 

pipeline to Mina al-Fahal, near Matrah on the coast. 

Huwaisah came into production in 1971, the field around
 

Ghaba in 1975, and Lekhwair in 1976. A number of spur
 

pipelines connect these fields also with Mina al-Fahal.
 

A pipeline was under construction in 1980 to connect the 

Dhufar fialds to the main pipeline network in the north, 
and these fields are expected to begin production in
 

1981. Total recoverable reserves from all of these
 

fields are estimated at 2.4 billion barrels, but it is
 

likely that future exploration will discover additional 
fields.
 

Figure 9. Major Oil and Natuxal Gas Fields
 

. SQAA 

I I I r h ihay da 4 , h a a Nor "aIdS 

ZAs Fields t / aih awl 9 0 ,&r Aldm 

Soulrce: Adapced f:om Petroconsuitants LTD. 1977. 



Natural gas reserves are estimated at up to 5,000 billion
 

cubic feet. The major fields are in the area of Fahud
 

and Yibal. A pipeline to the coast near Muscat (Ghubra)
 

completed in 1978, and several liquidification plants
was 
were either recently completed or are nearing completion 

in 1981. Production was ahout 60 million cubic feet per 

day in 1979, but a daily yield of 140 million cubic feet is
 

expected.
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Other Minerals
3.1.3 


Oman has often exzorted mineral resources throughout its
 
at least four millennia.history, which reaches back 

Copper has always been the major mineral mined, but 

silver and coal were also known (Nyrop et al. 1977, 

Trosi 1975, Goettler et al. 1976) . Altrnough oil has become 

factor the beginningthe dominant in economy today, Oman is 

to discover and rediscover a number of other minerals. A 

great variety have been found, but it is not yet clear 

whether many of them are 4n cuantities which are 

economically exploitable. Mining operations are planned 

for several, and copper and asbestos production are
 
Copper is found in several areas
expected to begin soon. 


inland from Sohar. Reserves are estimated atabout 40 !.m 
um to 20 million tons averaging 2.1 percent copper. Mining 

operations are currently beginning to e=ploit three of 

the deposits, and the government expects to produce 

3,000 tons per day. A flotation mill and smelter is
 

being built at Sohar which wll produce 20,000 tons of
 

pure copper per year.
 

Asbestos has also been found in the northwest mountains, 

and is considered :o be present in conercially exploitable 
cer.ent plant and asbestos pipequantities. An asbestos 

but clearfactory have been built a- Rusayl, it is no: 

whether these are using Cmani asbestos. Chromite has 

been found on the coastal side of Jabal Akhdar, coal 

deposits are being investigated south of Sur, and 
Other mineralsmanganese is present at Ras al-4add. 


which have been reported include iron ore, lead, zinc,
 

nickel, silver, gold, phosphate. Materials such as 

!Lmestone and marble are also :)resent in su::i:ienc 

7Sources: Eurooa Poliations. 190180 0 
Middle 'EastAnnual R~eview. 1980. 

%idle East Economic Diest. Special Reort. 1973. 
Nyroa et al. 1977. 

uartery Economic Review of Bahrain, Catar, Cman, 

the Yemens. Annual -upz!o--ment. 1980. 

U.S. A:D. 1980b. 
U.S. Dent. of the Interior. 3ureau of Mines. 1976. 

U.S. Decz. of the :ntericr. Bureau cf Mines. 1979. 
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quantities to support the Omani construction industry. Table 

7 summarizes the reserves of minerals for those which have 

been investigated in any detail. 

Table 	7. Mineral Reserves 

Projected Production
Reserves 
(million tons) Source (thousand tons/year) Source

Mineral 


1,4
5,6 	 20
Copper 	 20 

12 1,2,4
 

6
Asbestos 8-10 

6
Chromite 5-10 

2 1 

6
Coal 10 


600 3

Ce-ment 


8 	 3
Salt 


10 
 4

Marble 


Sources: 1. Europa Publications. 1980.
 

2. Middle East Annual Review. 1980.
 

3. Middle East 	Economic Digest. 2 May 1980.
 
of Qatar,4. 	Quarterly Economic Review Bahrain, 

Oman, the Yemens. Annual Supplement. 1980. 
Buxeau of Mines. 1976.S. U.S..Dent. of the Interior. 

6. U.S. Dept. of the Interior. Bureau of Mines. 1979. 

Policy-Aineralz3.1.4 


policy of Omani 	 controlThe Sultanate is committed to a 
the ecoromy, including mineral resources. Foreign
over 


investnent is encouraged, but all foreign ventures must
 

have at least 35 percent Omani participation. in the
 

petroleum industry in part.cular, this policy translates 
Oman (P.O)into state participation. Petroleaum Development 

is currently the only company producing in Oman. PDO is 

Sources: Europa Publications. 1980.
 
Middle East Ecoromic Digest. Szecial Report. 1978. 

U.S. Dept. of the interior. Bureau of Mines. 1979. 
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60 percent state owned, 34 percent Shell, 4 percent
 
Compagne Francaise des Petroles, and 2 percent Partex.
 
Prospecting is currently being carried out by a number of
 
other consortiums, in which Oman has 80 percent ownership.
 

Oman is not a member of OPEC or OAPEC, but it coordinates
 

pricing policy and requires of foreign investors benefits
 

equal to 	those received by OPEC members.
 

The copper mining venture is 75 percent state owned, with
 

the rest 	divided between Marshal Oman Exploration (Houston) 
and Prospection Oman (Toronto). The state owns 60 percent 

of the Oman Cement Co., in partnership with Kuwait. 
Revenue from mineral resources (only petroleum to date) 
are used to finance Omani development. Nearly 95 percent 

of the budget comes from oil income, and 15 percent of all 
oil revenue is set aside in a soecial reservze fund. Non

oil mineral development is generally considered to be one 

of the count z's priorities. Therefore, Oman is investing 

a great deal in infrastructure development in order
 

to make its mineral deposits more accessable. 
9/
 

3.2 Water Resources-

.Rainfall in Oman is quite scanty, and only in local regions of 
Dhufar does the yearly average exceed 250 mm (Section 2.1). 
There is not enough rainfall to support cultivation, and 
agriculture everywhere depends upon irrigation. A number of 
irrigation techniques have been developed in Oman, utilizing 
both the 	occasional surface water and ground water. 

3.2.1 Surface Water 

In addition to scarcity of rain, high evaotranspiration 
works against the acc,=mulation of sirface water in Oman. 
These high rates lead to an unfavorable water balance. 
Figures are not available for Oman, but conditions in low 

AE,elevati-6ns are aute similar to those :in where pan 

evaporation rates have been estimated (Table 3). For 
mountainous areas in Sul=anate, rate of potentialthe -he 
evapo transpiration probably drops about 700 mm =er CO m 
increase 	in elevation.
 

Sources: 	Gischler. 1979.
 
Nyrop et al. 1977.
 
Sultanaze of Oman. 1980a.
 
U.S. 	 Army Corps of Engineers. 1979.
 
ilkinson. 1977.
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Table 8. Estimated Pan Evaporation Rates in Northern U.A.E. 

Estimated 
A nnual Mean Wind 

Station Evaporation Movement Remarks on 
(in mm) (km/day) station 

Sharja 
Digdaga 

3414 
3029 

154 
63 

Gulf coast 
12 km inland but 
lies in the line 
of a sand-dune western 
belt which bajada 
procects it from zone 
dominant NW wind 

Falaj al-Mu alli 
Milay .a 
Kalbi 

3705 
4202 
3241 

87 
104 
100 

38 km inland 
53 km inland 
Gulf of Oman coast 

Source: Wilkinson. 1977. 

Under these conditions, it is not surprising that no lakes 

or perennial surface flowing streams exist in Oman. 
the short intense rains,Surface flows "occur onliy after 

and since most storms are unpredictable and local in 
may have surface water
nature, only a few of the wadis 

at any one time. Because the mountainous regions are 

characterized by bold relief and scarcity of soil and 

runoff into -he wadi network after sucna stormsvegetation, 
is quite rapid. 

The average annual runoff available in most major wadi 

basins in Oman is estimated to be about 85 million cubic 

meters per wadi (Table 9) . Exceot in some of the 

terraced areas most of _his water normally runs off rapidly 

into the wadis before being captured for agricultural use. 
or to theSizable propor-ions may also be lost to the sea, 

sabkhas (salt deserts) such as the Umm as-Sami-minland 
Barr Hi:. an (Fig. 10) . It is estimated that justor 

along the coast from Musqat to Khaburah some 95 to 162 

million cubic meters of surface runoff is lost to tIe 

sea annually (Sultanate of Cman 1980, U.S. Army Corps 

of Engineers 1979) . In a corresponding region on the 

inland side of the mountains, some 65 million cubic 

meters is thought to be lost -o tne desert annually. 

30
 



T°abIe 9. Estimates of Water Flow Characteristics for Major Wadis 

Average Annual Maximum 50 Year Surface 
Drainage Area Rugofi Possible Flood Flood Runotf osses 

Waj (sq kin) (10 in -(in/sec) (in /sec) (10 in)(mai&jorl tributaries) 

maC wil (Sabt) (istal) 1050 85 1600 970 7 

Far a (Slitai) 1566 77 1750 1050 13.9 

bniii Kharus 1025 82 1600 960 27.7
 

1900 1100 -Dlaygah (Tayyin) 1836 90 

baiii Ghafir 878 82 1300 800 21.2 

Jizzi 936 84 1350 820 50.2 

IDhank (l.ataI) 1310 29 2400 1450 0 

85 880 520 -Iliim 403 

Mu 'iydi II 790 90 1250 740 14.2 

iBahl ah (Ghul) 1046 85 1425 880 17.3 

Saiiia'i 1800 1100 5.5-20
 

Source: U.S. Army Corps of Einginuers. 1979. 



Figure 10. Main Drainage System
 

-3Z, 

- E 

/o 

Source: Wilkinson. 1977. 
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While surface flow from runoff may be intermittent, many 
wadis do have a perennial subsurface flow. A few wadis may 
also tap the underlying aquifers. In these cases, the wadi
 
may have water at the surface in those areas where a rock 
bar forms a constriction in the wadi. Normally, such surface 
flow is highly locaLized, but wadi Sama'il is one notable 
case where surface water can usually be found in parts of 
the lower reaches throughout the year. The average annual 
daily surface flow of Sama'il in the late 1960s and early
 
1970s was 45,000 cubic m. However, it varied from 9,000 
cubic m in 1970 to 104,000 cubic m in 1968. During
 
drought years, surface flow may cease altogether during 
the summer. For exammle, in July 1971 the water flow 
receded to 2 m below the surface gravels.
 

3.2.2 Ground Water 

A substantial amount of ground water is found under the 
surface of the wadis. The typical wadi channels in the 
mountains are steep and narrow in 1Lmestone areas, and 
broaden into small basins in areas or sofrter sediments. 
The fill of gravels and silts may vari from a Few to 
several tens of meters in depth, and water is usually 

-found in this fill Many orellminar water sur ys 
have been carried out in Oman (see the water section of 
Appendix :) that have arrived at conflicting estimates 
on the amount of subsurface water available in the 
wadis. Rough figures for wadis Nizwa and Halfain may 
be on the order of 5 and 10 million cubic meters, 
respectively. 

Runoff is rapid and infiltration rates are low in the 
mountain areas, so that there is little underground 
storage exceot in the wadi channels. The alluvial and 
piedmont plains are areas with much greater storage
 
potential. These regions consist of coarse gravels to a 
death of about 100 m, overlying clayey cemented conglomerates. 
High infiltration potential and hih transmissivity are 
characteristic features. Once the wadi breaks out of the 
rocky areas into the plain, water in tne surface gr7avels 
rapidlv sinks into the deep oied .ont. :n wadi Sama'il, 
where the channel starts to fan out in -he alluvial zone, 
the water lvel iS about 43 m below the surface, and only 
about 20 m above sea level. The surface of the land slopes 
more rapidly than does the piezometric surface, so that 
near th7e cost hand dug wells may tao the water table 
(Fig. 1I). 
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Figure 11. Hydrology of the Batina Coast 
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Source: Wilkinson. 19:7: 

Inland of the mountains the hydrology is even l.ess well 

known. in the bajada zone the aquifers are still semi

confined by the rocky foothills. The aquaicludes are 
about 30 m' below the surface inf_ormed by marl and lie 

the UAE, but they have not been investigated in the 
Sultanate. Beyond the bajada is the desert fcoreland 
(see Fig. 13,Sec. 3.2.4) . 

in this zone, the occurence of :resh water is relaced to 

the distriution of sand. The sandy areas have the 
characteris tics or ramid infiltration, low caoillar rise, 

rapid fall or: of evacration rates b'elow the surface, and 

high reservoir potential. Water does not drain into 
hard-can or sabkha, but acctumulatesdepressions to form 

of the dune. Outside of.in a saturated zone at the base 

local dune areas, most ground water is brackish or saline.
 

The total amount of water entering all th-ese shallow 

acuiers in northern Oman may be on the order of 6 to 7 
;n, ; -:z,nDh Perhaps 122biIllon cubc eters =er year. 


mi'.4lon cubic meters may, rech-arge on "-e 3huf:ar pl ami yearly.
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Estimated exploitable groundwater resources are about 
630 million .:ubic meters aer annum. 

Very little is known about deep aqui:-fs in Oman. One 
does exist in southwest Oman, which lies in a Tertiary 
formation and appears to be recharged from the Dhufar 
mountains. By the tim. this water reaches the inland 
desert areas, it is highly sulphurous. in C~e mountain 
areas of northern Cman, only the limestone exposures 
provide much oportunity for recharge of deep acui f-rs. 
A few springs tap this water at the base of the mountains 
where it is still fresh, buit generally it becomes rapidly 
salinized once out of the mountains.
 

3.2.3 Water Quality
 

Water cualitz data is not available beyond some general
 

observations and a few tests. in the bajada zone section
 
of wadi Sa~ma'il, water at about 45 m below the surface has 
apprcx'a-_ey 300 prm -ot:al dissolved solids (TDS) . However, 
oh-.er studies sugges- that in many cases, water is rapidly 
salinized once it enters this zone. Near the coast, the 
freshwater wedge (Fig. 1I) becomes thinner, and water 
quality rapidly deteriorates. .he fresh-water table on 
the coast is strongly dependent upon tiial cycles and 
seasonal variations in wadi discharge.
 

Water tested in the inland bajada zone had an electro
conductivity value of L,800 micromhos (very roughly 
1260 ppm T.D.S.) in one case, but in general it becomes
 
highly salinized in this zone. Elec"_oconduc--'jt values 
may increase to 6,000 mi.romhos within the fir1- 10 to 
20 kuT from the :.-n'-ai.:-s. Once into . deser- zone, 

ground-water usually becomes even more saline, and 
fresh wazer is found only locally in sandy areas. in 

the sabkha areas, such as the Umm as-Samin and 3arr 
Hikman, the water table is a meter or less below the 
surface. Evaporation is constant, leaving behind salts, 
so that salinity may range from 70,000 to 356,000 ppm 

(seawater is about 35,000 orm)
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3.2.4 Water Use and Management
 

Essentially all cultivation in Oman depends upon irrigation
 
from groundwater supplies, as does the domestic water supply. 
There are three traditional methods of tapping groundwater.
 
Wells are used throughout. the country, but they are particu
larlv common in t-he Bacinah coastal clain. In the Batinah 
and most interior areas, wells are hand dug. Animal power
 
is used to draw well water by means of a hoist and bucket.
 
The water is dumped into a basin and then channelled to the
 
gardens or fields. An average single hoist well may produce
 
about 34,000 lizers in a good day, or about enough to irrigate
 

one hectare. A double hoist may produce 50 percent more water.
 
In local areas well water may be hand drawn. Batinah coast 
wells are used for both irrigation and domestic water, but 
most interior wells ar; used only -for -cmest-ic water. 

The second major means of obtaining water -sthe zhavl fala. 
Falaj (plural: af4a) is an Omani -erm ::r he romoiete 
irrigation syste-m, and may _ .. :-pe :Z 
system. Ghav! o 	 f inrefers the cerenni..l "ow -_he surface 
gravels of a wadi. -hav! aflai divert t-.is flow by means 
of a low bund or through a short collector gallery. Where 
soils are suitable, the %ater is diverted .irectlv to nearby 
gardens or fields. Otherise, channels are bulrt cut 
intoc the rock sides of the adi, and convey the water bv 
gravit, flow to terraced or cleared areas farther away (Fig. 12) 

The most distinctive irrigacion system is ne c4ansa 
These are horizontal tunnels dug into alluvial fans to taD 

the water table (Fig. i3). The tunnel section is dug using 
shaf- led '.he mother well

mining techniques. A ver-tial 
is sunk first to verify the existence of a suitable aquifer. 

excavated witn a gradient or
A horizontal shaft is then 


between L/500 to 1/2,300. .Ad ional
a verticasa 
serve for ventil-lation, removal of the szoil, and access 

for later repair and maintenance. Lower reaches of the 

canat may be excavated from the surface and covered over, 

while tne final channel leading to the village_s usuz.I 

on the suface (Fiz. 14) 

Sources: Birks and Letts. 1976.
 
::awley. !977 . 

NvIroo et- al. 1977.
 
Sultanate :f Oman. 1379.
 
"ulc-nat- of -man. 19SCa.
 
U.S. 	 Army Corps of Engieers. i.
 

'ilkinson. 19377.
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The water yield of cranat aflaj varies greatly. In central 
Oman the better aanats may have a dependable base flow on 
the order of 60-80 liters per second. In the bajada areas 
base flows may be around 40 1/sec. However, the average 
for all working aanat aflaj is probably 15 to 20 !/sec. 

(Wilkinson 1977). One liter per second of base flow will 
support roughly one hectare of date palms, or about 200 palms. 

In the past decade, Omani agriculture has been declining 
(of Sections 2.3.1, 2.3.2, 4.3 ), and partial blame for 
this decline can be traced directly to the deterioration 
of the traditional aflaj system (Wilkinson 1977, Scholz 
1977b, Birks 1977). One local cause for the dr-ying up
 
of the coastward canat aflaj is that t.he water table is
 
being lowered by overpumping in modern Batinah wells
 
(Wilkinson 1977). The physical deterioration of aflaj
 
is a more widespread cause, made worse by massive labor 
migration out of rural areas. Maintenance on such systems 
is labor intensive and must by carried out constantly 
(Birks and Sinclair 1979). 

In the last decade, pumped wells have begun to supplement 
or even replace traditional methods of obtaining water. 
Table 10 shows the rapid increase in the number of pun.ps 
distributed by the government. Pumps are helping to 
allevi.te labor shortages on the traditional Irrigation 
system. However, pumps are ushering in a whole new set 
of potentially more serious prcblems. Widespread use of 
pumps in the interior is breaking down the sense of corrnunit', 
which comes from shared concerns :or --e irrigation system 

(cf. Sections 3.3.1, 4.3). :n many areas, overpumping 
is rapidly lowering the water tab-1-, causing qanat afla 
to dr up. Overpumping in the coastal areas also causes 
some salt water intrusion. Gver,4acering is more likely 
with =ump use, and has led to sallnizaticn of agricultural 
soils in some areas, especiall. near the coast where 
groundwater has higher salt content. 

Estimates of total water use va,"idolv. Gischler (1976) 
gives total annual water use for irrigation as 420 million 
cubic m. "Hcwever, the U.S. Army c:r-s of, Engineers (1979) 
estimates annual use for irrigation in the northern region 
(which accounts for 98% or all crooland) as only 1B8 million 
cubic meters. Gischler (1976) estimates total domestic use 
to be i10 million cubic meters. 
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Table 10. Quantity and Value of Pumps distributed to Farmers 

1977 19781975 1976 


o in 0. value, inAqneulture Reio Value 10N Value FLR N. 
ANo. . 0. A . Ivalue in No. A. 0. 

3 16500 39 19200 64 300Nolh Satlfih 

Souh satinan 30 15000 41 2020 60I 00 

4 2000 36 17 4 137Oman Ilenaor 

15 7500 19 504 21 105WOthanrat 

21 10500 24 11971 60 30000
Sharqrya 

Z5 14000 108 11110 41 Is30 
Janubrya 

- - 5 462,-Musnom 

- 23 11060-C, tll ielss 

Co-ooeratr,~s 34 17000 1 50 52 2M , 

To 75 37500 16 &20 - 90429 '63 j 22553I
__, _} 

Source: Sultanate of Oman. 1979.
 

If the figures for he cacital area (around Musqat-Matrah) 

and SaLalah are any i..dication, water cons'-.p- in 7an be 

exoected to increase enormousiy as mcdern technoloav makes 

water more easiLy available. Consumption increased from 

about 0.3 million cubic meters in -L771 to about 5.L 
million cubic meters in 1973 for the cacizal area (Table 11) 

urban areas, water :se has increased vervWhile these are 
much more rapidly than =cpula.ion or industrial growth'. 

Per capita :orsun:p-ion is increasing simly because of 

easier access to water, j-st as over-watering or :tops 

may occur with more :onveniern modern cum.ps. 
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Table ii. Water Statistics from the Capital Area and Salalah
 

1976
1974 M75 176 1977 

Wole 1970 1971 1972 1973


Uni 


3.5 429.8 1002.0 1266.3
8.0 171.1 218.6 30 .0 

ouan ly of waler Million Gallons Capital Aria 14,0 

produ.ced 

Weill (14.01 (85.0) (171.1) (218.8 (301.0) (358.5) (429.8) (318.7) I 227.7) 

( -I ( -) ( -) ) l (68 .3 ) (1027 6)
Ge a inl ion ( -) ( -) ( ) 

.. . 9 . 479.415.4*" 111.4 244.5Salalall 

Arve 9.0 63.0 143.3 184.4 246.31 2M.8 .8 192.8 1127.3 
ouwti'y at wlaer Million Gallons Capltal 

consumead28. I__ __ _ _ _ _.. .. I 

Aloe 43 1557 45 I 34171 '471 020 8 7078 1801 
vdalofConnections sumoor at me Capol 

end of yeas 
= 

- - 45 ! 158 390 .. . . . 

Selalah 

I - LOM 11M2. 

Source: Sultanate of Oman. 1979.
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3.2.3 Water Law
 

The basic law of the Sultanate is the ShariCa, or Islamic
 
law. This may be modified by traditional practices or 
occasionally by Sultanic decree. Shari a law is of the
 
:badhi inter7retat-ion throughout most of Cman, but in 
Zhufar .he Shafi Ci Sunni school oredominates. .ormallv
 
differences in internretation are in decails rat:ier t'an 
basic concepts. 

According to the basic principles of islamic law, water 

carries rights comparable to land, especially if developed 
and used for irr zation. water rights may be owned rivately, 
oublicly,, or by relizicus instituions (wacf) and a_=r no-aly 
consi.dered to belorzo-o -e one(s) who developed the water 
resource. Owners-._: of water rights may be transfe:red 
secaratel- ' from cwnershi: of land or wells and af-.ai. 

s: Caconera. 1973
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Certain priorities may take precedence over ownership rights. 
Drinking water has the highest prioriti, and water is free 
to all for this purpose, even if the well or falaj is 

privately owned. After this priority, private rights come 

into effect, and the owner has exclusive rights to the 

water for irrigation. Transfer of water rights is subject 

to communit; approval, particularly in the case of aflaj, 

which have many shareholders. Transfer is normally approved 

if it .iill not cause disruption in r-he community's water 
distribution system. 

Customar, law provides for the maintenance of water works and 

,the protection of water resources. Maintenance costs are 

covered by a tax on shareholders, which may be in money or 

kind, or in contribution of water shares. In cases where 

one or a few individuals own a falaj, water prices may 

fluctuate to cover costs. Protected areas may in customa-I 
law be established around wells and alaj to zrevent ;rcund

water deoletion or water =olution. Several Sultanic decrees 

have fortified customar! law in these respects. Appendix VIIZ 

includes legislation concerning water, and Appendix X 

lists governmental and other institutions concerned wizth 
water. 

3.3 Soils and Agricultural Land Use
 

3.3.1 Soils
 

have been no systematic soil surveys in Oman (SultanateThere 
of Oman 1980). The following general observations are
 

based on an FAO - UNESCO soil survey of South Asia
 

(UNNESCO - FAO 1977) , in which a number of broad soil 

categories are distingujished in thne Sultanate (Table L2 and 

Fig. 13).
 

Lithosol Yer.osol Association ( I - Y - bc) . The soils of 

the Oman mountains are composed of lithosols intermixed 

with various yermosols. The lithosols tend to be in 

steep rocky areas, on mountains or rock outcrops. They 

are usually shallow, stony, and ver prone to water or wind 

erosion. These characteristics normally make li-_hosols 
unsuitable for cultivation. The "ermosols of the 
association occur on ceneclains and alluvial terraces. 
Like the lithosols, they are usually shallow, stony, 
:.rone to erosion, and not :art-c,.larlv suitable for 
agriculture. 3oth of t nese soils mav be rul-ivazed in 

where catches of _eepsoil have accumulated,small local areas 
ie na-ural or throuch terracing. 
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Other Yermosol Associations. Various yermosols predominate 
throughout most of the remaining portions of the Sultanate. 
Haplic Yermosols (Yh22-1ab) are the dominant type in the
 
Batinah and on the east coast as far south as Masirah 
Island. Cambic arenosols and calcic yermosols are also 
significantly represented in these regions, and several 
other soils may be found in small amounts. 

Calcic Yermosols are found throughout Oman south of the 
northern mountains. The UNESCO - FAO soil map distinguishes 
three subcategories, based on the other soils associated 
with the Calcic Ye mosols. Lithosols and Luvic Yermosols 
are the major associates in the most widespread region of 
central Oman (Yk25-1/2a) . In westcentral Oman Cambic 
Arenosols are the major associate (Yk26-lab). in an 
extensive region just south of the northern mountains the 
major associates are Calcaric Regosols. (Y<2S-1a). Pockets 
of this classification may also be found in the Haushi 
Huqf area and interior Dhufar 

A Gvpsic Yermosol (LYv0-2ab) area extends into southern 
Dhuzar from --'e central Hadhramaut, where this classifica
tion predominates. The major associated soils are Lithosols 
and Calcic ,ermosols. All of =hese yermosol areas, as 
in the mountains, are characterized by shallow, rocky
 
soils. They are suitable for agriculture only in local 
areas where soil of sufficient deoth has accumulated. 

Calcaric Regosols (Rc3O-.ab, Rc3l--/2ab) are found in 
-ockets in the west central cortions of the Sultanate. 

-c


These are extensions of the Rub al-.<hali, of which they 
form one of the major soil types. Calcaric Recosols are 
generally shallow and sandy, and in these regions dunes 
may be common. 

Mobile sand dunes oredominate along the nor-nern border with 
the U.A.E. and on the east coast in the Wahiba sands region. 

Glevic Solonchaks (Z 3-2/3a) are the saline soils of t-e U'mm 
as-Samim and the sabkha area on the coast near :.asirah island. 

Appendix iV presents soil profiles of four of the dominant 
soil types (Rc, Yh, Yk, Yy) found in Oman. However, the 
samples were not taken from Oman, and should be viewed as 
general guidelines only.
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Tvoes and Associated Soils
Table 12. oomina-t Soil 

.Thase A.prox. Area
ZnclusiOns:4ao Syrol Associated 	 in Oman (1000 ha)(dora/nan -oil) Soils (>20%) (<20%) 

3,226
Stony 

-Y-bcS 
 g84 

ShiatingdRc30-lab Qc,Yk 	 Sand 

I'77 

Rc3l-l/ 2 ab 
-, 

467
 

Rc,Jc,Z
Qc,Yk
Vh22-lab25- /2a ",Y! 	 Jc,Z Lithic/ 9,648.
 

Stony
 

2,397

nk26- lab cCalcic	 ?ero-.2c 

Stony 3,462
Rc
yRz28-1aYk28-1, 
 Petro-	 786 .s
,.cy!-	2ab I,Yk 

Zg3-2/3 a Zo 	 290 

- i-. e Ca-'.Z.i=?c rexersRc312a,he example%ata: n 	 (31) is an arbit3 . 
nu. 	 .he soil tpeeh 'ozero!owina 

zurSC zn .he t EZCO FAZ nap. r
:lassiaicati-," -o: tabulation 

Numbers followig .e hyn
allows one to Look up associate soils. 	 -,e 

class (z.:3e me--'-) • Small letter 
(L/2) are texural 


to slooe class.
end 	 Cab) refer 

T A- :TF SY:-SCLS
71. 


-Inc= 

-- to =dulatinq
-terse


J C. 	CS = 
, 

_ ; = 
hoso lsL t_ 


Jilly
- co 

ountainous- .edi b. r I 	

- :o mZflC/Cambic Aencsols 	
-.Q1. 	 3. =ineRe'osolsRc. Calcarla 


er : er.ocsc. -
yh. 	 ya Ye- .csoI5s o l s":k. Calci=
'..r ali=i Ye-rm.
 
'{. Luvic Yeroso is
 
Y'v. G'TpsCi s0lcYerc 


Z. 	 Solcnchaks 
Zg. 	Glevic SoLonc-a.(s
 

Or.Zhc Eo 'onch'aks
Zo. 


Sou:Z:" - FA !377. 
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3.3_1 Agriculture
 

The proportion of Oman's surface area which is 
currently
 

under cultivation is est'inated to be a minute 1.3 percent
 

0the 1980) . Approximatelyof total (Sultanate of Oman 

40 zercent of this 37,000 ha is located in the 
Batinah, and
 

on the eastern coast (Table 13).
another 4.5 percent is 

in these areas are Haplic Yermosols of theSoils 

Dhufar accountsUNESCO - FAQ classification (Fig. 13) . 

for less than 2 percent of the cultivated area. The 

the cultivated area is scat-eredremaining 54 percenc of 


throughout the northern mountains and inland foothills
 
-Yermosol associations and Calcic
regions, where Lithosol
 
A detailed breakdown of the


Yermosols predominate. 

is included in Appendix IV.
 1acation of cultivated areas 


(Hectares)

Table 13. Agricultural Land under Cultivation by ?.egion 

in 1978 


Percentage
Hectares
Regions 


39.4
14,556
Bacinah 

1.5567
Interior 


16.5
6,096
Dhahira 

4.5
1,653
Eastear coastal 


16.0
5,902
Central plateau 


3,194
Sharqiya & Jaalan 
8.7
 

10.4
3,3142
Western Hajar 

1.1
400
Musandam 


1.9
700
Dhofar 


100.0
36,910
Total 


Sourre: World Bark. 1979.
 
Sou:ces: Birks. 1977. 


N,!ro el: al. " 7. 

,uarte., Econcmi: Review of Bahrain, 

-Z-e "emens. Annual Sucolement. i9FO.:atar, Cman, 
.-9.
S.ulrana-e cf :man. 


Sul tanate of man. _!,Ca.

U.s .A_:D. "92Cb.
 

Universiy of Ar19zo9a. 10.
 
Wilkinson. 1977.
 

Wilkinscn. 1930.
 

World Bank. 1979..
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The Omani government estimates that another 10,000 ha 
may be suitable for agriculture. Half of this is thought 
to be in the Batinah; 4000 ha are evenly distributed between 
Dhabirah and Shaxqiyah. Dhufar may have another 1000 ha 
of cultivable land (Sultanate of Oman 1980). 

Major Croos. Dates are the most important single crop 
by tonnage and by value (Appendix I1, Table 41. Figures on 

cropping patterns (Table 14) show the importance of dates 
also. Zn 1971 there were an estimated 1.4 million date 
palms in the northern interior, which is considered 
to have the most suitable conditions for date palm 
cultivation. Date palms can be found throughout t-he 
interior, but are concentrated in Dhahirah (1A20 ha),
 
Oman Proper (1770 ha), Western Hajar (1540 ha), and
 
Sharivah/Ja alan (960 ha). The Batinah actually has
 
more date palms thar. the interior (2.0 million estimated), 
but yields and quality are not as high in the coastal 
areas (Table 15). Throughout Oman, yields have been 
declining rapidly in the last several decades. Yields 
per wee averaged 34 kg on the Bazinah in 1927, and 45 kg 
at Sama'il. A survey taken in 1971 estimated yields 
per paLm of 10 kg and 19 kg for -he coast and interior 
respectively (Wilkinson 1977). 

Table 	 14. Estimated Area under Crops 

Area Under Cu vation c 

1971 1975 

Crops Hectares Percentage Hectares Perzentages 

Dates 13340 37.1 21000 5.3 

Lucerne 5560 15.4 5000 13.9 
Limes 3560 9.9 1900 5.3 
Onions 3630 10.2 3500 9.7 
Wheat 1200 3.3 1280 3.6 
Tobacco 1000 2.3 b 
Bananas 880 2.4 b 
Mangoes 380 1.1 b 
Coconuts 2C0 0.6 b 

a 
Others 6200 17.2 3320 9.2 

Total 36000 100.0 36000 100.0 

a. :ncludes :hizkpeas, sorghu-n, sweet zota-oes and fallow land. 
b. Not iis-inquished separae! 7 in sourze. 
c. 	The ---ff-rnces -in area beween ....7 andl ..975 =rcbab. re

resen-:s - .ng =achn~iues c)f es _.mation ra-her =an 
any substantial shilfs --n :ropzina ta=:erns. 

Sources: 	 1971: Sultanate of .3man. ?79. 
i 75: *uar-. Econ. Rev. _P2C 
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Table 15. Average Yields of Selected 	Crops 
(tons per he-:tare)
 

a 
Potential Yields
Current Yields 


Interiors
Batinah 


4.5 	 10Dates 1.5 
45 90Alfalfa 35 

W'heat -- 1.25 2 
0.5 	 3
Limes o.75 

3.0 	 15
Onions 2.0 


a. Achieved at Omani experimental farms. 

Source: Sultanate of Oman. 1980a.
 

areas
Limes are grown -artiu'l 	 " in --e Batinah and the 

te 4nter4 or. In these olacesaround Rustac and Harra in 
Limes are

they are an important cash 	 croc for exctrt. 

other areas, but primarily 	as a subsistancecultivated in 
and 

crop. Bananas are grown primarily in the Ba-inah 
found alos- e:lusiVely in -he

-hufar, and mangoes are 


Batinah. Coconuts grow only in t!he coastal =lain of Dhufar.
 

and fruits such as tomatoes, cucumber, =eppers,
Vegetables 

agricu 1 -ural areas tnroughoutand melons may be found in 

the col'ntr-.. Dhahirah, Oman Pro-er, and tne Batinah are 

and these crops have become an important
the main areas, 


are zcn
cash croo for ext-ort in 'nose areas. Onions 

centrated in Oman proper, but can also be found 
throughout 

of --*e coun-y. -.eaz 4s =ul-ivated in Zhahirih,tne rest 
Lucerne (alfalfa) is the 

Western Hajaz, and Oman Proper. 

::doer crop, and can be found throughout the
criar 


Low zualitv dates, however, may also 	be used
Sul,-ana-e. 

as fodder.
 

of rand 'n
Land Tenure and Crocping Pat-erns. The majorit/ 

riohts and -trees
Oman is orivately owned. Hcwever, water 

The t-pical pattern in 
may be owned separazeli from land. 

small cs
the "nerir is individual ownershit of -t11 ofLand. 

The average size of holdings has been estimated to be about 

4.2 	 ha. These hoLdings tend :- be fracmented due to :-e nature 
of -slamic inher.:afce

of the trrain and :o =ne func-ioning 
frcm a a i-s sually cc raaze

law. Waaer, ob-ained 
.te-r. rooer--v owners ma :ake

1:wred o all oo one .ac: o 
work, nu- may also hire laborers, och 

par- in agr: cul-tural 

lonc--.e_ seasonal.
end 
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are small holdingsin the Batinah many agricult-_ral plots 

also, worked by the owner. However, this area tends to have 

Many of the larger holdings are owned bylarger farms. 
absentee landlords. On the coast, water is :rom wells and
 

on land tenure
is individually owned. Detailed figures 

are nort availab- a for anv recion in Oman. 

are reflected in priori--es of water use,
Cropping patterns 
and the date palm is clearly the major concern. Villages 

in the interior tend to view the land around -hnem in a
 
in importanceseries of water use oriorizies, decending 

The permanent
from the date zal-M at the center (Fig. 16). 

base flow of the falaj, the water which is
dependable 

round under normal circumstances, is allocated
available year 
".o the date palms, and in some cases other major tree crops 

such as limes. 

N 
\
 

Na lVb 

\ \ I 
/

/ 
\
 

/ 

a Permanent cultivation (tree c',oos) 

lb Permanent cultivation from less reliacle oase flow (Alfalfa) 
!Tesw

11 Seasonal croos I Awib, land) 

Village grazing (The village .'7aram) 

TedsrVa Mixed-tieraingfnomads 
en 

lVb Camel-nerding nomadsTh 

Figure _1. 7he Vilcr'View of leand 

Source: Wilkinson. 1977. 
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Date palms achieve maximum yields at a spacing of about 
10 m beedeen trees, or 100 trees per ha. Omani farmers 
are well aware of this but in most cases scarcity of 
water will not permit the irrigation of large areas, 
and the spacing is reduced to about 6 to 7 m (200 per ha). 

Whiz the yield cer tree declines somewhat under these
 
area is
conditions, the yield per unit of irrigated 

greater. Close spacing not only reduces the total area 

which must be irrigated, but it also reduces water loss 

through transmission or evaporation, and saves labor.
 

In times of drought, the tree crops will receive all the 

available water. Under normal circumstances, there is 

surplus water available from the base flow of a falaj, as 

well as seasonal surplus after the seasonal rains.
 

The less dependable base flow is allocated to the second
 

cropping zone, which is usually planted in alfalfa.
 

This zone is beyond the palm groves; normally there is very
 

little intercropping with the palms. This alfalfa zone is
 

considered a permanentlv irrigated area second in
 

priority only to the tree crops.
 

is for seasonal crops. These are cultivacedA third zone 
following the seasonal rains when the falaj flow is tempor

arily increased. Most fruit, vegetable, and grain crops 

are grown in this zone. This seasonal zro zone shows the 
wetmost variability over time. in particularyy !ears it 

may be greatl 7 extended, hile in years it is the-rugh-

:irst zone to be abandoned. The vill'age grazng zone
 

lies beyond the seasonal cropping area.
 

In practice, these irrigated zones follow .near patterns. 

High priorities are upslope and lower =riori--des down

slope, following lines of irrigation channels. Figure 

17 shows typical patterns at a village d-iring a drought. 

Because conditions on the Batinah =oastal laln ifrn 

so do croccing zatterns. There 's- usuall' a s.p of 

date Palm cultivation on the dunes near the shore (Fig. 11) 

Once established, these t1o the brackish water just below 

the surface and recuire no irrigat.ion. The dates from 

these trees are generallyi low cualit- and are used for 

fodder. However, a more important 7alue o: =nis s.rio or 

palms is its function as a wind break to crotect calms 

and soils fur'ther inland from wind blown salt carticles.
 

These inland calms are the ma-or croducers in the Batinah,
 

extending up to 3 '.a- inland from the coastal Palm belt. 
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the
Recent Trends. There has been a gradual shift over 


last decade toward cultivation of vegetables as cash
 

crops. This is taking place especially on the larger
 

holdings and on new farms which are being developed. 

Fertilizer and insecticide use is increasing, (Tables 

16,17)again concentrated on larger holdings and newly 
fertilizer use rose fromestablished farms. Levels of 


under 12 to about 20 kg per ha between 1974 and 1978.
 

These rates of application are comparable to rates in
 
are farSaudi Arabia and other states in the Gulf area, but 

below levels in Egypt (150.8 kq per ha 1974). Dis
and usetribution of seed through extension centers tractor 

is also increasing rapidly (Tables 13,19) The Omani 

government '-as also been active in establishing experi

mental farmS, research stations and extension centers 

to prc-.nct-e arzu.uure Table 20) 

Not all ascec-s of modernization inOman are beneficial to 

agriculture. The widespread introduction of water pumps 

(of Table 13) brings the danger of lowered water tables 

and increased groundwater salinity. Their introduction 

in the interior also fosters individual ownersip concepts 

with water. This contributes to a breakdown of the social 

structure which is tradit-ionally based ucon village coopera

tion in exloitazior. of water and land resources. Another 

detriment to agriculture is the migrazion of labor to the oil 
Gulf. Declinesfields or urban areas of Oman and the 

in date %ields =an be traced direct' to detericration of 

the falai system through lack of maintenance and to 

declining labor inuts into date husband-- (Birks and 
Sinclair L979) 
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Tabi 16. Quantities of Fer'tilizers Distributed to Farners through 
Extension Centres and Departmental Headquarters
 

060~arlmernt of 
*1%nI 01 

Ammonium Sulonls 

Nnr~fl 
Comoiax Ftnilfiien 

N: PK 
S
Sugar pO",*lo 

U 

IU 
W-tit 

!'" 

Agncuiluru 
Regiona 

1973 1974 

21-. Nitrogein 
---

Ig75 197 1977 
T 

1978 

0 

1973 1974 

1. , 

1975 1976 

lP*-, 

1977 
-

1978 

calcium 

19173 1977 

UreI 

198 19781 

0111 

1978 

,No tlBatin I 25a.0 365.0 112.1 

S , 517.3 927.3 a37.4 579.9 i 1231.0 230.4 113.7 304.1 1 190.3 55.8 194.9 .I29.0 

s3lln 00ouln 98.3i 1' 241.2 .7942.3 

O18.5 :65.3 $17.7 184.7 98.0 1 193.2 24.0 

Omnrah 149.9 189.8 328.9 1 22'.7 225.41 48.2 91.7 160.9 28.3 23.3 2279 1 1872 39.5 44.2 2.2 

. $ 10.4 ;.4 167 4. 52.3 202 35.71 93.9 144.4 27.9 17.3 2.6 

hanuia - -2 73.23 13.5 -: - I - 5.4 .4 6 . 25.9 274 [ a 1.4 8.1 

Ianubiya - I I 

:,1~., ,.n1odam 
-I 

2. 103-I1 
- -

, - :8
-

Ca012reg 13.8 16.0 2.1 23.31 12.41 17.5 :3.8 19. 2394.21 

I541.9 S3 42. 8. 1659.7 71.638. 4 6.804 23 3. 915 

1256.71390.7 732.2 i125.7 a.4' { 2 8 2 .3132.9s9 504 

le : In Addltiol 1.8tonfole ot Urea (44% nitrogen) outing !972. 17a tonnes o Urge -n 173. !5.0 lonne l rge Ari 25.2 o!-"el 

M6lsUIm Ailflle n111975 And 1.4 IOcnee Of Jrfa Iuning 1978 iirie disintied. 393.8 lotfes Of a el lenhl zerI ee 

disinbuiad 10 GOOMMMMIeSOC1el14e curing t978. 

Source: Sultanata of Oman. 19-9. 

Table 17. Areas of Dif-_erent Field Crops Treated wilt insecticides
 
for Plant Protection 

Area in acres 

Fled C1003 I Veelacles 

AgqrcuiIure Rlegion s 1977 1978 1977 1978 

Nortl Balnan 53 Z991 566 10571 

Soum 3e:enan 153 477 19.4 5.59 

Oman Interior -18 --' 341 1097 

Ohantran 3106 - :61 I-

Sharqya 37 3'6 377 

Januoys 351 1100 5 1205 

Musondam - 5 - "1 

CIIl rIeaA01 - - 1597 

9722 1111 121,34 "22Irraai 

Source: Sulz:anaze of Cman. 1979. 
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Table 18. Improved Seed Distributed to Farmers through Extension Centers
 

Quantity in Kilogrnms 

1915 17 1971975 	 978 19'7 197
5.9097511 II ______97__ 

Onion 1064 1509 109 I5SA Ca=gll A2 1" I M8 222 

Aadda'l 554 1539 25.5 2588 Eg plant 0 57 S S3 

Wtermelont 388 80 399 2081 ee-coo 68 35 10 'l 

Cucumoer 155 121 178 159 9eans 27 10 40 42 

Tomato 138 355 48 1470 Sifcn 27 75 72 102 

Swoetalaon 103 129 207 256 Cauilowr 28 22 73 91 

Laoyfirger okral 82 253 39 322 ChlIly 13 118 IMJ = 

Ally!" ofmarrow 

Carrot 

115 150 

39 161 228 

A0m PotltoIs 

258 OtorS 

2500 

17 

-

54 

80 

216 

17519 

32161 

Scurce: S:uL-anate of Oman. 1979.
 

Tractors and tractor hours rendered to farmers
Table 19. 

No. of IraclOrS No. 	 of IractOr mourvf
Fleioatr" I -I I I
 
I975 9T77'78 1977 1978 	 1976 978I1975 

,:5
20Norit SaIna ll 

N 27 29 32 16933 8A60 11292 

South SatIar.j 10 7 

a .2 3 	 1.396 6021 3a2m3Oman Interior a 	 11 

11 3 5765 5410 4785 r_Ohaflira 14 12 

4 5 9 13 441 1544 j982 Xa
Sharryma 

20 15 3672 5147 56a2 3054;anuorys 1 	 21 

- 121- 1 
'Ausam-

-	 - - 517Catital Area 

--Z00errntms - -	 

54 10~'~h75 	 3 395U41 31742 50527 

Source: Sui-ana:e :;f 	2an. 1?79. 

54 



Table 20. Government Production Farms, Research Stations, Extension 
Farms and Centers and Nursery Gardens operating during 1978
 

T OaFi nment of Agriculture RegionType oEFarm/Stailon T r- - , oa 

Produc:,on farm~s 1 2 3 

Research stations - 2 2 - - 1 - -

Extension farms I - I - - - - - 2 

Extension centreaz 
sub-centres 7 4 g .1 4 4 1 3 35 

4utsery ^ardens - 2 - - - 2 4 

Geographical sltutliln: 

ProductIon larms :
 

Sonar lagnculturel. Rumors (1) (3 agricultura). 4iZwa! (3 Igncultural. Tanoo (agnculture). Jebe4Al
 
Arndhar (agriculture).
 

Roeserch stlions:
 

Rumos (agriculture), Rumors (animal husbandry). Wadi Ouriyat (agricuiture). Wadi Ournyat (animal 
husbandry). Salllt (agriculture). 

Euterinlon larms :
 

Bettle. Buraimi.
 

Extensiont contiee:
 

Al Mereer, Shinu. iwa. Sonar. Salialm. Al Khaours. Suraimf, Seeo. Santa. Masnaa. Rostao. Nizwa.
 
Manar. I.Xi. Jebel AlAkndanr. Sumail. 1bn. Sur. AlWlfi. IriL Sinew. KhaUiao.
Hamrx. Wdi Ourryat 

Outyat. AlfOidain. Al Oarlaletz. Tabs. Al abaL.
 

Extension iluo-cefliree: 

AdarM BaiL ClanK. Yunial. l KIhlfigi. Susta.
 

Nursy ;ardens:
 

Rumoas (Itnsl. Rumas (garde.). Roa (I'its). AlJJeoel (fruits).
 

',
Mow : The Dairy farm n Sonar and Ga-i'z cow 'arms wjr evAu.oed i. thils table while may 1iWppJeA

m'les yeU siJ of me* Year Book 1977. since n" it hs oern Placed under mmemanagement of 
the Sun Farm Comony (Omen. 

Source: Sul-anaze of Oman. 1979.
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3.4.1 

3.4 Vegetation 

N-ative Flora 13 

UNESCO - FAO Classifications. Vegetation zones of a broad 

region distinguished as the "Mediterranean Zone" have been 

mapped by UNESCO - FAO (1970) . In Oman, eleven divisions 

of the Mediterranean Zone are represented as follows (Fig. 18):
 

1. Sparse ephemerophyte formations 	 or no vegetation. 
Representative vegetation includes Calligonum comosum, 
C. torophtes, with ephemeral forms 	of Aristida spp., 
Tibulus spp., and Fagoni4a sp. after rain. This is 

typical of the Rub a.-ihali. 

2. 	Ephemerophyte-dominated formations, with Haloxylon 
and Salsola spp. insalicornicum, Rihanterium eoa.cosum, 

the depressions. Found in west-central Oman.
 

3. Sands with Ca!!iqonum vegetation, found in the Wahiba 
sands and other small patches. 

4. This zone appears on -*e UNESCO 	 - FAO Map (1970) but 

is not defined. It is located in the Haushi-Huaf area in 

Oman and appears also on the coast of the U.A.E. These 
are saline (sabkha) areas, therefore the vegetation is 
halophytic. 

5. Perennial formations with or without echemero.hytes 
in accentuated desert climates. This is stence with 
Ar'.risia herba-alba and Scipa :_rtilis. The zone is 

represented in Oman only along the borders with t-he U.A.E. and 

in extreme northwest Dhufar. 

6. Formations with a trocical influence. Acacia :or:i.is 
and Maerna crassLolia are found in the foothills, .=anicum 

tura um, Lasiurus hlrsrtus in the sandy plains. A number 

of sub-categor-es axe mapped in Cmran without further definition. 

7. Transitional forma-_ions, characterized in Oman by grass 
steppe with Leoradenia =Yrocechnica and Lycium .ersicum. 
Coastal areas have Pan-_c turq-dum and Las"-urus nh:sucus. 

Sub-categories are mappec without fuxther def':iticn. 

Sources: 	 5allacher and Woodcock. 13O. 
Harrison. 1975. 

197.
 

Pocov. n.=.
 
UIZSCO - FAQ. 1970.
 

Mandavi'lle. 
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Figure.18. Vegetation Zones in southeast Arabia
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Source: Adapted from UNESCO - FAO 1970. 
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8. Bush shrub and tree pseudosteppes and savannahs 

and thickets. Found in Jabal Akhdar, Eastern Hajar, and 

Dhufar, this is mountain th.orn scrub with Euphorbia amac 

and Ther-eda triandra. Sub-categories appear but are not 

defined. 

oseudosteppe. This category,found in9. Arbuscular shrub 
Hajar, is not defined for southeastthe mountains of estern 

In Southern Iran it consists of transitionalArabia.
Mediterranean-biased subdesert steppe with Pistacia khinjuk, 

Amygdalus scoparia, Acacia eburnea, Stipa capensis often 

dominant. Pooulus euphratica is found in the valleys. 

Zizyphus, Calotropis, Prosopis, Capparis, Astragalus 
Ephedra, Acantholijnon,ffasciculifolius, Convolvul us, 


Stellera lessertii, and Gymnocar;os decandron formations
 

are also present.
 

highest
10. Forest formations occur in small patches at t.he 


Jabal Akhdar. In Yemen this is Juniperuselevations around 

procera forest, but it is not defined for Oman by UNESCO -


FAO (1970). 

11. A separate shrub or tree pseudostappe zategor-1 which 

occurs only in the Musandam Peninsula in Cman. :n southern 

!ran it is characterized by Pistaci at-s-anica, P. 

khinjuk, Amygdalus scoparia, A. ho:rida, Tamarix and Salix
 

in the valleys. Artemesia maritima, Scipa barbata, Stica
 

lagascae, Cybopogon laniger, Hyparrhen..a hirta
 

are also present. 

the UNESCO - FAQ -vegetationOther Classifications.- While 

map is helpful in placing Omani vegetation zones into a
 

several factzrs limiz its usefulness
wider regional context, 

The map is based upon reports rather than fieldwork. It
 

little detail and a number of categories and
provides very 
at all. Furthermore, itsub categories are not defined 

by most othercorresponds poorly with zones delineated 
reports based umon fieldwork. Mostobservers, including 

other sources (Gallagher and Woodcock 1980, Popov n.d.)
 

zones more closely based on physical geography,
distinguish 

These zones are as follows:
and provide more detail. 


1. Sandy Desert- (roughly zones 1, 3, and 5 of Fig. 13).
 

Characteristic vegetation includes Ca~ligorum comosum,
 

and 	 C. c:rinaum, he principal shrubs. Tamarix may also
 
may he
occur. In the northern sand, deserts, dunes 

as Laptadeniapartially stabilized by additional shrubs such 
Haloxylon salicornicuspyrotaechnica, Prosopis spicigera, and 


as well as by the tussock grasses Pani--um :uxgidum,
 
100and Penniserum dichcoi:.um. There ma' also be over 

species of annuals which germinate after rains. These
 
m 

include Cyperus conclomeracus, Zimeum in , 	 Diperygiu
Danthoniaglaucum, Heiocr;ioum persicm, Tribulis s:p., 


(As tena c2erum) f!oskal ei, L=:osermun (Mc :kiopsis)
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callosum, Monsonia nivea, Neurada procumbens, Plantago 
cylindrica, -mex spl,*nusum, Rumex pictus, Chzosophora
 
oblongiffolia, Silene vii1osa, Medicago laciniaca, and 
Asphodelus tenuifolius. Most annuals flower, seed, and 
die within a few weeks unless a second rain follows. A
 

few, like Tribulus or Heliotropium, may last for several 
years. Generally, the sparse vegetation of the sandy 
desert becomes even more sparse to t.he south. 

2. Desert Plains (roughly zone 2 of Fig. 13). In general, 
this area is barren gravel or stone plains, though 
Salsola spp. or Fagcnia parviflora may occur. Sandy plains 
may have annuals such as Neurada procumbens and Axistida 
spp. after rains. jiddat al-Harasis in central Oman, home 

of the oryx, aas Prosopis spicigera and Acacia torti2is 
on the plains, with Acacia ehrenbergiana in depressions. 
Pasture plants such as Eleusine compressa and the legume 

Teph.rosia acollinea also occur, especially in depressions. 

n Dhufar certain plants. occur which are not found further 
nor-t, including. Acacia nilotica and a :dwarf ZiZ'yhLus. 

Density of vegetation is much ireater along araInage lines in
 

the desert plains, and these wadis also provide avenues of
 
invasion for vegetation of other zones. Typical associations 
contain Leptadenia .qrotechnica, ?anicum 'urgidum, Acacia 

lava, Teohiosia acollinea, Chosophora :ongifolia, 
Rhazye stricta, Aezva :;ersica, Indigofera obiongifo3ia, 
Pulicariaspp., Convolvulus hystrix, Crotalazia wissmanii, 
Helio tronium kotschyi, Prosoois soicigera, Tarnarix 
orienralis, Haloxylon persic-m, and H. salicornicum. Once 
into the sandy areas, vegetation iA the wadis tends to 
by halophytic, and many of tniese wadis drain into sabkhas. 

3. Sabkhas (zcne 4 of Fig. 1S) . Most observrers recognize 
sa.bkha vegetation not only in the eastern Haushi-Huaf and 
Barr Hik-man areas, but also in the western Umm as-Samim. The 
centers of these salt flats are usually b are, but along -he 
fringes halophytes such as Halopeplis .perfolita, Suaeda spp.,
 
Haloxyl n sahicornicu, Saisola bot=:ae, S. cucl0ohyla,
 
S. leucophylla, Traganum nudatum, and Zgo phylU. occineU. 
occur. Variations in soil salinity lead to variations in the 
specific comosition of thne plant associat.ns. Reference 
to the descripticns of other zones will also show chiat the less 
halophyzic of t-hese plants generally occur away from sabkha
 
areas entirelv.
 

4. Intericr Stezce (zone 6 of Fig. 13). The Acacia -orzilia -
Pan'C-m :ur;i.mz :orru,7ni -- rominates h-s s-e.npe area. Development 
of :is veae-a:ion is =oor :_n t-.e Dhufar region; often i- occurs 

=
 on1y in wadi beds. -n t'e nor-th the steppe veqeta-ion is be r
 
develozed. Around Zbri Ltcovers the whol e ai n between -.ne
 
mountains and -he deser- zone, and con-inues into ".e desert
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along wadis. Associated with the two characteristic plants 

are Prosopis spicigeza and Leptadenia pyrocechnica in wadis, 

and Calligonum spa., Haloxylon salicornicur, Rhazya strictal

phiona subulata, Heliotzopium persicum, Indigofetera inrricata,
 

Gaillonia ancheri, Cassia holosericea, Tribulus macroptorus,
 
Cleome brachycarpa, Aznebia hispidissi~a, and Aristida spp.
 

throughout.
 

5. Northern Mountains. (zones 7,9, the northern extension
 

of 8, and thie northernmost portion of 6 of Fig. 18). Part 

of this zone around Jabal Akhdar has been studied in detail. 

At least five separate vegetation associations can be dis

tinguished (andaviile 1977), as shown in Table 22.. 

ole 21. Vegetation Zones of Central Jabal Al-A.khdar 

A1ride Domiat Asociaed 

Vcgcuron Zone Range (m.) Topography Species SpecicI 

z. Acacia Desrt Parkland (o)--370-600 open exrosures; .qa Acacia torrilLs 
to geni" slopes; alluvial 
soil 

Acacia ehrenbergiana 
Zizihus lpinatdrisi 
Prosopis spicigera 
Ptevopym scopaium 
Fagoniaspp. 

Mount.ain Wl, 
Associ2tions 

350-050 sand-sit, gravel, or 
rock umidi bottoms, 
ofrm with boulder 

Ziziplus spilw-chrisd 
.Aia $pp. 
Ficus salicifolia 

Prosopisspidgera 
Nerium mgscxese 
Aridocarpus orientalis 

;. Euphorbia larica Shrub 
Slopes 

.o-t 35o smeco rocky slopes; 
shailow soil 

uohorbia larica 
Gaitlonia Sp. 

Pulicaia ghui,,sa 
Moringa pe~rgrina 
.Vfaerua craiolia 
Physoleucas arabica 
Lavandisla nidauda 
Con'olvdu.s Virari~s 

Reovia ,ascaticsis Saqreria spiciflora 
4.Rponia-Ola Woodland r35o-z300 ravines or oecn 

Olea atricania Ziniols ()s.(ionground; slopes in.hrt)made-"ace to steep 

junipens macrovoda 

Clemaris (orienalis?) 
Ebenus steilatus
 
Acacia ebunea
 
Dodoaaea viscosa
 
Ephedra intermedia 

Dodaraea viscosa 
5.Juniper Summit Zone :3oo-3o5o open exposures; rocky JuiprrusmacroPoda 

su rnit ares Cy,,bovooon so. Euryops piniioius 
Teucrium mascatens. 

tuorte: Mandaville. 1977.
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The Desert Parkland is a transitional zone between the interior 
steppe and actual mountain vegetation. As in the steppe zone,
 
vegetation is concentrated along wadis where more water is 
available and soils are better developed. in addition to the
 
major plants noted in Table 21, Gaillonia aucheri, Rhazya
 
sericta, Asphodelus fistulosus occur, as well as rare 
individuals of Euphorbia larica, Chrozophora oblongifolia, 
Pentatropis spixalis (on Acacia tortilis), and Iphiona spp. 
On the inland side of the mountains Tazarix arabica, 
Ptezopyrun scopazium, Salsca rubescens, and Sclerocephalus 
arabicus all occur. 

Additional plants found in the Mountain Wadi Association besides 
those listed in Table 21 include Fimbristylis cymosa, 
Sci;us icora.lis, ?teris vittata, Adiantum capillus-veneris, 
Asphodelus _istulosus, Calotropis =rocera, Physorrhynchus 
chamaerapistum, Citrullus lanatus, Cucumis prophecarum, 
Phyla nodiflora, Morettia parviflora, R. cinus communis, 
Aristolochia bracteolata, Forskohlea nacissir-a, Cassia 
:talica, Cro:alariawissmannii, reohxosia nubica, Zndigofera 
coezulea and rephrosia purpurea. An Agave (prcbably 
Agave sisal), Aloe _a:rladensc, and Tecomella undulata 
occur near cultivated areas and are probably not native 
to Oman.
 

in the shr'ub slopes zone, the associaes of Euohorbia 7arica 
vary with altitude, slope and exposure, with stunted Acacia 
tortilis comrmon below about 925 m. Steep hillsides between 
450 and 580 m are characterized by an open shrublet 
communi=-., :eaded by Euphorbia larica accompanied by stunted 
Acacia tortilis, Lyciun shawii, and a mix of shrublets 
including Pulicaria glutinosa, Gail!onia aucheri, Fagonia 
indica, Teucri= mascacense, Phusoleucas azabica, Lavandula 
subnuda, and occasional Acridocarous orienralis. Capparis 
.macxonifolia -rows on steep fock faces, with Maerua crassifolia 
and Moringa peregrina on higher cliffs. There is very 
little grass cover, although Cymbopcgon schoenanthus grows 
in a few soil-filled cracks in the rock. 

On shaly slopes from 760 to 913 m Eughorbia laxica is 
accompanied by stunted Acacia zo_-_is and by Physoleucas 
arabica, Aczidocarpus orientalis and Techrosia 30C. At 
about 925 m elevation the Acacia drops out, and the Zuphorbia 
is associated withi Gaillonia calycoptera and Gaillonia 
aucheri on ocen e2:xosues. At thzIs Level szunted Ziziohus 
spina-cnristi is still seen occasionally; in the small ravines, 
and Acridoca-pus is restricted to -rn ec-ed habita-s. 
Other olants in -his zone included scactered Convolvulus 
virgatus, Helianth2enum lipaii, Carafluma sp., Physoleucas 
arabica, Teachrcsia s-., and C~umboogon sc=oenanc'us. 
Transition -o -- e woodland zone begins =_cove tns. 
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the major plants listed
The woodland zone, in addition to 

in Table 21, includes Euryops pinifolius, Daphne mucronata, 

a varievy of DiplotaxisAsparagus gracilis, Dionysia mira, 


harra, Lonicera aucheri, Cheilanth fragrans, and Yiola
 

cinerea. Grasses are poorly developed below about 1950 m,
 

but quite common above that level. Predominant grasses are
 

Heceropogon contortus, Fingerhut.2ia africana, Tzi ogon
 

Pur.urascens, and Cymbopogon schoeranrhus.
 

The juniper su.Tmit zone (zone 10 of Fig. 18) includes,
 

to plants 1.4sted in Table 21, Eohedra -na..eda,in addition 
Ebenus stellata,
Daphne mucronata, Claimatis spa., 


Dionysia mira, Berberis spo., Cotoneaster sp., and
 

Polyga1a abyssinica. 

was aLo
The Jabal Aswad mountain area Sov-_'.of "us-at 

surveyed (:andaville l°77) and :)!ant communities were 

similar to those of Jabal .- hdef. Variations may be 
aridirz of Jabal Aswad and itsattributed to the greater 


geographical isolation from Jabal :hdar. Vegetation is
 

more sparse, less diverse, and the juniper zone does not
 

occur in the lower Jabal Aswad. However, some plants _zund
 

Jabal Aswad are not vet known on Jabal Ak"dar includiigin 

carob) ,Rhus aucheri, Argyro-
Caratonia (a species of 

iobium crotalarioides, As=ragaiLs fascicuLizoLius, Amygdalus
 

axabica, Anchemis odoncosephana, Launaea spp., Zoega
 

purputrea, ConvcIvulus acan-.=hc2.adus, Salvia sch.ncer.i,
 

and Stipagrostis ciliata.
 

Acr-endix 17 oresents a list of olants collectad by the Oman 
Flora and Fauna Survey in 1975, which covered -he iaba
 

Ak.hdar and Jabal Aswad regions.
 

These areas are eac" usua-ll6. Coastal Plains and Coasts. 

is the mos:distinguished as secarate zones. The Batinah 


Inporzant and extensive coastal slain. It is dry, stony,
 
soils nearer 'neand sparsely vegecaced inland, but. better 


coast support more vegetation, -icludi-q Acacia :cr-ilS,
 

Zizph s spo., Prosopis spicigera, Sa.-adora ersica,
 
In sandy
Lycium, Pteropyrm scoarum , and Tamarix spa. 


areas species of Calligon=, Leptadenia, Panicum, Helio

such As-hcdelus, Cantaurea,
:=ooium, and annuals as 

others occur.
:ndi3ofezra, Pantago and many 

Sand'y beaches and wadi .cu-,s usually suotor- sa: -olerant 

scrub brushes such as Zycohuun caccineum (Ham), Sa-sola 
and erenn alsP. , SUaeda SC= .. a 	 _ 


kets of Prosc is,
Crasses, and there are some - .aa::, and 

Acacia. warf manqro';e (Avmcenia zaIina) occurs a: tne 

m.ouz of some creeks. 
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7. Dhofar mountains (the southerrost portion of zone 8 
and adjacent areas of zone 6, Fig. 18) . The lower southern 
foothills have myvrh (Coraichora) and Jatxo-_ha scz. Above 
these foothills is a discontinucus belt of broad-leaved 
woodland with bushes and creecers. Delonix data, Tamarindus 
indica, Cadaba longizolia, Croton conferta are among the 
tree flora, but a little higher up almost pure stands of 
Anogeissus dhofazica cover the steep slopes, in places in 
association with the evergreen shrub Euclea schimperi. On 
the southern part of Jabal al ramr are plateaus of Dodonea / 
Euclea evergreen woodland, with man-made clearings for grass.
 
Certain of these plant species are endemic to Dhufar and 
confirm that this mountain region is biologically unique. 

3.4.2 Endangered Plants 

The :UCN Plant Red Data Book (1973) lists two plants which 
arzt endangered or rare in Oman: Ceratonia sp. nov. (Leauminosae) 
and Dionysia mira (Primulaceae) . Both occur in the northern 
mountains. Mandaville 2-77) also recommends protection 
-or Viola cinerea and Loniceza aucheri. Appendix V includes 
detailed information on Ceratonia and DionysTa. 
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3.4.3. Range Use -

Animal husbandry In several forms has traditionally been 

an important factor in Oman's rural economy. Table 22 

gives livestock population sizes for Oman, but must be used 

(without presenting figures)with caution. Many sources state 


that livestock numbers are declining in many nomad regions.
 

(Scholz 1977a, Scholz and Cordes 1980).
 

Estimated Livestock PooulationTable 22. 

M 978T of s.vestoci 1974 1975 975 1977 
--

N.A. 215.Goats ,.2SJ 154.S '646 

90.5 i 25.9 133.8 N.A. '1 0.5 
Cows 

io.a 12.5 13.5 N.A. 1S.5
Cam4els 

'.NA- I S.A .a.
OonxwsN.. 

:ne cgchiieration -te natlonll 
o :re tstimi ed hqufei of '97" talxq .rtO

NOTE : Fi;ures are asec 

'ale it ;rowlfl ant -:osuwIrnotIon. 

4.A. NOt Iallazil. 

Source.: Sul-anata of Oman. 9714 
1976b.
Birks.
Sources: 


Birks and Sinclair. 1979. 
Dostal. 1967.
 
Juneidi and Huss. 1978.
 

MandaviIle. 1977.
 
Pcoov. n.d.
 
ScholZ. 1976
 
Scholz. 197T.
 
Scholz and Cordes. 1920.
 
Thesiger. 1959.
 
Wilkinson. 1977.
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Livestock may be found in nearly every area of human 
habitat_ dn, and rural economies are seldom restricted 
to cultivation only or herding only. Herd composition
 
varies according to the ecological conditions in the region. 
The Bedouin nomads come tihe closest to an economy based 
entirely upon herding. Came!-herding Bedouin are found 
in the desert wadi region (Fig. 2, Section 2.1) with vegeta
tion as described under "desert plains" (Section 3.4.1). 
in the summer the nomads and their camels cluster around 
oases, sometimes near the fringes of t-he inner foot-hills 
and wadi region (region V, Fig. 2). In the winter, following 
the scattered rains, they move deeper into the desert,
 
including the sandy desert regions, to utilize available
 
pasture. Tribulus spp. are considered the best possible 
grazing vegetation. Other preferred forage plants in Oman 
are noted in Appendix V. 

In the inner foothills and wadi region, nomads ten&L to have 
mixed herds including sheep, goats, and camels. This area
 
is also within the fringes of the settled zone, so that many 
agriculturalists also may keep animals. Unlike t-he camel
herding Bedouin,nomads with mixed herds embark upon much 
shorter seasonal movements. Only occasionally will they
 
separate the camels frcm the rest of the herd and take them 
into the desert. Usually they stay in the comparatively rich 
bajada zone year-round. -Typicalherd size among the nomadic 
Awamir is 5-15 camels and 30-80 sheep and goats per family. 
Preferred forage for camels is Prosopis spp. in sandy terrain 
and Acacia spp. in gravels, while smaller livestock utilize
 

smaller plants.
 

in the mountains, nomads are called Shawawi. .hey mostly 
keep sheep, goats, and donkeys, and a few camels. The 
average herd size in one survey was 76 animals (Birks 1976b). 
Shawawi seasonal movements are not great as a rule; in fact, 
the majority utilize the same water source year-round. 
That movement which does take place is vertical, to take 
advantage of conditions at various alt-itudes. Some evidence 
suggests that gcats prefer the Cymbopogon - Heterpogon grass 
association at: high elevations (andaville 1977). 

Villagers in the mountains also keep livestock, but little data 
is available on herd size, composi-ion, or grazing practices. 
Village grazing is supplemented with such fodder crops
 
as alfalfa or low aualitv dates. in coastal areas Liveszock 
are often fed dried fish.
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Within the last decade nomadism in Oman has undergone great 

changes. Most nomads are now in various sedentary stages. 

result is that herd sizes have been falling rapidly asOne 
theirfamilies turn to cultivation and the labor market for 

that were once grazedlivelihood. Most desert areas 

animals.
seasonally are no longer used by domestic 

intense thanHowever, in local areas, grazing may now be more 

before. Formerly nomadic families who still keep herds 
or roads, schools andtend to cluster around wells 

The herd is to longer movedclinics with their herds. 
about to take advantage of pasture, but simply stays in 

areas no longerone area. Similarly, many mountain range are 

grazed, but local areas where Shawawi settle may now be
 

under more intense pressure. Zf the increase in animal pop

ulations noted in Table 22 is acc'rate, it is in the. agricultural 

where pressure on range resources is already mostareas 

intense. 

of Vegetation -3.4.4 Other Uses 

Aside from forage, the major use of vegetation in Oman is
 
onfor fuelwood. There are no figures available the 

General observationsmagnitude of fuelwood use or its impact. 


indicate that the favorite firewoods in desert areas
 

are the long roots of Tribulus and Heliotropium.
 

in areas where bushes or small trees are prevalent, dead
 

wood from these is used. Customary !aw among the Bedouin,
 

and apparently among the villagers of the interior, forbids
 

the cutting of live t.rees. This prohibitz-on is generally 

followed bv Bedoiin and interior villagers. it begins to 

break down in larger :own.; and was never followed in the 

Batinah. For example, tie Saih Hatat area, which used to 
and atraih, was already largelyprovide .. rewood for :usat 

tie century
denuded of trees and bushes by the turn of 

(Lorimer 1915)
 

There are a number of other specialized uses for certain
 

plants in traditional medicine or other fielfs. Some of 

these uses and plants are listed in Appendix V. 

Sources: Jungius. 1973 
Aandaville. , 77.
 
:4unton. '979. 
Thesiger .95-. 
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3.5 F&una 

i6/Mammals3.5.1 

A list of the mammals presently known from Oman is presented 
in Table i, Appendix VI. Research on Omani fauna is in 
the beginning stages, and the present list may well be
 
expanded by further exploration. Summaries of the status 
and distribution of S mammals cons'.dered to be rare oc 
endangered by the IUCN are given in rable 2, Appendix VI. 
Appendix VI also includes a list of mammalian ectoparasites.
 

Only 42 species of mammals are known to occur in Oman. 
Another 5 have been verified in areas so close to Oman 
that they may be included in the Omani fauna with a fair 
degree of certainty. Of these 47 species, 13 are bats, 
most of which occur in the northern mountain and foothills 
areas. Another 11 species are rodents, various species 
of which may be found in nearly any area of Oman. Among 
the species of carnivores occurring in tne Sultanate are 
wolves (Canis lucus arabs) and hyaenas ,Hvaena hr'aena 
sultana) which are found in mountainous areas and around 
oases. The red fox (Vulpes vulpes arabica) is also found 
in the mountains and foothills, while the sand fox (Vulpes 
r6opelli sabaea) occurs on -he fringes of the Rub al-.hali. 

The cheetah (Acinonyx jubatus) is most likely extinct in 
all of Arabia by now, but several other cats still occur. 
The South Arabian Leopard (Panthera pardus nimr) may still 
occur in the Dhufar and northern mountains. This leopard 
is listed by the IUCN (1978b) as endangered. Other cats 
include Felis silvestzis gordoni in the coastard foothills 
and Batinah, Felis mararita in the inland foothills and 
fringes of the desert, and Caraca. caraca. sc.mitzi in 
the desert fringes. 

The 8 species of ungulates include hree which are on 
the ZUCN list. The Arabian Tahr (Hemitzagus jaakari) 
is found in the Jabal Akhdar and Jabal Aswad areas of 
northern Oman, where reser-ies have been set aside for its 
protection (Section 3.6.3). The Arabian Orix (Oryx leucoryx) 
was once common in the Jiddat al-Harasis area of the central 
desert. It actually seems to have been eliminated from
 

"sSources: 
 Harrison. 1977.
 
Henderson. 1974
 
-UC:J. 172b. 
Junqius. 1:1-7 .
 
Munton. 1979.
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Arabia by the early 1970's, at least in the wild. 

However, the Arabian Oryx was preserved in several captive 

herds throughout the world, and work is currently in 
it to its native habitat (Section .progress to reintroduce 

Gazella gazella arabica inhabits the foothills and gravel 
endangered
olains of the desert. Though also listed as 


by the ILICN, populations seem to be much larger than those 

of the oryx or tahr. There is also a species which in

habits the sandy desert (G. subgutturosa marica), and 

one found in the northern mountains and mhe Batinah 
ibex (Capra ibex nubiana),(G. gazella muscatensis). Nubian 


wild goat (C. aegagrus), and Asiatic Mouflon (Ovis anon)
 

all occur also.
 

17/
3.5.2 	AvLzauna-

has a
Somewhat surprisingly for so arid a countr-, Oman 

rizh and varied avifauna. it, 'east 372 species ccur in 
, alt-hough only 74the S iltanate (Table 3, Appendix VI) 

are resident breeders (Table 23). Major habitats(20%) 

and the most common breeding birds of each one listed in
 

Table 4, Appendix VI.
 

Table 23. Composition o- Breeding Birds of Cman 

OthersSe2-hirds 

N & S TotalsN n S only N&S N nVy 

3 1I) 3) 	 74Resident
tier:u" 	 - 3 13t 1 22 

T ,2 	 [962 6 32 23 31 

Jaziral Sh;ahaf near .iMsirah. only.tIncludes Crab Plover. on"Includc Saunders' Litle Tern. on Masirah only. 

.4 = North
 
S = South
 

and ccdcock. 1980.17 S c7Source: 	 Gallagher
Sources: Gallagher. 1977.
 

Gallagher and Wocdcock. 1980. 
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The vast majority of Oman's avifauna is of Palearctic
 

oricin. Only 15 landbirds are Indomalavan, of which 8 
breed in Oman (Table 24). Indomala'an species tend to
 

occur in the northern part of the countnry. Afrotropical 

species (Table 24) are represented primarily in Dhufar.
 

Only 26 Omani landbirds are Afrotropical, 20 of which 

breed or"may breed in the southern end of the Sultanate. 
Oman has no endemic birds, but the Arabian Red-legged
 

?artridge (AJectoris melanocephala), the Arabian Babbler 

(Turdoides squamiceps), and Tristram's Grackle (Onychograthus 

trisramili) are endemic to Arabia. 

Table 24. Indomalayan and Afrotrooical Landbirds 

Afrotrocical ndomalavan 

A Species which breed or may breed 
in Dhofar A Species which breed 

LappEt-faced Vulture Gre:. F.rancolin 
Verreaux's Eagle Red-wattled Lapwing 
Spotted Thick-knee (Dikkop) 
Yellow-bellied Green Pigeon Palm Dove 
Didric Cuckoo 
Spotted Eagle Owl Rue-ringed Parakeet 
Grey--headed Kingfisher Indian Roller
 
Singing Bush Lark Purple Sunbird
 
Blackstart House Crow
 
Blanford's Warbler'
 
African Paradise Flycatcher Indian Silverbill
 
Abyssinian Sunbird"
 
Palestine Sunbird
 

B OthersWhite-breasted White-eve 

Black-headed Bush Shrike Indian Pond Heron
 
Fan-tailed Raven Cotton Teal 
Rtippell's Weaver' Pheasant-tailed Jacana 
African Silver.ill White-breasted Waterhen 
Golden-winged Grosbeak* Little Pratincole 
Cinnamon-breasted Rock Red Turtle Dove 

Bunting Koe I 

B Others 
Black-headed Heron
 
Abdim's Stork
 
Sacred Ibis
 
Namaqua Dove
 
Nubtai Nightjar
 
Wattled Stariing
 

*Restnced range in E Africa. 

Source: -a.1agher and .1ccdccck. 320. 
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3.3.3 Her-etofauna
 

Forty -eight species of reptiles are known to occur in Oman
 

(Arnold and Gallagher 1977). Geckos account for 18 of
 

these species, and various other lizards for another 19
 
a boa, and several other
species. There are 4 vipers, 


species of snakes. 'No toads are known. A complete
 

list of the herpetofauna is presented in Table 5,
 

Aoendix VI. 

3.5.4 Invertebrates 

Molluscs. Twelve species of land and freshwater molluscs
 

have been recorded in Oman (Smythe and Gallagher 1977, 

see Table 6, Appendix VI) . No species of BulTnus or 

Biomphazia, the vectors of schistosomiasis, have yet been 
some parts of Arabia,
found. Schistosomiasis is endemic to 


but apparently occurs only among immigrants in Oman.
 

Moths and Butterflies. Thir-y-eight species of of Rhopalocera 

(butterflies) have been recorded from northern Oman, and 
Half of the Dhufari species25 from hufar (Larsen 1977). 


are not found in northern Oman, mostly species of Ethiopian
 

origin. Zoogeographic affinities of the butterflies of 
The but-er-fles havenorthern Oman are given in Table 23. 


is probablynot been thorcughly surveyed; the enc..re fauna 

2 to 3 times as large as what is now known. 

Of the 109 species of Heterocera mnoths ) recorded so far, 

a few are known to be pests in other areas of the Middle 

East, where they attack Acacia molissima, cotton, and 

vegetable cros (Wiltshire 1377a, 1977b) . Their impact 

in Oman is not yet known. :.mos.t hfe Omani moth fauna 

is of Eremic (Palearti desert) origi-s ',Table 26) 

Of 4 
known from Cman, the most noceworthy is the cosmoolitan 
rat flea (Xeropsy!!a cheopsis), known as -he vector o 
bubonic plague (Thompson 1977) . Other species of mammalian 

ectoparasi-es are listed in Table 7, Apcendix V1. 

Marmmalian Ec-onarasites. the ain ectocarasites 

Scoroons. Three soecies of scorpions have been recorded 

from Oman. 1e.miscoro.-us maindroni has been found in Jabal 

Akhdar and near Muscat; 3u-hotus jayakari in Jabal Akidar, 

Jabal Aswad and near Muscat. Nebo hierichonticus has so 
far been found only in jabal .khi'dar (Vachon 1977) 
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Table 25. Zoogeographic Affinities of the Butterflies of
 
Nort-hern Oman
 

Origin 

Ethiopian 
E:hiopian-cum-Ocicntal 
Arabian 
Oriental 
Eremic 
Palaearctic 

Total 

Numnbcr or-spcies 

Source: Larsen. 1977.
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Table 26. Zoogeographic Affinities of the Moths-of Oran"
 

ERE.MIC 
68 

TROPICAL 

3 


TEMPERATE 

7 
WORLD-WIDE 

Source:'
 

ENDEMIC , 
EASTERN EREMIC ¢ 

SALAR AN S[N'DIAN 
PAN-EREMIC 
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ETHIOPIAN TROPICAL 3 
PA.LEO-TROPICAL 
HOLO-TROPICAL 
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WORLD-WIDE 
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3.5.5 Ichthyofauna and Fishing
 

Only three freshwater fish are known to occur in Oman 
tihe oases and wadis.
in the perennial zools of some of 


Cyprinion microphthalmum has a length of from 66 to 112 

mm and is from the Iranian faunal group. Garra barreimiae 

(42-72 rmm)and Garra ongipinnis (36-52 mm) are members of 
These small freshwater fish
the LevantiLne faunal group. 


have no economic importance. 

Marine fishing has traditionally been a major industry 

in Oman, and still occupies about 10 percent of the 
population. The main Omani fishing grounds are along 

the southeastern coast in the Arabian Sea. The main 

fishing population is in the Batinah and the coast between 

Musqat and Ras a!-Hadd (Table 27). Larger boats from 

villages do fish the Arabian Sea areas, but smaller ones
 

fish locally. 

Table.27. Fishing .opulazion in Oman 9-79 

'&t:4. 
:.as=r • 

:aJ.
:Z"Z a 

Aia 
*z 

.."59 
4".

k3a .~ 3arz.3 

Saz 

. 

-. 

Z.rdal n .37 

!45:ZS-a 

ouse:3n& eanCAr 

17t 

z977. 

" 

iS~urzs:ani--e anC 

3.1.1e: 3uatna1Aa.-'-~b 

ae. 3'.; 5a 

oU 

.uroza ?ub~icetions. 1930. 
M:idA-i as:. Ecncmic Dizest. 
Mvropeeta.%977 . 
SuJlta'.aXe of Oman. 1979. 
Sulranate of 

Special Report. 1973. 

Sman. o930b. 
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The major development of -he fishing areas has been through 
concessions to foreign companies. in 1976 Taiyo Fishery 
Company and Nissho T.wai, both of Japan, began operations,
 
but t.hey did not renew the concession after 1977. The 
comoanies were nctsatisfied with turning over 40 percent of 
the catch to the Omani government, and they were disappointed 
with the size of the catch. The Korea Overseas Fishing 
Cumpany took over the concession in 1979 and is now 
producing about 20 tons of fish per day. 

Figures on total resources are conflicting. Potential
 
annual yields may be anywhere betdeen 100,000 and 600,000
 
metric tons. The only detailed breakdown of species taken
 

appears In figures on the catzh of the Japanese and Korean
 
companies (Table 28). 

Table 29. Fish Catch (by species) by Japanese and Korean Vessels 
during 1976, 1977 and 1978 

,Il CJICfl -tv rnnlhI 

Soecies ot ishIn 
1971 1977" 

Sonytaena I 8.3 220.2 75. 

Caranx so. 20742 23-3 .d7 9 

Eoaneonelus 105.7 'S5.4 25.1 

Sautla 395.5 29.1" .6 

700.7 14.7 

Nemrnilerus 212.5 206.4 3.0 

Pagoilus I &,.7 1297,0 G6.3 

Decaolerus 58.4 A05.3 5.9 

SeD's 

Lethrinus 36&1 

170. 65.2 151.3 

512 

Pa;rus P jqrus 14'10.9 1419.7 1 ..5.3 

TricrsiunJs 121 1 271.0 

Evynnis 164.5 222.7 13.10 

Eynmis so. 20.9.4 524 4 '48.6 

179.0 256.0
Jonnus so. 

Scomaers so. 127.9 2.2 

Omnrs 733.9 250.7 . .2." 

568.0All $cecieS U 801.0 2 4J 

.atqfll oy Kotmain wss.
 

TF.J.'t J4 iS aurinq 1976 is or pvioc Aori - Cecemor orlf.
 

Scurce: Sul:arae of Oman. ID79. 
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3.6 

3.6.1 

Conservation and Protected Areas 

Endangered Species 

Government action on conservation and protected areas has 

been heavily oriented toward those larger species 
identified as endangered. The IUCN and the U.S. Fish 

and Wildlife Service (USedS) list t.he species in Table 

29 as endangered. 

Table 29. Endangered Species found in Oman 

Saecies English Name Source 

Pant,era pardus nimr 
(Panthera pardus ) 

Sout. abian Leopard IUCN 
USWS 

Hemicragus jayakari Arabian Tahr IUCI, US dS 

Oryx 2eucorgx Axabian ,rx aUCzT, USEFWIS 

Gaze!!a gaze-la arabica 
( Saze!!a gazel!a) 

Arabian Gazelle IUCN 
USFWS 

Gazella subgutterosa marica 

Dugong dugong 

Sand Gazelle 

Dugong 

USFWS 

rUC, USFqS 

St-rurhio camelus syriacus Arabian Ostrich USFWS 

Sources: TUCN. 198Gb. 
U.S. Fish and Wildlife Se-,ice. 19,0. 

Sources: Gallagher and Woodcock. 1980. 

Harrison. 1975. 
Harrison and Gallagher. 1974. 
Harrison and Gallagher. 1976. 
Henderson. 1974. 
iUCJ. 1973b. 
Juntqius. :973. 
A4unzo n. T. 

Or7IC. Azril '_980. 
Thesi;-er. -59. 
U.S. Fish and Wildlife Sarvi4e. 

ier 0 

1980. 

74* 



In addition,the Syrian wild ass or onager (Equus hemionus
 
hemippus), listed by the USFWS, sometimes appears in 
discussion of Omani wildlife. However, it is nearly 
certain that the onager has been extinct in Arabia for 
some time, and that reports have confused them with 
feral domestic asses or donkeys (Harrison 1972; Thesiger 1959).
 

Oman is not s-ecifically listed as part of the range of the 
Arabian ostrich, and no ostrich has been seen in Oman 

since the 1920s (Thesiger 1959). The dugong's range does
 

include Oman according to the ICUN, but there is no
 
information available about th7is sea mammal off the Omani 
coasts, and the government has not addressed the question. 
Similarly, no action seems to have been taken on the 
South Arabian leopard. However, Oman has moved quite
 

forcefully and fairly successfully in recent years to 
protect the tahr, the oryx, and the gazelles. 

3.6.2 Hnting Restric:ions 

Hunting has never been a primary act~vi-' in Oman and wild 
game has never provided the major food source to any 
social group. However, local people did occasionally
 
shoot gazelle, oryx, ibex, and _ahr. :n the case of 
the tahr, hunting by local inhabitant-s "as cons.dered one 
of the factors endangering the species. :n 1976 tahr 
hunting was completely prohibited, a restrict-zon which has 
generally been strictly followed.
 

Restrictions on hunting o--x and gazeile were instituted 
much earlier. Hunting oryx -rom vehicles was prohibited 
in the early 1960s, and h decrees were renewed and 

strengthened once the present Sultan came to power in 1970. 

Omanis have generally observed -h- cri :ons agains

hunting these animals also. However, the vast desert 
areas which are the major habitat of the orix and gazelle 
are easily accessible from neighboring countr-es. 7n the 
late 1960s and early 1970s the Sultanate apparently was 
unable to counter hunting parties whi:h c e to shoot or 
capture game. One such par--y in 1972 killed 3 oryx and 
captured 3 or =erhaps These --. to been4. are cuch- have 
the last wild or-;x left in Arabia ,..enderscr. 1.1974) In 

recent years action acainst such foreign en.- has .moroved 
greatly, and zazelle herds see, to be recovering somewhat. 
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3.6.3 Protected Areas
 

Jabal Akhdar National ?arx. in -j ,' pian5 wex- Lu-nulated for 

a national park which would offer protection to the endangared 

Arabian Tahr. This park was to be approximately 50 km 
across and 'O km from north to soutrh. situated in Jabal 

Akhdar (Figure 19). The Oman Flora and Fauna Su rey 

was commissioned to learn in detail about the tahr's 

habitat. It was subsequently deta-.mined that the tahr
 

population in Jabal Akhdar was not very great, but plans 

for -he park have gone ahead regardless. The official 

status of the Jabal Akdhdar National Par', or of any of 

the following protec-ced areas, is not clear. 

Routefollowed by the 
Oman FloraandFaunaSurvey-

Boundarlofthe proposed 
Jebel Akzdar National Park 

/ ... ;-,2 -, MUSCAT 

,/ 

,Rostaq" L ,. . ,, u '" 
. ,.*... .-... . _. . ... 

/ :. f. \JEBEL / / 
• .. . 2AKHDAR . . . /
 

-- "- ,.gi: e "-/ "''./.
 

' '.:..I'... /-........................................... 


Bahia 'At amr ,/'"" 

Nizwa' "' k 

1Ok.m 

Figure 1.9. ?rocosed Area of -he Jabal A:kdar :z._ona. ?ark 

Source: H!arrison'. 1975.
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Jabal Aswad Tahr Reserve. Following the discovery that. the 

tahr population in Jabal Akhdar was not as g.eat as had 
been hoped, a second orozected area was set aside for tahr. 
The tahr was found in areater nur-.bers in Jabal Aswad, and 
the government initiated saa-. zamen ts to a number of 
villagers in t.e area to act as wardens. These actions, 

coupled with the count-y-wide ban on tahr shooting, seem -to 
have been effective. Tahr populations are recovering, and 
about 300-370 may have in.habized the Jabal Aswad reserve 
by 1978. About 2000 are believed t- exist in Oman now, 
w.icn -s considered to be (barely) sufficient to insure 
survival of -'.e species throuch any forseeable natual 
calamity such as extended drought. 

Jidda-: al-Harasis. Oman has just reLentl-. instit-t-ed a 
program to rein-troduce the Arabian oryx tc its native 
habitat, beginnina with a protected area in the Jiddat al-
Harasis. The area is named after the tribe which inhabits 
it the nomadic Harasis. Land use za-:erns, herd size.., 
and human population have remained stable, and reports 
indica-e -hat there *as been vere_ i tle over~razinc. 
n addition, the iarasis have been charged with protection 

of the o_- - . th..e Sultan. A_' retcrts indizate tha'; the 
are qui-ve eazer to take on -he responsizi.i- and cuite 
enthusiastic about the procra--. In March 9 , Arabian 
c.rx were flown to Cman and more were scheduled to co. 
The animals were to be penned i.--ially z al]ow ad:us---Ment 
to tneir new envirorzmen - , and it is not -,ea what stage the 
=roiect 'as currenz.v reached. 

ia cr Du- Na.ur.e=serve. An area on the coast near Musca
has been set aside as a nature reserve. P-art ,f the area is 
mangrove swam., a great vai of avifauna. 
Details on e s=-t-us cr ex:ent:f .i., reserve az-i not 
available. 

!978a) 
reserve was estamlished in 1976 tc prorect the tahr, but 
no furtner information is available. 

Wadi Serin Nature Reserve. (UCN mentions that th-is 
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4.0 Major Environmental Problems
 

The Sultanate of Oman is still in the very early stages of
 
development and has not yet had to face many of the envirormental
 
problems of the highly industrialized societies. industrial
 
pollution of water and air, excessive noise levels, and the like
 
are not major concerns at present. Industrial pollution is not
 
likely to become a major problem for a number of years, with the
 
possible exception of oil spills.
 

Reflecting Omani society's continaed rural orientation, present
 
environmental problems concern water supplies for agriculture 
and rural domestic use, associated health problems, and soil
 
salinization. The problem of deteriorating traditional irrigation
 
systems is critical. This is not simply a water problem, but
 
part of the wider decline of Omani agriculture due to changes in
 
mani society brought about by the country's development.
 
Micration of r*ral 1 bor is a major cau.,e of these problems.
 

All cf Cman's envirormental probems should be viewed in the
 
context of Oman's location in one of the world's most arid
 
recions. Many aspects of the major environmental problems are
 
natural, or -: least greatly aggravated zy natural conditions.
 

4.1 Water Proble s 

While drought may greatly aggravate water supply problems 
as discussed below, Oman's arid e::vironment makes water one or 
the major concerns even in the relatively wet years. The government
 
is well aware cf most cf these problems, and has proposed projects
 
to address many of them (AppendL\ 77I).
 

20irks. 1976b. 
Birks. 1977. 
Cordes and Scholz. 1980. 
Middle East Economic Digest. Special Report. 1976. 
Nyroo et a!. 1977. 
Scholz. 1976. 
Sultanate of Oman. 1980a. 
U.S. AID. 1980b. 
U.S. Army Corps of Engineers. 1979. 
Who's Who in the Arab World 1978-1979. 
Wilkinson. 1977. 
Wilkinson. 1380. 
World BarZ. 1979. 
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4.1.1 Natural Water Shortages 

Drought is a natural consequence of Cman's arid environment.
 

Drought in Cman is usually local in nature, and there are always
 

some areas which have been without rain or have had much less
 

than average for several years.
 

Birks (1977) has studied the Jact of drought on a small village
 

in.Wadi Hawasina (Western Hajar). Ghayzayn (Fig. 17) went
 

through a drought in 1973-1975, one of the worst in decades.
 

The drought was local in nature; other portions of western
 

Hajar received sufficient rainfall to replenish shallott
 

aquifers and subsurface wadi flow. Agriculture in Ghayzayn 

does not depend directly upon rainfall, but rather upon Falaj 

flow. Table 30 charts the flow of Ghayzayn's falaj during the 

drought.
 

Table 30. Falaj Flow in Ghayzayn, 1973-7-

Date Flow (ga_.'.in) 

NIovember, 1973 820
 

June, 1974 90
 
70
July, 1974 


September, 1974 50
 
(reaching village) (3C)
 
Iovember, 1974 20
 

A:Zoio= f, Fiz 17.
 
Source: Birks. 1977.
 

Before the drough:, 3havzayn had abou: 50 ha of zulti';azed 
nals, buz ab-cu- 10 ha was zlantedand. 2.!os- was "-.nerda-:e 

in wheat and a 'fa'a, and a small area 4n toma-oes and onicns. 

.Aout30C -al/min of the flow was used for irricazion, and 

-he -alms in =ar-_icular were well watered. As soon as June 
- f i-!-- ::ppinc had been abandoned, and a:-e ydells 

were down because :.e ._ma-ining wazer was insuf=i::ent. 3ome 
" 

trees began to.e, =ar-icularlv voun .aL.s w:-thou- well 

deveoced rco s-s-ems. As the drnuan: :rccressed -:-e ",_1age 

to use on.L one 'a'a" channel at a :-ne, -.e wa--r-ngbegan 
cycle was extended to 14 and later __n =2sd -olec-S .ays ra -.r :"an
 

-he e -z? e-_i!s was :and 


water :obuld uo a heac. 

:he wa-er 3hor-ateaa s had aiac-. z:n 0ther 1s=ec-s. =Zhe 
envrr.en-. ec:.e -ecame reluc-an: -o :'cw, because inc- '!--i. 

plocs wculd :cscrzmuch wa-er, .-- "-hn -=o r--az-

so 

http:envrr.en
http:ga_.'.in


concepts of fairness. However, this cut down water penetration
 

to the trees, allowed greater evaporative loss, fostered more
 
rapid salt accumulation in the upper levels of the soil, and
 
encouraged the formation of hardpan. The smaller volume of
 
falaj flow also meant marked deterioration in the quality of
 
drinking water.
 

As the drought continued, fodder had to be purchased to keep
 
livestock alive, rather than supplied from village cultivation.
 
T s outflow of capital left no financial resources with which
 
to pay for needed falaj repair. Finally, the combination of
 
all factors forced more people to seek employment elsewhere to
 
supplement falling incomes at home. The resulting lack of
 
labor in Ghayzayn further contributed to the lack of repair of
 
village irrigation systems.
 

Many areas of Oman face perennial water shortayes, even without
 
drought. in desert areas such as the Jiddat al-Harasis, there
 
is no water at depths accessible by traditional methods. This
 
has led to methods of dew harvesting such as collecting dew
 
off plants or hanging sheets of cloth to collect dew. Within
 
the last decade, the goverrment has begun drilling deep wells
 
and trucking water to tanks in the desert to insure adequate
 
water for nomads' livestock. Modern mist harvesting experiments 
are also being carried out in Dhufar to take advantage Or 
the misty monsoon season.
 

4.1.2 Overpumping
 

The amount of water in the shallow aquifers and subsurface
 
wadi flows varies naturally somewhat, according to rainfall.
 
The introduction of modern pumps into Oman, however, represents
 
a potentially serious long term problem in the absence of strict 
regulation. Water is now pumped in some areas a: a faster rate
 
than the natural recharge. in the Batinah particularly, the
 
water table has dropped throughout the 1970s, and many traditional
 
wells have gone dry. Overpumping will also soon become a
 

serious problem in some interior areas, causing aflaj to go
 
dry.
 

Aside from the subsiding water table causing wells and aflaj to
 
go dry, it also affects the quality of water available to
 
agriculture. This problem is most acute in the Batinah, where
 
sea water intrsion is common. Saline irrigation water poses
 
an immediate risk to tree crops other than palms. Date
 
palms are somewhat salt tolerant, but even date groves are now
 
being destroyed, as, for example, those at Khaburah and Saham.
 
Because of falling water tables and increased salinity, the
 
goverrent suspended drilling of new wells in 1978 at Sib and
 
Ruwais in the capital area. The government has also attempted
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to persuade farmers to move their fields back from th coast 
so that pumping will not cause increased salt water intrusion 
to such an extent. 

4.1.3 Aflaj Deterioration
 

One of the potentially most far reaching problems with water
 
and the entire agricultural sector is the deterioration of
 
traditional irrigation systems. in most cases, a well maintained
 
falaj is the most efficient means for extracting high quality 
groundwater from the shallow aquifers and subsurface wadi flow.
 

Because salinity increases rapidly downslope in the alluvial
 
fan, water pumped from directly under a cultivated area is 
invariably more saline than that available from a falaj.
 
Furthermore, wells or deep bores often cannot supply the same 
quantity of water that alfaj can. Deep wells are also more
 
liable to overpumping. The vast majority of aflaj tap only the
 

shallow aauifers, and are constructed in such a way that it is
 
impossible tc tan water at a rate which :-auses razpi !rzcs in
 
the water table -- pical of. pumps. Many subsurface wadi flows 
tapped v =ha/! aflaj .culd not be taned z_.z.ica_.v by welis 
or pumps as all. While aflaj are an e:ficient means o. exracting 
water under Cmani conditions, they must be well main-ained. 

Water loss can easily be twice as great if the falaj is in 
noor condation, and in crt'cal cases water flow may cease 
entirely. An unlined fala- tunnel at Ghayzayn -ould not ar-r 

water sa-i~sfactorily when the water tabLe _-4_opped during 
drought. Other underground maintenanze problems include 
downcuttina in loosely consclda :ed areas (a fac-or as Ghayzayn), 
mineral denosition and scaling in carbonate rock areas, and 
debris buildup. AfIaj sur-face -anals may also develoo leaks 
wnich are usualy of no zreat consequence during ncr--aL 
years, ba become criical duri;ng i-rough:. 

While in principle repairs to defective aflaj zan be . de, 
in practice -hey usually are not. The szecialized labor 
recuiled for most underground work is qut e . .ensive 
mani standards, and villages tend so ut off r:-airs there- if 
is not a pressing need. Cnce a pressing need arises, such as 
drought, the capi-al 4s spent cn su.sistence and is not 
available for fala-; recair. :ab:or mi-raiti'n is another tause 
of rural mantcwer shortages. .emaining r-%ral manpower is 

hard pressed to mainzan tne sa.e level o 
alone "noer-a.ae falaj recair. These factors have fos-ered 
the soread zf zumos, which recuire little labor. Cnce a 
villace _-t a _z-., there is even less incent-"'e to maintan 
-ne :a . 

4.1.4 Other ?roblesPaer 


Roadnr roff and low infi a- n m-cun-sin areas ca. -ke 

http:noer-a.ae


short intense rainstorms cause local floods. Floods are a
 

major cause of damage to qarat aflaj, often clogging them
 

with silt or gravel. Floods may also wash out components
 

of ghayl aflaj, or wash out small fields which lie on 
terraces
 

near the wadi bottom. Occasionally a major flood may destroy
 

a whole village.
 

Efficiency of water use should become an issue in Oman. A
 

major proportion of the high quality water is already being
 

tapped, so that agricultural expansion may ultimately depend
 

more upon improving efficiency in water use than upon increasing
 

water exploitation. Aside frot questions of falaj maintenance
 

or the advisability of promoting water pump distribution,
 
certain practices should probaly be changed. In traditional
 

agiiculture, for example, tree zrops often get up to 50
 

perzent more water than they need when surplus water is
 

available. During droughts, farmers share water resources
 
equally, often to the extent that. everyone's water share
 

becomes too small to support crops. These traditional
 
concepts of fairness and landholding patterns may be difficult
 

to change. Nevertheless, it may be possible to find a
 

system which permits the surival of some trees rather
 

than allowing everyone's trees to die equally.
 

Modern irrigation may also be inefficient. in the Salalah
 

plain, for example, overhead crop spraying allows great water
 
waste through evaporation. Estimates suggest that the present
 

cropped area of about 4000 acres in the plain could be expanded
 

to nearly 50,000 acres through more efficient irrigation manage
ment.
 

informazion is not available on aspects of water problems 
in urban areas beyond a few very general observations. 
Water use in the Musqat - Matrah capital area and in Salalah 

is increasing very rapidly (Section 3.2.4; Table 11). 

4.2 Soils and Vegetation
 

.11/
4.2.1 Soil Salinity-


The problems of soil salinity are directly connected to
 

water salinity problems and the shift to pump irrigation.
 

2iStevens. 
 !973 
U.S.AID. 1980a.
 
Wilkinson. 1977.
 
World Bank. 1979.
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The situation in the Batinah. has already been noted in Section
 

4,1,2, but soil salinity is hecoming a major prQblem in interior
 

areas also, In Wadi Sayfam near Sahlah, for example, there has
 

been a shift to pump irrigation over the last 15 years. The
 
-daterdixectly unde- fields is more saline than water tapped
 

upslope by aflaj, so that pumping has caused dramatic increases
 

in soil salinity. Wadi Sayfam is traditionally an important
 

cereal growing area, but if current trends continue it is likely
 

that the soil will he too saline to support cereal cultivation
 

within a few decades Cstevens la781.
 

4.2.2 Mobile Dunes
 

In many local areas, particularly in oases on the fringes of
 

sand deserts or dune rields, mobile dunes axe a problem. Many
 

villages in such regions have planted rows of palms or constructed 

mud brick walls to act as windbraaks, but these are in constant 
danger of being overrun. Since most oases, particularly the 

cultivated areas, are situated in hollows, they are especially
 

uralnerable to shifting sands "wilkinson 7.?77 
-2,/
 

Devegetation4.2.3 


In a su-vey covering the entire peninsula and ?ersian/Arabian 
Gulf region, Juneid! and Huss f-1073) assert thatne general 

trend throuchou- t.e area is toward increasing deterioration of 

rangeland. Causes of this deterioration include extensive 

plowing of marginal .and for acrizulv-re, a trend wn nas 
the use of modern machinery; overgrazing;been accel-.-r ed by 

extensive firewood cutting; the unplanned location of wells, 
so hat livestock tend to concentrate in one area; and the use 

Cf trucks to transccrt ani-nals -o zren.ouSiv unaccessible range 
areas. - --. and 'uss par " sre-ss 0verqraZng an 

-c!a= that "nmense =razing b' sneep nas ces:royed :ne most 
:esira'n -- :his es- ------ n caused aOraga szec4.es. snif- to 

ajlus and camels wh 'h can utilize less desirable forage plants. 

?<:,:; field workThe Juneidi and ;.uss :L973) recort was ?on 

4n a nunaber of countries, but Oman was ne-,--. ted. .:n fact, 

the few figures and field observa-ions wna._ ,re available suggest 

-Birks, 1979'a.
 
:-irrison and Callagher. :96 
June'_d. and Huss. . 

Jung.us. :D73.
 
Mandavi" . _
 

-IunolZ-On
 

'4-.- soan . 1 7T. 
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that the conclusions in the report do not apply to Oman at all in most
 

aspects, and only locally in other cases. Reports from both
 
desert areas CScholz 1977a, Jungius 1978) and mountain areas
 

(Mandaville 1977, Harrison and Gallagher 1976) indicate very little
 
deterioration of range resources. Jabals Akhdar and Aswad, both
 
of which were surveyed extensively by the Oman Flora and Fauna
 
Survey in 1975, showed little evidence of any damage to plant
 
communities due to grazing by either domestic or wild animals.
 
Furthermore, if the figures in Table 22 are accurate, no shift
 
away from sheep exists in Oman. The sheep population increased
 
by 1.85 times between 1974 and 1978, while goat and camel
 
populations increased by 1.69 and 1.44 times, respectively.
 
Likewise, overcutting of firewood is not a widespreed problem in
 
the Sultanate (Munton 1979, Harrison and Gallagher 1976,
 
Wilkinson 1977, Mandaville 1977).
 

In a few local areas, devegetation is a major problem. The
 
Saih Hatat plateau behind Musqat is one of the few areas des
ignated for widespread woodcutting and the area has been under.
 
pressure for generations. Observations on the condition of
 
vegetation in the eastern plateau around Si; !not located by
 
Mandaville 1977, but seems to refer to Saih Hatat) note that
 
woodcutting, heavy grazing, and trampling by livestock have
 
occurred for centuries and have strongly affected the appearance
 
and composition of vegetation. Likewise, extensive clearing
 
has taken place in the Batinah, which seems never to have observed
 
restrictions on cutting.
 

The government has supported modest well drilling programs in
 
nomadic livestock areas, and many nomads are beginning to use trucks
 
to transport animals to pasture. In most cases, however, this
 
does not seem to be increasing pressure on vegetation. Herd
 
sizes are falling rapidly among both Sedouin and Shawawi
 
populations, so that most areas of Oman are now actually under
 
much less pressure than previously. The major concentrations
 
of animals are in settled areas, but very little data is
 
available on the damage done to vegetation in these areas.
 
One factor that may keep range pressure from becoming too severe
 
is the heavy reliance on fodder crops rather than grazing.
 

23/
 
4.3 Agricultural Production---


Most observers assert that Omani agriculture is either stagnant
 
or declining. Certainly estimates of total cropped areas have
 

23Birks. 
 1976a.
 

Scholz. 1978.
 
Sultanate cf Oman. 1980a.
 
Wilkinson. 1980.
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not changed over the last decade, while yields in most cases
 

have gone down. Pests and disease are still a major problem
 

in most areas, and can greatly retard production. Limes, for
 
to
example, are susceptible to black flies, and date palms 


Disease is also common among livestock, particularly
metaq flies. 

diarrhea and various respiratory diseases. Chicken diseases
 

are so rampant that many farmers simply give up trying to raise
 

chickens (Sultanate of Oman 1980a).
 

Many problems in the rural sectors may be traced to changes in
 
the country
the structure of Omani society which occur as 


develops. As the tribal structure breaks down, villages such as
 

Ghayzayn (Section 4.1) can no longer rely upon the wider tribal
 

entity to help them survive a drought. As modern waterpumps orient
 

land and water rights concepts away from community cooperation
 

and toward individualism, most farmers can no longer count on
 
the village to help with difficulties.community support within 

Although the govern.ment subsidizes pump distribution, in many
 

cases only the richer farmers can afford pumps. The others -must 

upon the tradit-inal aflaj, witwout, -wever, the traditionaldepend 
aflaj. Furthermore,organizational str-ct,-re for maintaining these 

there is a declining interest in agricultural sector investment.
 

Agriculture was once a primary concern and one of the major
 

means of investing surplus capital. Today 30 percent of private
 

to area than ruralinvestment goes t=e capital ra.er to areas. 

Only 4 percent of private investment goes into productive 
as well asactivities in Oman, and this includes factories 

agriculture (Scholz 1978). Many problems could probably be 

solvec s--ply with better management practices. One survey among 

the Shawawi found a death rate among livescock of about 12 

percent per year. The three leading causes of death were
 

predators (hyaena, fox and a few leocards), falling, and eating
 

poisonous plants. Loss of kids and sponzaneous abor-ions
 

were as high as 60 percent. These razes could easily be lowered
 

through more careful management (Birks 1976).
 

__ 24/
4.4 Labor '.gratdon--

Many problems in :he agricultural secor aze greatly aggravated 

24Birks. 1976a.
 

Birks. L975b.
 
Birks. 1977.
 
Bi.rks and Sinclair. 1979.
 
uarterly Economic Review of Bahrain, qatax, Oman, the Y:emens.
 

Arnual Supplement. 1930.
 
Scholz. 7976.
 
.choic. 197-:
 

W_!i -4nson. 1-377.
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by rural labor migration (Section 2.3,2), which therefore
 
has an impact upon the envirorent, Declines in date yields
 
and poor care of date palmns are often attributed at least partially
 
to lack of manpower (Scholz 1977b, Wilkinson 1977). Cultivation
 
of grain crops has also suffered; some villages (e.g. Afil no
 

longer grow any grain because of manpower shortages CScholz
 
1976). Seasonal cropping of other foods is also being abandoned
 
(Birks and Sinclair 1979).
 

Labor shortages are also a major cause of the aflaj and well
 
deterioration discussed in Section 4.2.3. Neglect of aflaj
 
and wells makes them more susceptible to droughts or floods,
 
to the extent that many cases of damage attributed to these
 
causes may actually be traced to lack of maintenance. Livestock
 
management has also suffered. For example, women must usually
 
take over sheepherding, but cannot go as far looking for strays.
 
Many pastoral tribes have let herd sizes fall to only 5 percent
 
of forner levels.
 

4.5 	 Public Health Problems25/
 
Problems-(Sctono .3
 

The majority of Cman's current health problems (Section 2.2.3)
 

are probably preventable through improved sanitation and programs
 
such as malaria ccntrol. The three main causes of child mortality
 
are malaria (48%), gastro-enteritis (24%), and dysentery (16%)
 
(Farrag 1979). Nearly 90 percent of the houses in Oman have
 
no.latrines or sewage disposal. Most houses are crowded, and in
 
some rural areas people also keep livestock under the same roof.
 
Refuse is commonly dumped behind the house and humans use date
 
or lime groves near the villages as latrines. These areas
 
become breeding grounds for flies which spread trachoma.
 

Water resources play a major role in public health problems.
 
Perennial pools in wadis and oases, and wells on the Batinah
 
coast are breeding grounds for mosquitoes which spread Plasmodium
 
falciparum, the malarial organism which accounts for 90 percent
 

of the cases in northern Oman (U.S. AID 1980b). Pilot programs
 
carried out by the Ministry of Health with WHO assistance have
 
been fairly successful in reducing the incidence of malaria in
 
target areas. The control measures include use of larvicides
 

25Cordes and Scholz. 
 1980.
 
Farrag. 1979.
 
Nyrop et al. 1977.
 
Scholz. 1976.
 
Scholz. 1977a.
 
Scholz. 19771.
 
Sultanate of Oman. 1980a.
 
U.S. AZD. 1980b.
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in breeding areas, spraying residential areas, and drug prophylaxis.
 
One problem encountered is that sudden heavy rainstorms can wash
 
larvae out of wadi beds into unaccessable t-mporary breeding places. 
Not only are they then out of reach of spraying, but they are
 
also removed frcm the la--ivo'ous fish found in many perennial
 
pools. Ther-; is also some evidence of increased resistance to
 
insecticides.
 

Aside from its role as moscuito breeding areas, water also
 
ccntributes to the spread of communicable disease. Most wells and
 
surface channels of aflaj are uncovered and unprotected from
 
animals. Spot tests indicate that most water from these sources
 
is polluted to some degree. Not only are the wells and aflaj used
 
to obtain drinking water but people also wash in them, which may 
further spread disease.
 

Some public health problems may be compounded by the processes of 
urbanization or sedentariza-ticn. Oman has been fortunate that social
 
preferences and govern-en-:.rogrns have so far- forestalled the 
w.espread :c:=urenoe ":shantv -wn- ne. areas. 
there are some s..all- areas o shan--own a: ..usa. These cor-munities
 -_n 1..1ynwthout ser-,rices such as sewage 

ar onlanned and often entirely withu evcssc sswc
 
systems. SLnilarly, sedentarization of nomads usually proceeds 
spontaneouslv outside of established areas. Nomads ma7 si-o! 
make a formerlv seasonal ca.o oermanent. Problems of animal pens 
and latrine areas in the midst ofr :ne wellinc area are then 
compounded. 

26/
 
/
4.6 Wi ldlifg
 

The government of Cman has defined preservation of wildlife as one
 
of its major concerns. -. ctivity is direczed towarts tne orvx, 
-ahr, and several gazelles at present. The alaring decline in 
gazelle and tahr populations seems to have been reversed within the
 
ast several years, and :he rgram,-o reest.elish. ne cr:x 

=
shows promise of success. The ory- was wi ed out, and gazelle
 
.ooulazions di-minished orimarily by the introduction of hn.ng 
wi-h modern vehicles, airolanes, and automa-i: weapons. Environmen-al 
oressures and tradi-ional tribal hunting from camels did verv ' 

to affect herds. The Sultanate -ook earl-," s s to 'an destructive 

26Harrison and 3a7Iagher. 9174. 
Harrison and Gallagher. 1976. 
Henderson. 1D74. 
Jung;us. 1973. 

Mun-zr. . i. 3. 

Vii:ker. 2.9SC. 



modern hunting methods among its citizens, but was unable to
 

control the entry of foreign hunting parties. The major
 
factor that has allowed progress in restoring populations in
 
recent years has been tighter control of border areas. Foreign
 

hunting parties cannot gain permission to enter Oman, and illegal
 
entry is now fairly effecti'vely controlled by the Border Scouts,
 
regular army, police, and Petroleun De',elopment Oman outposts.
 

The ory and the gazelles seem not to face much pressure on other
 
fronts. Complete bans on any kind of hunting are now in effect
 
for citizens, and are usually observed. In fact, Gazel!a gazella
 

arabica herds observed in the Jiddat al-Harasis seemed auite tame,
 
indicating that they are not usually disturbed by man. This
 
contrasts sharply with gazelle behavior observed in areas of Arabia
 
where they are still under hunting pressure (Jungius 1973).
 
Predator oressure is also slight, since few oredators are currently
 
found in the desert areas preferred by most gazelle and the oryx.
 
Competition for grazing with domestic herds may have been a slight
 
factor in local areas, but in general traditional herding did not
 
ead to any extensive devecezaticn. 7n the Jiddat a!-Harasis goats
 

and camels can often be seed crazing near gazelle herds (Jungius
 
1976).
 

The major factor limiting populations of the tahr was the small
 
size of its oreferred mountain habitat. Competition from domestic
 

stock and hunting were the second and third most important factors
 
(Munton 1979). Poaching does continue to scms extent, but the
 

1976 ban on tahr hunting is generally observed. In many major
 
tahr areas there is little evidence that livestock is depleting
 

vegetation, and as Shawawi herd sizes fall, this already slight
 
cressure will decrease. Oman does not vet seem to have addressed
 

-.

the sit. on o the endancered South abian leopard. One roblem.. 

may be chat the leopard is perceivea as a threat to livestock,
 
and conse.-rvation measures would therefore not receive the popular
 
support that the tahr, gazelle, and oryx programs have enjoyed.
 
Smaller anLtals have also received little attention, but this is
 

a worldwide croblem that will be rectifled only with increased
 

scientific knowledge of the smaller animals. The Sultanate
 
has begun to incorporate conservation issues into its educational
 
programs, and has made wildlife conservation and research one of
 
its priorities.
 

4.7 Environment and the Modern Sector
 

No information is available on the extent of industrial pollution
 
accompanying Omani industria..zaticn efforts. SLmilariy, there
 

seems 
to have been no analysis of the impact of mining activities.
 
There have been reports of corrosion in oil pioelines, both by
 

the sand upon w-ich the oioelines must often be laid, and by
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saline water used in secondary recovez of oil, However, cases of
 

leakage due to corrosion have not yet been reported. One of the
 

oil storage tanks developed a leak in 1977 but further infomation
 

is not available &middle East Economic Digest, Special Report 1978).
 

Little inforation is available on =otential oil pollution off Oman's
 

coasts. The Sultanate does not currently possess any producing off

shore wells, so the major danger is probably tanker traffic. The 

Persian/Arabian Gulf, the Strait of Hormuz, and the Gulf of Cman get 

the heaviest tanker traffic in the world, and it is comnon practice 
for tankers to deballast directly into the sea. This seawater ballast 

is contaminated with oil, and it is estLmated that tankers en route
 

to Saudi Arabia alone dump 400,000 tons of oil per year in this
 

manner. The problem for Oman has been compounded by the Irac-Iran 
war: tankers deballast just outside the Strait of Hormuz so that the 

run up the Gulf will be quicker and less costly in insurance charges. 

Cman has reported that the beaches along :he Batinah are now 

contaminated with tar (Eriant 1981). 

.. 27/
 

For all practical purposes, Oman first began its development efforts in 

1970. In late 1974 a Sultanic decree created the Develonment Council. 

!n early 1975 the council issued a resolution defining the objectives 
of economic development in Oman, which are sumarized as follows 

(Sultanate of Oman n.d.): 

(a) 	to develop new sources of income to supplement and eventually 
to replace oil revenues; 

(b) 	to increase the procortion of capital investment expended on
 

income-generating projects, particularly in the sectors of man

ufacturing, mining, agrau-ue and fisheries; 

27 
" 
Cordes and Scholz. 130.
 

Middle East Economic Digest. 2 May, 1930.
 
'0 October, !?SOa.
 

10 October, 1980b.
 
31 October, lEE.
 
21 Nove=.ber, 1980.
 
'5-21 :Mav, "981.
 

Sultanate of _man. n.d.
 

Sultanaze of -'man. 193Ca.
 
U.S. A:D. izBcb.
 

World mank. :'?9.
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Cc) to effect.a wider geographical distribution of investment in
 

order that the benefit. ay be shared by different re~ions of
 

the country, and to narrow the gap in the standards of living in
 
the least developed
different regions with special emphasis on 


regions;
 

(dl 	 to maintain and develop the existing areas of population and to 

protect them against the dangers of mass immigration to these 

already densely populated areas and to protect the envirornent; 

(e) 	to pay more attention to the development of water resources,
 
which are of vital importance to economic progress;
 

f) 	to develop the local human resources in order that they may be
 

able to play a more active role in the national economy;
 

Cg) 	 to continue the development of basic infrastructure;
 

(h 	 to encourage trading activities by removing the obstacles which
 

hinder their progress; These obstacles include problehts of trans

portation, storage and limitations on competition with a view to
 

encouraging competitive practices and keeping prices at reasonable
 

levels;
 

Ci) 	 to work to achieve the basic requirements of a free economy in which
 

the private sector plays a leading role on the basis of free
 

competition in a market clear of monopolistic practices. To
 

this 	end the introduction of incentives including reasonable tax
 

exemptions, loans with easy repayment te-rs to finance productive
 

projects, and government participation in the capital of important
 

projects are suggested.
 

Cj) 	 to Lmprove the efficiency of the government administration.
 

Table 31 shows a breakdown by sector of the budget for the first five

year plan, which ran from 1973 to 100. Budget allocations were not
 

based on identified projects in many cases, and it was often impossible
 

to utilize allocations. For example, according to Sultanate of Oman
 

1980a, agricultural expenditure, which was a very small proportion
 

of the planned budget to begin with, had fallen short of intended
 
investments by 43 percent by 1978.
 

Another problem was that many projects were carried out without prior
 

feasibility studies. Costs then turned out to be unnecessarily
 
high if the project was successfully concluded at all. The government
 

itself has pointed out these difficulties and has called for more care
 

in the planning and implementation of the second five-year plan
 

(Sultanate of Oman 1980a). Budget allocations to the ministries for
 

the 1981-1985 plan are presented in Table 32. The planned exoenditure
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likely to have thB most direct Lmpact upon problems discussed in this
 
retort is the IQO milliQn OR C10% of the allocations which go to =he
 
Miist of .. ._-- and Fisheries, Forty Dercent of this budget
 
is for water resources develooment '".S. AID 9SO5)., Water policies
 
at present include governmen: subsidies for mnp purchase, and a number
 
of well drilling projects C.ppendLN VI, Table 2). With groundwater
 
deoletion and salinity problems already a major concern, it seems
 
unlikely that more pup and well projects will make matters better.
 
Several of the project descriptions note that aflaj will go dr%
 
because of new pumping, and this deficit -s to be made up by even
 
more numing!
 

Other projects, such as the proposed shallow aquifer recharge, should
 
help to alleviate water problems in some areas if they are successfully
 
imDlemented. The covernment has also announced that the Ministz:
 
of Petroleum and Minerals will cooperate with the Environmental
 
Council Cnot identified further) to control pollution from the new 
refiner. to be buit at Mina al-Fahal '"iddle East Economic Digest 
15-21 May, 1981). This kind of unev:en attention to envirornmental 
concerns suggests that there is no formal process of environmental 
imnact assessment within the Cmani coverr=ent. 
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Patterns of Wind Flow Over Oman
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LOWESTSCHEMIATIC PA1T!Y, NS OF WLND FLOW AT 1000 HOUK.S fN TH.E 
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aned that, wind di"ectao does noc ¢nange w.h hthro ugb :hc aye?. Scrmiinr 

above a thi srface :Im of"air mavni 't¥amaae broken where windi r'rom the land iiow 

differcent dhrectzo."
 

Sou.:e: .=edgley. 1970. 
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2. Rainfall at selected Statl.ons 

Rainfall in millimeteis 

Muscat Rostaq Nizwa AI Wafi Salalah 

Month 
Monthly averages Monthly actuals Actuals Acluals Actuals Monthly 

averages 
Monthly actuals 

1893-1920 1921-50 1951-76 1893-76 1976 1977 1978 1978 1978 1978 1942-72 1975 1976 1977 

January 28.3 25.2 33.7 29.0 44.5 54.0 29.5 9.5 28.9 10.5 1.0 - - -

February 21.3 14.5 19.1 18.7 59.5 23.7 24.5 11.5 3.3 28.5 1.0 - 1.8 

March 15.5 5.1 11.7 11.2 53.0 6.8 17.2 19.5 42.5 2.5 6.4 - - -

April 10.5 3.7 10.4 8.5 35.3 16.5 1.5 3.8 2.3 22.0 4.6 - 75.2 83.2 

May 0.1 0.1 6.7 2.3 - Tr. - - - - 13.7 - - 40.3 

June 2.9 Tr. 1.7 1.7 - 8.1 - - 1.0 4.0 - - 159.0 

July 0.4 0.2 4.1 1.6 8.0 Tr. 1.0 8.0 51.1 - 27.0 28.0 27.5 25.1 

August 0.9 Tr. 4.6 1.9 - 0.5 - 24.0 10.1 - 26.7 21.0 10.2 23.3 

September - - - - - - 12.0 Tr. - 3.4 22.0 2.2 2.8 

October 2.3 2.8 Tr. 1.7 - - - - 7.6 - - 30.5 

November 8.3 7.7 6.8 7.6 - 74.7 Tr. 5.5 8.7 - - -

December 15.0 28.5 17.4 19.5 3.0 Tr. - - 3.8 - - 3.5 

Total 105.5 87.8 116.2 103.7 203.3 101.3 f 73.7 88.3 139.2 69.0 - 107.9 71.0 116.9 367.7 

Tr = Trace rainfall. 

1.t:1Ic,:es Sultanate of Oman. 1979. 



Al Wall SulalalhDArsatil Fiostaq Nizwu 

MunYliy uvwu/"I Mallihly avuruoo3 Monlhly avutuou M'tllhly uvolaujou Monthly avoiugoa Mofillly avoIH0O3 

1952-61 1978 1978 107a i978 1974-76 1977 

Mux'C MInG Maux'C ,iiiC MixC' MiiiC MaxC MiiC MahxxC MisiC Max*C MinC Max'C Min*( 

.luttly 27.0 16.5 24.6 11.0 25.1 15.5 26.3 5.0 28.0 15.0 26.8 15.7 N.A. N.A. 

Fulbtimy 28.7 16.3 27.5 19.0 26.9 12.2 26.8 10.6 28.3 15.4 29.5 18.1 31.0 17.0 

Muwhi 32.4 16.8 26.0 20.4 30.7 13.9 31.1 12.3 33.0 17.0 29.4 18.9 33.1 15.0 

Aliil 35.6 21.4 34a 22.8 37.7 19.3 36.7 17.9 39.0 21.7 31.5 23.1 31.3 21.1 

MuLy 39 6 2b.1 31.7 20.0 41.6 21.5 '10.6 20.2 42.3" 23.6 31.8 24.5 32.4 22.5 

JI-1 40.9 21.1 :19.0 220 43.3 25.5 42.5 23.6 41.0 24.6 31.4 25.6 33.4 20.2 

JJuly 40.9 27.4 39.2 31.7 11.0J 26.9 311.2 24.0 40.0 28.0 20.9 24.6 29.1 24.5 

AjigitS 37.2 26.2 36.8 31.0 40.6 25.3 41.6 24.0 36.0 23.0 28.1 23.5 27.2 22.7 

Soplumbor 36.4 26.1 35.7 26.0 39.4 21.9 38.B 20.3 37.4 22.0 28.5 22.8 28.8 22.5 

Oclobor 34.9 23.3 36.0 2.1.0 35.9 17.3 35.6 15.9 37.0 18.5 30.7 20.4 30.8 20.3 

Hovuilbor 31 1 20.2 N.A. N.A. 31.B 16.2 3.0 14.5 33.0 17.0 30.3 17.8 31.6 19.4 

.ucombu0 17.0 29.0 17.5 26.7 12.0 2B.0 11.1 28.3 13.5 20.2 16.7 29.5 17.9 

14A. - lut ovallblu. 

5{)~llu{:. Stt;ll k a - tLI{}[fdL()llil. 1479L~ 



4. Relative Ilumi di Ly 

t-
0 
-.3 

Mon lh 

January 

February 

March 

April 

May 

June 

Muscat Darsait 
Monthly average ;ionttiy avarge 

Monhly aveageo,, ,v,. 
o 09.00 his 

1952-61 1978 

Max % j Min % Average % 

88 46 N.A. 

91 46 64 

90 36 62 

90 33 53 

87 20 78 

90 23 84 

Rostaq Nizwa 
d4onihiy aveage Montlanohly 
uo,,; ,.,.. M,,hV .,,,, 

at 09.00 h,, at 0900 ho 

1978 1978 

Average 0A.Average 0/( 

76 71 

78 67 

65 57 

58 49 

51 46 

59 45 

Al Wat .. 

average16 

on,,ly av",gge 

1978 

Average % 

77 

79.4 

79.6 

79 

74 

53 

Mo- hly average 

1974-76 

Average % 

59.0 

59.5 

66.2 

70.0 

82.0 

83.9 

Salalah 

Monthly avej age 

at 03.00 hrs and 12.00 hrs 

1977 

Max % I % Average 

N.A. N.A. N.A

43.0 32.0 37.5 

66.0 54.0 60.0 

70.2 74.0 72.1 

82.0 73.0 77.5 

88.0 81.0 84.5 

% 

July 

August 

September 

October 

92 

94 

90 

86 

45 

51 

47 

38 

62 

68 

85 

56 

69 

53 

68 

58 

59 

51 

58 

52 

74 

80 

88 

79 

85.2 

87.7 

02.0 

69.8 

98.0 

92.0 

84.0 

71.0 

95.0 

92.0 

81.0 

68.0 

96.5 

92.0 

82.5 

69.5 

November 82 35 N.A. 57 61 78.5 57.5 54.0 50.0 52.0 

December 87 44 57.5 N.A. 67 80.5 62.2 64.0 56.0 60.0 

N.A = Not available. 

u -i nate of Otan 19. 



5. Climatoogical Data for Uizwa and Fahud 

TABLE I-CLIMATOLOG CAL DATA FOR FAH'D AND NIZVA 

FAHLD. 22'15N !6'30'E. Allitudt aboul -.!( m. 
Period 196J--67. ilth 3d&,,ional rain(ail 19!6-57, 

Jan. Feb. %fir. Apr. .%lsy June July AUg. Sect. Oct. Nov 00c. Year 
re,11-paFtor, 

Monthly mean oM 17 . .6 
Jjiv ma.x. I C) . A .4 .6 41 45. J 4t -, " 7 .. 

Rain 1t , 
.Monthly means.
 
'II T.ail -m. I tr ) ) . r" 3 
 1 ,0r 0 tr 

I :3 0 0 •1 Iid..a <1 <I I 3(b, am¢ay 
I 7 SN. i '4 '-

0 3 7 II 3 
Percentage -,E I 2 1 I 	 0 4 

4 "2 94 7 1 3 1 5fre4uency E II 
9 53 : :3 :357 10Is 32of ,c urrence SE 23 2 25 :6 

9 17 11
II 6 5 io 1 3Ur lderent S 6 4 0 13 
SW 0 0 3 5 31 : 2 

411000 Is I 
.lire-:,on5 

3 .4 9 5 2 0 . 4 0 4 
i 3 1 7 14hW :2 . 1 1i 16 17 13 

34 1 19Calm :o :2 i I 14 1 	 4 7 6 :o 
5 '- - 3 14 .l ."270.No, or obser%j:ons :12 o.I l :17 1ll3 1111 

'ZA. :--!5'N 57'301E. Altitude lout 4!0 m. 
Period : 1963-67. 

Raln'all 
Monthly means 
al Tou tmm) L. 3 5 3 S I 3O 5 5 2 61 

I I <I II
(0) Rain days I I I 2 2 <I . I <1 

. aSIncluldm;V )I3bs t iontt at ncartly "!ri:!in- iites R~eadir.p :orrccted to a iwz.;,; a i F4;hud us;ng - rat e i1" 

!0C,kM a$uming iioit (tit7oteina :i'reatu ,re does nut %'ary nforivonl,. .in ,..,e arca at in,2 dtrijim;i 'ii|. 
This is probably true since Ithc site direr !n heigt by -X)m at most. .. nerea the :onc',eue ia cer prc.ii. 

extends to 3-S ,bockmn the ground.
 
, But 75 mm rell in July IQi?.
 

Source: Pedgley. 197-. 
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6. Climatological Data for Midway, Dhofar 

TABLE II--CL.NLM TOLOGCCAL DATA FOR MIDWAY, DHOCAR 
MIDWAY. I3'02'N .5 5.. Alttude about 450 m. 

PC-lid :IQ!6--x.
 
Jn. Feb. Mar. Apr. %Li. June July Au.. Sept. Oct. Nov. Dm. Year 

.Montni. mcin of 
1311. 1 C) 2! 25 3- . . 38 3"0 : 34 

reat:np I% LlOUh 
IPr cent) 5.i 40 39 is :S 25 53 4! 38 35 41 54 41 

N 4 1 II3 S 14 I 0 0 0 4 II -0 12 
PeTrCn:3 .NE I 3 I 0 0 0 0 16 9 2
 
I,eLjuen:y E 7 7 3 5 I 3 0 0 4 19 13 16 7
 
or o:jr::nce SF. 2 4 I I 0 0 0 0 I 5 3 0 .
 
or :C:cnt S :s 2 4. : 40 S 63 30 2 2. 4Z!
 

1 0 0 4 : :0 2 A 3 2 
LVX) h W 7 7 0 3 1 : 1 . 9 6 

\w 16 6 1 11 S i 0 0 1 2 1 5 
Calm :2 19 27 12 5 :0 . 13 21 9 10 14 iB 

No.of observations 93 83 92 '. 91 w3 o2 93 89 99 QO 89 1006 

Source: Pedgiey. 1970.
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7. wallinfall at Buraimi Oasis 

0 

1965 

3966 

1967 

1968 

1969 

J.an. 

-

5.0 

33.5 

Feb. Mar. 

Gauge 

37.5 -

- 6.4 

69. U -

1.3 -

Apr. May June 

Not Installed 

- - 1.0 

5.9 Tr. -

2.5 - -

4.3 - -

July 

1.0 

2.5 

-

6.4 

Aug. 

-

-

Sept. Oct. Nov. Dec. 

Tr. 

Annual 
Total 

39.5 

14.8 

77.3 

46.7 

(Jan.-July) 

Source: Stevens~. 1970. 



8. Bioclimatic Regions 	 Map Class 

a
 
Desertic True Desert 355 < x < 365 1
 

Desert 300 < x < 355 2
 

Sub Desertic 	 Dry Season Longer 250 < x < 300 3
 
Dry Season Shorter 150 < x < 200 4
 

Mediterranean 150 < x < 200 5
 
Xero thermomed
 

ax = number of physiological dry days during the 
dry period. 

Source: UIESCO-FAO. 1963. 
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Averageannual1. Po u a ion and Grow 	h Pate 
-	

Average annual 

Year Population Period 	 growth rate 
Year 	 Population 

1.9635 1950-551969PROJECTED ESTIMATES 
(9,000) 1970 654 1955-60 2.1 

1955 55 971 674 1960-65 2.4 
505 	 1972 696 1965-70 2.71960 


719
1961 	 517 1973 
 3.2742 1970-75
529 	 1974
1962 	 3.01975-79 

766
543 	 1975
1963 
 790557 	 1976
1964 
 3,4571 	 19771965 

5d6 	 1978 3391966 

601 	 1979 364
1967 


1968 	 6218
 

on U.N. estimaces and medium variant projections (U.N., 1979, p. 39).
NOTES: 1950-79-ased 

Sour:e: 2.3. . of CoFerce. LS0. 

?.esizents (in O-.ouSand3)2. .ouiation Shcwing Foreign 

T? L11 ore-n Tocil 

0 5Z91912 i09 	 -.

32 6531973 52S 


56 699
197& 643 

1975 661 31 752 

L20 	 300 

330 

1976 Q0 

U.01977 700 

16014.0
1978 720 

' 
missL"" ancr.aaa,, 1978 "s-a.pop.tUAccz of 7"0,C00 m 
2.9. growch race since 1972. 

Source: ,,or 3az<. 19,-9. 
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3. Rural Population Esti-mates 

No. of People 

Batina 200,000 

Oman Proper 130,000 

Dhahirah 120,000 

Sharqiya 60,000 

Western Hajar 35,000 

Eastern Hajar 40,000 

Sur and Jaalan 60,000 

Jau and B3uaimi 7,000 

Musandam 15,000 

Dhofar 55,000 

TOTAL 722,000 

Source: Sultanate of Omani 1979. 
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Source 

4. Miscellaneous I)eijyraphic SLsti!.j tiC! 

Populat:ion Denui Lty 3.0 (1978) 1 

(per q. kin) 

l'opulation Dens ity 81.0 (1978) 1 

(pur s;c. kin. arable land) 

Pt.at-int of Population Urban 20 (1978) 1 

Iul, lit ion Growdlk Hate 3.1 (1979) 1 

Cl ude irtlI 1Itu 49 (1979) 1 

(p-r LOOO) 

Crtude Dt-ah nate 18 (1978) 3 

(pur 1000) 

Inifant Mortality late 142 (1979) 1 

(per 1 O0O0) 

Life Exlpuctancy 47.0 (1978) 1 

• L bit-th (years) 

PupulaLion StLrucLure (197B) I 

< 14 yuilrs 45.1 

t -1 -4 yelts 52.0 

t > (5 yearIs 2.9 

Populaiion luer Practicing Physician 3933* (1977) 1 

% litrate 30 (1977) 2 

Per (Capl, i LiA GNI' (IlS$) 2510 (1978) 2 

Iabor Forcu (1000's) 240 

,,as higili Ais 1938 (1977) (Sotirct 4) 

SOurcCUL: I. U.S. All). 1.I11a. 

2. U.S. Dept. of Commerce. 1980. 

3. World Bank. 1979. 

4. World faink. 1980. 



5. Population Pyramid for a Sample Area 

-;e
 

!60 - 85 

-69 
160-641 

- 5- I 

50- 54: 

!45-49: 

140 - 44 

.i 25-- 29;: 

:20 -24 

!:5 

IC -14 

i5-9 

I 0-4 

1500 !000 5CO 0 0 00 O 5o 
TOTAL SAMPLED POPULATION 

.otal oopulation in i .., 

sample area: 17,000 . 
'or- OO 07ZolI , 0/ 

0 

S .. 

.... 0,0
4-0
 

Saple Area 0 1 "1;' 

0 M 4 

Source: Birks. 1976b.
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W I I.AYATS 

into 	41 wilayats each governed by a Wali. The capital area
Tht: Suklallate of Oman is divided 

Ulu assistance of Wali at Sib and a Sub
(Muscat) is administered by governor of the capital with 

Wal.i at Bawshar. The othel wJilayats are as under: 

22. 	 Buraini Jau and Buraii
1. Khasab 	 Musandam 

23. 	 Mulidah2. Bayah 	 " 

3. lBukha 
2.1. 	 Bahla Oman Interior 

-1. lBrt ka Ba L i ,l 	 25. Ni",wa" 

26. 	 Manah5. Masila, 
27. 	 Izkib . SuwaI iq 	 " 
28. 	 Adami"7. Khaburit 
29. 	 Sutmai 1.11. 	sduah 


U 30. Bid Bid "
 9. Sohar 
10. 	 Liwa
 

31. 	 Mudaibi SharqiyaShia!; 	 -. 
32. 	 Ibra "
 

33. 	 Qdbil
12. 	 Nakhl and Wadi 


Ma.aw i.I WS tt.-len lajar 34. Biddiyah
 
13. 	 Rt; La,l ° 

35. 	 Bilad Baii Bu
14. 	 AwAb 1 
lasan Jaalan and Sur 

15. 	 Wadi Bani Khatlid 'zms tC.rn ilajAtr 36. Kami I and
 
Waf i
16. 	 tLt iyat 


3-. Bilad Ban|
17. 	 Wadi Willa " 
Bu Ali
 

38. 	 Stir18. 	 Dank Dhali rah 
39. 	 Masirah"
19. 	 ibri " 


to20. 	 Y luzIjll 
40. 	 Dhofar Southern21. 	 Hlamra " 

So titce: Sul Lanite of (.zian. 1979. 



7. Geoiralphica1 District s in No:thern Oman 

/.... 
0 

District 
City 
DISTRICT 

Boundry 

Sohlr 

JAil aham 

Khblrah 

WESTERN Nuwaiq\ ETR " 

IIAJAR N. - iINAII 

HasnaCah
Barkah l 

iba 
arh 

t 

I / 

0 Dhank 

DiiAIIIRAl 

o lbrl 

NahLI 

OD austq 
oAwab -. 

--. 

HASQAT 

DISTRICT 

/ -iuryat 

-

EASTERN IIAJAR 

. 

I'ahlah 0 0 
Nizwa 

ORAN PROPER 

Olzkl 

,, 
. 

I 

a 
I 

- " 

0 
SIIARQIYAII 

-

" 

N 
5BADIYAII 

. . I . . 

I h.At 

so 

_.-" 

0 Adam t 

Ib 
If 

JACALiN 

0 Binlad ba 
Ilasa 

I 

so 1rce : sI)eece. 1981. 



Vu MAjoi 'rihe~i in Nciv thcrnl Ou1cii 

U3 KIIUIIAY 
r' I 

U~~~~ ~ GHAm, i .. 

NA~lM it. I' 0 4 60ISIIIANBV~ ~~ SADJAYVVY ' 

' ,.WAL I-
SI~~ IAIS% 

( Il UIISIV-

4,~~4Y A. -f( 

lu ,BH~AIIN I Ijy 

ALU WAHIBAls 

lI 

£oLz~e:WiLkiin..on. 1977. 

I 

http:oLz~e:WiLkiin..on


9. Medical and ?%b1-c Healthi Personnel 

Number It ihn @no of 

C410oo Y1970.f 1971' 192 1973 197V 1975] 1 -7 -S71 

SpecMis" - 7 9 12 35 52 59 71 75 

Oocgos 13 39 52 72 115 95 101 131 133 

ODnu-s- - - 2 2 a 5 9 9 10 

matrone/Nurse/AsaLwmn4 Nuraga 2 T7 115, 2fA 3=5 411 5=2 824 6UG 

U il - - - 7 19 16 21 24 

Ne ith ASuJUS /SChooI Health 
V'si3lri/S4anl.ry A3410ant 35 46 68 84 100 U8 182 190 175 

Laboratory TeCiniclaa/Amaluants - 7 13 20 29 56 52 79 82 

X-ftay Techncjana./As sants 5 7 1s 33 59 42 43 46 

Dental Techr.janiL/A, LMaLai 1 2 3 a 4 5 I S 

GeneraJ Tencians-, 32 38 53 101 

pFya o WIVAr 2 2 2 I I 

P aimacizn/Asw aimat P1iarmwtzlU 1 4 11 15" 49 is 68 73 70 

Modcai Ofoerlia/Drussehr 38 137 224 3 4'93 501 572 673 731 

Figuru fr the year relate to nurner of anctioned poSL* 

Source: Sultanate of Oman. 1979. 
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____ 

1978 

10. Medical and Public Health Establishments 

NUwentiatme and of 

972 1973 1974 1975 IM] 177170T 1 


Ho'pials 55 10 12 13 13 13 13 13 

HealU Cantrvs 9 10 7. 5' II 11 11 12 12 

Osnstanes 10 13 27 30 32 40 42 4S 4 

Puohic lealti Compounds - - - 2 2 4 4 5 5 

PutOlc Heltn Units 

OuAnzluIe Units 

-
. 

-
-

- -
. -.-

-
- 6 

9 
6 

9 
7 

13 

T 

11 	 12 11 12 
Contras.Public HelthUUICentraI1L l 

2 	 221 A G 
2 	 521 54, -U lo- I I1 ___ 	 I I i 

pu	 l A ll ' ls 1 Irn L
 

LlUon of Go"g 'mil (C:vil) ni.lc 11 and,' k i e"a a"4: 02ld1, 

tU9l041wille dU1Ing 1971 

25 TS 	 in, '29,n,,*).(542).Aralnma,4u.itat (its of .,flicn. 
Hospitals SumJal (501, Tanam 

(21). NirWt (501. So i ( ). AINano4a-r uw (17a).
Aisa4AUSCII (15). Muscat 

(- ). Buraint: Knoula4Ml-nsnaI 	 lal(185). tostq (01.
Salglal (2.1, Sue 1(501. 

(24),
(6). Maui . (ra (241. Sugnl (18). Wam (8). antia (24).Sinaw 

Helth 	Contras: Ounyat lasab (24), 
Silad Bans Su All 1241. BI3id Sant 3u Hasuan (24). Syln (24), 

Mustro j241. 

llaOutr Alt, Naitl. Adam. Oank. K-emil,Mudaiti, !bfn. Al I<iad. 
DOhat141 Sitb. Sh n s. 

Taqa.Sariti. 
As i4sw. Oari:. 'Audajb.mn.fl. 	 GnlaL Siruat

Suotit. Fulls. Usi. Hamrl. 
m.,Ngl. VAIIdIlM(4)" 

USIO41. MU4dl' A.OU 3aqia. SA#4lIr WII. 
. hanmvail (midway). 

Mididi (4). SadlaR. 
Hlls (4).* Mamur. Wod Ban Ruwala. Aw&0s. Hail-GhaI. 

Oaqmar, RAltflul, ( K. 
Y&aCaI (41.'"Tawi. ChalikOil. .16041 AlAxfldlIaf. Sidlya. 

Kusna 1Jul6. AlAsilcrl*3ta. 

uolsc Hamm 
Sumal. Ns.ia. SAanm. St4a1an. Butumli. c mosmunds 

Slad 
Si. Santa. Sanr. 4udchairfi W4lvrfn Sue Orlaini. Al Hamra. Curryat. Qiasab. 

Units 

an . Ba Hes- Al Asflknl"s1lf.Su Ail 8iad l Bu . 

Airpoei. lKlltlflaC Ai*SibAirortl. SAlalainUuna-Al Finsi.
OlustranlllhaufluLs 161110CaO" MinaaysulL 

U~llslilafl. Wads Hull. 

1972 and wo encre junng 1971. 
worE upOqgadd to ,osOstais ,.3unng

* Threnenoti camina 

" *atl 	 urr y coattw l. 

n bracitet VIOwI I" nufusb 01 tda. 

or% mere trim4ra no 
P40TES: 1,Agurtes 

a.r" also unoo4fl uss punliCrjuin
2. 	Civil hssiais out-.i. 

mpsfti ~ f51ual aCilil'ee, 

Source: 5,ul aI.anate o -Oman. i_.679. 
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APPENDIX II
 

ECONOMIC CHARACTERISTICS 

1. World Bank Economic Data Sheet 

2. Structure of GDP by Sector
 

3. Projected GDP by Sector, 1978-1985
 

4. Agricultural Production 

5. Composition o; imports and Principal Trading Partners 

6. Employment Estimates 

7. Government Zmployment 

S. Private Sector --nmployment
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ata Sheet 
].. !,i.-' 3ank 	 zorOr.c 

conomic Data Sheet I . Population,.National Accounts, and Prices 

,NP Per Capita- 1977 ;.ULSS 2510 
IISO91w5ISO3 

587.0571.0505.0413.0 453.0 
,Total. midyear. thousa-ds 

13.7 14.2
;DP by industrial origin 

0.4Muin 
0.10.1

' "' 
Mniacnaixg 5.2 5.7 

Constrction 


and water 	 0.3 0.3
Electricity
Trancport and commuzicltiofl"'""0s505LTransirt an d ar 

0.80.8 .... 
Trwie and Sac 	 0.61 

*.0.5 '"..2.0Public admnatiton and defense .. 	 242b-eerb cn 	 2.5"' 
GDP at factor con' 	 0 0.7 0.710.8 

Net indirect taes 
 24.215.8'".8CDP at market prices 

.. ..GDP by industrial origin(nt ant, 1978pric) 

Agr culture 
Mining 

''.'Manuiac~Urmng'	 ".. 
r-xnst ruc':do n' 

.Ele-tricirv, ;as. ind water 
Trinsvort aid communcato ,. 
Trade and Ence 
P'lbiic -,..rnu-,2t:on ind de;ens. 

Otner branches 
1=? it fictor case~ 
Net indirect taxes 141.5103.3 1.5 

CDP it market onces .
 

24.213.5 -28 esoen6ituresRes-ources and 
o n 

.24.2 
3D? aens to abroad net) 	 '." " "13.3 2..
Fcco)" oye tosad nS. ". 	 .. -. .." " ...Imoorts of goods andi N.F.S.' 


P-ooods a:N...E t fgosad13.1 

..
Total resources 

?Ptvate rontmwtin	 ' • ' 
govemmen t consumption•.C-nert 

Cross domestic investment 

Resources and expenditures 
(constant 1975 oric) 

. 105.3 134.3 141.3 
on 9 8 

to abroad e 	 1.5Facor wmenu 	 105.3 134.5 
t. O . 

adid N.F.S.1mooru o goods .dPt of goods a N.F.S. "" "'5.8 
Total resources 

.'.
?-vate consumption 

..... 
General Soverrnment consumption 

riovestment irancin e 

GC sa domestic invesment 

Gross national savings ieictuding 

...abroadn ,-	 .. 
et balance of goods and services 

Cross nationaU 'aving tnciuding
 
.wt current ,2=ef.s 
 ham
 
aoroad)
 

100)Donwestic ?rice indexes i1970-

C.)wisumer pnce 
 or ret'ii pnce,;nder 

'hcioesade :icr index	 ' 3.1 37.5 59.1
"" 

"Miicit CDP dedator 

121Ir.ag11o 

6.3.054.0838.0519.0 
At current factor cost 

603.0 

18.814.3 15.1 18.1 18.8 

12.0 50.7 89.4 71.5 73.9
0.20.20.10.10.1 10.6 20.47.3 7.78.3 	

a 0s. 0.30.1 
.o 23. 2.10.4 0.8. 0.8 0.7 

3.5L22.1.1 1.5 
4.1L2.3LT8 3.81.3 	 2.50.8 	 .1..2.12.0 125.178.7 100.0 106.338.8 1.11.11.21.00.8 

73.7 100.0 100.8 138.8 

atrc
itcntn At cons.nt factor cost 

', 

51.053-1.5 536.32.33.2 	 427.8 
At currenlt market prices

51.3 101.178.735.2 39.5 
-24.0 - 9.2 -2.3 

3i.0 73.7 100.0 108.8 125.1 
52.5,5. 11.5 7.11.9 21.0 40.2 

73.7 2.53.2 74.8 33.034.4 33.1 37.3 49.1 

.8 11.4 In 9 20., 21.4 
13.7 25.0

1.7 3.3 5.1 
9.3 14.7 33.59.912.1 

At constant market prices 
453.44:28.1412.3323.3 


_)1.3 -104.3 -1425.3 

213.4 

-10.2 _407A 
1.0 _ 7.527.3 

9-.4 1 3,2.47.3 30. 
2.851.7 43.249.7 

51.711.3 23.34.4 3.7 

At current market pricm 

9." 9.3 14.7 3.3 

5.3.747.448.734.312.9 15.1 
0.3 24.4 3"9.4 32.7 

96.9 100.0 l,,
35.9 	 95.3 

RiaLs Omani per US ouiLa, 

0.417 0.40.417 0.417 
0."7 0.357 0.3.57 0.3:' 

0.37 0.357 
F-jeegi . exchange rae 

. M- 1L1 mE L V',I IE . 
- p T.1f "-,. - . |6T1-,".

S961 M. 6 COP wI 



1 (con't.) World Bank Economic Data Sheet
 

I37In7' )YU4 19 1376 I=7 M~OM2 1900-M 19mO.7 

Average annual growth rate (percent) 
697.0 719.0 742.0 760.0 790.0 814.0 2.0 2.6 3.2 (Total. midyear, thousands) 

(millions of rials Omani) 
17.9 17.8 18.4 19.1 21.9 24.1 

As percentage of CDP 
.. 31.2" 4.2 Agriculture 

76.4 94.5 407.7 486.8 530.4 534.8 .. 45.2' 63.2 Mining 
0.3 0.6 2.0 2.1 4.0 8.3 .. 0.21 0.5 Manuiactuing 

22.8 24.0 58.2 88.1 90.6 88.4 .. 13.5' 11.4 Construction 
0.7 0.9 1.2 1.8 5.0 6.3 .. 0.0 0.5 Electricity, gas, and water 
3.2 4.4 12.3 23.5 25.0 28.2 .. 0.91 2.8 Transpor and communications 
4.6 9.2 37.5 60.9 61.5 67.9 .. 2.5' 6.9 Trade and finance 

11.0 13.1 43.6 53.0 71.0 83.4 .. 2.0' 7.8 Public administration and defense 
5.0 8.0 10.7 17.7 23.2 32.1 4.4a 2.9 Other branches 

141.7 170.3 591.6 733.0 840.6 873.5 .. 100.0 ibo.o GDP at factor cost' 
1.6 1.7 2.3 0.5 4.5 4.6 .. 1.7 0.5 Net indirect taxes 

141.7 170.3 591.6 753.0 840.6 873.5 . 1100.0 100.0 CDP at market prices 

(millions of rials OrrAni) 
22.0 21.8 21.8 21.9 

Average annual gmrth rate (percent) 
21.7 .. .. -0.1e Agiculture 

423.8 419.9 494.2 530.4 492.4 .. .. 5.5" Mining 

0.8 2.2 2.1 4.0 7.8 .. .. 66.5' Manufacturing 

38.4 51.6 82.8 96.8 94.0 .. .. 27.3' Construction 

1.0 
S.1 

2,1 
13.7 

3.3 
23.1 

5.0 
25.0 

7.9 
25.8 

.. 

.. 
64.1' 
41.5e 

Electricity, gas. and water 
Transport and communications 

12.7 41.8 60.2 81.5 61.6 .. 42.5' Trade and fnance 
14.1 46.9 57.0 71.0 83.4 .. 48.7e Public administration and defense 

9.4 12.9 17.7 2.5.2 29.2 . 34.1" Other branches 

528.3 812.8 761.8 840.6 823.4 .. 12.81 GDP at factor cost' 
Net indirect taxes 

61 .1 528.3 612.8 761.8 840.68 823.4 .. 19.3 6.8 CDP at market prices 

(millions of rials Onmani) 
106.6 112.0 
-35.1 -58.3 

452.8 
-138.8 

379.1 
-173.9 

601.0 
-179.6 

721.3 
-152.2 

As percentage of CDP 
100.0 78.1' 78.2 

.. -21.9 d -21.8 
GNP 
Factor payments to abroad (net) 

141.7 170.3 591.6 753.0 840.6 873.5 100.0 100.0 CDP 
57.6 85.3 211.7 348.4 383.8 392.9 16.44 42.8 Imports of goods and N.F.S.' 
83.6 114.9 419.1 489.2 551.2 559.4 68.3' 66.0 Exports of goods and N.F.S.' 

118.2 
38.7 

144.3 
38.1 

398.8 
38.0 

630.9 
85.4 

695.& 
54.8 

731.1 
115.9 

48.1' 
26.4d 

79.1 
11.4 

Total resources 
Private consumption 

39.5 82.2 186.6 322.5 385.6 388.4 T.54 39.5 General government consumption 
42.0 44.0 174.2 223.0 253.5 226.8 14.2' 28.2 Cross domestic investment 

(millions of rials Omani) 
463.5 443.2 450.8 588.1 601.0 

Average annual growth rate (percent) 
684.5 15.8 7.3 CN? 

-152.6 -83.1 -162.0 -175.7 -179.6 -138.9 Factor payments to abroad (net) 

618.1 528.3 61-8 781.8 840.8 823.4 19.5 6.8 CDP 
Imports of goods and N.F.S. 
Exports of goods and N.F.S. 

2.6 201.4 459.3 689.8 695.9 691.1 .. .4 Total ,sources 
74.1 50.3 36.9 78.5 54.3 109.2 .. 9.5 Private consumption 
84.2 83.0 191.6 354.7 385.6 368.1 .. 48.3 General government consumption 
67.3 68.i 231.0 258.6 255.5 215.8 .. 38.7 Cross domestic investment 

(millions of rials Omnani) 
42.0 44.0 174.2 223.0 255.5 226.8 

As percentage of CDI 
.. 100.0 100.0 Cross domestic invesunent 

Cross national savings (excluding 
net current transfers from 

30.4 11.7 228.2 171.2 220.8 217.0 ,. 311.5 96.5 abroad) 
-11.6 -32.3 54.0 -51.8 -34.9 -9.8 .. 211.5 -3.5 Net balance of goods and servkes 

Cross national savings (including 
net current tran-fers from 
abroad) 

Average annual growth rate (percent) Consumer price (or retail price) 

100.0 153.4 20-7 183.3 201.1 215.2 .. .. 13.3' index' 
Wholesale orice index 

119.8 167.7 302.6 514.6 320.8 532.6 . 2.4 34.6 Implicit CD? deflator 

(annual average) 
0.384 0.349 0.343 0.345 0.345 0.345 Foreign exchange rate 

Source : World Bar/k. 1980. 
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GDP by Seacor2. Struct.re: 

- roduct?cmesiStruc-ure of Gross 

(% of GDP at Crrert Market .riC:s)
 

1975 1976 2_977*
967 1970 1971 1972 1973 L974 

Agricull V 1.,fisheries, 
2.4 2.4 2.313.4 2. 9.9 3.1 e "tera 	 36.9 15.5 

34.3 55.8 68.4 64.1 62.6 60.8Oil & .inin5 	 30.9 67.0 39.0 
11.7 12.0Cons-ruc:on 	 21.4 9.9 16.3 15.1 14.2 10.2 12.1 

O.us c ad.ioS aZ'. 1.3 2.2 3.2 7.8 7.7 8.2 7.5 9.4 3.7 

-9.3 .3 7.9 9.3 	 12.5 13.1 13.3 13.9 5.30 
.000 C00.0 100.0 !0.0 2.000

100.0 !00.0 "0.0 2.0To al 

,?ejL.jr j es tima,:es 

- Dies. -Souxre: M..idde 

L.26
 

http:Struct.re


3. Projected GDP by Sector, 1978-1985
 

Est. 
1978 

Projected 
1981 1985 

Sectoral Shares (%) 

1978 1981 1985 

Average 

Growth Rates 
1979-85 

(% 

Agriculture 
Oil 
Mining 
Manufacturing 
Utilities 
Construction 
Services 
Government 
Services 
,.D.P. 
'Non-oil 
G.D.P.) 

21.1 
458.9 

-

8.8 
10.8 
83.5 

105.9 

110.1 
799.1 

340.2 

28.7 
512.4 

-
13.4 
16.4 

141.8 
157.0 

139.0 
1,008.8 

496.4 

51.3 
433.1 
12.0 
36.0 
28.7 

172.8 
242.0 

156.0 
1,131.9 

698.8 

2.6 
57.4 
-
1.1 
1.4 

10.4 
13.4 

13.7 
100.0 

42.6 

2.8 
50.8 
-
1.3 
1.6 

14.1 
15.6 

13.8 
100.0 

49.2 

4.5 
38.3 
1.0 
3.2 
2.5 

15.3 
21.4 

13.8 
100.0 

61.7 

13.5 
-0.8 

22.2 
15.0 
11.0 
12.5 

5.1 
5.1 

10.8 

Source: World Bank. 1979. 
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5. Composition of imports and Principal Trading Partners 

RECORDED IMPORTS 
(RO 'ooo) 

PRi1CIPAL CO.%-MODITES PRINCIPAL TRADUNG PAR. ES 

1977 1978 1977 1978 

Food and live animals 
Beverages and :obacco 
Crude materials (inedibl') 

except fuels . 

38.:6 
6,32, 

6,.-,14 

42,363 
11,548 

4,533 

Aus'alia 
Bahrmn 
Belgium 
France 

., 7,612 
7 ,9S: 
1,635 
6,31S 

6.249 
9,043 
2, 
9.214 

Mineral fuels aLod lubricants 
Animal and vegetable oils 

and fats 
Chemucals. . .l:39 

Basic manufactures . . 
Maxchinery and tansport

equipmen: . . 
Miscellaneous manufac:ured 

articles . . 

:1,461 

1973 

53,732 

t73,-63 

,:95 

27,.54 

3,134 
:3,613 
55.649 

125,933 

39.6ot 

Germany, F'ed. Repub. . 

India 
rran. 
I*ly . 

Japan .410.56 

Kuwait .,17 

Netnerlands 
Sin aoore 
United Axab Emirais 
Uni:ed Kinzdom 
U.S.A. 

g6-
14,710 
1,796 
6,.29 

14,249 
6,713 

44,330 
69,735 

3.:,579 

20,610 
:4.534 
r.643 
6.637 

5o,7,t9 
73 

8.05 
3,1: 1 
15,405 

6-1696f 20,000 

TOT 3220o:.o65 3-7,221 TOT"L (inc. o'hers) . 302,064 327.::: 

EXPORTS 
Non-oil exports consist mainly of limes, dates, ish and 

tobacco: 1977 RO 394,100; :973 RO 609,049; 1974 RO 
430,300; 1975 RO 1.073.231: 1976 RO 1,409,500; 1977 
RO 1,5:7,900; 1973 RO 3,322,900. 

Source: Europa Publications. 1980. 
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6. Emp.loynment Estimates (in t nousands) 

,o e : ,a I ZA Lt. 

Tza.sn.0ri.sC.e 85.0 2.. 

o-A;:cu;ur:L 52.0 71.C :;3.0 ol.0 98.0 53-.3 

?riva e Sector :-.O t5.O 93.0 33.5 52.5 ::.: 

Go".:oo€t /1 2".0 1.0 30.0 27.5 t5.5 

.Cal 137.0 	 9.9 --. ICO.0 1.7. : I.0 	 2 

/I :=cludos e!aezsa a-od p:..
 

/2 Zz is mecassary to ,:r-f .. a: --;-t -;-.ar :0 d! e:i.r.OCces
.e:vae 
the wz:' ar=f.:s iat : aa:.-a:a*.OeT7e s ( .,:.0 i = 173) " :-a 
pr.va: sector e&oo-dot ad :e-.a isslo's ast:i=&:a of toza:l expta:-: 

.sosa=e*?Lo!'.e:e (1=20000). -n v-r. 7-.-1: f a -he tatal C! 
ex;a.-:tats who hall. o;.-:.yem: it soos a*::1:.-.:±; 1.978. -."I 

do cc :a;s I.:o acouzt t*oees u.;at:l'-ts 'o 1.3 : ." oou:zr7 durt*-; 
:e year or :hose '.0 ,ct'sd :he labor orca for lose :ha 2 cooc=s. 
.e oI.sio's tzpartata e:. :. t.sas:tiata o! - the a;'4tvaet of 

100.:00 zan-years, ..*. 10,300 ecpacrtac-s *lood full :'a 'or a !ul. 
?ear. 

So=rce: World Bank. 1979. 

7. Governmenz Employment 

n als x;a& .:!&: 	 is ?e ." :igs 
2f ::al 

Year rcti 	 s 

:3 5.,.::"3'.-. 	 7.5 

"367 1,2C0 ",-S 35, 

14Z50 .'133 ~ 32 

.969 1.,50 ;,253 97 7.2 

1970 1,750 1,630 10 6.) 

.971 3,1w. 2,357 :55 3.2 

i972 5,315 ''765 !33 10.4 

1973 9,073 7,,03 .704 

971 	 ?2.035 3,GO0CC35 2..9 

1375 ,17 12,3.7 -.130 27.6 

1976 n-.311 i,.53 :'.964,3 

1577 :6,,65 ' 9.96 15.5 

'973 19,0CO 	 10..8 36.010.52 


3ank. 

i30 

Scur~e: Bo._ 1379 



S. Private Seazor Employment
 

Lx;a:r:a:es 
Tear Total Na~taaa&s Uxratria~as u ercectage 

1972 35,CCO ZC,O00 14,000 40.0 

1973 7.z0 :4,Da :4,0 .9 

197. -5,C00 :n,000 40,000 6-.5 

1973 93,000 !.000 65,000 69.9
 
L98 u6,COC 33,500 82,500 71.1 

Source: World Bank. 1979. 
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APPEMDIX IV
 

SOILS AND AGRICULTURE
 

i. Represen.ative Profiles of Soils Occuring in Oman
 

2. Cultiva:ed Area by istrict 
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Table 1. Representative Profiles of" Soils Occuring in Oman
 

CALCARJC R~rOS0L Re 

Er&.1969 Pre~l: No. S.;). 60 
Loesuice So.tb.-st or NMut(. approa. '9'N, 4t8-E 

4.1istuds About 90 m 

Druanp Excessive 

s:~io shtrubs 
CIMUR 3.. bOtSUbtropiClle-efl 

VetiCoe cc idst 

Ptodl. descnupgice 

A 0-4 on 	 Pale 6.3) bro-m (10ri 51) zoic: :0-'= -ca pluty; 
loose; stror-Jy ca12.reotu; a it=n .b.Pts ;avci j~er on hi urfaee. 

C-1 4;'.0 ac 	 Pale brosm (t0Ym 613) to brown (lMn 53) =aist: Lt.i4 sL-;lo- ga=: !oi; 
more calc.tous tha~nthe hortzon zbvr. 

bra-ni ((Cm%- to 	 land: 

Ck. "(145 co ?ie bra-z to :.,pal: browni S..'i3) to .-*.o--uao re-a (IC,,% 5 .1i 
:out: lad: Irlimao: !ooae: s:ro-. o 

c 91-1.54c 	 L;ht Ipey to r.-f pal.- brouo %dCrax"'ZSI :o jpt ;Z?.- I5Oyl .d Ioin 
land: ILTI.i ;riin: loose; modocetey "I.L'oaL 

C.%LCkP.IC REGOSOL 

I H. C czc TO :as CA 46 '.N Al ii 

A I a-
.kl-to 
oi" 

I: 
a.' 
I .1 

6 

S.Ci 
it 77 

c! .j 11 

161 1 a sTV3 6 ; .- o 

Ci It.i 

C11 0aIa 

c n . -a J-51 $.,4r Anod 

C 0. i 1.09 i r7 a. ~Sit 
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Soil Profiles, ccnt. 

APVUC YERfl ,.L I' 

T poc Cnmtrnuhid Pakl,%*L" 

ALtaL 3461 p. 161 a rd 170 

i,csoa About 1: k1 nv:--, sI Of JZ*a.g Skddlt, 31" CN, ?' St 
AltitudeAcut :'.,m 

. -,.ii.-rapby I food ;IanNs rly Oef 
D.rainaot WeU ds.z=ed
 

Partal rnierisl C z'rcous..c .'i;lum
 

Vi.&slstoo Unim: iir:.. ;.-ral :oppic; 

hot woplC.mate 3.. , nsere 

Profile dcripLion 

cm e 'l " a.-.ad rer 6. ::i, 
lo.,=; r.-. s.icky, s!.;r.tlv :iablz mcist. hard dIr.: me. 

Ap 0-61 	 D:rk ,risnoCAto .. - o:st l;t brow-isb Ic|'I-
~.c; sa~rsi' pir. fI. 

di--An. and cc="ioz very I.c iz: .*ritas porri: moderately ca.a=r us: 
r:. tedi.m and 1-ric cica. bo.odaty; pH S.A.roots; sm'tooth 

to d.Uak 4,31 mout and pal: browT 
%,akcoajre &ad m-dium subanpiar Dlocky; sl!;l. s:icky., iil, ;.ruc. 

But L-.6 cm 	 Brown brown (10%h (ICni6.3) dry: i k: 

' 
friable ,toist. stlbtly hard dry: few m-.di't. co=oz fn, and man' se.' c.e 
tubu.L por; tin n:arlycon'tmuous cu.s in pores; modcrat.ly ,. :areoaa 

co=on orm cast; fe rmediim and co .o .ncroots: cia: smnootb 

boudatry; pH 8". 

B,2 46-69 cm Brown to dark brown ;10T.43) moist and pale brown (10Th' 631 d.xy:'r, 

ine faini yelowsh bron (lOiN 54, iniles: sU: loa: wcLk couse sube.,.Iau" 
blocky': sb.;ntly sticky. sli::l? p ,' Lard dry: f--fnt.. !emoist. slichbly Eac 
and many very fin tubdlnr pores: =ode.-ly Lalzreous: rew warmo sts: 
few fineand many .. roots; clear nov pH .'e 4- s-oc:h ';ty:. 

BC 6940 ca 	 Brown to ark bro'. {0(h'x43 moist and ;.a.brown (lO'i 631 -n', f. 

freefaint )ceiowish brown (WOn.1:6 =o:mlcs; silt loa.; vety 'ax coa.'e six

an;-.Ll.m blo:k. witire. i-ni-. ,=sof ce, 5:c s.nds laom; 'UJ. s-.:.. 
spla stic. friable moist. sli:r hr dy;fn.fltan mo scm)0e. .. 

pores; m.odcattely few sand few .auu"fewcalkareous; coarse pockets: ac.m 
ine and in.ny vcry fine roots; ciu way bna:"d.'; pH 8-" 

C W0.94 ca Brown to dark brown (7.!Yi 42) moist; few !-. disnct sUowsb brown (i n 
'6)and few finc fai.t dirk -.Uo-uh brown (M'i 1 41 mottlcs: tit Is' (1st

proactb;"" sil, .- p-.sc:. moist. ry;frwcLa. loami; jr n: s;.k-y n-n hard 
!-ne V.'sda '-. Ene pores: fe Ii.-..jnicntabu..L." 'Cr-!=- '..kcrs: few 
mcx--.dztl fm fz:roots.: ci. wavy bon.ry:caie=:cou; few %or= cats: 
pH 1

2C 9.-tClcm 	 Brown (Ion !'31moui; few medium diusoe sellou'sh brown (0 :6) and 
few fine fai't olive brown%y mo:.),.; cry fine sa.dy loln: masie sod.s.S o 

-n pLaty; &'l;hiysticky. ~atc, v.erytriable motal 
dry; coon 1ine and very f!oe tubular porte; few samd peeb,;few '.y 

kLakcrs: =od:rntcl citi iaeous; few fine roots. abrpt smooth boimar.; 

pH AZ 

3C L7-140 cs Brown todark brown (7. 1% .') mzediu tam: dacrk,.cowts b::*' 

weAk !b 	 -Wu~l siihti) Wad 

mois*: few 
(10 t '4) sad few oedistict yCDowuh brown (Oy 51) mrr.es: sBr'day; 
mawve; si.cky, plc., hr= moist., very .aird dry; few batsLad c---n --y 
'me tubular pos: few and qxcpkn: few fmc bank ; modraiuly ,a.,reous; 
pH .4. 

HAPUC NTR.'.OSOL 
paL jtu 

Xv.R-I 	 ".
 

H.0 C C 	 tib .i$ C. 46 x N. ,J K 

AV 5-5 .1 

owl S35.4 

11C 649s 7.1 

C 1-44 7.9 

:C q-37 7.1 

o:] ia .. e.. .aa sI ".... 	 Pus ', 

-4Cmct C;:N 0M4 LaM U C1.7c. 

V. , r 1.31 

f utC ... 

t : S, :y r-,X '.4 	 3 
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soil ?rofiles, tont. 

C.ALC1C IER'%IOSOL Yk 

Typic Calciarthd Irua 

Van di WMl 1967 p 23Z9 and aleidt tables
 

Lucatioc One iz aart of Darband Seola.app-rex. 34--N. 45*5
 

.kltiud. Abow, 6CA3
i 

?b~iio-rapby Sely'I eci to sc.-%;:ail) i:3,:r; iii-:det ;!I=e 

Drainat* WcU ±r.uncd
 

Parent =,trial IN1tutd. c2!=roeus &2uviur
 

Vecuxtaou Ort:JWy ie s:e3:pe now under '6:La3. d!n-d ! mi 

C~rtiae U.. s.b-trepizzes. semzod N1:41itorramez 

Prudia desaiptlom 

Ap 0-15 c Ycllowishb ro-un (IOYx 5*4dry. 4.2 misil 4tay !orn: -:oddy. brcalaz; inso 
1ranuLar structure: hard: socia porcs ad :*its; scooth r.Aeu3J bczza 

Bwkl 15-35 cs Btowu ('7.Syx 5'4) clay loam. fu '-Ak z.-.uu tlocky 3:ruc~ufe zchactil aI 
lime =mzclia and spots: a re- -oats: imooth ;-daj bes.:nry. 

8-k-I 35-70 cz Browe C7,.IS'R4'41 silTy:Sv: nood.-rzr. Coarse M7W ioCky StJC.Zrn. =411% 
=%rli aeI:nd!I=. p01035:a Cce.tOcts; =n:p1:3 3at0seL rincthl . -.~ 

BQ 7-22 cm Sre--u 1' i 4 41 silty ctay* stroef coarsc iz;-uiar ,Iocxy smurc :n =.an% 
asca and '.:= pas: .paz' tca;c: :.y a. 

..:C,,L3un st=m XI l .0.b '0 zo -u%.,Larma.4' I~k 

CALCIC YE3&%IOSOL 

-3 .0 ci, -%I :uIL$ C. We 1 . j 

0 .j -3 
:~ IL 1-31 7.6 a4. 
8Rz 1$.... 7.4 LAo03 

SOL I-4 7.Q 043 

.m43 11.1 Io 37. 31 A :4 1 L,. 

W4.- 1-a .4 ao 

CA 41 4 .. was. HCIA (n S0.S-. CO. 1, 

AD 0.1 1 as f. as 0 3 a :.a 306 

.0 )~A 1.4 - .4 1-.0 a0 316 6J 
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Soil Profiles, cont. 

CALCIC YLPMOSOL Yk 

Eji's. 1969 P-o~ia 35. p. 57
 

Lacstoe s~o::~nwes or s.-dda. aproLt 2SEN. 4&.E
 

AMiuda Abou~t90.m
 

Pby'siorapl RoIJ-ag to undulating
 

Dr- - tag Imperfect to Poor
 

parent material G0yifcrous and mimreoku sandy cLa'.loam
 

Veptatics Niciiwrraticata wsIcscr shruab
 

Chnmawz3A-"ot s .t:cp:Wa desall
 

Profile descripcoe 

Ah 0-11 cm Pale orown (10Th 6,3) to brovm (1Q'vi !.'1 =oist: sa~ndylI= to $Iri) :lsp 

loam; wssv:; fiable; strougJ lcaeoorus. 

BwcL 11-34 cm U~ht vello',b broso to bro---b yl (l~h-a 6 51 to seloush oro'.M M"y 

51mosst: sak !me 3mmula; LUCY dlay lc=.; CaCO. coactotratioc: tc. 

BCek 341-70c- ULst bros~ish Msoto hot yelloauh bro.ao (2.5y 6.13)to Uphltolic :z.u 
(25 .SS4) mou; sa 4y clay loam; more CaCO. accL~ulztioo s.U bortzos a.vc. 

loam: r.%7%= and CaCO, paruzies;Ccky 706100 - Ught trev (My 7 . moist; Land'! day 

moderately malwitgs'i.
 

CALCIC I L-.IU:OL 

T7O. I.2 

An~ 011 

Hoe c ;4- c NO4Sol.O - S.11 C-. Tin

21 dj3.0 12 SasdYlo.u-a upnAh 

DW IMi69O0 t2 19 SiLM&d 

lia 56. : :s Sandydy Moain 

C- 7.0 9 '4 S-47 C"T Io

1.37
 



Soil. Profiles, cont. 

C17SIC YERNIOSOL 

T~pic Gypitiorthlel 

F.H. 	 AlUM. 1963 
L"Ciao 

Altitude 

Phbsorph 

P~gcrif mater'ial 

Climate 

Profile descada 

Ab 0-4 nt 

C11 6-ZO cm 

CyZ ZO-50 = 

Cy3 50.W as 

Cy.' W010 ca 

CTS 110-170 OM 

CY4 73-0 cm 

1.0H KO 

AD 0.4 .4 
C71 4. ? 

C'.' -. lJ 7 

CPs 	 1or?4 
CcO 110-1 M 75314 

n.5 

CI 
Cy: 
Cat 

Cal 

12.0 

325 

2.3Mai 

Source: U117SCO - FAOJ. 

'57 

Iraq 

P. 119Ind 120 
About .lo * north or itapd5 

About Z50 n 

eal 	 vel. 1.1;h Tagil terra" 

G.:JU r',it:rou1 old oiltavium 

%'.a oinnu t~jJ mperr Z31C. meoo annuxo rairarali 153 .m 

Dark brown (i.YX 4:41 =out: !am; -cok nateczux platy itsricure; 'er, f~iba 
motst; =Lreous; lsti gravel; low oarpnhz mattpr. ~cry -,-y sz: roosu; -!=r
 
imCoott tbouoadosy.
 

rowo (7.yx 5:3)=cast; zzxedLypsircrous =ia:Hala; pasausr: frable: =Os: 
caizareous: low orpoza maer; no riou ;jradua.i smooth boundzrs. 
Dark brown (.m41) moist: =tied Zpssfeous =ateritaja; frimbie =oso
 
Fuou~az: micareaLus; no roou; difa: soothb bounary.
 
Brownm17.!m !3) moist: mozedflypseroui matcriajo: rriable moirst; pvcul;

illjbdy -1-couts !rile rma~1; &ffusas smooth lousadasy.
 
3rowo ("..Syi ! 31 needle*I4kc =mud gpsprcerous mvearils; -cry low in
 
ibout 10% ;r2r.-I; 41P~us.smoaoth bou~dl3ry.
 

towm (7..IZL 13) moiast;3:dlc-Wee Msac4r..7seroa erros:5'cry !a-. 
L=ro; Zbout :0 'na~ie: .1s so* 
Browa. 	 roisca Lypsiferous soils; about 70% ra'el: tbix: baxadsor tiao.1 

CYNSIC NEL)1liOL 

fr14 

I*:. CISa C4 wig X .. 41 

11.4 0.6 0.1
u6 .9 0.1 ~ 3 5.3 

06. 	 3.1 0.1 4.? 

1 A 	 0. : 1.35.41 
12 	 it.1 4 

.4 C. %.0-4. 1 

0.41 to 	 1 1 
.15. "1 5Is . 
0.11 4 1 

I 

500,4 4 4 
F4J0 

#, .4 	 5 o'A 

.. 4 

1977. 

13 a 



Table 2. Cultivated Area by District 1-.71 

Location 

Batinah: 

Area (hectares) 

Shinas 1358 

Liwa 1219 

Schar 2624 

Saham 1672 

;(hab urah 2320 

Suwaic 
C., 

Masna an 

2009 

1300 

Barkah 1252 

695 

"atrah-.Musact 107 

Tocal C 14556 

Interior:
 

Jau & Buraimi:
 

N~uwai, Sharm, Khabd, Mahdahj
 

Buraini, Saarah, Etc. 403
 

Bu Bacarh, Qabil, Har-n.uzi 

and AI-Raihani -54
 

Total ( 567 
Dhahira:
 

wh a. -k 17 7 

.b ri 1795 
AI-'. 74 

Ha:r a 384 

Aah2.ah 1576
 

Total ( 6096 

7astern ?.egicn: 
'7. u--.,'z =1102 

Ti:¢i 153 

Wadi Bani "Znalid 396 

1653 
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Cultivated Areas by Disric- , cont. 

Location Area (hectares) 

Oman Proner: 

Nizwa 1675 

Izki 912 

Manah 1500 

Birka: al Mawz 155 

Adam 234 

Sara 'il 942 

Bid bid, Fanja, Wadi Ha.ari 484 

5902 

Sharciva & Jaalan: 

Al-Mintrib 678 

7bra & Wadi :azar 625 

Mudaibi 732 

Sarmad 759 

JaCalan & Sur 400 

3194 

Western Haar:
 

Rustaq 1844
 

NahkI 
 955
 

Awabi 
 393
 

Wadi Jizi, Wadi A!-Hilti, 

Wadi Rajmi, Wadi Zabin,
 

Wadi Suq, Sharm, Etc. 650
 

3842
 

400
 

Dhcfar (mos:ly coastal plain) 


Musandam 


700
 

T TL O IN 36910 

Source: Sultanate of Or.an. 1980.
 



APPNDIX V
 

1 Systematic List of Plant Species Collected by 

the Flora and Fauna Survey of Oman 1975 

2 UCN _ndanere- and Rare P!ants in C -

. Desirability of Selected Range Plants 

. Plant Uses in Nortiern Oman 
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~ Tale I 	 Systemat±z ls of OPlant ec.e cS,0 i ed by the 
Flbra an an uvyof Oman 1975.~~~ 

' 

Species !is ted-,wi th an ,as terisk ~ ere collecet:.on y 
bel'w,' 450 m. -.A double 'asterisk ~* indicates a~species~ 

i O rudcliae or otherwise"C lc~aol 
disturbed areas .' Area' of coliection' focused' on Jabal 
Akhdar and-Jabal Aswad, but included the coast -near' 
Mi.na? al-Fahal, foothills areas around Nizwa Izki, 
and Rustaq,' and WadiSama,il. 

SprimatwpkVIVI 

POLYCALAaM4tANVSCVLAA& 
R.Sr.cC~emau (toncritali L..)P')aa.t~wn 

DCI... 	 r rIII~ .R~aminaiws s!UrW.UU5 

. .C.i<us.j'jj,r isjqi R. G FcrIr ) DI:11 CA*IOPHYLI4 

Dc.Pxon4iia1!ija MiL)FAAV4AL 
rymonu vvljraci~L am. 	 3i'TO'laisAjj rncSow. 

alaC~~~ippuCIInWfII7IJ 

1CiroJi m(L Dva.,'1fBw. Pir-a.e.oi~dej L 


s~A DC d PC. 0 E.loe) 4 Kru
 

clae itjrnviea (L)VIU
 

Fvwj jerana Tu **nmefeirurain:m u=l. &
 

A 0 zpO" i L)A M C~nnipiw.. irrjfiaL .r i
 

(Baimuc)L 	 -c% 

kL DOch,&n'usDcOxmrcHhia~u:.n, 	 taimicnau 

Onii u (Vahi ~ ~ v aniU v"vsTinii J.Tx 
.qve a~4gvi iA bd. f~i~mYI aXmIji~nw Y CT.) jrk~ao~a(lm.) ~ 


C a.AASCM AT%-~i
P~ .~ & HciW cxSo 
HC uiPwm"oilppia (OLp 	 Sirrua (L~l)3~.W~u 	 olmixe 

.VcoLFaA ISTDCUUir ?,.aAtc 
uiiWIJf30i= L 

Ce W YI w. MiJVU,BTO 

4 4iem 4whBo=BHE 
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Plant Soiecies, cont:
 

C v~r.'I'' LI, Svcm;. Spi.roms :pra,,s 'ji K-.ntI' 
vi t.Ip. 5Su1 

Cyiwi.ud,, u(L Pen. Sr.z'ontu cdgiafa(Ded) deWmnter 
Dw.c4irnu.'n argypti'm (L) Bcuv Stirosteiz himyg..ms (Steud.) acWutta 

D.pumnri!tj::,m Link Tora-r-pr, viliow~ Do-' 
D.w.vi'mrrnium sei,4;:.,m Bajus. I TtDVIivtzJ~x.::yJ V Lunk 
Didu'lt'um n (Forsuk.) Stati 7r.u: nr nru S&nWh. 

(L) A-2. 
Erhrno'..j col'.iu (L) Lik 7coa iz r 'L.) PxrL 
D-gara sioi~. PirL T,4..S:, Y.~~us 

,ud ,,w 
gn.o'~rr ~pracuDds4j::.ixii P. Bcauv.Tr,.n 

FEuac.pogonu persiruu Bowi. Tritirin, sr. 
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E1qgonz minor HauL. P0OLYPODIACLIL 

Er-g'osju p.p~J(ROeCn & SC:UJL) St.-ud. .uA~rn , iu ::Jx(Sw.';in 
Er.raifru sp. .4iani cz*uraveu~ L 

Suaoi vcxcrrnuwqou'.ecmn (Drc.) CAtIIAi ~armsu (Cos.) Fisci 

FmIneuuuuu r::.Lm Crimtuies conarea Deane.
 
Homrppiiz co',;uiu rb,) Beauv. vatr. Clizira.~~fu~' (L.) Swia
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Luk.'.m W~u.ILLV.
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Prnnurren onewaie Riski. COLLLMATACIL
 

Prwer. m scuocim (Fonsk.) CUOV. C.,&w.~ va.
 
PaIifl4IU Steud. LECAN'OftAL 

Polypogo~n monhriirzuu (L) Dms[ C-Mn~C;:ruIusp. 
Saurutmm sp. SJUnaavu gyps~ts (Sm.) Podi:.
 
Szhu-'nui '.or--j-u (L) Thei!L U LC
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.Spoou~oii minwuiiorus Link Lmea sp. 

Source: Mandaville. 1977.,
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rable 2. IUCN Endangered and Rare Plants in Oman
 

Ceratonia sp. nov. 

STATUS. Endangered. It is known from one population of under
 
100 trees, occurring within 0.5 kmi, and scattered individuals, 
making up a total of approximately a further 100 trees, over 
about 50 km of very arid, mountainous country. No regeneration 
has been observed during extensive field work in tie area over
 
the last few years; any young plants had clearly died from 
grazing or possibly from lack of rain. The goats also eat the 
leaves and pods of the mature trees. The Bedu by tradition 
do not cut the branches of the plant, but rather beat them to 
provide leaves for fodder, a practice t/hat is nor considered 
to be detrimental to the survival of the trees. 

DISTRIBUTION. Oman; confined to: a few locali'.ies in the mountains 
between Muscat and Sur. 

:jAB3TAT ANID ECOLOGY. On rocky liziestone mountain slopes, less 
orzen on plateau tops. t only occurs be-een c. 900 m and 
1800 m, being restricted to north-facing sites except at the 
extreme south of its range where it has been found on slopes 
facing west. The older trees tend to grow out from under
 
sheltered rocks. Its most characteristic associates are 
species of Olea, Reptoni and Acacia. 

CONSERVATION MEASUP-ES TAKEN. The largest population is in t.he 
Wadi Serin Nature ?.eserve, es--ablished in 1976 for the threat
ened Arabian Tahr (see section 3.A.3 ) . Within the reser-e 
grazing by goats is still allowed. A detailed conservation 
survey of the region and of its ecology in relation to the 
Tabr was made d'-ing 1975 to 1973. 

CONSERVATION .C-ASUR-S PROPCSED. Protection of parts of the 
reserve from grazing by goats and the creation of fur'her 
reserves in tie region. The species should also be brought
 
into cultivation. 

BIOLOGY AND POTENTLL VALUE. Before July 1945 , t"-e only member 
of the genus Ceratonia known was the Carob, C. silica L. In 
that month a new snecies, which has not yet received a name, 
was collected in former British Somaliland. Then, during the
 
Oman Govern.ment Flora and Fauna Survey, in April 197- the Omani 
species was discovered by Mandaville. This plant may or may
 

_ the one. -s that 

Bedu find the fruits and seed calatable.
 
not Ze distinc- :om SomaiL It known the 
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DESCRIPTION. A rather untidilty-branched tree up to 8m. 
Bark dark grey, rough. Leaves pinnate, with up to 20 
narrowly ellipztic-oblong leaflets. Inflorescences spicate. 
Flowers dioecious. Male flowers: calyx small, green, 
petals 0, anthirs reddish tinged. Female flowers: 
ovaries grey-tomentose, stigmas reddish. Mature fruits
 
dark reddish-purple, flattened, somewhat wisted, bullate.
 

Dionysia mira Wendelbo 

STATUS. Rare, It is confined to high-altitude limestone 
cliffs, along c. 300 km of mountain range. it tends to
 
occur in low numbers; for example in the principal locality
 
of a Cera.onia sp. nov. only 10-20 individuals of D. mira 
were found and, following detailed exploration of the mountain 
range where it occurs, this may be considered as a typical
 
population. it is not eaten by goats, presumably because most 
of the plants are inaccessible to them; the only possible 
threat would be collecting of the plants for horticulture. 
it is said, however, to be eaten by the Arabian Tahr and 
is known locally as Shajarat al-Wa'al (Tahr Bush). 

DISTRIBUTION. Oman; locally distributed on the north slopes 
of Jabal Akhdar and J. Aswad, the latter being the small part 
of the nountain range between :.Muscat and Sur, which lies 
south west of the town of Kuryaat. The species may also 
occur on the nortn of the Jabal Beni Jabir, due west of 
the village of Bimmah. 

HABITAT AND 5OLCVL. Above 1200 m on steep to vertical and 
overhanging north faces of limestone rock, often growing in
 
sheltered spots that are moist from dripping water during 
part ctoe year. No other species are associated with it. 

CONSERVATION MEASURES TAKN. See Ceratonia sp. nov. 

CONSERVATION MEASURES PROPOSED. None required, other than 
discouraging collecting now that it is in cultivaticn.
 

BIOLOGY AND POTENTIAL VALUE. With its delicate yellow flowers 
this species is one of the floristic attractions of the region. 
Although difficult to grow, all Dionysia species are of 

interest to specialist growers of alpine plants. This species
 
is also of scientific interest and has been described as the 
most primitive in the genus coming close to the Floribundae 
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section of Primula. It is of distributional interest being
 

the only species of Dionysia to be found south of the 

Persian Gulf, the centre of the genus being Afghanistan and 

Iran. The majority of Dionysia species appear to be 
in several instances to arestricted :o very small areas, 


single mountain or locality. 

It is being grown at the Royal Botanic Gardens,CTTIVATION. 
Kew, U.K., where it appears to flower throughout the year and 

has been propagated successfully from leaf cuttings. it 

is proving easier to grow than was expected. 

ZESCRIPTION. Subshru'b with long slender branches. Leaves 

mainlv clustered in the lower portion, oblong-lanceolate to 

o;b.anceolate, 2.5-7.5 n long, crenate to sharply serrate
 
the loweron -he margin, covered by white, .=cwder farina on 

surface. Inflorescence on erec- stems up to 30 cn high, 

3-12 whorls each -ith 5-7 stalked flowers subtendedof 
narrowly bell-shaped,b: lanceo,.ate or linear bracts; calyx 

c. 11 nm long; corolla yellow, with a slenderdeeply lobed, 
tube 15-17 =n long and 5 spreading, oval-obovate lobes. 

Source: IUCN. 1978a. 
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Table 3. Desirability of Selected Range Plants
 

GRASSES, GRASS-LIK PLANTS,
 

LEGUMES AND HERBS 

Scientific Name Class
 

Cymbopgon schoenanthus
 
Cyperus conglomeratus L 
Danthonia forska i L 
Lasiurus hirsutus D 
Panicum tuzgicrn D 
Pennisetum dichotomum L 
Tribulus scp. D 

SHRUBS AND TREES
 

Acacia flava L
 
Acacia tortilis L 
Artemisia herba-alba L 
Calligonum comosum L 
Calorropis procera UP 
Dodonaea viscosa U 
Diptergiun glaucurm D 
Euphorbia ammak UP 
Ficus sa.icifolia U 
Ha2ox"lon oersicum L 
Haloxylon salicornicm L 
Indigofera oblongifolia D 
Lucium persicum U 
Maerua crassifolia D 
Olea africanca L 
Prosopis specigera D 
Rhanterium epapposun D 
Rhiza stricta UP 
Salsola tetrandra D 
Sal vadora persica U 
Tama:indus indica U 
Tamarix articulate U 
Ziziphus soina-christi D 
Zygophyllum coccineum L 

Class
 
D= Desirable
 
L- Less desirable
 
U= Undesirable
 
UP= Undesirable and Poisonous
 

Source: Juneidi and Huss. 1978.
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Uses in Northern OmanTable 4. Plant 

PLANT 

Aloe bazbadense 


Ecbolium viride 

Cassia sophera 


Pet.ropyrum scopazium 

Pergularia tomencosa 

Andrachne aspera 


Monsonia hel or=rooides 

Anicha:is azabica 

Carthamus tinctorius 

Moringa peregrina 


CaralUuuma so. 

Olea africana 

Indigofera coerulea 

Zphedra incermedia 

CaJIi go nuuma 

Tecumella undulaea 

Daphne mucronata 

Agave sp. 

Commiz.ora aadricinc-a 

USE 

used medicinally to prepare a
 

cooling eye ointment 

twigs are used to make
 
toot h cleaners 

used medicinally as a tea
 

for stomach ache 

eaten as a tonic to "strengthen 
the blood" 

used in leather making 

used medicinally
 

used as snake bite remedy 

used as a soap in washing 

used in dying and cosmetics 

seeds used for oil
 

pounded to make tea :or 
"liver ailments" 

fruits used to make 9oultices 
for livestock wounds and sores 

used as a dye 

used in ointment for sores 

roots used to make -:--.e! 

sticks (riding sz.:ks) 

wood used for implements 

used for fiber in bindings
 

Lea- fiber used in rope making 

a medicinal gum similar to 
frankincense
 

Source: Mandaville. 1977. 

Thesiger. 1959. 
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FAUNA
 

1. Mammals Recorded in Oman
 

2. iUCN Endangered and Rare Mammals in Oman
 

3. Checklist of the Birds of Oman 

4. Habitats of Breeding Birds in Oman 

5. Reptiles and Aphibians of Northern Oman 

6. Land and Freshwater Molluscs of Northern Oman 

7. Mammalian Ectomarasites of Oman 

151
 



Speciesi marked wiLh 
Oman and are likuly 

an 
to 

asterisk 
occur in 

(*) have beeii 
Oman also. 

recorded in areas near 

Speci us Entj1ish Name Raiiy 

Insec ti vora 

Parjaechinrus aethiopicus 

p. hytumcilas niger 
Suncus murinus sacer 

dorsalis ELhiiopian IIuduehog 
Brandt's lledgehog 
House shrew 

Batinah , Dhufar 

northern mountains 
near Musqat 

Chiroptera 

Rouseutis ajegyptiacus arabicit-
Rhiuoouia muuatel _;i, 

Egyptian Fruit Bat 
Oman Mouse-tailud Bat 

Musqat (also Iladhraaut in PDRY) 
northern Oman mountaircs and 
foo t:hi lls 

Taphozous inudivenitris zayidi 

'1. pertortaLus 
Aselli , tridns triduns 
'riaeriopspersicus vucdonaldi 

Plyotis em:.tryiiatus desertorum 

Zayid's Sheath-tai led Bat 

rlia1) Bat 
Trident Bat 
Persian Leaf-nosed Bat 
Notch-eared Bat 

northern Oman 

northern Oman 
throuyhout the 
northern Oman 
seaward foothills 
mountains 

country 

of northern 

Eptesicus bottae omanensis 

E. nasutas baciiiensis 

Pipisrallus bodenhineri 

Botta's Serotine 
Sind serotihe Bat 
lhodenheim's Pipistrelle 

northern mountains 
northern Oman 
seaward foothills of 
mountains 

northern 

A 

P. kuhli ikinanius 
OLoZyctetis hewprichi 

l1hinolophys blasil 

Kuhl's ' ,Pipistrelle 
Hlumprich's Loiit-Eared Bat 

Blasius' Hlorseshoe Bat 

nortLhern Oman 
Ras al-Khaimah, UAL 

northern mountains 

Carnivora 

A 

Cinis lupus arabs 
Vulpes vulpes arabica 
V. ruppulli sabaua 

Wolf 
CoIIUoII Red Fox 
RUppell's Sand Fox 

throughout 
throughout 
Dubai, UAE; may occur in northern 

sandy desert 

Nellivora capensis pumil1o 
lchi Itiij albicauda albicauda 
Ilylaezia hycela sultana 
Felis silvustris gordoni 

honey Badger; Ra tel 
White-tailed Monguose 
Stripud llyuena 
Gordon's WildcaL 

Dhufar 
Batinah; seaward foothills 
Batinah; Dhufar 
northern Batinah and seaward 

foothills 



Maitnals Recorded in Oman, cont. 

Species 

F. argarita 

* 	Caracal caracal schuitzi 


Panthera j.irdus nimr 


llyraco idea 

Procavia syriaca jayakari 

Ar tiodactyla 

liemitragus jayakari 

Capra ibex nubiana 


* 	C. acgagrus 


Ovis aiutwn 


Oryx leucoryx 

Gazella gazella arabica 
G. gazella muscatensis 
G. subgutturosa marica 

Lagomorpha 

Lepus capensis oinanensis 

[lodentia 

Jaculus jaculus vocator 

A Arvicanthis niloticus naso 


Rattus rattus rattus 

English Name 

Sand Cat 

Caracal Lynx 

Leopard 

Jayakar's lyrax 

Arabian Taut: 
Nu)ian Ibex 
Wild Goat 

Asiatic Mouflon; Argali; 
Red Sheep 

Arabian Orvx 

Arabian Gazelle 
Musqat Gazelle 
Rhim 

Oman flare 

Three-toed Jerboa 
Nile Rat 

Black Rat; louse Rat 

Range 

northern inland foothills; 
central desert 

UAE 

mountains and foothills 
(northern and Dhufar) 

Dhufar 

norLtern mountains 
throughout 
UAE 

northern Oman 

central dese ; areas; inland 
foothills (no-tlhern and Dhufar) 

central desert; interior Dhufar 
northern Oman 
northern interior foothills; 
central deserts 

northern Oman 

Batihan; northern interior 
PDRY; possible record from lDhufar 

northern Oman 



Maiuials l1curdud in Omaii, cont. 

s|po:ci.us 

4uS ujusculus gentilulus 

Acommys dimidiatus homericus 
Gerbillus imanus arabium 
G. naunus setonbrownei 

G. dasyurus yallagheri 
G. chousmauii arduus 
Herioju; libycus IIiffldliuS 
P. c-.,SSuS crissus 

Ln 
4- . -

Source: II1L[ isoUl. 1977. 

Ell' lishq Name 

House Mouse 

Spiny Mouse 
Baluchistan Gerbil 
Seton-Browne's Culbil 

Gallagher's Gerbil 
Cileesman's Gerbil 
Libyan 3ird 
SuaIdevall's Jird 

Ranqju 

northern Oman 

northern muountains 
Dhufar; central desert 
Batinah 
Masirah Island; UAE 
Dhufar; central deserts 
northern interior 
northern Oman 

http:s|po:ci.us


Table 2. IUCN Endangered and Rare Mammals in Oman
 

1. South Arabian Leotard (Panthera cardus nimr) 

STATUS. Endangered. Confined to mountains and hills in the
 
Arabian peninsula. its populations have declined as a result of
 
persecution, principally by shepherds on account of stock thefts. 
It receives no legal protection wi'trhin its range excelpt
 
in Israel.
 

DISTRIBUTION. Mountainous and hilly terrain of the southern 
cart of the Arabian peninsula from the Asir highlands in the 
west, southwards into the mountains of Yemen, eastwards to 
the Qara mountains of Dhufar, through Oman into the 
northeastern UAE, but the racial status of Oman leopards 
in insecure. May also occur in northern Saudi Arabia, 
where one was killed in the 1960's. Distribution of the 
leopard within its overall range has diminished in recent 
decades, particularlv in the east. 

POPULAT:ON. bers not known, except in the Judean hills, 
where 6-7 are known and one was recently photographed.
 
Populations are certainly low and its survival is remarkable
 
considering the persistence with which it is hunted by
 
shepherds, because of stock thefts, and the organized
 
?ersecution which it meets in human populated areas. 

HABITAT. Mountainous and hilly country; rarely occurs in 
coastal lowlands. It is hunted or driven from areas of
 
human habitation. 

CONSERVATION XEASUR-S TAKEN. Protected only in Israel and 
Jordan. Included in Appendix I of the Convention on 
International Trade in Endangered Species of Wild Fauna
 
and Flora, 1973; trade in +hese animals bet.4een acceding 
nations is subject to severe restriction, trade for primarily
 
commercial purposes is banned. 

CONSERVATION YMASURES PROPOSE). Protection should be enforced 
as far as possible, and the wild prey species allowed to
 
build up larger populations.
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2. Arabian Tahr (Hemitragus jayaka.ri) 

STTUS:...DS ..S-tM Y. Endangered. Found only in the mountains 
of northern Oman. Seriously depleted by excessive hunting
 

and competition from domestic goats which have invaded
 

its habitat. Now protected by law; an experimental reserve 
with 10 wardens has been established. A two-year study has 
led to recommendations for the long-term management of the 
reserve and conservation measures in the Sultanate as 
a whole. 

DISTRIBUTION. Oman; possibly Abu Dhabi. Formerly ranged 
throughout the hilly and mountainous sections of Oman at
 

the sout-heastern corner of the Arabian peninsula. Now 
recorded from northern Musandam Peninsula to the mountains 
of Shar.iai'. near the village of Fins in the southern part 
of the northern Oman mountain range. Notable small 
populations occur.in the Jebel %khdar range, and the Hajar 
ash Sharqi area (Jebel .Aswad-Jebel Abyadh) in northern 
Oman; and cossibly still in J ebel Hafit, an isolated 
outlier of the Hajar a! Gharbi, on the borders of Oman 
and Abu Dhabi.
 

POPULATION. Less than 2000. The -ahr reserve at Jebel 
Aswad is thought to hold 300-370 and there are constant 
reports of tahr in other areas of the Jebels Akhdar and 
Hajar ash Sharai. In 1974, there was believed -o be a fair 
population in the Hajar ash Sharqi. They are reported to
 

be absent from the highest areas of Jebel Akhdar but to 
exist in an area extending from tlhe main range to Wadi
 

Sahtan (Al Hamya) . The extensive mountain area of Oman 
is difficuilt of access and reports of tahr, generally by 
tribesmen, tend to be vague, but many more tahr may survive 
in the mountains than was thought Lwo years ago. In 
Januar- 1977, a group of 4 tahr ( 3 females and I immature 
male) were seen in Jebel Sarti/Jebel Haju . Exploration of 
Oman for tahr continues and it is hoped to discover more 
populations, especially in the large unknown mountain 
region to the north of Jebel Ak-:ar. 

HABITAT AND ECOLOGY. Rocky, rugged, precipitous mountains 
with tree and shrub cover in steeo wadis and other sheltered 
places. Optimum tahr habitat is considered to be between 
lOCO and 1800 m on the north facing slopes which have 
greater rainfall, lower temperatures and more shelter 
than other areas. This habitat has an especially diverse 
flora (several species beinc unicue to Oman), and acts as 
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a buffer to the sporadic drought conditions typical of 
arid Oman. Tahr are seen singly, in pairs, or in trios 
of male, female and young. Males ( and possibly females 
also, or male-female pairs) are believed to be territorial.
 

Tahr have a catholic diet but seem to prefer certain specific
 

plant parts such as seeds,fruits and new growth. Evidence
 

suggests that the tahr is largely crepuscular or nocturnal
 

in the hot summer months. 

THRATS TO 2URVIV.AL. Three main constraints on tahr numbers: 
1) potential ahr habitat is of naturally limited occurrence; 
2) most important, competition from domestic goats which have 

a similar diet; 3) numbers in goat-free optimum tahr habitat 
are limited in sor.,e areas by shooting which continues in 
spite of a Sultan's ban. Studies in the Jebel Aswad 

reserve indicate that the tahr comes under great pressure 

during droutht, either because of lack of suitable food; 
an increase in the competition from domestic goats and sheep 
for what food and water there is; or because the limited
 

number of waterholes on which the tahr is dependent make 
it vulnerable to hunters waiting at the waterholes. 

CONSERVATION ME-.SUPLS TAKEN. Protected by decree in Oman, 

1976. Dwo preliminar- surveys for a proposed national park
 

in tihe Jebel Akhdar have been made. An exoerimental tahr 

reserve with 10 wardens has been established in the Jebel 

Aswad, south of Muscat, by the Oman Goverment. The Govern

ment, jointly with IUCN/WF, sponsored a two-year project 
(1976-78) for an expert to study the tahr in the reserve and 

elsewhere in Oman, and this has led to recommendations for
 
the long-term management of the reserve and for protective 
measures in the Sultanate as a whole. 

CONSERVATICN .ASU'.ES PROPOSED. Implementation of the project 
proposals which recommend that a series of reserves should
 

be established where shooting of tahr is actively prevented,
 
and which are maintained free of domestic stock. The
 

target population of these reserves is recommended to be 
about 1750 tahr, of which 500 would be females of breeding 
age. Four areas harbouring 950 tahr are suggested for 

establishment of reserves as soon as possible; a further
 
reserve of approximatley 100 sq. km of optimum tahr
 

habitat is suggested to complete the target figure. 
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3. Arabian OrLx (Oryx leucoryx) 

STATUS. Endangered. Seriously depleted throughout
 
close to extinction or range by over-hunting. Either 

some isolated groups may
actually extinct in the wild; 


still occur in parts of Oman. Approximately 80 captive
 
six collections.animals are held in 

over most of the ArabianDISTRIBUTION. Formerly found 
fromPeninsula wherever suitable habitat existed; 

Sinai Peninsula and perhaps asMesopotamia westward to the 
far north as the Syrian desert. in recent years only 

reported from a small part of Oman, in a quadrilateral
 
west and 160 km north to south,about 400 km east to 

to the east of 52"50', with perhaps some isolated groups 

in the Duru and Wahibaoutside tis section, notably 
to the east of the Rub al-I.nali.
country 

the wild estimated at less thanPOPULATION. Numbers in 
200 in 1969, but none have been reported since 1972, 

when three were killed and four captured by unidentified 
decline becamehunters in southern Oman. The species' 

the last centur when it survivedaccarent at the end of 
in only two oarts of the Arabian Peninsula. By the early 

1950's, the northern population, whizh occupied the region 

Great Nafud, had di--ppeared and the southernknown as the 
the Rub al-:Chali had greatly decreased.population of 

Its
Hunting has been the principal cause of its decline. 

meat is greatly esteemed, its hide valued as leather and 

other parts are used for medicinal purtoses, and great 

attached to its capture. The expansion of theprestige is 
vehicles, aeroplanes and
oil industr- with new roads, motor 

with poaching by local people.have
modern firearms along 

perhaps now exterminated this or-x.
 

E.AB ITAT. Gravel-plain deserts interspersed with sand and 

stones around the fringes of the sand desert where the 
It canvegetation on which it feeds is more abundant. 


go a long time without drinking, and cover much distance 

in its search for grazing. it uses its hooves and horns 

to scrap- out depressions under bushes or alongside dunes 

for share and concealment. 

CONSE VATION .- ASb.RES TAKEN. Protected by law, but enforcement 

has been difficult. in 1962 the Fauna Preservation Society, 

with the aid of qrants from WIZ and the Shikar Safari Club 

Orvrx, which captured three wild Arabianundertook Oceration 
Aden Protectorate.oryx in the eastern cart of the former 

These animals, with others donated by E.:!. King Saud of 
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of Saudi Arabia, the Ruler of Kuwait, and the Zoological 
Society of Lbndon, formed the nucleus of the World Herd
 
of Arabian Oryx at Phoenix Zoo, Arizona, as a precaution
 
against extinction of wild stocks. Included in Appendix I
 
of the Convention of International Trade in Endangered
 
Species of Wild Fauna and Flora, 1973; trade in these 
animals between acceding nations is subject to severe 
restriction, trade for primarily cormercial purposes is banned. 

CONSERVATION MEASURES PROPOSED. Propagation in captivity
 
for eventual reintroduction to selected areas within its 
natural range is the aim cf tne World Herd project, but
 
selection of a safe habitat where it can survive in the
 

wild still poses insuperable problems at present. It is
 

hoped in the not too distant future to establish one or
 
more captive breeding herds in the Middle East as a
 
first step towards such rein -roduction.
 

FEMARKS. In 1976, at least 162 captive animals were held in 
at least a dozen zoos and orivate collections of which 45
 
were in the World Herd at Phoenix, Arizona, 18 at Los 
Angeles Zoo, California, 13 at San Diego Zoo, Calafornia
 
(on loan from the World Herd), and 86 in various parts of
 
Arabia, including 41 (possibly over 50) in four or more
 
collections in Abu Dhabi, 38 in two collections in Qatar, 
5 in Rivadh Zoo, Saudi Arabia, anc 2 in Dubai.
 

4. Arabian Gazelle (Gazefla gazella arabica)
 

STATUS. Endangered, because of excessive hunting and habitat
 
degradation.
 

DISTRIBUTION. Formerly occupied an extensive area of the
 

Arabian Peninsula, but its range has been greatly reduced. 

it is now found in t*e Sinai and the western mountains and 

foothills of Saudi Arabia, southern Arabia and Yeman, and 
on some islands of the Red Sea. 

POPULATION. Numbers unknown but severely deoleted following
 

indiscriminate hunting, including tne use of motorized vehicles.
 

The use of this animal for food is also a factor in its decline.
 

ABITAT. The common species of the coastal plains throughout 

the Arabian Peninsula where acacia trees occur. Also found 
on the *ighland gravel plains of the interior. 

..


CONSERVATION MASURES TA:XN. In 1952 was reported as abundant 

on the plains of Dhofar and rigidly protected by the Sultan of Oman. 

CONS ERVATION-- MEASUR-ES PROPOSED. Surveys and research should be 
conducted to determine population, forage preferences, 
habitat req".iremencs, range conditions and so on as a 
basis for preparing management plans for this gazelle.
 
Serious consideration should be given to artificial mro

pagation with s,bsecuent translocation to suitable range pro
vided management plans have been prepared. 
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"UCN Endangered and'Rare Mammels, cont. 

RaLAR.KS. The subspecies of this gazelle are not sharply 
even the limited number of narred formsdefined in the region; 

are clearly integrated. The extremes, G.g. gazella in the 
arenorth-west and G.g. muscatensis in the south-east, 

distinguishable only on average from the intervening
 

populations of G.g. arabica. 

5. Dugong (Dugong dugong). 

STATUS. Vulnerable. Uncontrolled exploitation has seriously 

depleted dugong populations throughout most of the 

species' wide range in the Indo-Pacific region.
 

The shallow coastal waters of the Indo-PacificDISTRIBUTION. 

region from tne New Hebrides westards -o Suez, from thne
 

~ili;PiZC s.arns in the north tz Madagascar in the,
 
south, also :-e Persian Gulf and Red Sea.
 

POPUqATION. Total population sizes unknown, herds of several 

the past, now rare over al.most itshundred recorted in 
entire range and approaching extinction in some regions.
 

northern AustralianLarge populations are still found in 

waters, and the east coast of Africa may be next in importance.
 

Uncontrolled hunting (principally local hunting, although 

commercial ooerations have been pursued in the past in 

India, Sri Larka and Australia) has been tne main cause 

of the dugong decline. The main products are meat and oil. 

threat to dugungs, and accidentalNetting is a major 
in nets employed in some -rccizal fisheriesdeaths 


to
(e.g. Sri Lanka) and in shark nets used reduce shark 

nL.bers near swi.-mming beaches in 2ueensland have been 
. Pollution and sedimentation of
locally significant 


important
the seagrass beds on which dugongs feed is an 

from disturbance by humansthreat. A lesser threat may result 

(e.g. use of nower boats, seismic ex;2cration) . Cyclones 

and trphcons may cause mortalitY;. 

species; .- 'abis sheltered, shallowHABITAT. A stic-ly marine 
tropical and subtropical coastal water. They feed in inter-

Their main foods are sea grasses
tidal and sub-tidal areas. 

of the families ?ot&-ogetonaceae and Hvdr.nharitaceae 

algae sea gras;ses are scarce.although they will feed on 
Recent aerial surveys indicate th-- dugongs mirate, althouch 

r-hey may also occur as local residents. During calm 

weatherthey will move from =rotected into ex posed waters. 

- rotected by in manyCOSE.RV.AT-TN %t-ASURIES TAIKEN. ota'ly law 
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IUCN Endangered and Rare Mazmals in Oman, cont. 

of the countries in which it occurs, but with few exceptions, 
protection is inadequately enforced. Endangered Species 
of Wild Fauna and Flora, 1973; trade in these animals 
between acceding nations is subject to severe restriction, 
trade for primarily comercial zurposes is banned.
 
Included in Class A of the African Convention (1969) 
i.e. it may be hunted or collected only on the authorization 
of the highest competent authority, if required in the national 
interest or for scientific purposes. Research programmes on
 
dugongs presently include an estalblished program at James
 
Cook University, Queensland; a program in Kenya supported 

by UNNDP; and a world-wide conservation program, funded by
 

WWF and the United States Government, which has initiated 
several field surveys and produced a bibliography on 
recent Sirenia. 

CONSERVAT-ON MEASURES PROPOSED. increased suzport :or 

biological studies and field surveys of dugong populatiors.
 
Research on popula-icn dynamics, movements, reproduction,
 
and growth: are par-icularly important. An extensive 
series of marine reserves that would include both resident
 
dugong populations and serve as refuges for migrating ones 
should be established. With adequate protection, many
 
populations zould probablv be rebuilt and manage to provide 
sustained yields of meat and other products. 

Source: IUCN. 1978b.
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Table 3. Checklist of the birds of Oman 
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Table 4. 


Source: 


Habitats of breeding birds in Oman
 

I Mountains 

v eeedpicinp ,.P.ile t i-j %ieleIt Huitie WIlica..atN.l. 	 b-jlwren.i KRek 1)., 
... 

-g piijn %uliurc. Honelli %Lack K1 Barrr 4 nl 

, ri, Hacrl .inlJ.idMacn eaI. Iie ri kiackidtrlwn.nee.ked 	 , 

a Halbices. ,erks-adU 
Chukar It,.Arablian Rcd.l.j;Vcd Parindov. SandParlr.Jfv. I.lhicnuiin'*%anwvr.u,. Paln DOil%.BHruingh.up. , .1 . 

Ie-eair. Inuin R-,ilrti. IDrcrlL ar. LunhillvJ Pipit."clIw,ri:d bulhul.%lourni 
Litfle O.. Little Green 

Afabin Bbnier. Purole eunrird11. A ,%tntjnbunrtird fil.Palcmine Suntrrdlift. Nethk,.
$cruti Ylarsier. 


rino4cd h)patrte. I '. Indian I'edcrrlrlI ei. Houtie Bunting.
 
Whnisle.r fill. 

Cu;itlf. Unenll SctD (),I.StmitedEaIeOcl uit%. 
Honelli'Ealie.ArimnenR cd¢:J Pvtredv.PalmDive. Diri 


Pltl..hi.
 PirdJi.e
Hac,.siri. Gracul rinlect.BlInluid 
lhllcrg.abted Whith-ece. Blti.tricaded BushStrriex. Ruppil %heaver.headed isfltfl.tif. Ichitlo-cicd Bunutriul. * , 'Arner. Alrwian 

African

A•,.liafnn Sun'td. P31cltnt !aunild. 

:ialnertll. 
 RucsBunting
Gtu rkr .Cinnfrnen-oreaiicd 
Goldern-winged 


aL plcidvwialnd lDo 
xinglnvbush Lark.Crecied Lt. Lani-noIIed Pipilt. 

2 Coastail Plains _____________________________CairinI Pi . 

eep,Owl. itiletr:en
Tunic Dose.PalmDote. R~.e-nnfcd Parkeei. Barn Qti. Bruce. 
Finch Lark.Crl Fraiculin. Coillared Driv. 

Bleck-critwned Heminc. Lark. ('reled 

Arabian Baoblcr. areul.Cjre. Shlkc, Haute Crus.HoueHt*eier. Blue.chucked Bee.eear. B*e-eager. Indian Railcr. Houpic. 
Bulbul. Graceful Wirnlcr. Purple Sunbxrd. 


bpanow. Yellow-throlcd Sparrow. Indian Siembifll,
 
Lait. telfu-w.eflid 

b SaulahIefDI 
ark. Cre'icd Lark. eilo..intledGreen Bec-eiter.wriin Bu.fnLark. 8Ilacicjrusne FenchCillared Drve. arn Ol.itile 

Ruppellfs WcAver. Afnian Sifvernllf.Bultlu. Graceful Warbicr. Ablrenin Sunoird, 

3 Deerl and semi-4esert 

Op.. lvjand or tiOn Jeuert 

Crtonected Sandrouse. Spctted Sandrroue. Chestnutbellied Sand; routr. Eagle0.1. Little 0e1. Blac.-cro.ncd Fin.Ui Laik. 

Dunn's Lark (fl.Bat-railed Dewin Litt oI,. Desen Lark. Haopoe Lick 

Is Venutrwith scrub and irril 
Stnnke. Br wn-necked Raecn.Bunara. Houbara. Little Green Bee-dater. Araban Babbler. Great GreLunpcue"t 

" 
c Pruupu wou indaieart ojeJ 

Bruce . Scop.0-1 Ic. Ltile Oli Little Green Bee-eater Crecitd Lark. Graceful Wiarlkr.
Gre) Francolin i. PalmDov. 

PurpleSunoDird rna. I.
vr. Grat Gr, House Sparrow 

A Wetlands 

a Intend poLs.ed srrrir 
Ked.ei1leid Lapin; IN. GracefulWarblerLilel Grebe. Mourhen.Lilie Rinjcd vecr, 

LUlie Green Heron. WesternRm( Heron. Palm Dov. Whlie-cullared k.ingfiher. Cfamoriu Reed Warbler. .XAjed Watwefr. 

Pirpk Sunird.Howe Cro-

LAi. Gre e. 'Aci4urteln. Kentalsi Plover. Rcd-,aled Lpwine p-%. I ,(Vuli Wainler 

.S Cast 

Pak ( ra Mantia. Tnraram , Grackle Io.Itct.ll d Tra.i-punir. tlfn,Falo. ick Dnle. PaihJ.,ll. 

hnlcern Reef iHereni.ktpran
tctjrhiidi1flillchirdt.;liatedP'lnac i-1 'n4.ii (urrirant ill.Little tGreen Herat. 

C r' timr rue .,i%(ull. aeei R e ncl Tern. Wlit.c:hceke Tern. Brsaul-. Tern,I ii fen.ieiuie. Utrc lswuct i 
Dine. Pallid3etil
%.unihrl Itlk :ini I I .mnsn %i. a,s, 

wlerfi . Ane * fiant I) Dhtefar %M %0,crnftwan -

Gallagher and Woodcock. 1980.
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able 5. Reptiles and Amphibians of Northern Oman
 

Scecies 


Gekkonidae (Geckos)
 

Bur.opus spatalurus 
B. tuberculatus 
Cyrtodactylus scaber 
Heridactulus uxrcicus 
H. persicus 

H. homoeolepis 
H. flaiviridis 
Phy!!odactylus gallagheri 
P. elisae 
Pristurus rupestris 
P. ceLerrimus 
P. cf. ffavipunctatus 
P. carteri 

P. mini.nus 
Ptyodactylus hassequiscii 
Stenodactyus arabicus 
S. doriae 
S. leptocosymbotes 

Agamidae (Agamid lizards) 

Agama sinaita 
A. jayakari 
Phzrynocephalus sp. 
Uromascyx microlepis 
U. thomasi 

Chamaeleonidae (Chamaeleons) 

Chamaelo chamaeleon 

Scincidae (Skinks) 

Albechazus nannonicus 
Chalcides ocellatus 
Mabuya tessellata 
Scincus conizost.ris 
S. mit anus 

Habitat
 

mountains 
lowlands, deserts 
coastal areas 
foothills, deserts 
mountains 
foothills, desert fringe 
coastal areas 
mountains 
mountains 
mountains, foothills 
mountains, foothills 
mountains, foot-hills 
foothills, desert fringe
 
foothills, desert fringe 
mountains, foothills 
central deserts 
central desert-s 
foothills, deserts
 

mountains 
foothills, desert fringe 
central deserts 
central deserts 
:ootiills, desert fringe 

foothills, desert fringe 

mountains 
coastal areas 
mountains 
central deser-s 
central desert-s 

116
 



Reptiles and Amphibians of Northern Oman, cont. 

Soeci es Habitat
 

Lacertidae (Lacertic2 lizards)
 

Acanthodactylus arabicus central deserts 
A. boskianus central deserts
 
A. n. sp. coastal areas
 
Ereias adramitana foothills, deserts 
Lacerta jayakari mountains 
L. cyan-ura Musandam 

Varanidae (Monitors)
 

Varanus grisens central deserts 

Amchisbaenidae (Wor. lizards)
 

Di;!ometopon zarzddnyi central deserts
 

Leptotyphlopidae (Blind snakes)
 

Leptotyph-ops macror ynchLs coastal areas
 

Boidae (Boas)
 

Eryx jayakari central deserts
 

Colubridae (T.,ical snakes'
 

Coluber rLodorhach.s mountains 
Lytorhynchus gaddi central deserts 
Malpolon moilensis central deserts 
Spale:osophis diadema mountains, coastal areas 
Telescoaus dhara coastal areas 

Viperidae (Vipers)
 

Cerastes cerastes central deserts 
Echis coloratus foothills 
E. carinatus foothills, desert fringe
 
Pseuc&cerastes oersicus mountains
 

Bufonidae (CTpical toads)
 

Bufo oriental is mountains
 
B. dhufarensis mountains (also Dhufar)
 

Source: Arnold and Gallagher. 1977.
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Table 6. Land and Freshwater Molluscs of Northern Oman
 

Helanoides tuberculata 
Lymnaea natalensis 
Laevicaulis alte 
Pupoides coenopictus samavaernsis 
Buliminus jousseaumei 
B. omanensis
 
B. albatusta 
S. candidus
 
Zootecus insularis 
Xeropicta derbentina 
Helicella spp.
 
Planorbis exuscus 

Source: Smythe and Gallagher. 1977. 
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Table 7. Mammalian Ectoparasites of Oman 

INSECTA
 

Diptera (flies) 

Hippoboscidae
 
found on goats, in Oman recordedLipoptana capreo.i (usually 


on the Arabian Tahr)
 
Streblidae
 
Raymondia huberi (on bats)
 

Anoplura (lice) 

Hoplopleuridae 
Poypiax =roz. oxyrrhyncha (on mice)
 
Pulicidae
 
Xenopsylla cheopis (on rats, mice; the vector of bubonic plague)
 

ACA.UINA
 

Ixoididae . (:i-,cks)
 

Argas (Carios) vespertilionis (on bats)
 
Rhinicephalus spp. (on mice)
 

Source: Thompson. 1977.
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APPENDIX VII
 

PROPOSED PROJECTS OF POTENTIAL ENV7RONMENTAL SIGNIFICANCE 

Table 1. Agricultural Development
 

Table 2. Water Projects
 

Source: Sultanate of Oman. i980a.
 

rr 
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Table 1. Agricultural Development
 

Animal Husbandry Projects
 

Objectives; 	 to establish.centers to conduct research and
 
provide veterinary services and advice to farmers.
 

Activities; 	 11 to conduct research on sheep, goats, cattle
 
and introduce new varieties; 2) to conduct research
 
on traditional and new forage crops; 3) veterinary
 
services and advice.
 

Budget Estimate: 	 2,470,000 OR Cwith no indication of the number of
 
centers).
 

Pilot Tobacco Processing Project at Shinas
 

Objectives: 	 to boost tobacco production and improve marketing
 
as a means of raising rural incomes.
 

Activities: 	 1) a su-r-:ey of the tobacco industry in the area;
 
2) establishment of a small industry; 3) plant
 
breeding research; 4) establishment of curing
 
and packing center.
 

Budget Estimate: 	 300,000 OR.
 

Improvement of Date and Lime Crops
 

Objectives: 	 1) to reverse decline and increase production;
 
2) to extend production and marketing period,
 
research market possibilities; 3) to induce
 
farmers to remain in sector through reviving the
 
date and lime industries.
 

Activities: 	 1) improvement of genetic stock; 2) research
 
on yields, quality, and disease; 3) establishment
 
of nurseries 	for distribution to farmers; 4) in
troduction of modern planting, harvesting, processing,
 
and marketing methods; 5) to provide advice to
 
farmers.
 

Budget Estimate: 	 1,300,000 OR for lime project; no estimate given
 
for date project.
 

Horticultural :mprovement
 

Objectives: 	 1) improvement of fruits and vegetables; 2) teach
and assistance of local farmers in horticulture;
 
3) to reduce dependence on imports.
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Table 1. Agricultural Development Continued
 

Activities; 	 iL intensive research on Omani fruits and vegetables
 
4n all major producing regions, including studies on
 
nutritional and water requirements, adaptation of
 
new varieties to Oman, and work on improving old
 
methods and introducing new ones; 2) 
of modern nurseries and orchards; 2) 
local staff. 

establishment 
training of 

Budget Estimate: 1,200,000 OR. 

Jabal Akhdar 	Agricultural Development
 

Objectives: 	 1) increased production of pomegranates and grapes;
 
2) introduction of suitable new fruit crops; 3)
 
extend the production and marketing period of fruits;
 
4) to raise the rural standard of living.
 

Activities: 	 1) establishment of a nursery in Saig for distri
bution to farmers; 2) to conduct experiments and
 
breeding program for raising fruit yields and quality;
 
3) to assist farmers in packing and marketing.
 

Budget Estimate: 500,000 OR.
 

Pilot Project for Sheep-Rearing at al-Kamil, Sharcivah
 

Objectives: 	 1) to initiate a small experimental project to
 
test the viability of sheep raising under modern
 
conditions. If successful, a larger project will
 
be launched. The ultimate goal is to move toward
 
self-sufficiency in meat production.
 

Activities: 	 1) establishment of a sheep ranch; 2) sheep
 
breeding program, utilizing both Omani and foreign
 
sheep; 3) establishment of a veterinary post;
 
4) preparation of grazing land.
 

Budget Estimate: 500,000 OR.
 

Pilot Farms Project
 

Objectives: 	 1) to encourage and strengthen modern intensive
 
farming in rural areas in order to raise the
 
living standard and increase agricultural production.
 
This is to be done by establishing 4 pilot farms of
 
4 ha each (eventually 25 farms). These farms will
 
be distributed to Omani farmers.
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Table 1. Agricultural Development Continued
 

Budget Estimate; 5,232,QMa QR.
 

Agricult'ral 	Surveys and Studies
 

Objectives: 	 to gain complete information on acreage and changes
 

in acreage of Omani crops. Only very incomplete
 

information is presently available, and current
 
estimates are based on I71 work. A second objective
 

is to encourage feasibility studies in aspects of
 

agriculture.
 

ActivitieS: 1) to conduct land surveys every 3 to 4 years; 

2) to use LANDSAT data to complement ground surveys; 

3) to conduct ragular studies on various aspects 

of agriculture such as labor participation, income 

and wages, prices, crops, livestock, poultry, etc. 

Budget Estimate: 300,000 OR. 
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Table 2, Water Projects
 

Salvage of Surface Water Losses
 

Objectives; Salvage of storm runoff through construction of small 
dams to perform dispersal, diversion, and detention 
functions. Storm flow would then be retained for 
infiltration into shallow aquifers. 

Benefits: Prevention of surface water loss to sea or interior 
desert. This will help in recharge of shallow aquifers. 

Negative Effects: May hasten salt water intrusion in acuifers near the 
coast, but would allow for management of this situation. 

Activities: Geologic mapping, exploration, construction of 
dams and weirs, extraction wells, pipeline to coastal 
areas, testing and quality analysis. 

Budget Estimate: 16,380,000 OR for 9 projects at 1,820,000 OR each. 

NOTE: U.S. Army Corps of Engineers (1979) presents 
a detailed analysis of this project. Wadi Samail is 
to be the pilot project. 

Skimming Gallery Construction
 

Objectives: 	 To develop skLiming galleries for the salvage of
 
groundwater. These are horizontal shafts,
 
similar to aflaj, running parallel to the coast
 
about 5 )a inland. Properly operated galleries
 
can intercept up to 95 percent of the fresh ground
water flowing toward the ocean.
 

Benefits: 	 Prevention of groundwater loss to sea; capture of
 
water in an area where high quality is ensured.
 

Negative Effects: 	 Accelerated subsidence of water table in the coast
 
downslope of gallery. Part of waters captured could
 
be piped to areas affected.
 

Activities: 	 Construction of a test gallery near Sib, to complement
 
a surface water salvage project in wadi Samail.
 

Budget Estimate: 1,050,000 OR.
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Table 2. Water Projects Continued
 

Exploration Drilling: 


Objectives; 


Benefits; 


Negative Effects: 


Activities: 


Budget Estimate: 


Wadi al-Batha
 

Objectives: 


Benefits: 


Negative effects: 


Activities: 


Budget Estimate: 


Wahiba Sands
 

Objectives: 


Nivwa, Izki, Sohar, Sur
 

Exploration of both shallow and deep alluvial
 
aquifers, with eventual =cploitation.
 

Compilation of data in areas where almost none
 
is available. Discovery of water resources,
 
because Nizwa and Izki face shortages; and
 
Sohar requires water for copper industry development.
 

Large scale exploitation could reduce yields of
 
aflaj and shallow wells. These reductions could
 
be replaced through deep boreholes.
 

Geologic mapping, 10 wells to 300 m, testing and
 
quality analysis.
 

1,232,000 OR.
 

Drilling wells in alluvium to salvage underf low
 
losses and losses due to evaporation of shallow
 
groundwater.
 

Exploitation of an estimated 2-3 billion cubic m
 
groundwater in the alluvi n, control of surface
 
water losses during periods of high flow.
 

Possible depletion of falaj flows, this could be
 
replaced with well water.
 

Geological mapping, exploration, 20 test wells
 
to 100 m, testing and analysis.
 

268,000 OR.
 

Exploitation of water at the periphery of the dune
 
region. At present, a great deal of water appears
 
to be lost to shallow water evaporation and to zhe
 
sea. Also, exploration for water in the interior
 
of the dune field.
 

176
 



Table 2. Water Projects Continued
 

Negative Effects: 


Activities: 


Budget Estimate; 


Buraimi
 

Objectives: 


Benefits: 


Negative Effects: 


Activities: 


Budget Estimate: 


Musandam
 

Objectives: 


Benefits: 


Negative Effects: 


Activities: 


Budget Estimate: 

Jabal al-Qara (Dhufar) -

Objectives: 

None anticipated, project exploitation about
 
balances recharge,
 

Geologic mapping, exploration, 2Q test wells to
 
150 m, testing and analysis.
 

44a,5QQ OR.
 

Exploration and development of limestone aquifers
 
in Buraimi area. At present, well yields are
 
declining and water quality is deteriorating due to
 
poor management and excess pumping.
 

Development of deep aquifers can compensate for
 
declining yields from shallow aquifer wells.
 

Possible international dispute over exploitation
 
of water in a border area.
 

Phase I - shallow aquifers: inventory of wells, 
preparation of groundwater maps, establishment of 
well monitoring network. Phase II - deep aquifers: 
geological mapping, seismic exploration, 10 test 
wells to 300 m. 

334,000 OR.
 

Exploratory drilling of bedrock limestones.
 

Eventual development of an estimated 0.5 billion
 
cubic m of groundwater.
 

None anticipated.
 

Geologic mapping, 10 wells to 500 m, testing and
 
quality analysis.
 

705,000 OR.
 

Tertiary Limestones
 

Exploration and development of the tertiary
 
limestone aquifers in Jabal al-Qara.
 

177
 



Table 2. Water Projects 

3enefits; 

Negative Effects: 


Activities; 


Budget Estimate: 


Salalah Coastal Plain
 

Objectives: 


Benefits: 


Negative Effects: 


Activities: 


Budget Estimate: 


Continued 

Development of the estimated 6 billion cubic 
m of good quality water in the mountains 
behind Salalak. Insufficient data available
 
to estimate exploitable quantity. 

None anticipated.
 

Geologic mapping, 20 boreholes to 500 m, aquifer
 
testing, quality analysis.
 

2,280,000 OR.
 

Exploration and development of groundwater under 
the Salalah plain which:.is currently lost to the 
sea. 

Development of groundwater, which is estimated
 
to be at least 18 million cubic m in the central
 
portion of the plain alone.
 

None anticioated.
 

Geologic mapping, exploration, 20 wells to 100 m,
 
aquifer testing, quality analysis.
 

279,000 OR.
 

Capital Area - Hajar Limestones 

Objectives: 


Benefits: 


Negative Effects: 


Activities: 


3udget Estimate: 


To explore and develop the limestone aquifers in the
 
Capital area. One recently drilled well yields
 
60 liters/sec. The waters in this aquifer are
 
presently unused, and .muchis lost to the sea.
 

Development of the 0.5 to 1 billion cubic m of 
groundwater within a 25 ':.radius of Ruwi (Capital 
Area). Twenty wells cou:- be ex.ected to supply at 
least 19 million liters per day cf water suitable
 
for drinking.
 

Zc.loitation may affect discharge of springs;
 
:hcwever borehole production can compensate for these losses.
 

Jeologi= mapping, exploration and test wells,
 
aquifer :esting water qual4ity analysis.
 

1,754,000 OR.
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APPENDIX VII 

Environmental Law
 

Sources: Caponera. 1978.
 
FAO. 1975.
 
Wilkinson. 1977.
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Environ-nental Law 

The Sultanate does not have a comprehensive set of environmental laws.
 

The Ibadhi Islamic Sharicah is stil used as the basis for most legal
 

decisions, and gover.mental laws are essentially supplemental to the
 

Shax.can L. most areas. However, the Shar an aand customary Law have 
aleady addressed most of Can's major environmental issues. For example, 

under these codes new water development may not adversely affect the 
-uantity or quality of water in existing wells or aflaj, and protected 
areas may be established around water sources. Zt would probably not be 
di-Ofict!: in most cases to extend -he interpretation of existing Shari Cah 
or custc~mary law to cover modern situat.I .)ns. A few laws mentioned in the 
available 1ierat.ire are presented in Table 1. Within 'Omn there have 
been several comilations of current '.aw, wthich are cited in the appropriate 
section of Appendix X. 

Table 1. Some -rnvironmental Laws 

a .	 Sultanic Decree of October 1970 on the es-tablishment of :he 

Ceoar.en ol Acriculture in the Zenera! Development Organisation 
(,ow the Minis --- of 'eveloocen-) 

.,o. relainc tr.e -ion ob Lands. 272. 	 At 41'97_ :z :iszri a-" -

April 1972. - Collect-on of Laws in force un to 30 Nove.er 1972 
Frae Stace distribution of l-and to omanl zi-izens and 

failies an-! to agriculturl procmotion companies.' 

3. b Decrae of e Sultan r-lati- :s :erri:orial waters and -he use of 
natural resources In -.; -_ - "- " : .ihln zone. - 20 uly 172... 
Collc-tion of Laws in force u to 30 November -972, :. 92. 

.	 Law 'lo. 3, 1973 (art. __a, Lib, _1-) establishnes a of Musqat
 
and Ma . rsi..e.ts to water Ser-7ce. The vinisZ_-:" of Co:unicat.on
 
and .bic works was esablished and -i...n-seonsiz i:-y over
 

=.ear-tesian wells, p -oing stations, zenera=-rs, and 

water .pze ne-:work
 

_
5. 	 law No. 3, 1973 ampowers '.e :xinis-:er of Ua t to Zro.. i: t-he use
 

of oollu:ed -water sources, an- authorlzes medi:a au-hori:-es
 
to stoo. -e sale and transnor-. -_- -kng water a_ _o al
 
susoec- irks.
 

.	 Sul t'. : " :'c. 34, 4 . -:)z_ . :CnC__nL" - .-.rcI of
 
sea zoou:icn as folows:
 

"" .'rv substance of fanqerzus r - a--ure such as rainace 
- towater or recuse or waste or desir-ble obc :s wr"h";enadded water 

shall s3.oi its z-aiitY or zause i-s chance or fz.-- oax: o 

pocess which causes eclna:::--n of .s a -y or :hanqe to ts.e 
extent of a-.cer in re-a:-n -o -- s u'se bv man or teas.:r fis or 
olan-s usef-l to han beings snail be consi-ered a ollu-ad substance. 

13.0
 

http:Co:unicat.on
http:Ceoar.en


Table 1. Some Environmental Laws Continued
 

izi. All waters containing any substance or particular concentration
 
or water treated containing an artificial substance which changes
 
its nature either by heat or any other means whereby if added to any
 
water shall result in the declination of its quality or change to the
 
extent of danger in relation to its use by human beings or any beast,
 
fishes or plants useful to human beings shall be considered as
 
polluted substance.
 

Sources: a. Capcnera. 1978.
 
b. FAO. 1975.
 



APPENDIX 	 IX 

Entities 	with Environmental Responsibilities
 

Table 1. 	Government Personnel
 

Table 2. 	Governmental Organization
 

Table 3. 	Government Production Farms, Research Stations, Extension
 
Farms and Centers, Nursery Gardens.
 

Table 4. 	Functions of Selected Institutions
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Ta.h1e 1. Government Personnel 

Head of State, Premier and Minister of Foreign Affain, Defence and Finance:
 

SUiU.1 QA3OOS 31; SALO 'assUnld POwVer if ;iy 24:a. q7h
 

CAZINET 
(J'te t9s ' 

Land Affairs and Municipalities: AiH:.:AZ:.R of 
ADs::'-'... AL-jKAZAL..

Deputy 	 Premier for Security and DOefene: FAA-.'td Minister 
3w;: T.-:.tOR AL-SAID. 

Deputy Premier for Legal Affain: w.:7d I.U(Ao St. Minister of Sociat Affairs and Lazour: , 3u:; 

Governor of Muscat: Minister of Awkat and Islamic Affairs: Si:-tlh ,.AL:D t0Personal Adviser to the Sultan and 	 7ZAH;.? AL.N.';v*..a,.-dTHE''A,.:-, 3tiN 5IAS .kL.SA D. 

Minister of Diwan Afairs: Syid H. : . . .Minister of National Heritage and Culture: Sa,::d FALSAL 

.-.Lt %.-SAID. 
HA.iAD AL-SAMiAR. 

M..c~:.izN 

Minister of Justice: SavYid H*IL.L 31N Minister oi the Interior: 3.vyid B.ACR V!, SAVO 31', 
,Minister of State for Foreign Affairs: QAS AO L -t: ..C..: U ;L1.a 

L.Z. 	 w . v.'t. Yl~in st r of Ca rnm erc" n d I ndustry ' . . . . - . :'. 

Youth Affairs and Tourism: .'infltsr:i Petrcie'm and Iint..r's: z:) ,. '.Minister of -Information, 

-Minister of Electric:ty and Water: HA:.tou A: 
Ministar of Ariculiure and Fisheries: " :t-*'...,'He.. 

Minister of Posts, Telegraphs and Tle;nones: NAR;t- ". 
. D. . ':.k.t :.".. Minister of Health: r. :-:A x-= 

: ' SA.Ia.:., Governor at Ohofar and Minister of State:
Minister of Civil Aviation, Ports and Roads: :: %;. . - , A 1 ; . . " 

N.: \ S S M 	 .%.[- '3 V 5 A . Y . 

".\.J. .L.Minister of Education: ".HYA :.CA1OOOIt.-i AL.AS.OkRI. Minister of Puolic Worts: A 

Source: Turoca P 1'4iications. I-O0 



Table 2. Governmental Org4nization
 

01 WW M. WO 

l l n m 
IISTER -'I 

M0"l."lLOW""Agriculture and AFies anAteMinsr oIIn Peroem 

-I- --- iI 

aThis ministry- was subsequently split into the Ministr'y of 

Agricultuze and Fisheries and the Ministry of Petr-oleum and 

Minerals.
 

Source: UNESCO. 1976. 
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Table 3. Government ?rQduct-iQn Farms, Research StatiQns, 

F.xtension Farms and Centres and Nursery Gardens 

O80aftrY.t at Ag=M"Unu R09n 

TotalTpeotFamStato1 -I 

Illmcuction humsa 2 

s-p 2 2 - - 1 - 5
 

esearch tems - 1 --.
 . . . . 2 

Ezzanaon conis/ 
sMAbmutt ? 44 4 1 3 as 

Muram gardens2 -

Geographiah staUoaon: 

Ptdutcn hum%:
 

Soaur (sgns.iturs). Rumaus (1) (3 agriculture). Nizrw (3 agncuturt. Tanoof (agncutnzml. 
 JelW A 
Akhahar (a ricutur). 

sam: 

Rumais (agnculbJr). Ruiais (amahusalandry). Wadi Curiyt' (agricultura), W.I Curryat (Anomia 

husandry). Suala (agricultural. 

FEzthwlfarm: 

Re maach 

Siat. Suramn. 

Sonar. Sanm. Al Kl11urL. Surnane. So. Barka. 'Assn"11. Ros.s. Niz . 

Mehla. ilzu. 1rllra. Wall unyat. Jeal A kldaht. Sumail. 'On. Sur, AI Wai. 
AN Maraw. Shin" Uwi 

lSm. Sinew. Khass, 

umya. N Oqdaaln. AlO&afeL.z Tail. N Rta&L 

Umnsion s4b-arive: 

Adam Sehla. Oasis Yunqul. N Ihaiaf. Bustart. 

Nry gardens: 

tmiims (ruital. ,umas (gasiem). Rabht (f-Jitsl. AIJ 40 (fruall. 

NO Tho Osry term in Sonar ulsdaarwit =aw tems wai oeanfiw .. Ae ma leg.Uwillo " 

i las ie U1o Ya go" as e"bSW ndr SI. mueqew ofyaw a 197. sincear 

OWSUM FWMnCCh., T (OCnw).
 

Source: Sultanate of Cman. 1979. 
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Functions of Selected Institutions
Table 4. 


Oman Development .Council, Chaired by the Sultan, the council is.respon

sible for overall planning and preparation of the five-year plans.
 

The Office of Planning of the Oman Development Council coordinates
 
work between ministries, reviews and assesses projects submitted by
 
the ministries.
 

Ministry of Agriculture and Fisheries. The Depar--ent of Agriculture
 
conducts research and carries out production in experimental and
 
pilot projects. Activities include soil classification, water surveys,
 
plant protection, and operation of several pilot projects. Extension
 
and services is another function. It is also responsible for the
 
provision of water pumps, construction of irrigation channels, etc.
 

The Irrigation Department is responsible for promoting and controlling
 
the use of irrigation water in the country.
 

The Water Resources Council is responsible directlyto the Sultan,
 
coordinates and plans water use and conservation for all purposes.
 
The Water Authority, of the Water Resources Council, is responsible
 
for collecting data, drilling exploratory wells, generally defining
 
the water resource base.
 

The Agricultural Research Station at Ru-ais has the following programs:
 
improvement of vegetable production, fruit improvement, field crops
 
research, crop protection, crop and soil improvement.
 

The Agricultural Research Station at Wadi Quryat has the following
 
programs: experimental trials on vegetables, development of field
 
crops.
 

Ministry of Communications. The Department of Water Resources of the
 

Ministj of Communications is responsible for ascertaining the extent of
 

water availability in Oman through investigations carried out by various
 

companies. it is envisaged that this Department will constitute the water
 

resources regulatory agency to deal with the inventory of water resources,
 

coordination and approval of water projects and water rights administration.
 

The Water Supply Department of the Ministry of Comnunications was
 
created in 1968 to organize the supply of water in the capital area
 
of Muscat-Matrah through well drilling and the creation of storage
 
reservoirs.
 

Ministry of Health. The Department of Public Health of the Ministrn! of Health 
is concernez with environmental sanitation, including the control of
 
water borne diseases and drinking water analyses through the Public
 

Health Laboratory. This laboratory keeps a record of all water quality
 
samplings by regions.
 

1 W7 



Functions 	Qf Selected Institutions Continued
Table 4. 


Ministry of Land Affairs, This Ainistry, established in November 101,
 

has a Lands Division, a Registration of Properties Division and a
 

Division, which are responsible for the delimitation and
Survey 
No water rights registration takes
registration of lands in Cman. 


place in this Ministry.
 

This Ministry, which was established
Ministry of Awqaf and Islamic Affairs. 
in March 1973, is responsible for the registration and administration 

of awqaf (ortnain - religious endowment) properties, including 

waters so endowed. in addition, the bait al-mal (uninheritable or 

uninherited State properties) which form part of Government revenue and 

which include also water resources, are registered and administered 

thereby. 	Such a registration has been completed for bait al-mal
 

properties and is proceeding with regard to awcaf properties.
 

Sources: 	 Caponera. 1979
 
Cordes and Scholz. 1930.
 
CARS. 1978.
 
UNEP. 1979.
 
U.S. AID. 1980b.
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