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-he Yemen Arab Republic (YAR) is one of the least developed countries in 
the world. it is not blessed with any substantial mineral resources, so 
that its primary resource is its agricultural and range lands. Even 
these are not extensive. In general, the YAR has not yet addressed most 
envirorental pmoblems. Implementation of any action for identified 
problems has not usually occurred. The govem--nent is hampered by a lack 
of data on nearly every aspect of the country's -esources and environment. 

Major environmental problems in the YAR are nearly all tied to aspects of 
water or agriculture, or both. These problems include: 

1) 	 Pollution of drinking water. This is a serious problem, 
both in rural and in urban areas. Most drinking water is 
obtained from shallow wells, and is easily contaminated. 
The normal lack of sewage and waste disposal systems in 
both zaral and urtan a.reas compounds =he problem. 

2) 	 Water shortaaes. Most of Yemen suffers from scant rainfall 
and little surface water. Thus groundwater is the major 
source of water for household use. Increases in this use 
and in groundwater irrigation are rapidly lowering the 
water table in many areas. 

3) 	 Soil erosion. Wadi areas have always been subject to un
expectedly heavy floods which can destroy irrigation 
system and wash away much soil. Now, as labor leaves 
rural areas and ter.aces deteriorate, erosion is becoming 
serious in highland agricultural areas as well. The deple
tion of plant cover in range and woodland areas has made 
soil erosion a problem even in nonagricultural areas. 

4) 	 Soil salinization. This is a particular problem in the 
Tihama, where irrigation with groundwater, which can be 
quite saline in the coastal plains, is increasing rapidly. 

5) 	 A number of other problems exst which are not yet as 
critical or are mre local in nature. These include 
spreading sand dunes in the Tihasa, overgrazing and deple
tion of range plant cover (cf no. 3), soil depletion, and 
problems associated with rapid urbanization. 

The best researched aspect- covered herein is the water resources of the 
TAR, and even in this area data is very inadequate for any kind of 
comprehensive planning. Any future research on any aspect of natural 
resources or the environment is not likely to duplicate much of the 
currently available knowledge, since there is so little. Several areas 
which are of critical importance and have almost no data are aspects of 
v:il r.-osion, and of range and woodland management. 

Mark Speece 
Copiler 



1.0 Introduction
 

This revised draft environmental report summarizes information avail
able in the United States on the natural resources and environment 
of the Yemen Arab Republic. The report reviews the major environmental 
problems of Yemen and the impact of the development process upon 
resources and the environment. This report represents the first 
step in developing an environmental profile for use by the U.S. Agency 
for International Development (U.S. AID) and Yemeni government 
officials. The next step in this process should be a field stdy to 
evaluate the information presented here, obtain additional infozmation, 
and define the issues, problems, and priorities in greater detail. 
This entire process should help provide direction in future efforts to 
deal with the management, conservation, and rehabilitation of the 
environment 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. The YAR is still in the beginning stages of 
development, and detailed information is often not available. rhus, 
the content of this report itself is a fairly accurate guide to the 
extent of current knowledge and data available on the YAR. The report 
represents a cooperative effort by the Man and the Biosphere (MAB) 
project staff of the Arid Lands Information Center (ALIC). The primary 
research, writing, and analysis of the original report, as well as of 
this revision, were done by Mark Speece, through the resources of 
ALIC and the University of Arizona Library. James Sillivan edited 
this revised version. Particular thanks are extended to Dr. Michael 
Bonine for the use of materials obtained in Yemen, and to Dr. Edmimd 
Weber for access to documents of the Yemen Title XII Program. The 
cooperation of James Corson, AID/MAB Project Coordinator, and other 
AID personnel is gratefully acknowledged. 
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2.0 General Description 

2.1 Geography and Climate i 

The area known as Yemen lies in the southwestern corner of 
the Arabian Peninsula. Politically, Yemen has been divided 
in modarn times into two states: the Peoples Democratic 
Republic of Yemen (PDRY), often called South Yemen or Yemen 
(Aden); and the Yemen Arab Republic (YAR), usually called 
North Yemen or Yemen (Sana). 

The Yemen Arab Republic covers approximately 200,000 square 
kilometers (75,000 square miles). The Red Sea provides the 
western boundry. Saudi Arabia borders the YAR on the north 
and northeast, and the PDRY borders on the southeast and 
south. The YAR's easternmost borders with its two neighbors 
are not yet demarcated. 

Discussions of the Yemen Arab Republic's geography are 
occasionally based on division of the country into three 
major hydrographic regions (Bernhardt et al. 1980, Swiss 
Technical Co-operation Service 1978; see Appendix I, Fig. 1). 
Detailed climatological data based on these divisions is 
presented in Appendix I. However, usually two major 
geographical regions are recognized in trLe YAR (Fig. 1.1): 
The Tihama, or coastal plain, and the mountainous interior. 
Often the eastern part of the country, which slopes down 
from the mountains and fades into central Arabia and the 
Rub al Khali, is also called a separate region. 

2.1.1 The Tihama 

The coastal plain of the YAR extends nearly 600 km from 
the Bab al Mandeb in the south to the border of Saudi 
Arabia. Geographically it continues into Saudi Arabia, 
as do the other regions. This 30 to 60 km wide region 
ranges in elevation from sea level on the coast to 
about 200 m in the foothills. Annual rainfall for the 
Tihama ranges between 50 and 300 mm, and falls quite 

iSources: Council of Arab Economic Unity. 1977. 
Faroughy. 1947.
 
Nyrop et al. 1977. 
World Bank. 1979. 
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erratically. Average temperatures are quite high year 
round (Hodeida, 1974: low 190C, high 38.8"C), often 
climbing over 540C. Humidity is usually between 50 
and 70 percent. High winds often come in from the sea,
causing sandstorms and soil erosion. Dryland farming 
can only be practiced under these semidesert conditions
 
in years of axceptional rainfall, but about 70,000 ha 
are cultivated under spate irrigation and another 25,000 
ha under well irrigation. 

2.1.2 The Interior Highlands 

In the interior of the country elevation climbs from 
the area of the western foothills (200 to 1500 m) to 
peaks exceeding 3000 m in the central highlands. Seven 
major wadis run out of the highlands to the Red Sea, 
three run to the east and two major ones flow southwards. 
Most of theme are perennial in the upper reaches, but 
rarely reach the sea except at high flood times. Rainfall 
varies considerably in the interior. Generally it 
becomes wetter from north to south and from lower to 
higher elevation. Lower levels of the western foothills 
may get 250-300 mm annually. Annual averages in the 
northernmost areas of the highlands may be as low as 
100 mm, while the figure for Taizz province is over 600 -. 
Ibb recorded an annual average for 1970-73 of 1100 cmm. 
Temperatures in the highlands are quite comfortable,
with average sumner highs of ca 21°C and lows in winter 
around 40C. The interior is traditionally the major 
agricultural area of the Yemen Arab Republic. ost 
cultivation must be practiced on terraced land, and most 
is rainfed rather than irrigated. 

2.1.3 The Eastern Slopes 

This approximately 80,000 sq km region slopes gently 
eastward into the Rub al-Khali. Vary little climatic 
data is available on the area beyond the general
observation that it may be classed as varying from semi
desert to desert. Little agriculture is practiced here;
rather it is primarily an area of nomadic herding. 
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2.2.3 Migration 

Approximately 50 percent of the population of Yemen is 
undar 15 years of ag,). The population pyramid for ages 
above 15 is quite diswrted on the male side because of 
extensive migration out of the country for mployment. 
An estimated 1.5 million Yemenis, mostly males, live 
outside of Yemen. While remittances from their earnings 
help alleviate foreign exchange problems and help to 
raise the standard of living somewhat, this trend has 
led to severe manpower shortages within Yemen, especially 
in the agricultural sector. Rural to urban migration 
within the YAR is also occurring, but is not well 
documented. 

2.2.4 Public Health 

Health conditions of the population are still quite 
poor. The death rate is nearly 29 per thousand, and 
life expectancy at birth averages about 37 years. 
Major reasons for the low standirds of publi: health 
include inadequate nutrition, poor and overcrowded 
housing, lack of personal hygiene, and an acute shortage 
of medical personnel. Average daily per capita caloric 
consumption between 1972-74 fluctuated around 2000, 
about 83 percent of the estimated dai.ly requirement. 
Shortage of medical personnel is compounded by the uneven 
distribution: 87 percent of the 234 physicians are in 
the provinces of the three major cities which contain 
52 percent of the population and most of these are in 
the three cities themselves. Environmental problems
have a direct effect on these health problems. For 
example, use cf polluted water and lack of effective 
sewag2 disposal create favorable conditions for endemic 
diseases. The government began to tabulate diseases 
in 1975, when the following number of cases were 
reported (Nyrop et al. 1977): 

gastroanteritis 17,909
 
malaria 8,118 
amoeiasis 6,289 
bilharzia 3,932
 
typhoid 3,705
 

Incidences of certain diseases are estimated as follow 
(Swiss Technical Co-operation Service 1978): 
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bilharcia schistozmsias 97 per 1,000 inhabitants 
t berculosis 25 per 1,000 
1ma ia 20 pr 1,000 
intestinal parasites and 
dysenteries 850 per 1,000 

The actual incidence must be assumed to be much higher. 
Hany other diseases are known in the YAR, including 
tuberculosis, trachoma, helminthiasis, cholera, hepatitis, 
and bacillary dysentery. 

-2.3 Economic Characteriptics 

The economy of the YAR is heavily oriented toward agriculture. 
By World Bank figures 45 percent of the GDP in 1975/6 was 
accounted for by agriculture, fishing, and forestry. It 
is more common to .ind estimates of over 60 percent for 

percent of the workforce isagriculture's share. Seventy-three 
employed by agriculture, and 85 percent of export earnings 
were for raw agricultural goods in 1976/77. Processed 
agricultural products accounted for another 11 percent of 
exports by percent value.
 

Yemeni agriculture is still predominately subsistence, 
though in recent years cash cropping has increased. Only 

about 8 percent of Yemen's land area was cultivated in 
1976, and another 10 percent was classified as marginally 
cultivatable. Of the 1,515,000 hectares cultivated, 85 
percent were dependent on rainfall. Sorghum and millet are 

the major crops. .aize, wheat and barley are also extensively 
planted, as are vegetables and fruits. The main cash crops 
are cotton and qat, a shrub very popular in Yemen for its 
narcotic leaves. 

3Sources: Nyrop t al. 1977. 
Oman, theQuarterly Economic Review of Bahrain, Qatar, 

Yemens, Annual Supplement. 1979. 
Socknet and Sinclair. 1978. 
U.S. AID Project Design Information (INQUIRE). 1960. 
U.S. AID All Data. 1979. 
World Bank. 1979. 
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Agriculture in Yemen has been declining in recent years. A 
major factor in this has been the vast migration out of 
rural areas, especially abroad, which has led to serious 
labor shortages. Remittances sent back from abroad also 
reduce incentive to keep farming marginal land. Domestic 
popularity of qat has led to a decline in production of 
coffee, with which qat competes ecologically. Thus, the 
YAR is not self-sufficient in agriculture at the present, 
and prospects seem to be worsening. 

The governent hopes to reverse this, and in the 5 year plan 
(1976/77-1980/81) is aiming tz work towards self sufficiency 
in food production, reduce the trade deficit in agricultural 
goods, and improve the quality of agricultural products. 
About 14 percent of the total YR 16 billion budget for the 
plan is to be spent directly on agriculture. 

Other sectors of the economy, in order of contribution to 
the GDP, are trade (24%), government (10%), industry, mining, 
and electricity (6%) and construction (4%). the major 
industries are light, such as textiles, food processing, 
and building materials. The investment in industry Lincluding 
construction) under the five year plan is to be about 25 
percent of the total expenditure, and nearly 31 percent is to 
go toward transport and communications. 

The Yemen Aratb Ropublic's ambitious five year plan is nearly 
85 percent dependent on foreign aid. A good proportion of 
this aid is expected from various Arab sources, and the rest 
from the World Bank, the United Nations, and from the industrial 
nations, both east and west. U.S. AID in the late 1970s has 
been involved primarily in implemen.ing and improving water 
system in urban areas, and in several agricultural projects, 
particularly sorghum and millet improvement and poultry 
planning. A common problem in many of the projects has been 
the inability of the YAR to provide qualified Yemenis to take 
part. 



3.0 Natural Resources 

3.1 Geology and Minaral Resources 

3.1.1 Geology 

The USGS - ARAMCO Geologic Map of the Arabian 
Peninsula (1963) distinguishes 22 major geologic 
formations in southwest Arabia, as follows (Fig. 3.1 
and Table 3.1): 

2e- Aeolian sand, which is conmonly mobile, is found 
in large areas of the eastern deserts. 

2u. Wadi terrace deposits, alluvial fans, gravel, 
sand, and silt, with numerous loess deposits particularly 
in the central pla'.ns. This formation predominates in 
the Tiama, where it may include coralline deposits 
below the 3 meter terrace. It also covers extensive 
areas of the eastern desert and occurs in patches in 
the highlands. 

Qa. Consists of predominately basaltic lava and 
pyroclastics in lava flows and numerous scattered 
cones and craters. In places it is covered with tuff 
and volcanic bombs. Large patches occur near San'a, 
Zfhamar, and Marib, with smaller patches scattered 
throughout the mountainous areas. 

2. Consists of gravel, limestone, and other components 
forming dissectc.d remnants unrelated to present or recent 
drainage. It occurs in the northeastern deserts along 
the borders with Saudi Arabia. 

Ta. Hypabyssal andesite and diabase intrusives, 
comnly glomeroporphyritic and in dike swarms. In 
the YAR this formation is found only in small patches 
of the western foothills near the Saudi border. 

Tla. These basaltic and granitic laccoliths occur only 
in small patches of the nrthern highlands. The 
largest are found just south of Sa'dah where the 
composition is granitic. 

11 
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Table 3.1 Geolocic -'or-mations of Southwest Arabia 

Quaternar." Qe Eolian sand 

On Alluvium and related surficial 
deposits 

na Aden Volcanic Series 

Qg2 M Gravel 

Tertiary Ta 71 Andesite and diaba.e 

Tla Laccoliths3 

Tgr * Granite 

T- I Jeza Formation 
Mu 1 er-Radhuma~m- Formation 

Med 4-zir Series 

Cretaceous Tkt Trap Series, in rlaces overlies " 

xt Tawilah Group 

:urassic Jam Arran Series 

-ko Kohlor Series 

Permian or Pw Wajid; Sandstone 
Older
 

Precambrian Pzp-Cg Precambrian* (?) synkinematic and 
to Paleozoic Paleozoic rostkinematic granite rocks 

Precambrian hr Hybrid rocks 

ur Precambrian rocks undivided 

mr 7" 3Precambrian metamorphic rocks 

gr r&7, Calc-alkaline granite 

gg Granite gneiss 

wh iHali Schist 

NZoted on man. 

Source: USGS AAMCO.
- 1963.
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Small patches of leucocratic granite with some 
=. 
 occur in the highland

amphibole and tourmaline crystals 
coast.mostly between San'a and theareas, 

Consists of crossbedded sandstone with locally
Tn. 

sandstone, and shale.
fossiliferous, calcareous 

part may be locally rich in 
Sandstone in the upper 

in the highlandsmainlySmall patches occurhematite. 
near San'a.
 

Tkt. Consists of basalt, rhyolite, andesite, 
trachyte, 

a pyroclastics with interbedded lenses of fluvi&tile 
and shale. Locally it 

and lacustrine sand, clay, may 
At leastfossils.contain freshwater Oligocene-Miocene 


places this formation overlies
 
1200 m in thickness, in 

common highland formation and
Tm. Lhis is the most 

southern mountains.the central and occurs throughout 

coarse crossbedded sandstone 
Kt. This is continental 

and gravel, and irterbedded 
with lenses of conglomerate 

part. It overlies rocks 
shale and sandstone in the lower 

Bar-Is of this 
of Jurassic age or basement complex. 

the fringes of Tkt, especiallyfound aroundformation are 
and southwesteastern foothills,

west of San'a, along the 
also occur just southwest of

Small patchesof Ta'izz. 

Sa'dah.
 

jam. This formation of limestone, marl, and shale is
 

northern highlands and
 
the7 predominant type in the 

include detritalLocal areasfoothills.northeastern a
 
beds in 
 the lower part. The series is overlain by 

zone of gypsum,transitionless widespread Upper Jurassic 
and some limestones.

marl, shale, sandstone,clay, 

shale with sandstone and 
Jko. Consists of green 

the lower part, sandstone and 
conglomeratic bands in 

in the upper part. The formation is 
some conglomerates 

comon in the northwestern highlands.
 

partially crossbedded, locally
Pw. Consisting of 

also includesformationc;nglomeratic sandstone, the 
zones. It is comnon 

quartz granule and pebblecommon 
Saudi Arabia and occurs ir the YAR near 

in southwest 
that country.

the northern interior border with 
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Pzp-Cg. Predominantly granitic rock of Preca-brian 
age, but includes some younger Paleczoic granitn. The
foma-tion occurs in small patches in the southeast
 
interior, near the PDA border.
 

hr. Hybrid rocks affected by variable and generally

intnse granitic invasion and feldspathization. They

occur in small patches in the southeast interior near
 
the PDRY.
 

ur. Predominantly granite, gneiss and mica schist
 
with subordinate quartzite, syenite, and hornblende
 
schist, the formation locally includes marble with 
ilmenite mineralization. It is 
common throughout thesoutheastern interior, in the northwestern hichlands,
and occ--rs in patches t:roughout the highlands. Some
times considered equivalant to , zp-Cg, and hr. 

mr. This formation consists of metar hic rocks,
schist, gneiss, quartzite, chrt, crystalline limestone,
and granulite. it occurs throughout the southern 
highlands and foothills, and is particularly comon in 
the PDRY.
 

a. 
 Consists of gray and pink hornblende granite,
which is generally massive and weathers into bornhardts. 
it occurs in the YAR near the Saudi border north of Sa 'dah. 

,2. This formation consists of gray granite with many
inclusions and xenoliths. It weathers into pits and
 
caves. 
Found in northern foothills areas, on both sides 
of the mountains near the Saudi border. 

wh. Consists of chlorita-sericits schist, amphibolite

schist, graphitic schist, marble 4quartzit, slate,
jaspilite, conglomerate, and interbedded greenstone
derived from basalt. It occurs in he norther highlands 
near the Saudi border.
 

Figures 3.2 through 3.6 show geological cross-sections

from several areas in the YAR. 
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EXPLANATION 
0 5 10 KILOMETERS 

TraP Suloa (Upper Cretaceous and Tertiu7) 

Tawilah Group (Cretaceous)
 

Amran Series (Upper Jurassic)
 

Bament complex (Pre mbrian)
 

Figure 3.3. Schematic Profile of 
 North of Ta'izz Showinc Horst Throuch Tran .Series. 
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...........
 

=EXPLANATION 
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3.1.2 Mineral Resources4/ 

The Yemen Arab Republic seems to have very few mineral 
resources which could aid economic devalopment, although 
medieval writers regarded the area as xather rich in 
minerals. The only minerals currently being exploited 
are rock salt and building materials such as gypsum and 
limestone. 7he Yemen Salt Mining Corporation, the only 
large mining company in the YAR, is currently producing 
rock salt in the area of Salif (75 km north of Hodeida). 
Capacity is about 1 million tons per year of salt 
grading 98.2 percent NaCI. Proven reserves at Salif 
are about 72 million tons if mined to a depth of 50 m, 
or 115 million tons mined to 80 m. Rock salt has also 
been discovered in the eastern interior (Fig. 3.7) near 
Marib, but it is not currently being mined. 

Gyps= and gypsiferous beds are associated with the rock 
salt deposits near Salif, and about 2300 tons are produced 
annually for the cement plant at Bajil (about 100 km 
southeast of Salif, 60 km east of Flodsida). Another 
few thousand tuns are consumed locally for construction 
from the deFosits around'San'a, Ta'izz, and Heis (between 
Ta'izz and Hodeida). Alabastwr is quarried in small 
amounts in the eastern foothills west of Marib. Other 
industrial minerals such as graphite, mica, marble, 
chalk, limestone and dolomitic limestone, sandstone 
suitable for the glass industry, sulfur, saltpeter, 
and coal occur in various areas. They are not currently 
being exploited and there is some question of whether 
any are present in sufficient quantity to make exploitation 
economically worthwhile. 

4Sources: Faroughi. 1947. 
Quarterly Economic Review of Bahrain, Qatar, Oman, 

the Yamens, Annual Supplament. 1979. 
al-Shatouri and al-Eryani. 1979. 
UNESCO. 1976. 
U.S. 
U.S. 

Dept. 
Dept. 

of the Interior. 
of the Interior. 

Bureau of Mines. 
Bureau of Mines. 

1976. 
1979. 
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Metalliferous deposits in the YAR are classed into quven
associations: 1) copper-cobalt-nickel, 2) copper-lead
zinc (cadmium), 3) copper-(silver-gold), 4) lead-(zinc),
5) iron, 6) tin, and 7) uranium - (thorium) (el-Shatouri
and al-Eryani 1979). One of the major Cu-Co-Ni areas is
located about 40 km southeast of Ta'izz (Fig. 3.8).
Analyses of four samples from al-Hamura (within the
 
Cu-Co-Mli area) are presented 
in Table 3.2. Other

samples have reported to assay 
at up to 19 percent Cu.

At another location in the same area analysis showed

45.0 percent Fe, 10.0 percent Cu, 2.0 percent Ni, and 
1.5 percent Co.
 

Table 3.2 Mineral Analyses from al-Hamura and Marib 

1mum 2 3 4 51 

Si 3-10 3.10 3-10 3-10 sdAl 0.50 0.13 0.60 10.00 .d..e.d. S.d. s.d. s.d. 15.0
Ca 0.2 .2 0 1.3 15.0us 0.2 0.2 0.4 0.7 3.0

TI a.m3 0.01 0.20 0., 0M
Cu 10 10 1 10 2
Zn 0.03 0.04 0.02 O3 I
Co 1.00 230 0.03 0.60 AS
Ni 1.0 3.0 
 0.3 1.0 0.015Pb 0.015 0U1 O.O15 0.015 2Ca .4. ..d. .d. U.0Z0
Cr O.03O 0.005So 0.001 0.03s.d. mtd. s.d. 00d 
B.d. .d. m.d. m.d. 0.5 

Sb mLd. & R m.d. 0 
m.d. m.d. Rd 0.13 

Source: el-Shatouri and al-Eryani. 1979. 

Table 3.2 also includes data on a sample from the Cu-Pb-Zn 
(Ag-An) area near Marib. The actual values of Cu, Pb,aund Zu are much higher than indicated, due to limitations 

in the methods of spectrographic determination. Data 
on the other associations is not readily available. Aswith most industrial minrals, metals are not currently
being exploited and may not be present in sufficient 
quantities for aconomic exploitation. Oil has been and
is currently being prospected, particularly off-hore in 
the Red Sea, but without success so far. 
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3.2 Water Resources.
 

3.2.1 Surface Water5/
 

Compared with the rest of the Arabian Peninsula, Yemen 
receives a large amount of rainfall. Rains come in two 
distinct periods: March through May, and July through
 
September, which is the heavier rainfall season. Since
 
the rains come from the Indian Ocean monsoon system,
t'.he most well watered provence is Ibb, where 1468 m was 
the average at the town between 1970-1976. In general, 
rainfall drops off with increasing distance from Ibb. 
For example, at Ta'izz, southwest of Ibb, a 24 year
 
average ending 1976 was 580 mm; at Yarim, to the northeast, 
it was 497 mm (1970-76). As far north as San'a, this 
six year average was only 181 m, and at Zabid, in the 
Tihama, 140 m. However, rainfall can be quite erratic, 
and an extended drought such as the one between 1967-73 
may severely damage agriculture in all but the most heavily 
watered areas around Ibb. 

Most Agriculture is either directly dependent upon rainfall, 
as in the highlands, or indirectly utilizes rainfall by 
irrigating with surface runoff, as in the Tihama. 
Agricultural areas in lowland regions are therefore generally 
confined to land near wadis. Seven major wadis drain
 
into the Re! Sea, two to the Gulf of Aden, and a number 
drain the eastern slopes. Figure 3.9 shows the major 
wadis, and Table 3.3 gives catchment areas for most of them. 
Topographic profiles of represantative wadis are shown in
 
Figure 3.10. Hydrometeorological data and streamflow data 
are presented in Tables 3.4 and 3.5 respectively. Figures 
for streamflow are usually taken at a point near the base 
of the mountains. 

5 Sources: Bernhardt at at. 
 1980.
 
al-Eryani. 1979.
 
Escher. 1976.
 
Nyrop et al.. 1977.
 
Pratt. 1977.
 
Swiss Technical Co-operation Service. 1978.
 
U.S. AID. 1977.
 
World Bank. 1979.
 

23
 



~-J. 

f 

11 

0.0 

,,-

dw~ 
-, NI 

.'I 4i K 

-

"-

=., 
-

"-X-". 

,, -

=. 

-/ 

." 

= ,, 

-/ 

4.\ 
Bdt -,u a 

,.%

-- 180 -

24-s-

- -

Fjg aX .9: Kjor Wads 

SoUlZce: Be~flhaDdt et al.. 1980. 

24 



Table 3.3 Draninae Aeas of Maj 

WESTERN ESCARPN, 


Widi Mwr T.500 sq b
WadlSurud 2.450 sq km

widAsnj 3.00 
sq km
wi PJ, 2.450 sq kmwidi Zab 4.5W, aqkmHrr-wire asi 1.T sqq kmwid_ __ __m 1.300 


Total 1...50sq km 

SOUTHERN ESCARP,4r 
Widi Tuban 1.55 sq km 
Widi Bani 5.900 sq km 
TotaJ 9,45 sq ka 

Sourco: Uernhadt Ct al. 1980. 
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Figure 3.10: Topographic Profiles 

Wadi Courses 

EASIERN ESCARFMNT
 

Widi AmlaRh 
 1.000 sq kaWidiKhlabo 1.400 sq km
WgjAwba 0 sq kmWidl Madhib 2.700 sq km .ON acW -3.o sq.W100 ,.: .q sq km1- 7. 000 

w 8.90 - 11.300 sq kmwiLi Baybn 2.450 sq km 

Total 
 30.650 sq km 

.. 
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.0 ,
 

along Seven Selected Wadi Courses 

Source: 
 Swiss Technical Co-operation Service. 1978.
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Wadi Mawr is one of the best researched wadis of the 
Tihama, and may be viewed as fairly typical even though
flow figures in Table 3.5 are somewhat greater than for 
other wadis in no-mal years. Under normal conditions 
none of the water in Wadi Mawr will reach as far as 
Luhayyah on the coast. Not only will the extremely dry
soils of the Tihama absorb any water that reaches it, but

also every effort is made to harvest as much as possible
for agriculture. In general, surface water is available 
all year only in the highland areas in the major wadis. 

6 /
3.2.2 Groundwater 

Groundwater is in most cases the only year-round reliable 
source of water. Unfortunately, the aquifers in the YAR 
have not yet bean studied extensively. The Tihama

groundwater regime has received a certain amount of
attention (al-Eryani 1979), where groundwater is generally
under water table conditions rather than confined. Depth
to water varies from as much as 85 m near the base of the 
mountains to as little as 5 m near the coast or under
wadi beds. in , few areas swampy conditions may exist.
Direct recharge of the Tihama aquifer through rainfall 
is negligible. Indirect recharge comes through seepage

from streamflow in wadi channels and irrigation canals;deep percolation losses from irrigated land; underflow 
through streams cross-sections at the point of exit from
the mountains; and possibly underflow through the mountain 
front east of the Tihama. Estimates for these figures
 
appear in Table 3.6. 

Additional data on water resources in the Tihama may be 
found in Appendix IV. 

6Sources: al-Eryani. 1979. 
Escher. 1976.
 
Nyrop et al. 1977.
 
U.S. AID. 1977.
 
World Bank. 1979.
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12.6 million cubic feet per year could be develooed frompresently known sources. Projected annual water demand 
for 1995 in million cubic meters is 17.6 at Sana'a
and 14.4 at Ta'izz. Obviously, if these figures prove
to be relatively accurate, water supply for Taizz will
 soon benome crucial. a-nd S-na '_ will be having problems
by the beginning of the 21st century. Table 3.7 forecasts 
Sana'a's water use through 1985. 

Table 3.7 Forecast of Population and Water Consumption 
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3.2.3 Water Quality'7 

Surface water quality in the Tihama is generally considered 
to be fairly good, with medium salinity, low sodium, andslight alkalinity in some cases. Test analyses in wadis
Rima and Zabid showed total disuolved solids (TDS) around
290 mg/l and 500 mg/l respectively. Electrical conductivity
was 455 and 740 micromhos (at 250C) respectively. Thesevalues are probably representative for the Tihama, but no data is readily available for highlands areas. 

Groundwater quality in the Tihama is quite variable. It can be fairly good, as in wadis Rima and Zabid (Table
3.8), but more commonly i±hara groundwater tends toward
high salinity. Often this is attributed to the existence 

7Sources: al-Eryani. 1979.
 
Lateef. 1978. 
Pratt. 1977.
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Taizz Area This city has its domestic water supply from 
the Town Water Supply and from natural springs from Jabal 
Saber and Salah. The Town Water Supply has six wells in
the Haugla area drilled by USAID during the sixties. Sample
analyses of these waters are listed in Appendix VI, Table 8. 
Their nitrate content is extremely high and range from 50 
to 200 parts per million as compared to 45 parts per 
million, considered the maximum permissable level for 
drinking purposes. similarly, the salt content is 
2000 PPM as compared to the maximum permissable level of 
1500 PPM.
 

Water from Jabel Salah is relatively acceptable although 
it has 16 PPM of nitrates and high levels of fluoride 
respectively. Yet there is considerable demand for this 
water although the supply fails to meet the demand. 
Therefore, over 90 percent of the population depends on 
the less desirable Town Water Supply for drinking and
 
domestic use.
 

Ibb Area. This city has its source of water from three 
wells drilled in Queensland near Ibb. The quality of 
water is in excess of the maximum permissable limits in 
calcium, chloride and nitrates. 

Sana Area. This is the capital city and depends deepon 
wells dug to a maximum depth of 200 meters. The wells 
are dug in a cretaceous sandstone acquifer northeast 
and northwest of the city. Shallow well are dug into 
the alluvium which overlie layers of basalt rock. Although
this is probably the best water in Yemen, it is considered 
below acceptable standards for human consumption. 

3.2.4 Water Law- / 

The YAR has no comprehensive system of law in the modern 
sense concerning water resources. According to the 1970 
constitution, the Shari'ah is the source of all laws; in 
practice this means that in the absence of modern legis
lation on water, the Shari'ah governs all aspects. While
it was developed to suit the needs of a pre-modern society,
because of Lts case by case approach Shari'ah can often be 
adapted to modern situations. In general, water is 

8 
Sources: Caponera. 1973. 

U.S. AID. 1977. 
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public domain- In practice, =MY 
regarded such ownership of a well notas part of the the water,conventions, as but 

of water. 
seem to confer de facto (private) ownership 

may for the communitylegal precedent
However, ther is ample 

protect the public interest in 
to step in, if need be, to extendresourcessince groundwaterFor example,water.beyond the property of a w&ll owner, Islamic law would 
not atlow the owner to pollute the well. To prevent mis

resources, the principle of 
use of areas around water Thus, while tradi

may be invoked. 
use of protected area, 

not directly addressed many modern 
tional Islamic law has the legal basis can provideit certainlywater problems, 

for mdern legislation.
 

this direction with Law 
first step in

Yemen has taken a 
Water and Sewage Public 

No. 13, 1973, which set up the 
Water and Sewerage

called the National
corporation, now of water remain 

Agricultural uses
(NWASA).Authority j

outside the domain of this office's power, 
but it is
and proViusefor domesticwater

charged with developing 
has been given legal powers 

over
 
NWASAfor sewage. 

can function 
many aspects of water to insure rhat it 

The definition of duties 
tends to restrict
 

properly. the major cities. 
to the iemediate vicinity of 

NWASA 

Rural Water use and Managemen/3.2.5 


water management practice 
naturally varies 

iTraditional to whether the water 
area and according :ldwidely with a centuriesIn the highlandsurban areas.rural or 

mountain slopes isabl
 of terracing on asystemelaborate -ontaLningsmall Plots 
trap runoff in millions of 

to 
deep soil layer.
 

Sa' dab proviSan' a and
al-.Qasim between

The. village of ua¢tg 
a good example of water use in the which.terraces,
bring a layer of new soil to many 

usuallY come in mid 
The first rains 

be re-levelled. is not as wet or as 
seasonThis twoMOnthFebruary. :,11 plots

late su--r rains, and not M 0as thereliable the year. Al-Qai 
in the early Part Of 

cultivated 

9 Sources: Caponera. 1973. 1978 
ECWA/FAO Joint Agicultural Division. 

1976.
Escher. 

Kopp. 197. 

1977.
Nyrop et al. 

Speece. 1980.
 

1978.World Bank. 
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have a few small spate-irrigated plots for vegetablesat the bottom of nearby wadi.a However, becauseactivity is so thisinsignificant, there do not seem to beany elaborately-developed institutions
irrigation. for regulating 
see below), 

There is no shaykh al-sharigah (watermaster,
no priority rights, and no elaborate divisionof water shares. Each trcn Libnah (ca. .05 ha.) of landgets one day of water who.-a the wadi is running. Thevillage does have an 'aqil to oversee a fair determination
of the order of use, which is reset every cycle. The
village cistern, which catches runoff for washing and
and for a.nimals, has been under waqf (religious endowment)
administration for at least a century. 
 Drinking water is
carried by the women from a spring about 15 minutes walkfrom the village (Kopp 1977b).
 

In the wadi floors, networks of dams and weirs divert
spate flood water into irrigation channels wherever thereis available land. 
These traditional methods have been
very efficient in harvesting whatever surface water is
available for agriculture. 
 For example, of an estimated
annual yield of 150 million cubic meters of water in Wadi
Zabid, the traditional system can capture about 60 million
cubic meters for irrigation.
 

The irrigated area of wadi Zabid is divided into 3 sections.
The upper delta has six canals which branch off the wadi.
For the period between 18 October  29 March the base flow ofthe wadi is allotted to these six canals. 
 From 29 March
to 3 August, these canals get part of the water on thebasis of upstream priority. 
The rest goes to the next
area. 
 The middle delta gets the peak.flow during the
rainy season, from 3 August to 13 September. Upstream
priority within this middle region is again the basis for
division between its seven canals. 
 The lower delta has
four canals, and these are entitled to the flow from 14
September to 18 October. 
The only exception to this canalupstream priority rule is that one family with land
downstream from all of these divisions gets five days offlood flow. 
Tnis family traditionally supplied the
shaykh al Sharige, (local official responsible for
administering water distribution) and these water rights
were partial payment for services rendered (Caponera

1978).
 

In the Wadi Mawr area (Escher 1976), isthe watermastercalled wakil al 'aqm. His duties are not different fromthe shaykh al Sharige and only the
His authority varies withAn 
title varies locally.


the region. The wakil almay be responsible only 'aqm
for overseeing irrigation water 
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e of a landlOas representatr he maYct adistributn, Re normally ascertains
and choose the renter o2 the land. 
human labor for upkeep

that farmers contribute animal and 
cn tu The wakil al 'aqm receives about

fthef armers 


of the ieyrria as painUent, but often pays for the
 

materials needed in maintenance out of this portion.
 

in Wadi Mawr. In 
upstream priority holds

practice, it is sometimes not followed for various 

not build for partic1lal
d ma sometimes be washed out, making

racotice eisversion systmnis 
reason fo 
strong floods antma. impssible. Also, well-off famil'es 
noreloater division influence a wakil a' 'aqn to their 

neldadeall fields alon t 
own benefit. In cases waere 
owned by the Sam family, prioritY rights axe no1t n tee. 

.
Jist as the maint~nence of the elaborate terracing in 

the conlef irrigate
is labor intensive, so arehighlandz In Wadi dams are conssystems of the Tihara wadis. Mawr 

in the wadi bed during the dry season to divert flood 
waters into the canals. There are 38 of these major 

sfurthest downstream.
along_ the wadi. In minor floods,diversiodiversionary canals a 


water will never reach the canals fill be washed out,
 
In the largest floods, the upper dams w b a d
and water cannot be diverted. It is rare when all land 
can be irrigated by the same flood. 
The major canals run parallel to the wadi in the alluVi4 

soilsjo at ils , the dam marking the field froz 1 
nd the field is flooded to thesoils. To watsr fled Fielnedsthe
oann
thedin 


enough to alol 
of the boundary dam. usually this is 

the field for 24 hours,
water to remain Standing on 
and this suffices for one planting cycle. Fields aro 
plowed and planted about a week after such irrigat0 ' 

usually obtained f301 
" 


areas directly from rainw
ar
Drinking water in rural 
ir t-alt he POorwells, surface flows of wadis,"d 30 Percnt use

In the Ta'iz= - Ibb roln rra ' 
27 Percent ofthIb region,In hea'ZZ 

uses wells, 41 percent uses wadis, an
 

rainwater (el-mari 
1979).


In recent years the use of pumps has increased drawt" 
is noW

in groundwaterthe Tiha=a, and
especially w extracting another 62 MiextensivalY used for irrigation-o In th . of AIextnsielyuse area 

Zabid again, pumping inower another 2 

cubic meters of water 
from the aquifer annually 

most crucial factor, 0Water resources a one of the 

water are receiig
the YM, and various aspects of 
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priority in the 5 year plan. Appendix VII gives some 
indication of the kinds of projects and of the aid the 
YAR is receiving in this field. As in most other fields, 
progress is often hampered because of lack of the proper

administrative and managerial structure, and due to an 
acute shortage of qualified personnel for nearly every 
aspect of imlcmentation. 

3.3 Soils and Land Use / 

3.3.1 Soils
 

There have been no systematic soil surveys covering the 
whole of the Yemen Arab Republic. Saad (1979) and Checchi 
and Company (1978) offer general observations on soils, 
upon which the following summary is based. 

Highland Soils. More than half the area in the highlaads 
is steep, rugged, rocky and stony to the extent that agri
culture is impossible. The most widespread soils are light
colored calcareous silt loams and silty clay foams. These 
bear a strong resemblance to loess, and are found on gentle
slopes. On steeper slopes, stony colluvial soils predominate;
these are brown to red-brown and have a high clay content. 
They are formed on the weathering products of the rock,
mostly basalts and volcanic tuffs. Soils in wadi 
basins contain transported elements of both of these 
soils, transformed by high water tables in places to form
 
hydromorphic soils. 

Saad's observations (1979) are similar, but she is concerned 
primarily with agricultural soils in the terraces. Terrace
soils show moderately well developed profiles and are 
mostly lithosols and yermosols. Yermosols are mostly
lithic and stony because truncation by erosion has gone 
on more rapidly than soil formation or accumulation. 
Saad classifies terraces into categories by soil type
which correspond to the three rough divisions noted by
Cheechi and Company on the slopes. 

The first category has calcareous loess-like soils, with 
characteristics as noted above. They are usually well drained,
and they occupy extensive areas of the southern highlands. 

DSources: Checchi and Company. 1978. 
Saad. 1979. 
UNESCO - FAO.. 1977. 
University of Arizona, Department of Plant Sciences. 1981. 
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the Soilsis a mixture of
of terraces soilsThestoyof the calcareos 10e3s-LiLke soils and colluvial 

from the slopes, as noted bY Checchi andwashed down 

to verYdenately
These soils in terraces are 

centra ighlands.Company. he s 
deep, and are found particularly 

in 'icb 
soils of the wadi 

bottoms, 
ep eld&

agricultural vr 
dThird are the to well dra 

are generally young, moderately verY deep,
They areand gravelly coarse to medium in texture, 
Co any note 

to fl rdin*ceCoii and 
quite Susceptible separa wtlYh h 
the tendency toward hydrOMhs 

accumulated
and saad classifies these

water table, . 
are very deep, poorly drained, and often have 


surface.

saltS due to evaporation from the soil 

o30 in eleVat- oit charactesT t=-nt~ane plains and other 
l haato 

areas range from 500 to 3000 m'Min t 
soils include a wide varietY of "Srosols, lithosols, 

Stony and litbiC phases areseos nlu 

lava fields occu drained, med 
common, and extensive reep inThese soils are generally quite d wel ldr 

siltyand consist of calcareous silt loans toalkaline, 
sols Te montane Plainsin.oms 

is...... jydromrPhic oit occur occasionlly 
cyos
n
clka band in I

Temnripllocal areas. areas i 
important agriculturalsome poorly drained areas of relatively hightshe particularlY inYAR, the mostcontin omeof soils from highland sites arerainfall- Analyses of 

presented in Table 3.8.
 
ln h 2 

d regosols, while sand sheets aea~
ainS. soils on low dur.es and 
whleavelYfs-ioreocoarse texture nlS 

- Along tliS 1mostly areas , f the souther plainsoccupY most 
e oastnarrow strips of various solnishecdocaa ... s
Sea coas of can be u (SaAjFive maior rgroups 0 soils 

Ol f tran__p.rtaticzcatcres 
a-a
..... os- T 
occur in the upper 

These 
thresult o r ,oftheiana o adi

and are a rials fro. the highlads,
of le 


s

of these soils are s i some areas pil.--


These soils are 
ment, but deep soils .1 T 
calcium carbonate 

accumulation be practiced onlY can 
and cultivation generally

where wadi spring,dry, flow, or well water is availole' 

They 04.soirs made UP Of t are 

2. Alluva-eland
2 luviallian soils. These occur in the eaS'r: 

are highlandse ceare 
part of the Tihama and 

gdeeP, Oarse
material brought down from the deeP .arid soils with high infiltration rates,
meidSO texture, Calcareous and show weak to moderaU. 
medium l.. ial-eolian soils are not ,Alluv.,r sufirient rainfall 
development-


whereexcept in a few areas suf
 

cultivation for 
grazing purposes.
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Table 3.8 Soil Structure and Chemical Analyses from Highland Sites
 

Sail stuatuwe sonl amiatz
 
ft" e Samd sut5 Clay oyiC 
nmter Amltae/pw Tow

DE 105 0 . who* 

0073-1 6O 30 10 r 7.9 5.7! 0 0.015 1.15
OR 78-2 40 20 40 U= 7.8 2.30 360 0.017 O."OR 7-3 95  5 tr 6.1 7.5 40 0.071 1.14

S7-4 o 25 1. Uv 7.7 1.15 420 0.055 1.53
(a 73-5 25 45 30 U" 6.0 3.91 34 0.050 1.03
0 78-6 so 13 5 t 7.3 1.15 253 0.046 1.04
03 7-7 13 40 45 2 7.3 2.3 240 
 0. u1 1.14

OR 73-9 90 t
10 - 3.0 1.41 138 0.042 1.14 
,73-10 -7-1 5 U 7.7 5.75 24 0.006 1.01 n 73-U 3 0 7.3 3.91 540 0. on 1.05OR 79,1 67 10 3 U 7.9 3.74 396 0.029 0.35 

- - - -
 .1 2.07 420 0.038 0.44 
*---.o;ctcL C --- L,.lahm.,; L ---


Legend for Table 3.8
 

3in.t am) ONW.M) 

OR73-1 m so m 2424
 
C070-2 iy mm 34 
 2270
 
0373-S Kizyn 
 .173S 2
 
006-4 um Sohm s 
 2424
 
087-5 1-1rm 
 43 Sir 3000
 
0273-4 TALL* 
 35f 324
 
Q33-7 an-ti= 148 M 
 um 

001-9 Sa2 40 I .313I
 
0273-10 
 1an2.3IS 

OR73-U 2h1gia 
 2.1U4m 

Source: University of Arizona, Depat1ent of Plant Sciences. 1981. 
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Tne are the Most
3. Aluvial soils of the valleys. formed bY the

soils of the Tihama, and were con 	 alluvial materials through theovent and deposition of 

axetakes plaCe annuallY. They profilplain flood action which 
young with little or no 

soils generally Intothe valleys can be dividedsPxa~ifiedtraid soils of 
" .... atively coarse turd
'
2. ctp-grie,(a)thesoils that are affected by

2h alluvial 

Toave trd
 

axe very deep, reljjgatioi 
loam with no profile development, They have high

sandy 
levels (earth beds) built around them leavingtwo openirwt 

an inlet and the other as an outlet for water. (b
one as generallysoils not affected by spate irrigation axe 
Very dep, loam to fine and 	sandy loam with weak 

to moderAte profile 
development. 

the most i=portant grou'p of soil 

sYdpsilt 

4xriclt2rallY, this is 
in the Tihamn- Cultivated landS 	 are irrigated either' by 

network of irrigationwater through awells or by wadi 
channels, or directly by spate irrigation. 

4. Saline and/or alkaline soils. These axe located 
and in other local areas of thealong the sea coast 	

has been used for irrigaz
poor quality waterTihama where 

without appropriate water management practices- TWO 
examles of the latter soils ae: (a) the Gumaisha 

area, 16 1m eant of Hodeidah, where typical alkalinit 

casehave develoPed in the medium to(mostly calich-e) of the experimental farm; and 
textre soil profiles 

about 50 km southeast of Hodeidab.
(b) The Lawia area 
soils near the coast are not usually 

cultivated except 
in local areas at wadi mouths of 'he
Since leaching requrmnts are seldom met, salt-affe%Severityeaandthereqi
Sinc leahin 


te
as is incr 

extending in area and th e 

soils are 
in s (N O 

problem in the already saltaf-ecteae 
(a)Theselre include:of san dareassoilres es. 	 NOiscellaneousbrknlands whc 


severelY eroded 
and hV 


coken (rock outcrops) r and b) l amr an of sant 
inet aund wadis IL1 Sih .re derr c 	 h very
aa 	 Zabid, aas ar
in th e ar 


prareas aredesert sand 
coarse sand profiles.
 

eyond these ummis, very little cunre lt S 
"
readily available on soils. The FAO-UNzSCO soil S 

197) does include Ye0'9'.broad categories
followingan distinishg (USCOFAOofeaoith Asa the 

3.9 and Fig. 3.11):
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Table 3.9 Doinant Soil Types and Asiociated Soils 

Map Symbol d Associated Inclusions Phase Approx. Area 
(dominant soil) 
 soils (>20%) (<20%) in Oman (1000 ha)
 

I-Y-bc 

Stony 
 4,846
I-Yh-Yk-l/2b 

Stony 
 6,148
I-Yk-2ab 

Stony 
 433
Je6l-2a 
 Zo 


Qc46-1/2ab I,Y R 
406
 

Lithic/ 
 270
 

Rc30-lab Stony
Qc,Yk 
 Z Shifting 902 

Yh22-lab SandQc,Yk Rc,Jc,Z 2,464Yk25-1/2a 
 IYl JcZ U.thic/ 1,956
 

Yk26-lab Qc Stony

Petro/ a 
calcic
Yk28-la 
 Rc I Stony 1,424
Yk29-1/2a Rc z Stony b
Y119-3ab I,Yk RC 
 Stony 
 654
Zg3-2/3a Zo 


cac 

aYemen is not listed under this soil type, but there may be pockets along thenorthern interior boundry with Saudi Arabia. 
bYemen is not listed under this soil type, but there is a small pocket shown on

the map east of San'a.
 

CYemen is not listed under this soil type, but then 
may be small po~nts on thecoast near the northern border.
 

dIn the example Qc46-1/2ab, Qc refers to soil type Cambic Arenosol. The numberimmediately following the soil type (46) is an arbitrary classification fortabulation purposes on the UNESCO - FAO map. Numbers following the hyphen(1/2) are textural, class (coarse to medium). Small letters at the end (ab)
refer to slope class.
 

INTERPRETATIONS OF SYMBOLS 

Soil Types T*ual SlopeClass Class 

I. Lithosols 1. coarse a. level to gently undulatingJc. Calcaric Fluvisols 2. mdium b. rolling to hillyJe. Eutric Fluvisols 3. fine c. strongly dissected to mountainousQC. Canbic Arenosols 
R. pagosols

PC. Calcaric Regosols 
Y. Yermosolsyb. Haplic Ytrsos 

Yk. Calcic Yezosols 
yl. Luvic Yermosols 
Z. Solonchaks 
Zg. Gleyic Solonchaks 
Zo. Orthic Solonchaks 
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Lithosol Yermosol Association. The majority of Yemen's 
soils 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 very prone to water or wind erosion. 
These characteristics normally make lithosols unsuitable 
for cultivation. Undifferentiated yermosols (I-Y-bc) 
are intermixed with the lithosols in most of the western 
foothills and in the foothills area aloncy the boider with 
the PDRY. The yermosols occur on peneplains and alluvial 
teiraces. Like the lithosols, they are usually shallow, 
stony, prone to erosion, and not particularly suited to 
agriculture. Both of these soils may be cultivated in 
small local areas where patches of deep soil have accumula
ted, either naturally or through terracing. 

The southern highlands and portions of the central and 
northern highlands consist primarily of lithosols inter
mixed with haplic and calcic yermosols (I-Yh-Yk-1/2b). 
Calcic yermosols, especially those with petrocalcic

horizons at shallow depth, are generally unsuitable for 
cropping and may be utilized only as rangeland. Haplic
yermosols on the other hand, can be very productive under 
irrigation. Small patches of lithosols in association 
with just calcic yermosols (I-Yk-2ab) may also be 
found scattered throughout the highlands. 

Eutric Fluvisols (Je6l-2a). Small patches of this soil 
are found in the southern Tihama and the southern and 
central highlands. They are also quite common in the 
coastal plain of neighboring Asir and may occur in the 
Tihama near the northern bord-r. Eutric fluvisols are 
quite good soils for agriculture. 

Cambic Arenosols (Qc46-1/2ab) and Calcaric Regosols (1C30
lab). These are common soils of the interior Arabian 
deserts such as the Rub al-Thali. In Yemen they are 
found in the eastern desert region with a few patches
in thrnorthern highlands along the border with Saudi 
Arabia. The arenosols are mostly shallow and stony, while 
regosols are charactaristically found on dunes and sand 
ridges.
 

Yermoscl Associations. Several varieties of yermosols 
predohnate in large areas of Yemen. Haplic yarmosols
(Mh22-lab) are the major soil type through the Tihama 
coastal plain. These can be quite productive under 
irrigation. Cambic arenosols and calcic yermosols are 
the major associates. Calcic yermssols (Yk25-l/2a, 
Yk26-lab, Yk28-la, Yk29-1/2a), which differ in their 
associates (Table 3.8), are found throughout the northern 
highlands and the eastern desert regions. These soils in 
the desert regions are usually unsuited for agriculture. 

41 



3.3.2 

1 1Sources: 

become productive under 
The highland calcic yermosols may 

are not as good as haplic
irrigation, 21 though they 

of luvic yarmosols (Yll9-3ab)
Small patchesyermosols. 

slopes and in the eastern desert 
on the easternoccur 

regions.
 
11/
 

Land Use and Cropping Patterns 

of the YAR 
Only about 8 percent of the total land area 

10 percent is classifiedwhile anotheris cultivable, wet years (Table
 
as marginal, but poasibly usable in 


cultivated 
3.10). ighty-fiva percent of the normally 

(Table 3.11). Most of this 
land depends upon rainfall fieldsconsists of terraced

in the highlands andland is 

(Figure 3.12).
 

most other aspects

cropping patterns, like

Field and 
vary widely, depending on 

of Yemeni agriculture, can 

topography, climate, altitude, 
water, soil, and frost
 

aaffected by
These patterns may also be 

frequency. as the needs 
social and economic factors, such 

number of 
of the producer, labor availability, 

land tenure, access 

to market and credit, and the customary planting history 

of the field. in general, fields are small, and 
even
 

large total acreage, his land 
when a landowner holds a a wideoversmall plots scattered 
may be in a number of 

Most large plots are in the Tihama.
 area. 

the major crops and these crops
areSorghum and millet the area planted 

in for 78 percent of
1975-76 accounted 

(Table 3.12). 

Sorghum and millet are primarily subsistence crops and 

about 70 percent of the total 
per capita daily food 

also provide
is from these two grains. They

intake for animals'such as fodder
number of other needs,for a 

fodder, as well as for h01 
The stalks are also used for 

Birks and Sinclair. 1979. 

Checchi and Company. 1978. 

Escher. 1976.
 
Kopp. 1977b.
 
Nyrop et al. 1977.
 
Speece. 1980.
 

et al. 1976.Tutwiler 
1979.
World Bank. 
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Table 3.10 Major Land Use by Governorates ('000 hectares) 

Total 
Governorate Area 

Sana'a 8,000 
Hodeida 3,500 
Ta 'izz 1,200 
Ihb 1,300 
Hajja 1,700 
Sa'ada 1,800 
Dhamar 1,000 
Beida 1,500 

20,000 

Source: World Bank. 


Cultivated 
Land 

400 

235 

250 

300 

130 

60 


100 

40 


1,515 


1979.
 

Marginal 
Agriculture 

600 

500 

100 

50 


250 

200 

200 

100 


2,000 


Table 3.11 Cultivated Land 

Cultivated 

Governorate Land 

Sana'a 
Hodeida 
Ta'iz 
Ibb 
Hajja 
Sa' ada 
Dhamar 
Beida 

400 
235 
250 
300 
130 
60 

100 
40 

1,515 

Source: World Bank. 1979. 

and Irrigation by Source 

Spate flood
 
Rainfed Irrigated 

375 
105 100 

221 10 

279 
115 10 

60 
92 

38 
1,285 120 


Forest and
 
Shrubs Other
 

100 6,900
 
450 2,315
 
500 350
 
400 550
 
50 1,270
 
- 1,540
 
100 600
 
- 1,360
 

1,600 14,885
 

of Water ('000 hectares) 

Perennial Wells 

20 5
 
5 25
 

18 1 
20 1
 

5 
- -

5 3 
- 2 
73 37
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Table 3.12 
Area and Production of Main Agricuitural Cr&LBs (areas 
 °000 hectares, productiont 1000 tons)
 

169/lO 1910/71 19l1/12 
 1512/13 1973/l4 19l4/7lALIIr'ductiog I9SI/16_M Producionu A 1hr2?&12112! tI2. 
 lowProM egL AKU kIStrd~ LA I EOraLc P-m ftr!localhm a millet 1" 610 973 730 920 627 1080 O94sis a 16 30 20 16 so 
952 639 1215 1008 1145 8570 52 s0 
 so 7 50 13b5t 14
s
Seeley 14S 140 

0 j3 25 25 50 5o 70
140 154 125 71 50 56 5o140 110 32120 77 as Y3 an Go 75 
m Lagames. VegetablesLeg mmes so so so 60 60Cea vegetebles 3 60 so 56 65 64415150 10 100 15 131 16 1617 150 16 IS0 
 t 168 211 181
Pot4toli 
 20 6 
 S " so 6 64 6 64 
 11 1 6 

fruits. tree cropsfrults 4 23 5 25 5 21Grapoe 4 10 30 6 
10 60 10 60 12 60 1235 a 3 
 31
Date* 9 40 9- 3 - S S 35 - S 0 9-Coffe e 4 S 4 S 4 4 4 4 3 4

laiutteaCIndustrial Cera 10 1 5 
 20 19 
 20 20 
 21 14
71 
 I1
Tobacco 
 4 2 
 4 3
Seem 544 2 a S 4 4 9 5 10 

Sourcos World Bank. 1979. 



The crops 	are not normallyor fuel. 
In general, even thoughconstuction 

croduced for the market. 

they can occasionally be found in markets, the cash
 

not cover 	production
sorghum and millet does 	 tovalue of 	 when they have cash 

will people buy it 
costs, nor 	 and canned goods are 

Wheat, potatoesspend on food. 
preferred.
 

together accounted for 
and 	barley, which theMaize, wheat, 	 in 1975-76,the 	planted area are 

about 1 percent of 
and 	fruits, though 

other major grains. Vegetables 	 area, arethe 	plantedpercent
occupying 	 less thn 10 

Of food 
of 

value. Vegetables and
 
crops in terms


important 	 and cash crops.
for botl subsistencegrownfruits are 

cash C P. are cottonI tobacco, coff 
However, the major 	 cotton accounted to: 
andr cat M.seen in Table 3.13, raW 

'D° in t to t|i
yeme- another percentage and cottonIover, 49 percent offYmns exports by value,

4-ovdera pecn 	 or to 
added more than ante pere ex bin value.products 	 t exortsPercnt of 

made up over 20
Coffee 


these cash crops important in the domestic
All 	of are Qat growing ar 
but 	the predominant one is qat.

market, 	 by outside observers, while iWuse 	 is usually condemned 

effects are often overlooked- Qat is 
many beneficial 

is well adapted to climatc 
an Indigenous plant which and it is more drought

of the highlands,conditions 
recuires less care than competing crop.resistant 	and 

than for other crops, the 
with much less work 	 ThisThus, 	 cash crop worth much more. 

can 	 produce a laborpeasant light of increasing 

particularly important in 


shortages.
 
can 	gain som

small holdings
Even a peasant with very 

can have elaborate 
for 	although qat marketing farmersincome, 	 sold by individual may 	 also be astructures, it 	

qat fields receiveonLaborers 	 a 
small amunts.in 	 YR per day comabout 25usuall! 	 who domuch better wage, 	 Most Yemenis

millet field.YR on ato about 8 
not 	chew qat suffer from 

deficiencies of vitamin 
A. 

.for 	if P
be be compensated

these aspects can 	 d.All 	 of are implemen
qat 	growing and use suchto eradicate 	 remember that any 

it is important to 
However, 

resisted and probably will fail ift 
program will be 
factors are not considered.
 

in the highlands,
Figure~~~~ 3.3sos areas of Primary crop P 

3.13 shows generaligure 
Grains tend to be more importan i millet 

San' a. Sorghum and ifi
Ta' izz and north ofIbb 	- grains but the highlands also 

the Major lowland cash crOPsacOlare 	 and maize. ThebarleY, 	 and qatproduce wheat, 	 in the Tihama, 
are found 	mainly

and tobacco 

in the highlands.
and 	coffee 
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Table 3.13 Co -odity Composition of Recorded Exports (YR t.ouandz) 

Mesal Tsars andinR jwu. 71" 7;1/73 3M 75/76 76/77 

Raw Mterials 
Ctt.o
Cotton Lint. 
Cotton Samda 

Cot5ae 
Hides & i n 
Dried Fish 
Live AAila 
Potatoes 
Fruits 
?obacco 
Others 

10,799.
9,912) 
(887)
S;,53 
3, - 71 

58 
3l 
239 
66 
25 

2,370 

12,8 I
(10,785) 
(2,036)
5,469 
3,325 
382 
768 
39h 
M t 
Ib 

266 

l~a'.1 
37,053
(35,100) 
(1,73)
6,b6I 
6,2a11 
781 
63 
195 
11.3 
7 
575?h 

30, M'1 
(28,l8) 
(2,76)
h.972 
h.Lak 
736 
U3 
ld 
U6 
172 

1526.0 
2b,583 
(2h.221) 

(362)(
7,588 
8,010 

315 
A 

135 
164 
38? 
359 

24,953
(24,393) 

10,223 
6,129 

56 
-
17 
26 

"1 
1,133 

Prtacsqd A,-cultur 
Prm s100 1.10. 1.696 Jbn_61225.64 

Cattan Prsdnts 
Fabrics 
Shasta 

Il itst 

C1etitonary 
Oil S Calms 

"t-Agricultural bmatm 
Salt 
et.al Scrap 

otars 

100 
-

(100 
" 

1.8" 

1,112 
217 
239 

317 
-

(317) 
-

636 
,19 

h6 

27 
102 
30.. 

325 
-
(325) 
-

1,315 
5A 

202 

1.838 
26 

356 
1,1.56 

1.590 
(1,193) 
(257) 
(11,0) 

1,131 

582 
150 

ZLIAi 

-
9 

7,522 

1,336 
(775) 
(609) 
.. 

2,093 

845 
-

La159 

1 
33 

3,515 

63? 
(165) 
(472) 
(-) 

3.156 
726 

1,123 

1.689 

-

1.689 
TOTAL 2b..701 25_3826 Z ..jL6 50,06) 50.5)6 

Source: World Bank. 1979. 
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Several surveys show crop distribution patterns on the 
local level. In Wadi Mawr, a survey of farmers whose 
holdings covered 2 percent of the cultivated area 
showed that sorghum was planted on 76 percent of the 
irrigated land and 70 percent of the dryland cultivated 
area. Cotton was planted on 21 percent of the irrigated 
land, while in the dryland fields millet was sown in 
another 26 percent (Table 3.14; cf also Fig. 3.17). 
Total production of sorghum and millet in the Wadi Mawr 
region (1973-74) was about 25,000 tonn, of which 15,000 
were consumed locally. Total production of cotton was 
-bouL 2250 tcns, nearly all of which wai sold after 
taxes and debts were settled in kind (Escher 1976).

Additional data on cropping in Wadi Mawr is presented 
in AppendLix V. Data is also available on land use in 
Wadi Rima, although not for specific crops (Table 3.15, 
Fig. 3.14).
 

Table 3.14 Crop Coverage in Wadi hawr (Winter 1973/74) 

Cultivated Area 
Crop ha %of Wadi, or Khabt 

(Rainfed) 

Irrigated
 

Sorghum 351 25 76
 
Sesame 16 1 3
 
Cotton 96 7 
 21
 

Total Wadi 463 33 100
 

Rainfed
 

Sorghum 664 47 70
 
Millet 249 18 26
 
Sesame 36 2 4
 

Total Khabt 949 67 100 

TOTAL 1,412 100 

As a percentage of tho total 
project area (cf. Fig. 3.17) 2 

Source: Escher. 1976. 
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 Land Use in Wadi Rima, 1975-76.
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AI-Qasim is it an area where all agriculture is 
terracd os in small level areas between mountain 

ryfagetd.y
terraced or in dingS by 	family as well as cropping
peaks. Land holdings 

axe very fragmented- Most 
on the terracesin wheat and barleyof t'e area planted ispatterns or sorghum. 

but in al-Qasm
Quite a bit 	of land is used for qat0 several 

no new plantings of qat for 
areasthere have been 	 good as in other 

decades. The quality is 	 not as 

is mostly bed arefor personal use,
of Yemen, and 	productionterracesnot for sal1. small along the wadi 

planted with vegetables (KOPP 1977b). 

this kind of fragmentation 
iguLres areas.3.15 and 3..16 	 show 

HajJah is located about
in two highland coffee 
50 tm w of San'a, and Tdfty is about 20 km W of ebb. 

production, and
3.17 show cropped area, - Tbb region.Tables 3.16 and 	 in the Ta'izzof cropsa numberyields of 

12/ 
3.3.3 Land 	Tenure System-ae 

million hectaes, or 8 percent of the 
Only abot 1.5 

under normal area of Yemen, is cultiable notentiallyeinland couldtotal ond2 Another 10 percent (2 million hectares)condition-

is classified 	as marginal could - This is 

years of exceptional rainfall. sis 
cultivated in 
essentially all of the 

land that comes into consider 

when djscussing ownership and tenure patterns-

All aspects 	of Yemeni law, including land tenu..re 
aze theoreticallYan peasantlanlord relationships, 


governed by thSShari'a. In practice, tribal law and
 

custom have 	 remained intact ftom pre-slamic times'yemen's economY,
andcusupmvensupplement OroresltsWPlant basisShari'aof law. Since agrrdl~ 

been the
is and always 	has 

-2Sources : 	 Caponera. 1973. 
Checchi and ComPany. 1979. 
CID. 1979.
 

19'74.Dostal. 
ECV/FAO Joint Agricultural Division. 1978. 

1976.
Escher. 

KoP. 
1977b.
 
Nyrop et al. 1971.
 
Speece. 1980.
 
Stookey. 1978.
 
Tutwiler et al. 1976.
 

1977.
World Bank. 


52
 



'Coffee 

Qat 

Kino 
* 

SMillet 

-Legumes 

Millet 
nAr 

sown in April 

sown in July 

k N- e'240 %Fallow 

T. Rock, Pasture 

.*Major diversion 
ditches 

h ive det ltiaiaie: S.1. loll 

Figure 3.15 Cropping P?tterns nt Ilajjah 

Source: Becker et al. 1979. 

(1975) 



Irrigatd .4.-_* _. . 24 

; 

f~r"odi*al. 

Dive8 1 wall' 

Eu offee 
Banana 

W1 IUIIIrY land faring on terraces
aango 

1 Rocky slopes with thorn hushs 

_ ieso 
g canal 

i[i,. Sugar cane 
[ Majzj 

et mixed with beans 

Fj.allow, fresh plowed 

F3gure 

dBrush barrier 

Shade trees 

3.16 Cro-pp9' Patters at Udayn, 1975. 



Table 3.16 
Area and Production of Crops in Talizzlbb, and YAR,

1976/77 (area = 
'000 hal production '
6000 metric tons)
 

Ta'izz 
 Ibb 
 YAR
 

Crcjp Area Production Area Production 
 Area Production
 

Sorghum and
 
Millet 117.0 
 140.0 120.0 156.0 
 786.0 660.0
 

Maize 
 26.0 46.8 32.0 
 51.2 
 67.0 111.0
 
Wheat 
 3.0 
 2.4 18.1 22.1 
 55.0 51.0
 
Barley 4.o 
 4.0 12.8 15.4 
 60.0 54.0
 
Sesame 
 2.2 1.5 1.1 0.8 10.2 6.4 
Pulses 
 10.0 15.0 27.0 
 40.5 72.0 82.0
 
Potatoes 
 2.0 22.0 
 8.0 96.0 10.8 
 124.0
 
Vegetables 6.0 
 60.0 9.3 
 93.0 
 25.0 239.0
 
Cotton 
 0.6 
 0.5 
 - _ 5.2 5.1 
Tobacco 
 0.2 1.5  - 5.3 6.4
 
Fruits 
 4.5 26.5 
 3.0 15.0 15.0 84.0
 
Grapes - _  - 10.0 47.1 
Coffee 0.5 0.2 1.7 0.9 
 7.5 3.4
 
Dates 150 0.8  - 1250.0 
 6.3
 

Source: el-Omari. 1979.
 



yields of MaJor Crops 
in the Ta'iZZ and Ibb 

Governates 

Table 3.17 (kgj/ha) 

potatoes Datesa
 _ _aize
Wheat
Barley 

Ibb Ta'il 

Season Sorghum 


Ta'iZZ
Ibb Talzz Ibb 
Ibb Ta'izz 


Ta'izs Ibb Tai zz 
9 5 1 .
 . 51 .
2 4 11.7
13.0
11.0
2.26 2.49
1975/76 1.05 5 .90 1.15 2.74 

11.7
16.0 19.51.29 2.49 3.25 
- 1.1 .92 

1976/77 1.68 2.54 


15.7 18.2 
- 1.2 .87 1.37 3.25 3.75 11.7 

1977/78 1.57 3.12 


ayields for dates in kg/tree
 

1979.
el-Omari.
Source 



government in power has always concerned itself withagriculture. Units for the measurement of land areaswere first standardized by legislation in the 13th
century. 
At this time, the Rasulid rulers also
legislated the basic terms for landlord tenantrelations. 
They initiated land reclamation projects,
and eased taxes on peasants to encourage production.However, most agricultural legislation had as itsgoals increased revenue or the procurement ofother benefit for the government, rather 
some 

than thepeasant's welfare. The same Rasulid rulers madeextensive use of fief-granting (igta). Originally,the iqta was neither hereditary, nor privately owned,but simply entitled the holder to the state revPnue ofthe grant in return for the military service he
provided to the state. 

Tax collection was not always as equitable as Rasulidlegislation may have intended. Tihama dateproduction, for example, declined because the taxcollectors were demanding more ontax date palms thanthe value yielded by the crop. Not surprisingly,peasants fled the agricultural areas to escape taxes.These demands continued until the revolution of 1962.Earlier in that year, farmers refused to plant winter
crops because taxes too highwere to provide anyincentive. Many farmers were selling animals becausetaxes on them were too high to leave any profit from
stock-raising. 

Current land ownership and tenure is still primarilytraditional. Land reform had not been attempted as ofmid-1976, except for a government takeover of the
forme: Imam's holdings. Iqta, which 
 in the modernsense means privately-owned large, landholdings usuallyleased on a share-cropping basis, made up 60 to 70percent of all arable land, based on 1965 data.Privately-owned small farms, ('milkO) , constituted 410 percent of arable land, and state farms constituted2-3 percent. Collectivaly..wne land held by extendedfailies (mushaa) and by villages (huma), comprised 13 percent, but about 90 percent of all pasture land
 
was in this category.
 

Waqf land accounts for about 15-20 percent of thearable Land in Yemen and there aare number of typesof waqf. Waqf al-4akbli and waqf al-Sawafi, internaland clear waqf respectively, are the usual types, withdirect and undisput*d ownership by religiousinst itution. Today this land is owned and operatedby the Ministry of Waqf, a department of the Yemenigovernment. Waqf al-wasay, willed waqf, remain underfull ownrerhip of the donor's family and are operatedby the head of that family. Only a specified portionof the income goes to a pious purpose; the rest 
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remains with the family, except for a 2 1/2 percentax on the income for state services in recordkeeping, dispute arbitration, and similar situatio
Waqf al-muthallath, three-tenths waqf, give 3/10 othe income to the state, divided into 2/10 for theMinistry of Waqf and 1/10 for Zakat. A subcategor
this type, called waqf al muthallath al-Haramin, idivided the same, except that the 2/10 portion goe 
Mecca and Madina. 

According to estimate,one approximately 90 percen
all arable land was leased on sharecropping
arrangements (Checchi and Company 1978). Another
estimate places this figure much lower, at about oithird of the total cultivable land. Tenancy is Icrin the highlands according to this estimate, at ab15-20 percent, and riaes to 40-50 percent in the 
Tihama (CID 1979). Arrangements differ according
region and especially according to whether or not iland is irrigated. The tenant might expect to rec.anywhere from 1/2 to 3/4 of the crop if he engaged
dryland farming, and between 1/3 to 1/2 if the lancwas irrigated. Detailed arrangements depend on
exactly what resources the landlord supplied. Ingeneral, the privately owned and worked land compr:small plots in highland areas, while the lowlandsto be larger ownings that are leased. 

t 

Several studies show the application of these genetobservations on local levels. In wadi Mawr, about
 
percent of the population is directly dependent on
agriculture (Escher 1976). 
 Approximately 87,000 ha
agricultural land is available, of which 70 percent
dry farmed, and another 9 percent is irrigated only
occasionally in wet years. Figure 3.17 showsdistribution of irrigated and dry farmed lands in t
wadi. 

Forms of land holding include privately owned and

worked (milk), state owned (miri), vaqf, and leasedland (sh'arak). Some land, mostly that unusable fo;
cultivation, is unowned by orany person instituion.
Of a sample of 161 peasants working for themselves:wadi Mawr, 55 percent work only their own land, 22
percent work land of their own but also lease, and,percent work only leased land. Another 43 persons(210 of the total sample of 202) do not work any lan
for themselves. A few of these are traders orcraftsmen, but most do agricultural work for wages.
Table 3.18 shows distribution of these ownershipcategories by irrigated or dry farmed land. Size
distribution of holdings is very uneven. Two perce,of the sample own 50 percent of the land covered in 
the sample. The bottom percent the sample50 of 
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controls only 5 percent of the land (Table 3.19). At
the time of the survey, there were no absentee 
landlords in vadi Mawr. 

Ta-le 3.18 Land Tenure iri Wadi Mawr 

No. of No. of No. of No. ofTenure Form 
 Farmers 
 Farmerss Parmc.-s 0 Farmers 

Only owners 
 9 10 27 31 52 88
59 100
 

Owners and lessees 
 2 6 241) 69 
 9 25 35 100
 
Only lessees 19 50 21
8 U 
 29 38 100
 

Total 
 30 19 59 37 
 72 44 161 100
 

Source: Escher. 1976.
 

Table 3.19 Size of Land Holdings in Wadi Mawr (Winter 1973/74) 
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Land can be leased from private holdings, miri, or
 
from waqf land, and the basic terms are the same. 
Owners of land in the wadi, where irrigation is
 
facilitated, are in
a strong position because of the
greater demand for their land. In general, landowners
provide only the land and no other resources. Onlyabout 10 percent of the sample which leased land said 
the landlord bore production costs. The lessee must
usually pay for or supply all labor, an.: i , tools,
seed, and any fertilizer nceded. SeverAl fees are 
deducted from the yield before division between the
landlord and the sharecropper. Ten percent of the 
yield goes to Zakat, 8 percent to the wakil al-aqm
(water master), and 5 percent is for the threshiag
fee. The yield is then divided half and half under
normal circumstances. If the landlord has provided a
mlotorpump for irrigation he may get 2/3 to 3/4 after
 
taxes and fees. Terms of a lease may be for many 
years. Nineteen percent of the sharecroppers had
leases for 1-3 years, 27 percent for 4-10 years, 37 
percent for 11-20, and 17 percent for over 20 years. 

The relative standards of living of various 
agricultural classes in the Tihama is shown by a 
survey from wadi Zabid. A total of about 19,000
hectares is cultivated and nearly all of this is 
irrigated. About 10,000 families inhabit the area,

and about 8,000 of these are dependent on agriculture.
Of these, 4,400 represent day laborers, 2,000 are
 
small landowners who work their own land, and 1,400

and 160 are sharecroppers on private land and state

land respectively. One percent of the owners control
 
60 percent of the land, and 60 percent of the owners
control only 10 percent of the lend. Average annual
income for day laborers is about 84 YR, small owne:s 
1,000 YR, for private tenants 1,400 YR, and for state 
tenants 2,250 YR. 
Income for the 175 absentee 
landlords was not available., but the average annual 
income of the representatives that oversee their 
holdings tas 25,000 R. Most of these landlords live
in Zabid town or in Bodeida. (ECUA/FAO Joint 
Agricultural Divinion 1978), 

Two surveys are also available showing patterns in the
highlands. One is of the village of al-Qasim, with
about 180-200 inhabitants, which lies in the highlands
about halfway between Sana'a and Sa'dah (Kopp 1977b).
Theoretically, :e agricultural land around al-Qasim
is sabil, tribally owned. Milk land conaists of sabil
land which is individually cultivated. The milk is
supposed to be usufruct only, not ownership, and it is 
use of the land, not the land itself, which may be
owned. The topography, combined with Islamic
inheritance law, has led to extreme fragmentation of 
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holding of cultivable land is 
The averageholdings. ownof the elite also 

1-3 hectares. However, many 
yemen, and most families 

some land in other parts of 
sources.from non-agriculturalincome 

their own 
have some 

will normally work 
In aa-Qaaim landowners 

Only if they axe unable to do so is it leased
land. contract specifying the 
at. when it is leaed the 

upon before witnesses.terms is agreedplots-and the is takennext year's seed 
pto the yie-ld, Zakat and 

split half and half. If the 
out and the rest is 

a separate lease is drawn 
landlord supplied animals, 

up for them.
 

peasant may have to sell his land 
In extreme cases, a land).

his usufruct of the tribes 
(technically, 

first to relatives, then to 
Priority c~f purchase-goes then other peasants c 
owners of ne.igboring plots, 

and only after several other 
the acme tribe, the buyer.tree to chooseis the peasantpossibilities 
In general both sale and leasing 

of one's land is 
toand attempts will be made 

undesirable,regarded as 
hire labor first.
 

in the southern(1979)Finally, a survey by CID 
arethat the highlands

highlands further shows the
of smell holdings worked by

areaprimar ily an in the sample
The vavt majority of farmers 

owners. anland. There are 
surveyed cultivate their own 

landless agriculturalofinsignificant number 
imported from neighboring

Laborers might belaborers. In the survey of years.in particularly goodareas 71 farmerspeasant households,randomly-selected cultivated their own
land. Threetheir owncultivated rentedtWo cultivated only 

land plus some leased land, 
was an agricultural laborer. land, and one 

a
Land Use Proble
m 3 /
 

3.3.4 


Migrationa #-c1uralhas land.also hadMigrant 
numerous effects on intOl remittances often goagriculu 

the pattern of large
 
land acquisition, reinforcing causLabor shortages have 

a few people.holdings by without upkeePtbe abandoned;more marginal land to 
terraces decline and become 

susceptible to
 
the the value of agricultuAl

On the other hand,erosion. 
labor has risen.
 

Checchi and Company. 1978.
i3source: 
World Bank. 1979 
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A number of the problems associated with land could besolved by increased training or the implementation ofspecific programs. Proper instruction in the use of
tractors would prevent plowing too deep and theresulting loss of soil moisture. 
Afforestation of the
marginal terraces could be used to prevent further
soil deterioration, and to provide windbreaks to
prevent crop damage and soil erosion from wind. 
Localproblems with spreading sand dunes in the Tihama could
also be dealt with by tree plantings. 
Fertilizers

could increase yields given sufficient water.
 
Other problems are more serious in that no quick or
even relatively quick solutions are available. TheYAR is still in the beginning stages of developing itsagricultural infrastructure. It simply does not havethe resources or personnel to make any swepingchanges in rural areas. 
The traditional land tenure
system is also somewhat of a problem. Sharecroppersdo not often have the means or the incentive to make.mprovements, and landholdings are often so fraqmentedthat modern methods cannOt be economically applied,Labor shortages are not likely to decline either, even as the tAR develops, because many of its close
neighbors are derloping much more rapidly.
as In fact,the YAR develops, internal migration to urban areasis likely to increase, further aggravating the

shortage of rural labor. 

3.4 Vegetation 

3.4.1 Native Flora 

Vegetation zones of a broad region distinguished
the *Mediterranean as 

ZoneO have been mapped by UNESCO-FAO (1970). In the Yemen Arab Republic ten divisionsare represented as follows (Fig. 3.18): 

1. Fornationa with a tropical bias. 
Acacia tortilis

and Maerua crassifolla are found in the 
foothills, Paicum turgidum, Lasiurus hirsutus inthe sandy plains. Bush steppe contains Acaciapp. and Commijbora app. A number of subcategories are mnpped in Yemen without furtherdefinition. 
The zone is found throughout thelowlands and foothills on both sides of the Yemen 
highlands. 

2. Introduced or transformed vegetation. Packets ofthis oasis vegetation are found in the lowerreaches of wadis along the coast. The vegetation
is sustained by springs, artesian wells andsometimes by intense atmospheric humidity. 

63
 



and 
3. 	Bush shrub, tree p .udosUtePP, savannah 

zone istransitionThis foothillsthickets. the 	western,the mountains on
found fringing It consists of

and 	eastern sides.southern, 	 amac and 
thorny scrub characterized 

by lEhorbia 
are 	mapped but

Sub-categoriestriandra. 

are not defined by UMSCO-PAO.

Thewda 

thicketsand 	 savannah,
or tree pseudostepe4. 	 Shrub 

This highland vegetation occurs 
and 	open forest. of the Yemeniareasand southernin the western 

It consists of fairly open dry 
mountains. and 	Doedo_ea

forests with Ohs chrysophylla 

vi-cosa.
 

Characteristic
 
.. 	Sg nah-woodland formations. 
 oris more 

vegettionl of this highland vegotation m, andfrom 1,800
dense jgniperul proceraleo 

in patches throughout the 
occur6. 	Forest formations 


highlands and are charactrized 
by juniperus
 

procera.
 

7. 	perennial formations 
with or without
 

desert climates.in accentuatedephemerophYtes 	 sia herba-alba and 
This deset steppe with 

i 	 outhwesternfairly common
Stipa tortilis is 	 near occur in interior Yemen 
Saudi Arabln and may 


the Saudi border.
 

withformations,
8. Ephemerophye-dominated epVpoSU0P andRhanteriumalx on salicornictm, This desert
in the depressions.
Salsoa spp. 

in the eastern desert.is foundvegetation 
or no vegetation.formationsSparse ephemerophyte9. 	 includes Calliifnum 

9. presentative vegetation 	
forms ofand 	ephemeralrbVtomsune C. -.

and jaonia SPP.spp.,spp., TribulusAristida 	 al-Us 
rain. This is typical of the Rub 

after 	 of the
in the rtheastern interior

and 	occurs 
YAR. 

Sands with CjLlignum vegetation, found in the 
i0. regions of the !PL

interior desertsoutheastern 
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Figure 3.18. Veget:aton of Sout~hwest ArabiLa 

Source: UNeSCO-FAD. *1970. 
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East and the dwarf shrublands without trees (SI, S2,S3, S4 and AS4) in the West (Fig. 3 .19a). These 
types are: 

AS1 Acacia caupoptila - Acacia nubica type
AS2 Acacia millifera - Aloe inermis type
AS3 Acacia nilctica spp. kraussiana - Earleria
 
parviflora type


AS4 vPoestes paniculata - Acacia negrii type 
Si Lantana petitiana - Hyparrhenia hirta type
S2 Euphorbia inarticulata - Caralluna spec. type
$3 Chrysopogon plumulosus - Blepharis ciliaris 'rich'
 
$4 	Chrysopogontype plumulosus - Blepharis ciliaris 'poor' 

2. Wadi vegetation types 

The wadi vegetation types can be divided intoTamarix 'forests' (TAM 2) and four types of Acacia
Pachyceras 'forests' (Wi, W3W2, and W4). Thedistribution of the types is shown in Fig. 3.19b.All wadi types are characterized by the occurrence ofAcacia pachyceras, Solanum incanum, Calotropis proceraand Cynodon dactylon. The types are: 

Wi 	 Acacia pachyceras - Solanum incanum + Salvadora 
vErica typeW2 	Acacia pachyceras - Solanum incanum + Ephedra
Iphylla type


W3 Acacia pachyceras - Solanum 
 incanum + Solanum 
sepicola typeW4 	Acacia gpchycera. - Solanum incanum + Withania

5omnfera type
 

TAM lamari ni-otica - Pluchea dioscoriodes types 
3. Non-saline valley vetation types 

Two valley types (VI and V2) were found to bedistinctly different from the other, mostlyhalophytic, types in 	the plains and valleys. Theyfloristically 	 arerather closely related to tha slope and
wadi types listed above. They are:
 

V1 	 Salsola spinescens - Euphorbia cuneata typeV2 	Acacia .achycaras- Acacia nilotica app.kraussiana type 

4. _alohytic pa andn valleytypes 

The vegetation of distinctly saline areas (Pig.
3.19b) can be divided into four types: the halipbytic 
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Tamarix bush 'forest' (TAM1) and the halophytic plain 
types SPI, SP2, and SP3, fully named as follows: 

TAKI Tamarix nilotica - Schanginia hortensis type
 

SPI Aelurcpus l.gopoides - Atriplex leucoclada typeSP2 Juncus heldreichianus -Dichanthium annulatum type
SP3 Sporobolus ioclador - Centaurea pallescens type 
5. Types of cultivated and fallow lands
 

Only two units have been distinguished: 

PAL Xanthium sDinosum - A arieppina type
(fallow land)AGR Convolvulus arvensis - Erucastrum arabicum
(cultivated land). 

6. Vegetation types of drainage ways and marshland 

The vegetation found in permanently wet places,where springs occur and water accumulates at or nearthe surface, has been divided in two types: DWDrainage ways and MP Marshy places: 

DW Anium nodiflorun - Agrostis semiverticillata type
MP Paspalum vaginatum - Juncus oEMarzuS type 

3.4.2 Range UsrI4/
 

Livestock populations were estimated for 1973 as 
follows: 

sheep & goats 9,500,000 (11.6 million 1965)
cattle 
 800,000 ( 1.3 million 1965)donkeys 
 600,.000 
 ( 500,000 1965)cameal 1GO,.000 
 55,000 1965)
 

Figures for sheep, goats, and cattle are declining, anare the numbers reported slaughtered from 1972 to 
1975.
 

Severe erosion and depletion of plant coverbecoming a problem, and may 
is 

be one cause for thesedeclines in animals. These problems were perhapsbrought or by the drought between 1967-73, as figuresfor 1974 zhow slight improvements. The World Bank hassuggested that these arid to semi-arid rangelands 

1 4 Sources: Nyrop et al. 1977.
 
World Bank. 1979.
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0rjects are
 extent, but 
could be restored to 

some 

carried out to do so 
at present,

beinq 

No data is available breaking down the animal byare herdedtheyto whether 
popqlation according ymst of the eastern part 
nomads or kept by villagers. 


by nomads, but their total 
the YAR is inhabited 	 areof 	 most animalsIn general,is small.population 	 near thegrazed communally

owned by villagers and 
these

village, so that any programs must start with 

The IDA is planning several pilot Village
villages-
Development 	Associations 

and a Range Improvement
 

of theto address some 
Center which may be able 

of the rangelands.problems 

3. S raunaS/ 
the Ethiopian

The Yemen Arab Rapubltc is part of 	 and 
covers southern Arabia 

region, which
zoogeographic 	 information is almostCurrentsouthern Africa.central and 	

so current literature 
even 

on fauna in 	Yemen. the economynon-existent 	 any importance in 
as beii1 of 

mentions wildlife 
or daily life of the 

population# except for 
fishes.
 

Crop threatening insects 
have been investigated 

to some 

Swarms of dlesert 
extent (University of Arizona 

1981). 
reported in the 

locuSts (Schitocer~ca S earia) have been 
where
 

Tihama, and may have migrated 
fzom across the Red Sea, 

Surveys in the San'a and 

they cause extensive 
damage.


observed the migratory grasshopPer
nor then nuntmin areas 

ra,)' but not the desert 
locust. Appendix V, 

(Locust& insects identified as 
the 

Table 7 provides detailed 
data on 

well as several 
and millet pests, as 


most serious sorghum 

insects.
beneficial 

Rare and Endangered Species
3.5.1. 

lists only three species in Yemen as 
The Red Data Book 

defines as being in 
being threatened, which the 

Iuc 
its endangered, vulnerable, rare 

or indeterminate 

follow:
Thee are ascategories. 

LeopardSouth Arabian 

ntmr
Pantheradu DugOng

Dugong dugofi 	 GazelleArabian 
az azella arabica 


IUCN (1978) 	 aO
taken fromanimals,Details on these 
Countries near the YAR 

ar'
 
in Appendex VII.included 	 mayof these speciesas manylisted for comparison 


also be in the YAR.
 

15Source n 	 IUOM. 1976.
 
Scott. 1939.
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ETHIOPIA 
Canis simensis jimensis 
Lycaon pictus 

Panhera 
 rdus 

AcInunyx uatus 

Dugong dugon


8si s 

Epus grevyi 

Diceros bicornis 

Alcelaphus buselaphus tora 

Alelaphus buselaphus s ei 

rcatrag.us mealotis 
Ammodorcas clarkei 


r iex walie 


SCHALIA
 
Lvcaon pictus 

pana 
 ardus
Acinonyx jubatus 
Duon dugan
E asinus 

E grevyi 
Diceros bicornis 

Damaliscus hunteri 

Azeinodorcas clrkei 
Gazea dorcs pelzelni
Dorcatra us m aloIs 

Gazelle ok 


SAUDI ARBIA 

Can is luipus
Panthera P 
 nimr 

Panthera Pardus 
 jarvisi 

Acinonyx Jubatus venaticus 

Duqong dugon

Gaze.la subgutturosa mazica

Gazella dorcas saudiya 


Gazella gazella arabica 

ter 
 d_ niu 


0 dugn 
Gae~agzleaai
Gazelle gy Larbica 

Kemiragulav kariArabian 

SOM' -ARABILw FZERATbON 

Gasel gavle 
 arabica 

Panthers Pardus niur 
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Northern simien fox 
African wild dog
Leopard 
Cheetah
 
Dugong 
African wild ass 
Grevy's zebra 
Black rhinoceros 
Toa hartebeest 
Swayn. a hartebeest 
Beira antelope 
Dibatag
 
Walia ibex
 

African wild dog
Leopard 
Cheetah
 
Dugong
African wild ass 
Grevyls zebra 
Black rhinoceros 
Hunter's hartebeest 
Dibatag 
Pelzeins gazelle
Beira antelope 
Speke's gazelle 

Wolf 
South Arabian leopard
 
Sinai leopard
 
Asiatic cheetah
 
Dugong 
Sand gazelle
 
Saudi Arabiangazelle dorcas
 

Arabian gazelle 

South Arabian leopard 
ugog 

Arabian oryx
Arabian gazelle
 

tahz 

Arabian gazelle 

South Arabian leopard 

http:rcatrag.us


The estimated catch in 1976 
of all fish from Yemen
 

The potential is
 
waters was 17,000 metric tons. 


estimated to be about 25,000 
metric tons per year.
 

fish types which are 
not now eaten
 

This includes some 

The main fish resources
 

by the local population. 


exploited by the altisaal 
fisherman are
 

preentl 
6.e.they are fast-MOvilng and 

live 
pelagic in habit; Indian
 

These species include 
the 

in open waters. 


mackerel, which makes 
up the largest part 

of the
 

catch, the king mackerel, 
tuna# black cobia, large
 

jacks, sharks and barracuda.
 

highly prized shrimP and lobster resources 
are

The as once assumed. Based az greatsubstantial, but not 
of 3 metric

off west Africa 
on production potentials 


mile, and a ia~iUM of 500 
square


rquaretons per 
miles of shr imp grounds 

off yemen, the production
 

potential indicated would 
thus be 1,500 metric tons 

On the basis of the latest 
surveys,
 

per year. 
the shrimp areas are 

it has been found that north ofhowever,in the coastal waters, especiallY
mainly not moreis 
Sodeida around Kamaran 

Is3lard. This area 

than 250-300 square miles. 

is theresource 
Another potentially exploitable marine 

crayfish or spiny lobster 
of the coral reef area. 

forsuitable habitat 
undoubtedly considerableThere is 

spiny lobsters fringing the 
reefs, but additional
 

exploratory fishing trials 
need to be undertaken to
 

estimate the quantities that might 
be exploitable

littorl 
The bivalve molluscs located another potential marinein'the shallow 

the beaches are
regions along 

have a hard consistency but 
resource. The local clams 

already exploit to a 
are quits delicious and are 

'odeida. 
small degree by the foreign 

commnitY in 

export ifa 

Development of this resource 
as a canned 

stock is
However, further work on 

possibility. 

neccessarY. 

a meager livelibOOd
4,000 fisherMn earnAn estimated 

The estimated number of 
from artisanal fishing. 100 large
 
fishing vessels now in operation is: 

small motorized boats
(sambuks), 140motorized boats and roughlyboats (houris),640 medium-sized(houris), local catch of fish i 

100 small rafts. Most of the However,coastal region.in the immediatesold are reaching te
of fresh fish 

increasing aMounts 

World Bank. 1979.
i6Source: 
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urban centers of Sana'a and Ta'izz. 
A large part of
the fish landed is salted and dried for transport tointerior markets as well as for export.
 
Fishermen get relatively low prices for their catch atthe village landing centers. In addition, the pricefluctuates widely with availability and season.
their catches are too large there may 

If 
not be a marketat any price.
 

3.5.3 
Parks, Reserves, Protected Area. 7/
 

This section is inserted only to note that nothing isbeing done in the field. The lack of current data on
wildlife, and the fact that wildlife is not part ofthe traditional or modern econom,, indicates no
governmental or popular awareness or action in the
sphere of parks or reserves. The IU= in 1971 had nolistings of national parks or equivalent reserves, and
noted:
 

*fo response yet received from the authorities at
San'a, but private information suggests that no,
areas exist with the necessary qualifications for
inclusion in the list."
 

17Souzce: 
 IU=. 1971.
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ImpactsProblems and
4.0 	 Environmenta 

in the einning stages ofab epubliC is hardly evCI or developing the ability to
 awareness of environental problems 	 modern 
them. In tact, yemen is so undeveloped that many 

deal with 
environmental probleNS simply do not exist and are not likely tO

noiseleeso
 
e o n beC23evea minor concern for years to cOe. However, ifdvaminreoncessive 


be faced in the areas
 air pollution, and ex 
industrial pollutio 


not exist, there 
are Some major problemS 

to
 

of water and land resources.
 

Backgrouncl8/
 
Legal and Administrative
4.1. 

still governed essntially under i
The YAR is 	

r 
ry law. i

i amic law, combinedisla with thatcustoaddres s any 	 aspect of theI 1 comntyhneue
tlyg.....Because Islamic law is ban icaLsYyBecaX
little modernonviromant dirl 
' caseof the co sn b 

conceriled with the 	wall-being
approach problems on a 11se by case basis,it tends to 	 justification should the governmentis certainly ample 	 legal already

need to step in on a specific case. Islamic law has 

many cases ofa ter pollution, proper water
addressed 
anagement and similar problmS which have come up in 

owever, as the YAR 	 continues totraditional setting 
some kind of croprehensiveone of its needs will bedevelop, 


program to deal with such problems 
on a nationwide scale,


by case.than caserather ratew thn c 	 are beginning to appear which have been 

e wi ioga c ts of environmentalg institutionsAprl s o a 	 l wited scale. pr example, the National 

was set up in 1973
 
Water and Senerage 	 Authority (NAWSA) 

urban
and given power over aspects ofmost NAWSA ,S mandate(Section 3.2.4)~ ~ 3.-)adgvnarticular, 	.
(Section ~ 

nessary to protect
and sewage. In pari.a.water supplies take any steps n essry ty froaves it full power to 
irnSa.nd surface waters 	under its autothe udergound 	 also been interpreted

un. is mandate has Tihama 	DeveOMnwithin establishedTheral water usageTh icucontrol over agricultr
pollution 
zones around urban areas.T ira tnaprotectedAuthority, charged 	wih responsibilitY for j~rigation scbew! 

may similarly concern
rural developent,and ntegrated 
itself with various environmental problems in the is b" 

of Lcal Development Associations jbinnetwork the YAR. many projects of thi
Tihama ed through. 	 p'bdeal with environmental

d if-help programestabishl SO :-
Successful 

on a local level.
 

laSourcest Caponera. 1973. 
.4v. 1979.
 

Quarterly Econ. 

1972.
U.S. AID. 

world Bank. 1979. 
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4.2 Water Supplies and Water Related Disease 

Water is the single most crucial element in the YAR's effortsto develop, 	and it is not surprising that the most pressing
environmental problems concern various aspects of water.
 
4.2.1 Rural Water 1 9 / 

Drinking water in rural areas is usually obtained from
shallow wells which are often contaminated. A number
of projects, including a U.S. AID Rural Water Supply
project, have been constructing new village water
systems, upgrading old ones, and providing training in
maintaining the systems. 
 In many cases, pumps are
being installed for obtaining both drinking water and 
irrigation water. 

Greatly increased use of pumps, especially for
agriculture, is leading to serious depletion of thewater table in many aroas. Natural groundwater
discharge of the coastal 	aquifers is declining rapidlydue to pumping. Groundwater discharge at wadi Zabid,
for example, has declined from 130 million cubicmeters (mcm) in 1971 and 104 m-m in 1973 to 82 mom in1976. During this period pumping in the areaincreased from 130 mcm in 1973 to 165 mom in 1975 (al-Eryani 1979). This increased pumping does salvagegroundwater 	 which would otherwise be discharged into
the Red Sea. However, as water tables drop, seawaterintrusion becomes a major problem. Several observers
have cited 	the occurrence of seawater intrusion, but 
no data are available. 

Increased pumping has also led to problems with soil
salinity, especially in the Tihama where groundwater
can be quite saline. Increases in surface water
irrigation also are contributing to salinity problems.If expansion of irrigation continues according to plan(Table 4.1), these problems are likely to increase. 

1 9Sources: 	 al.-Eryani. 1979. 
Nyrop et al. 1977. 
U.S. AID. 	1980.
U.S. Department of State. 1979.
World Bank. 1979. 
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Table 4 1 Long-Range rrigationTargets 

Fl1ood perennial Well 

plan Period " 
ha- 37 

present irrigation 120 73 3 

,,t 5-Year 

2nd 5-Year 

(1976/81) 

(1981/86) 

134 

148 

9 

9 

144 

194 

3rd 5-YOar (1986/91) 158 

Source: World Bank. 1979. 

4.2.2 Urban Water Proble"S20/ 

water supplies, also primarily from groundwater,Urban of aquifers is not 
are being depleted. Recharge The cities of 
keeping pace with increases 

in demand. andaffected by this, 
are primarily

Sana'a and Ta'izz 
demand to far exceed the resources

projections expect
by the end of the century (Section 3.2.2). 

in sana'a often drains directly 
aste water the aquifer

inadequate urban sewage 
systems are a major 

problem
 

also. reachesand eventuallyinto the gutter, of in pit
usually disposed

the city. Sewage is 
are septicunder only occasionally

or cesspools;latrines 
tanks available. Ta'izz is the only city to have a
 

limited sewage collection 
system as of 1975, but
 

proble3s 
about 2,000 people. otherwise, 

served only 
are similar to Sana'a. 

whileHowever,similar. 
In Bode 4da the situation is 

so35 wbAt 
altitude and low humidity 

notthe country's high Hodeida dods 
resulting health problems,

check the 
In addition, the wate 

have such mitigating factors. areas maY D0 
in the area, and low-lying

table is high 
at all. Stagnant pools greatlY 

absorb wastewater paratphoid,of typhoid,
the transmisaionincrease hoOkwOzI,infectious hepatitUs,

cholera, parasites, In coastal areas such asnd bacillary dysentarY. 

shortage problems without fi 
waterBodeida, solving 

systems will only make condition 
sewageinstalling 

worse. 

1977.

20Sources uyrlop et al. 


U.S. AID. 1972.
 
World Bank. 1979.
 

76 



4.3 Other Rural Problems21/ 

Several other problems in rural areas are also the indirect
result of water management or lack of it. Soil erosion is astrious problem in the YAR. 
During exceptional floods, high
water can wash away much of the irrigation network of a wadi,as well as substantial amounts of soil. Modern projects inwadi irrigation are beginning to solve this problem.
However, abandonment of terraces in highland regions isincreasing problems there. 
Erosion is getting worse as
terraces deteriorate. 
 In addition, downstream areas are
subject to greater flooding and sedimentation becausedeteriorated terraces no longer hold soils or slow runoff.
Little data other than simple observations are available on
terrace deterioration.
 

Soil erosion is also serious in range areas, and is oftencaused by depletion of rangeland and woodland vegetativecover. 
 Westinga and Thalen (1980?), for example, cite severe
problems with both sheet and gully erosion in the Rada'district. 
Communal grazing leading to overgrazing is
certainly a major cause, although Westinga and Thalen are
noncommittal about the extent to which overgrazing

contributes to erosion.
 

The widespread use of the scanty wood resources for fuel andpoles is the second cause of devegetation. Westinga andThalen (1980?) are more explicit in identifying this cause ofvegetation depletion in Rada'. Improved transport and highfirewood prices have encouraged widespread wood cutting. 
On
the other hand, in some parts of Yemen, high wood prices andthe use of trees as windbreaks for crops have encouragedfarmers to begin planting trees. Tree planting projects arebeing considered in some parts of the county (la Houerou1976) and may help allaviate the problems soeawhat if theyare carried out extensively. 

Shifting sand dunes are still another problem which occursboth in the Tihama and in the interior deserts. It is mostserious in the Tihama where large areas of agricultural landmay be buried. Le Bouerou (1976) notes that the dune areasaround wadi Rima have expanded greatly since 1972 and by 1976threatened the highway in the area as well as large stretchesof cultivated land. Other roads thein region have alreadybeen buried. Le Bouerou has proposed a stabilizationprogram. However, data on progress of such programs and evenon the extent of the problem are not available. 

21Sourcen: Bernhardt et al. 
 1980.
 
le Bouerou. 1976.
 
Hyrop St al. 1977.
 
U.S. Department of State Telegram #6891. 
Westinga and Thalen. 19807
 
World Bank. 1979. 
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also problems in ruralyields areSoil depletion and low 
Fertilizers and insecticides have been shown 

capable

areas. 

so

of greatly improving this situation. Use of them is 

recent and so restricted (Table 4.2) that there is not yet 

and will not be for many years any resulting 
environmental
 

a chance to addreas
impact. The YAR is fortunate that it has 

one potential prohlem before it becomes 
serious.
 

Table 4.2 Fertilizer and Insecticide imports 

Insecticides
Fertilizers 
 CIF ValueTonsFValueYear Tons (YRLS 1,000)
(YRLS 1, 00) 

300
118900
1,997
1969/70 

300
135
200
3,153
1970/71 

500218Soo4r046L971/72 800
82
8001,799
1972/73 


1,200
375
1,500
4,256
1973/74 

2,100
717
1,700
3,869
1974/75 
 2,900
2,510
1,400
7,932
1975/76 


World Bank. 1979.
Source: 

Comparison with Other Countries of Average Fertilizer Use 
Table 4.3 1974.Land and Land Under Permanent Crops;

Pex 1ectare of Arable 


Nitroqen Phosphate Potas__-w

Country 


k kg per ha- ----
 -
, • 

L.
-
2.0
Y.A.R. 


1.10.61.64.0Libya 
0.3 l.I

Syria 4.5 2.2 
- -1JSudan 8.4 


2.1
3.5 4.5
Saudi Arabia 6.5 
 5.0
5.0
10.0
Bahrain 

1".11.922.8126.1Egypt 
110
57.255.678.4Europe 

13.215.125.8The World 

1979.Source: World Bank. 

78
 



4.4 Other Urban Problems22/
 

Traditional 7ameni houses in urban areas have a latrine shaft
which runs from the lavatory-bathroom on an upper floor of
the house to the ground floor. 
Excrement is Collected in 
a
small room at the Lottom of the shaft, and eventually used
for fuel when dried. Liquids are led down a 
vertical drain
on the outside cf the building. At ground level they
disappear into an underground drainage sump, which usually
leads to the street gutter. 
 The ground floor also usually
has rooms used a 
stables for animals. A typical house plan
is aL,xivn in Fig. 4.1. Tdis system is essentially what oxists
at present, as modern urban sewage and water treatz,..nt
facilities are still in the rudimentary stages.
 
Rapid urbanization has been taking place since Ibout 1970,
al.;.'gh the total urban population is still a smallPercz.itage of total population. 
The 332,077 inhabitants of
the five main cities (1975) is neaily double the urban
population at the end of the 1960c. 
 This growth has
proceeded almost without any planning. 
In addition to water
and sewage problems, many others are worsening due to this
trend. Inadequate housing springs up in suburb areas.
Nearly one fourth of all urban housing is huts, tents, or
other temprorary structures. 
There is also crowding1 in 1975about two-thirds of all living quarters had only one or two
room. 
 The average occupancy rate per room was 1.6 in San'a,
1.4 in Ta'izz, and 2.9 in Hodeida. 
Since 1975, populat:ion
density in urban areas has greatly increased.
Trancportation, solid waste collection and acceas to
electricity are all still very inadequate.
 

TUe Yemen Arab Republic cannot be said to be facing some of
the mjor pollution problems of more developed countries.Industrial pollution is still practically non-existent, as is
air pollution.
 

4.5 Public Baltha 

Beyond the incidences of disease noted in section 2.2.4,
there is
no current data on the state of public health beyondthe mention o2 certain diseases being present. Bowever,environmental conditions which foster these diseases have not
changed much since a survey was taken in 1951, so that the
 

22
 aorces: 
Museum of Mankind. 1976. 
World Bank. 1979.
 

23Sources: 
KuZ et al. 1953.
 
Mount. 1953.
 
Mount and Daranski. 1953.
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results may still give an idea of health conditions.
Incidences of intestinal protozoa and helminth parasites are 
shown in Table 4.4.
 

Waterborne parasites such as Schistosoma mansoni,
h__etobium, S. 

as well as other diseases, were often iansmittdvia polluted water in ablution pools of mosieg. 3nailvectors were found in some mosques. Bacteriological and
seriological sampling shows the incidencesparatyphoid where typhoid,(from Salmonella) and bacillary dysentaryShigella) may be present (Tables 4.5, 4.6, 4.7). 
(from 

4.6 Impact of Labor MigrationL/
 

One of tho single moct influential factors causing rapid
chance in the Yemeni agricultural sector in recent yearsbeen rural labor migration. has 
environmeittal problems 

Many of the YAR's most serioijsare directly relatedagricultural to thesector; therefore migration must be considered.Some migration is froE one rural area to another.wadi The Tibamaarea may import so. 
 labor from the highladsa, ard to a
certain extent the whole wadi may be regzrded as economicanunit within which labor can be trannofrred.surveyed Ot 126 2armarsin wadi Mawr, 56 percent said they hiredagricultural workers. Those working land in the irrigated%adi needed about 30 days of extra labor per hectare, andthose dryland farming needed 5-1
extra needs 

days of extra labor. Theseare concentrated at plowing/sowing time in thesummer and at harvest time in the fall.agricultural laborers are from the wadi 
Many of the 

also come from an area 
Mawr region, but somejust to the north. Rowever, only afew percent of the migronts go to othersex rural areas, andratio figures the(Table 4.8) clearly showGovernorate that the Hodeida(which includes most of the Tibama) is the onlyone not facing major out migration. 

Internal rural-urban migration is a greateragricultural labor drain on thesupply. Most of this internal movementoriented istoward the cities of San'a, Bodeida, and Ta'izz. 

2 4Sources: 
Birks and Sinclair. 
1979.
 
Checchi and Company. 178.. 
Cohen and Lewis. 1979.
 
Escher. 
1976.
 
alliday. 1977.
 

Now. 1977a.
 
Kopp. 1977b.
 
Socknat and Sinclair. 1978.
 
Speee. 1980.
 
Swanson. 
1979.
 
Tutwiler et al. W976. 
Wbrld Bank. 
1979.
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with intestinal 
Table 4.4 Percentage of People Tnfected 

protozoa and Helminth Parasites 
(parasites identified from
 

urine and fecal specimens, and perianal 
swabs)
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The Percentage Distribution 
of Salmonella
 

Table 4.5 
Non-specific "H" Agglutinins 

and S. typhi "0" Agglutinins 

by Age Group and Location 
in the Yemen
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Table 4.6 Distribution by Age Groups of Shigella and
Salmonella Types in the Yemen on the Basis of a Single

Stool Culture
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Table 4.8 also shows that these cities have a large excess of
males; most of this excess is due to men from rural areas who
have come to the cities to find work. 
The estimated 70,00080,000 such migrants (roughly 1.3% of the population) is
substantial, but is nevertheless still a rather insignificant
phenomenon compared to the magnitude of internationl1 labor
migration.
 

Table 4.8 
 Enumerated Resident Population by Sex and Governorate
(Preliminary Results of February 1975 Census)
 

!;ovarmorate
Popula ia Governorate Capital
S Ra tio 1/Pee:,ove orate of f oputt1o(000) (ercz Sex -Rt171Tota PoD,. (0o 
 (per-ent)
Sana'a 807,269 
 95.2 
 17.8 
 134,588 
 131.9
D4aar 
 455,132
Tbb 87.3
789,518 10.0 19,167
88.4 105.8
17.4 
 19,066
Ta 116.1
873,876
Bod dah 676,693 83.6 19.3 78,642 132.2
102.2
Hahveec 15.0 80,314174,639 145.0
85.7 
 3.9 
 2,421 
 109.2
Hajah 
 396,578 
 95.8 
 8.7
.Sa'adah 5,813 107.3
154,361 
 90.5 3.4 4,252 110.740,896
Baida 98.3 1.0
157,764 292 81.5 
 3.5 
 5,975 
 82.6
 
TOT. 
 426 326 
 90.9 100.0 350,831 130.4
 

i/i'ale/Female 
Source: 
World Bank. 
1979.
 

Istiratas on the volume of internatonal labor migration varywidely. The bighest are about 1.5Economic million (Quarterly?Aview L979). oheYemeni gove.rment estimated
1,234,000 emigrants in its preliminary census results for
197B, but revised this estiate later to about 600,000 (WorldBank 1979). This agree. with several other analyses (refs.
in Birks and Sinclair 1979). 
 World Bank (1979) estimates are
about 500,000. The latest figures of the International
Migraton Project, which studied the problem extensively innumber of countries, a 
1978). 

show about 332,000 (Socknat and SinclairThis figure also agrees with several other mtimates(Rfs.in Dirks and Sinclair 19791 Socknat and Sinclair 
1978).
 

The lower estimates would seem to be more accurate, as they
are based on more extensive research. 
Regardless of which
figure is accepted, euigration is massive. 
Even 332,000, thelowest estimate, represents about 6.3 percent of the total 
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total manpowerfigures show that the 
population. World Bank 

and of this, only
about 3.5 million,

potential in Yemen is 
force (Table

about 1.7 million are actually in the labor 
estimate of 600,000 emigrantS

4.9). The World Bank When it is 
represents 35.3 percent of the 

total Labor force. 
in Yemen is 

that 73.2 percent of employment
further realized 
in agriculture, the impact of emigration 

on the agricultural
 

sector can be fully appreciated. 

1975 
population, Manpower and Labor 

ftlce, 
Table 4.9. 


(in millions) 

Total Mlt, Females 

Total population 
5.3 2.7 2.6 

of which 
Manp wr potential / 3.5 1.8 1.7 

of which 
People not seeking employment 

/b 1.8 .3 1.5 

.6 .5 .1 
Migrants 

Resident Labor Force 
1.1 1.0 .1 

La Age groups 10-69.
 
Including students and incapacitated.
A 


World Bank. 1979.
Source: 


To some extent, this massive labor 
migration is causing 

The money earned abrmad is 
changes in ownership patterns. 

the pattirnsthis reinforces
sometimes invested in land, and 

families.move well-offowned by relativelyof large-holdings sector isin the agriculturalinvestmentIn general, though, and 
the list of priorities for returning migrants,

low on 
those who are interested in agricultural 

investmeat prefer
 
the general reluctance

in the Tihsma. When
larger projects 

the net result is that very
is added to this,to sell land patterns is actually taking 

little rearrangement of ownership 
are changing tO

Leasing patternsin the Tihama.place except labor shortageshave suchSome areas may
a greater extent. 

but other areas have See 
be found to lease,

that no one can v reLabor is much
in share cropping.increasesgreat becOti"these agreements are 

and thus the terms ofvaluable, 
to the leassee.more favorable 

in Land
by migration, however, are 

The major shifts caused making itLabor shortages are 
use and cropping patterns. incase ilincreasedfields.marginaldifficult to maintain are nOthese marginal areassincethe incentive,reducing 
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longer needed to Support the family.
qat is the result.
labor input. 
A major shift toward
At the 

gat 
a 
can be produced with veryedtrdgreatly, in l _ag littlereatly--i 
 e a e dea... terge Part due to more cashemitocesa beingfall n on t n availableh e w o rl fmarket,te mprice baga risen.r s n. _ rfromaseand . i'nccoffee, Coffee prices haveecological acompetitor of qat, is being abandoned.
 

Abandonment 
labor intensive
 

one of marginal lands due to labor shortages is also
 
of the major factors behind the deterioration
noted in Section 4.3. of terraces 

Mechanization, 
still in the verypush because there is 

early stages,
traditional no longer is receiving amethods. sufficient
conditions Tractors labor for 
Whichad 

In Yemen, and are Often unsuitedoflnd, escally the result i tospeciallywhich in iglnstisa hrically areas. further to 
the In lowlandland in best suited emirtoareas,
de ar ge for mechanization,Pool of agricultural the 

Remittances labor off thelainn d heare also invested in Pumps for 
o ly re anot yet hit by suc hcan also be ~mirrigationass ive emigration.improved, but oftena miXed blessing.Sottr which 

a thegc Short rdciniand declining tere s.oigconwater table.. hisPinally, Yemeni Oireased soil salinity h migratio 
 abroad is overwhelmiglunskilled and 8eMi-ski J*
as short of highly categoriess
l08_ Of trained Perorel eer, n
a few trained people as tHe a cn
deveopm t-" 

Aeve n an pject. can the e t 
Concern Ove ven hemy ofnot see. a Yemenijustified in terms of the Small 

'braininvolved, and Yem drain 
Egypt n is certainly not nu--rsin sending large simiPersonnel abr.... . tran oa numbers of educatedStill, the or skiulrloed. 

r 
few of R is hurt by Jor- anoroa orthes" people at the loss of eventhis stage of its developmont.


4.7 Zonomij Developmnt

The Y"emn Arab Rpublic,8 inits" pve.year
(1976/77-1990/81) 

(196/7 ..l 
Das nt pln"ve 


Planning (Table 4.10).collection 
80,l)was the fir-st attexpt at comprehensiveof IndividualPrevious developmtobjectives roje wasof the pla, as . iVply aatp ire 

he bsic economicby the(1979), wre as fo eorda
a" 
 by the World Sank
 

(a) Mobilize huMan resouc, and....
through education rove their skillsand vocationaa training,
(b) aan 
-.
the Pbysical infrauc-i'.e.,trans~irt network, thetoiecomxw
electricity, Ji andhOf the thug integrat:&-gcounr ctriosand aind
be Supply of vital goods and Se 

in breaking Preent bottlenecks 
(c) Develop the productive ecta a.nd 

ticesn 
,ricand indutr. ln,___ 
 ~torn, 1-,agicltr

87didsy do ti food Production; 



Five Year Plan: investment by sector
 
Table 4.10. 


1979/80 1980/81 Total . t total(YB ian; 1975/76 constant prices) 

.ansort &-3.7 615 912 1.282 1,769 4,925 30.8 
insiri 

dtry170electricity & w35tcr 

270 5-15 
3237 

657 850476 1.223639 
528182 

31)51,99H 
1373 

22.212.5 
8.6 

cilug & qarying 

Agricuu:105 
llotwing 
Srvices 

Trado 
Constructio n e 

16 21 

151 32107 
90 19.1 

0 95 

32 13 
1914,k~------

32 

423 
387 
:1 
116 
83 
17 ----

19 

56. 
509 
561 
168 
116 

20 

56 

8.12 
582 
751 
199 
147 
23 

I 

2,276 il.:1 
2,090 13.1 
1,963 12.3 

628 3.9 

451 2. 8 
- 93 0.69710 100.o 

Total 1,262 2.169 2,959 15 6,536 15 . 

SO---c- Quarterly Economo Review oE Dahrain, Qatar, Oman, the yemens, Annual Supplement. 1979. 



develop agricultural supplies for export and
local industry; establish viable manufacturingindustries catering to domestic and foreign
markets
1 
and 	expand the capacity of the
construction sector so that it can cope with thefast-rising investment volume; and 
(d) 	 Increase the level of national savings andmobilize financial resources through taxation andother meann, to cover the expenditures of thepublic sector.
 

Besides these economic objectivessocial goals aimed 	 the Plan also pursuedat satisfyingpopulation 	 the basic neads of thefor 	 food, drinking water,education, housing 	 health care, elementaryand other community services. 

4.7.1 Agricultural Development 

Agricultural development
have is the sector most likelydirect immediate 	 toimpactagriculture, 	 on the environent. Inthe principal objectives as sumarized bythe World Bank aswere follows: 

(a) 	 Work towards self-sufficiency in foodproduction within economic limits; 
(b) 	 Provide raw materials for agro-industries

already existing and those to be establishedduring the Plan period; 

(c) 	 Reduce the widening trade deficit inagricultural commodities; 

(d) 	 Improve the quality of agricultural 
productsl 

(e) 	 Provide special support to small farmers andcreate equitable and stable land tenure
relations and 

(f) Liit the growing of qat.
 
These objectives were 

the
to be achieved throughfollowing means: 

(a) Continue the institution building andtraining of agricultural staff; 
(b) 	 Carry out a comprehensiveusrvey of soil andwater resourcl 

(c) 	 Expand credit services to all main
agricultural areas of the country; 
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cooperatives suitable for(d) Establish farmer 
Yemeni conditions
 

(e) Provide storage capacities for agricultural 

products 	and extend the network of rural
 

roads; 

to obtain(f) 	 Conduct an agricultural census 

for thn sector; and
reliable 	datr 

(g) 	 Carry out studies on marketing, prices and 
a view of arriving at policiestaxation 	with 

that would best promote agricultural 
development. 

great number of investment projects
In addition, a 

the Plan 	with emphasiswere to be carried 	out under 
given to 	irrigation schemes, farm mechnaization, 

seed
 

plant protection, livestock and poultry
preparation, 

and integrated ruralproduction, afforestation 
development. 

to be made for the 	possible use of sewage
Studies were 

Also, investigations were
 water for irrigation. 

sites in 	mountainousplanned for the location of dam 

areas for the possible storage of surface 
flow for
 

program of works envisages some
irrigation. The 

for flood retardation and
construction of small dams 
soil erosion prevention as well as water conservation. 

Other projects depend on groundwater. No legal 

protection is provided as yet against over
the plan 	did give recognitionexploitation, although 

to the need for some government regulation of 

groundwater development.
 

In other 	aspects of envirorent, there is also a lack 

to deal with prob!ms, and usually a lack of 
of means 

in the azeas where 	the government
awareness. Even 
the need, such as with afforestation,
recognizes the implementatiOare only beginning 	 to enterprojects is notof the industrial sectorphase. Development 

to bring about any additional immediate
likely 
environmental problems.
 

on the 1982-86 five year plan
Preliminary figures 
(Table 4.11) show no drastic changes in

the
 
in thegovernment's priorities. Progress installati 

of transport and comounications infrastructure hAs 

allowed the YAR to 	maintain a constant 
lavel of
 

that the 	 increasedin this sector, soexpenditure 
plan has 	been distributed 11

funding for the 1982-86 
to other 	sectors.
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Table 4. 11 Second Five Year Plan (1982-1986) 

Sec ora9gro trae) redo sic rd t 9 .8 .. 

mil t co P million, 86 1981 congo, . -mc 

• . Ian..,a u r . Annu al ixnIVRrmillion, tI t 
3.62a 453e 1otalMining 156 4 " .iaod 


E WIm9fich 70 12.0 Aninngra
nortucu7er2.124 1.13 241 Z Medingg1,0 
 2.0ham ;3 iscu im wlesr7.3 .'r 
=t 
-uton7.5" T 10,.Mumnt a houj 

Ctilsng 4a3 G02 7.1xrrianen .i4in & am ctmifunta ogj

I 7?.R 
nern 

o2f.0 snMcso"W e nr nic 1.0 . oth a l 
935 9.0Ut bank C rI 8.no O w

159 61-ga5 Tat nxWwwg,,,,-7015.5 
Irmooff~ 1T~~ ~ ~.2A17~ ~8.7. Taw-,S&in stock,,,.ft (Iitao..4 ~~U2".a 8.2 Ts---t, in the 

go49W'-atnmm~tnt121MPodut LI 7.0 '"'!'-%'v4' sutor2818"

SourCe: larvey. 1982. 

3Ym 

s ct 1982 86)lanbV s€ol rn 1ri82-6 

' a4a.7 . 1 

tm l 

3.510 3.3,.8
Z.040 "7.4 
"a 2.3 

2=4A07. TM 

•25I33.745 1 
13.77 

42 1.0 

1..0 

.g'914.491
14.4Z 5 
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4.8 Status of Environmental ProblemS 

in the Yemen Arab Repuolic very little
In general, there is 

either by the government or 
action on environmental problems, 

The World Bank has made general
by private interests. 

concerning the environmental problems

recommendations before 
in this report. It is likely to be some time 

discussed a few projectsThe start of 
most of these are acted upon. no show that 

to cope with environmental dettriorat 
designed and dmal with the problem

willing to recognizethe 7AR is arst development is 
onca it is brought to attention. Sowever, 

first stages.still in the 


less on how
 an problems and even 
There is little hard data from a lackVhe YPR is suffering
development may affect them. 

. These and a
to implement project

of qCalified persoL'el 
it unli~elY that in the near 

host of other factors make 
able to devote very much 

future the govrnment will be 
those casas where 

attention to the environment 4xc.ept Li 
theaffect the welfare of 

directly and iJmediatalyproblem of the 
populat.on or the production of various aectors 

economy. 
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Figure 1. 
Physiogeographic 
Regions


Figure 2. 
Location of Hydrometeorlogical 

Figure 3. Stations
 

I3oheyetal Map Suggested by Recent Precipitation 
Data
Figure 4. Monthly Rainfall Patterns
 

Figure 5. Provinces of Yen Arab Republic
Figure 6. Ecological Zones, Principal Crops, Religious Divisions
 

Table i. 
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Regions
 

Table 2. Major Climatic Zones
Table 3. Available Climatic Data in the Tihama
Table 4. Available Precipitation
Table 5. Mean, 

Data 
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Table 1.. A;oas of Physiogeographic Regions 

Westerni scazoUpfit 
over 1,500 m 11.500 sq 1a 

Western Highlands 
500- 1.500 19i.100 sq in 

Wstern Mlainds
Wes LowlandS u 500 m 20.300 ew ki 50. 9 q k 

Eastern. Escarment 
10.500 sqover 1.500 ,Northem H*Wmds 

I 1,-over 1.500 MEastern Highlands 
- 1.500 a 20.100 sq k'1.000 

under 1.000 a IS.0 S4 ba w404 bnrastern Midlands 
East"e-n LowtadS 

,-4AC!EL.l. .. ! 
k 

ov,- 500 i7. 
-erHighlandsSout 

1.000 - 1.500 I 2.100 sq k 9. 9W sq kmSouthern Midlands 
L3. X0 sq hm 

TOT. L 

Source: Bernhardt at al. 1980. 

Climatic Zones (cf. Fig. 1)
TabLe 2. Major 

I~AN , AVERAGE 

CL24ATIA MONTHLY AR1UAL 

A TROPICAL TMA ZO E AL. CTfl. TZON. RuilITu. 

Casta Tmisih plain with high 
sompheric hu=dly and 0-50 U i 5 0-O so 

low pr*=p3ZSL23-2 

Cantrl TlhU plait With 10W 
atmosperic humduut and 
low precixp1lSOa 

.-00 £ roial 24-32 0-150 me 

Eater, mounrn near Tah pLAiM 
,,th law to Medium prompiUUtwn 300-500 M tropcal2 22-3 

3 TROPICAL TO SUBTROPICAL 
ZONE OF THE LOWER wESTM4 
ESCARpEDr ZONE 

Lower mount= " , frOst-(m 
zone with low - -,:tautbmn 

tppei" mo-,taon sipes withramisilrsmlall 

500-1.400 

~~1.400-2.100 

n 

M I 

troptci2i 

sixbtruto OL 15-24 

20--M 

300-a00 

SO 

Ma 

ZONETE"IPLIRATE HIGHLAND 

10-1wWestern. otausnHighilands., witth-L.qw 0-.0101tele2.100-3.7Waaelmto ablandlflt runtall 
.2 8 W'l-00I'Msl -na tovm* 12-1 0-1.000,o-2.4ooCennM Hi lands. with 

iD SuBTROPICAL ZONE OF T-HE 
EASTERN ESCARPMENT 

~ a-.0 uto~a S2 
Easern n, slopes wfth law. 

'oer a,1.2.mswu m - MIS 
22-23 0..200 NO 

ane 1.00-003 subtro~caEaserndasrt 

1980.
Source: Bernhardt et al. 
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Table 4. Available Precipitation Data 

- - 390 - 519 11 .. Sam" ---t mr -- 2. Sa 
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-- - 2203. woo"& .m (173) (187) 
6. Ita 
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Al Ab . .1. adiw (M,2) 334
119 (163) (M) (3531 56 

2. 64L 1#A uiL m 9 270 
- 563 - - - 563 -. fa - -

G- 411 - - 5231
Uz. A J8%bh 39 
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2. AL WA 
13-

-i 

:4. M&M96 -
-
69, 666 340 

644 3 7"m 41 
3 57. 587 526, 706I. 
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I3Ih 
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c ) partial year data. 

Source: al-Eryani. 1978. 
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POPulation Projections
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Table 1. Population Estimates, 1974 - 1979 (millions) 

Yaw 	 Population Eat. 3o0=10 

1979 	 7.0 1 
(+l.S A~cjng out 
of tau=t/) 

1978 	 5.884 2 

ad 	1976 5.5 3
 

1974 	 6.365 4
 

1. 	 Quarterly Econo-c Reviaw of aahraqn, 

Qatax, Oman, the Yens. 979. 

2. 	U.S;A.Z.D. 1979a. 

3. otrld Bark. 1979. 

4. 	 Counilc of Arab ,=nmic Unite. 1977. 

Table 2. Population Projections (thousands) 

1975 	 1995 2010
 

5,300 	 8,000 10,600
Tocal Population 

of which: 

n.a.
Residents 	 4,720 .a.
 

Migrants 	 580 M.a. n.a. 

Souxcet World Bank. 1979. 
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Table 3. Population of t-he Major Physiographic Ragions 

cEe L-men "- --- DE FACTO POPULATION 19_' o u md 

Zuaz.r H40hnd 1 1s 
-- er - in d Qb ).00 

19,100 /9 

1.50 oSoUrce. erna,()z t.7al 130190.0y0.00oro 3.t* bi e £au~~en4 L4WL6=c 

61 3.00b L3.860.000 

d& " MW1 3.2 

7 O0, 
Yazb A a0001 
-.--- ,-- I 80.9 4.1,0..036.5 40 

Source: Bernhardte t al. 1980. 

E"WrOXd~ns 13. oW10..06T 

Table 4. -Rural and Urban opulation by 9rVic1,e41li 
2..J 15978 

- ~ ~ ~vg ~ ~~ ~OfO?200 ~elfl ~ ~ ~ 3 200~ 

•1 HucdaydaJh 
San* 

" a90
.41 a y di l .

9I3 

" 
5",8.23.3,g9

$0.2 M . .383. 
1 ~ 

M . 429 

m
1 9e" 

9 . 

. umben 

82.724 
13.8 .525. 

m 

12 .9 
3,.3O54 

Numb 

39.28 
-7 . 4 

zhami 94.5 769. 4 .12 3.6 6 .154 3.8 J.633' 
:}I 95{. 2. 3 19, 638 3.2 -153 

HaliaJh 1 39 ,14 . 
Sa" ai 

sa 'db 
Al. .1&nc . l38.6 an 

M.7 S 
07" 
7 .=

.174:8 

1T.4 5.9" 

;w,; 

. 
1.0 

3. 

3 , 
3..3 
1 -

10.m _..._I . 89 "-4.130.s Z8 2.494 

So wr: Ter31,ard=e4 al161980. 
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Size Of Settlement
Table 5. popu.l.ation Distrib ution by 

147.00 ~28.00 
3,00 17.". 5 

12,000 T.8.*5 
MOS3. 


2La- .. :.1 % 
am 0.1 
.0 0. I1, 


Ll 0.0% 
a o.0 1 

3 0.0%5 

12.734 I* 

Source.: 


1-3RmAaUAaeL
~~3 "L 

324.02, . i t.JI1,I 4Lg
t 5 . 00 

9224:g3j,9.492. 5 'SO *3.2.aa .i u|LL 
3.,1 2.4. % S3$' 

iS - 100mt21 , . 19.4SS - M 

2:3 .0|SLS, - 2.0 0L0 . I.W.22IMI10
Las e100 2.00 

00" 1 t . .3L04 2.0 14 
SO " 220 34000.000MLLWemo 0.2.2 . 0 it 

LAP m. 0.m.S= Su
2 0. o1 1.3 19 .4 'A .4L0.T 

.440.20 
CMwI0 

2004,702.4M8 
oTv iin.-- Febem 

1978.
 
Swiss Technical Co-operation 

Service. 

Classification of Settlements 
by Size and Province, 1975
 

Table 6. 


Lo&Lam"L %W4 
1. L .k 


15535.'inO2.aap.I ,m'&1SE 
" M0.15M4 M .b Ii . 2 1 " 

am4 r+aSS W (5., a m 
"I aa maintlM~| j 

U2 I& Ln 12.3 1 U1 31.94t I693324 I Q 
2 i I 3)
mlll us'|li, j # n 4 1900 

13(2.~21716. L 01
a" 9.

. 
U1~~lt,143.6n (4. I U1
 

.sin~ 6287 (1.411) I ( I.2 1.I .31 LI ti .~ 1 1.
94.n . .1131 (0to'.(L.4.3 1 L :710.Un .. I " .299.t U* 1 12to.o
4 ~ (94.2132 .70 L 

A4s 2.0 .1 . S 1 
(13.1 MUMI (22.00 X2.5? MIIN'(L.24(.l (1 11=21~.5 CIA 446.M1 (1199%1 (1317 

- SIs403?7 "a91622 4.14L 23 
.4 * 5.6 .92.0 % 1..,

L "a'* VI.M .554. 415.19543. VU 
a.5= 3.6% - 0 LM ' 411.9i 061 1, 3 2&.4 L 14i.n1 1.2 Lt. G9,62no T19.90 11.45 17:-2.91.1.-15 413J?155.119 4430a 3.2W 4.30 

U 1 
2.1 IL 

3.142 0.1% ma"12 0.01L 1050 
14.55 "":q 2..94 1.46 . 

AL .MAI 11.1 96.' s 
As * 

%j' 15. 3 . . I 

461144 . 1 

M 9.74M 
6I0a.0 4*g.L S52 LL 16=6 .,262 

1978.
Service.Co-operationSwiss TechnicalSource: 

116
 



Table 7. Growth in the Cities of Sana'a, aI 9udayah and Ta'izz, 1970 - 1980 

00.000 
1971 103.000 .0 m.1.00 -' -i 

376 

9 412g.,000 
110.5m 
119.00 

M W71,000 
8 .3SO0 

3"0 
1978 14a.SO0 03 0 g 81Wc 
1977 161.000 .5m,Oo 
1978 173,500 

97I,00 k 000 
190 1 oI 03, 

198 2 11500Z7.0 I 2.O 

................... ._. .. 

Source: Bernhardt et al. 
1980.
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Table 8. Miscellansous Demographic Statistics
 

Population Density Per Sq. KO 28 4 

Population Density Per Square m of Arable Land 300 1 

%of Population 
(2U00) 

in Urban Areas (defined as over 
ILI% I 

Population Per Practicing Physician (1973) 20,440 2 

Average Daily Caloric Cnnsumption (1973) 2,017 2 

1 Literate (over 10 years of age) 10-13% 3 

Per CapitA Share of GNP (1978) US$ 475 3 

Sources: 1. Quarterly Economic Review of Bahrain, Qatar, Oman, the
 

Yemens. 1979.
 
2. U.S. AID. 1979a.
 
3. U.S. Dept. of State. 1980.
 
4. World Bank. 1979.
 

Table 9. Vital Statistics, 1970-1975
 

47.3Crude birth rate 
217
General fertility rate 

104.3(1(/100 7)

Sex ratio at birth 


28.7
Crude death rate 

Life expectancy at birth 

35.7 years
Hales 

38.3 years
Females 


Infant mortality rate 
176,Males 
142Females 
159Total 

,et annual population increase 18.6 (per thousand) 

Socknet and Sinclair. 1978.
Source: 
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Table 10. POPulataion by Age and Sex, 197 
(Preliminary figures dariva
from a 3t random samp.le)
 

-Abooluul 
(Yeaza) ta1~ 

%. faf lem9 
 aS-i~
772.144 IM" 
17
10 
 14 
 806,542 
 is 1
15 -19 537, 385,06


57733 16
13 388858 387,o9o
5,$31 16
20 .24 3 417,4
25 - 29 a,251, 73 L .29,133 28 ,
6 189,49 a30  282,877 68 
 15,1594
269,642 6 
 166,925
40 - 7 116,17255,22.L 
 G45 - 49 1 15, 9 2
190 ,30
227,158 6 140 132
123,06o0 
 1111 5 .a 9
,521
50 - 54 1300
5 . 4
133,942 104.,091 5 104,099

4O- 122.02 3
do 9-,4
70 
30 -

- 64V39379" 3 86,20970,o45
,7,8,%0 2 57 114

7 - 94-o 
 135,0O92 
 2
78W 2.7 c4740Soe 68,0" ,7 1.I 5 .234pe.oo8,ti0 2. 43 ,44
@ a
020,q 2 .,075
j0 .5 13:044. 0.6 
 24,O6 9 


20,9 1 0.
T . 9 959 0.4 14,0 99
4,S26,325 100 
 2371,092 100 
 ,10,924 


Source. 
 Swiss Technical Co-operation Service. 
1978.
 

Table 11. 
Enumerated 
Population 
by Sex and Governorate, 

1975


(Preliminary 
results of February 1975 Census)
 

Governorate
 
WRao 


-- Sez 
 Percent of
GojLU oA eI0aD 0 rc~ Total t). Popu atioP o
807,269
Da 95.2

4.55,132 17.8
bb 134,588789,518 87.3
88.4 17.0
17.4 
 19,167
19,66


T aL 873,876
Mahweet 83.6 1 . 3
676,693 10. 89,066
17,639 9.3 7862116.1

85.7


Harib h 15.o
1a 80,314
396,578
396,368 85.8
Sa'aab 
 154,361 95.8 3.9 2,421
90.53.173 8.7 
 5,813
157,764 

eda 81.5
40,896 98.3 
 1.0 4,252
5,92
355 975
 

1.0 
 35 831
 

Source: 
 World Bank. 
 1979. 
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Table 12. 


Physicians 
of which 
yoegnes

edicag:.ssner
s 


of which 

"emfenis

Fore igaUZs 
osp ig. Bes 


Table 13. 


- 1976 
Public Health indicatoS, 

1970 


Total 'Number Population Der No.
 
1976
1970 


19701976 


23,256
26,630
234
184 


(102) (124)
 

(8Z) (110)
 
643 796 
 7,620 6,837
 

(601) (653)
 
(42) (143)
 

3,317 2,637 1,4-77 2,064
 

Source: world Bank. 1979.
 

Educational Status 
of Labor FcL-e 


y.i~terat 


Unable to read and write 
Can read only

Litead 


Can read and vtte 

canred ndr'.ma G 

Finished primarY 

Finished secondarY 

Finished universiy 


.ot Stated 


lot a te 


a--e=ales 


778,678 


667,473

111,205

219,277 

198,882 


4,766 

4,367 

5,046 

4,342 

1,874 


997 .,955 

134,394 


132,727

1,667 

3,378 

1,943 


86 

194 

599 

319 

237 


137,772 


(1975)
 

Total
 

913,072
 

800,200
 
112,872
 
222,655
 
200,825
 

4,852
 
4,561
 
5,645
 
4,661
 
2,111
 

1,135,727 

1979.
world Bank.
Source. 
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Table 14. 
 Age Structure and Share Abroad of Labor Force Age Male Cohorts, 1975
 

Hales Abroad
Age Age Structure
Hale Asautng Males Abroad as
Hale/Vemale
Cohort Hales Abroad
lnhabitants Sex Ratio Assuming share of Total
Ratio Inhabitants plus
Sex Ratio 
 Abroad Cohort
 

1.00 
 1.04 
 1.00 
 1.04 
 1.03 
 1.04
10-19 
 444,194 
 0.98 
 6,768 
 24,827
20-29 3%
232,119 8 2%
0.67 5%
112,772 
 128,648
30-39 46% 41%
230,119 331
0.78 36%
63,643 
 75,413
40-49 26%
190,307 24% 221
0.84 251
36,844 
 45,930
50-59 15% 15%
127,159 16% 
 191
0.85 
 21,746 
 27,672
60-69 9% 9%
78,019 141
0.94 M8%
4,969 
 8,289 
 2% 
 3% 
 6%
Totdl 10-69 104
1,302,408 
 0.84 
 246,762 
 310,779 
 l0t 
 100% 
 16% 
 19%
 

Sourcus 
 Socknot and Sinclair. 
1978.
 



APPENDIX III
 

EcOnomic Characteristics 

Table 1. 
 Gross Domestic Product at Current Prices
Table 2. Per Capita GNp and Remittances, 1970-1977Table 3. Estimated Employment by Sector, January 31,Table 4. 
1975 Structure of Manufacturing Industry

Table 5. Value of Agricultural Production 
Table 6. Commodity Composition of Recorded ExportsTable 7. Composition of Imports By Value To YAR, 1970-1977 
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T.b1C I;= ros .i F tijc pL-OducL aL CliriiL Price 

(YR Million) 

8aC~8 

---
AJ110 41 t Scutur d1 ll l & U ; u 

f i66 
iduutGsY 

IrUCT 6 

1670 19 70/i 197/1-I12/13 

~14324
94CUauK-'--2.3- 42 , 969 1 .13 

81. 109 
66 87 102 

---331 36 

j1,53221,263 

142 
127 

51 

197 31 4 

. ._11 
1,582

2 124 

213 
182 

I! ~ 

~2, 
2,335 

0 

116 

1-060 

2 191j 3/ 

i._0 
2,305 

302 

221 

i,2 

irtrualder. 

Trade 
Tranci, &Banking 

Tjanepo rB 

283 

13 
35 

184 

300 

19 
47 

231 

360 

210 
68 

314 

460 629 

109 

91488 

826 

96 
136 

654 

1,220 

14 
15 

835 

Gvrfl8 
lowdnlen 

0lhr urV 

E II OV SIklif"C ulcl t..kuL T&Wu 

91 
64 

29 

50 

127 
73 

31" 

83 

46 

2.091 
113 

2852 
91 

_2_,514 
151 

29 
8 

19 

202 

401 i29 
199 

103 127 

4,44260S!. 
283 453 

TalusFocld i'nk.349 
uc 1 

1978 
3 _ -0581 



Table 2: 
 Per Capita GP and Remittances, 

1970 
- 1977 

Calendar YeAr Per Capita. GNp FPscal Year 
Per Capita RlationRejmi tt;Ln of 
ROnMittances 

1970 
 $69 

to GZp
 

1971
1972
1973 $96
$11.1

$147 1971/72


1972/73 $13"
 
1974 $217
$197 
 1973/74
1975 $25
$225
196 .a 1974/75 

17
 
1977 9-5/6$44 $26 17n.a 18%
197.a. 1975/76 
 $101 
 32%
1976/77 


$203

$2303
*772 r . figur is rt Private tmrnsfers, 
for a
 

Other Years figures 'Ire gross private. All Prices 

Source: 
 Socknet and Sinclair. 1978
 

Table 3: Estimated Employment by Sector, January 31, 1975 

(in thousands) 

Sector
 

.AM"culjura (incl. forestr7,
livestock 

& fishing)
?anufaccurlug (incl. mining,

quarrying, 785

Power and Vater)
Constructio & Building


Trade, Rescauranr. 39

3 & Hoes 


47

T-anspor, Storak &Fmance, 72

Dnsur&ance, Real Escata& Business Services 

26CO°m==c7, Socia.L & Persoa 

Services 2
 

101
 

1,072
 

Source: World Bark. 1979. 
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Table 4: 1975 Structure of Manufacturing Industrl 

of ILrfuots Turnavarf Cap
Va. of estabLishmncst .bccfart, TUOvf 48. 

.2 wil11kM) torigsminsics (TF2=108) Irv. 

eiu..4 procSairat 
&.46kb d,2.53 I0LO.0flout aiLling 



2"9 2.610 51.53.ed 

403 521 .
VIt0Lflbli QIA 

461 2:3.72 ,441 192.7 4 

6 207 12.7 

Totcal (ac. Octers) G,IU 

10A20.0
saft drinis 22.770 42 23.9J 1 21,6
TaiAccoandl4 Ci6acaCt*0 

Iu~dn ng U.926 I 22.7 

~icc 32 22". 
1I Z2.'

L9 n2 0.9
C.;. tiuc& 

41.04 9 6224.2 
al, (Unc.oha rs) 17 7 

'r-f.''', I tutidud inatiUUCWS 
1 133 34.5552 23.9C..iLCVn .&nLng 1 no 26.95 2.3s 25.3 2

.Vnilso 42 2
.433. W6 ... 4 

6)070 63.30 7 I'M9 52.7 
.tt)2,i',a '.d 601 

119 2.0
1 227 3.4 1
auinium podct 


3" 502 10.4
launntm radl 

L.U8 %389 63.9 9236 3.3 
ruc4alul. -iclera), 

acfler Mnufacturing 
Z9.4 5.wod01.cs o 452 
1. a 2.5p.flhcil~fgpsolLisalt &.2 246 * 

363 4.5-paCtarY , LID 
26.7 4 202-.)LS..I*223 

Z2 523 116.1:j3cai (Lack. acheua) 37 1.331 72.4 

4.3 19.3
GRAND TOTAL 10,387 Z3,074 444. g A6 

a iaLoo~a smc firm with ma then 10 wersors. an m a smaller dome
 

b iaciuding coffee riaocing
 

4 .zcjug the 730 istee is 250 mU&L'same quarni (cureaur 24.3 million M)
 

a inaLuia GGLY some Cta~es
 

f inchuaa arciLiuL.1 2lm
 

Source: World Bank. 1979. 

http:wod01.cs


'rld~e 5. V lue of Ajricultura 
t PioduLLion 

(YRL ""111on at 1971/72 constant Prices) 

1969/70 19 0/71 1971/72 9 73417 
Crops

hLivestock 

Frisheries 

Forestrya4 

676.6 
193.9 

20.8 

45.9 

871.2 
2644 

21.0 

821.1 

333.5 

21.3 

1,024.9 

239.7 

16.3 

920.8 

220.8 

12.7 

1,186.2 

275.6 

12.0 

75 

1.090.5 

270.3 

12.3 

Toca 
937.2 1,201.2 1,219.2 

42.0 

1,322.9 

40.7 

1,195.0 

39.5 

1,513.3 

38.3 

1,411.4 

S*)urce: Worlt Liaiik. 1979. 



V1'al Yuars ending June 30 

AgicuturIal 


lli Huturiaal
 
Cotton 


Cotton Lint 

CoLLon Seeds 

Coffee 
lUde. & Skins 
Ilketi V ah 
live Animals 
Potatoos 
FruIto 
Tobacco 

OLliera 


i Irocuaded Agricultural 
0o Produtcts 

CoLtom Products 

Fabrics 

Shu3tu 

Tar 


DisaouL 
ConfecLi onery 
Oil Suod Caken 


W-.n-A-riculturul &rports 

Salt 
Hatal Scrap 
OLhrs 


frl.2I4,701 


Ta'ble G. Co..un-tli ty Comjpsitioun of lIco-ded 

(YR tihousadO.) 

Ul/R 72/73 73/lI, 

22,701 23,693 51.648 

10,799 12,821 37,053 

( 9 912) (10,785) (35 180) 


1887) (2,036) (1,873) 
5,531h 1;,I69 6,461 
3,271 3,325 6,21.i1 

58 ,382 781 

311 768 643 


239 39h 195 

66 224 113 

25 1,1 74. 


2,370 266 57 


100 1,118 .96 


325
100 317 


(1001 (317) (325) 

-
-


- 636 1,315 
- 119 54. 


71 202 


1,698 h.33 1867,531 

1,1112 27 26 

356
217 102 


239 30 1,h56 


25,269 55,382 


Exx)orts 

41,982 


3o,954 

(28 1.8) 

(2,766) 

4.972 
11..!L 
7 

4013 

11.1

1i6 
172 


h1 

3A153 

1,590 

(11193) 


t257) 

(140) 

1,131 

582 

150 


-
9 


7,522 


529650,063 


75/76 

3
41,582


24,583 

(P.221) 

1362) 
7,588 
8,.00 

325 

6 


13;
16. 
38? 

359 


l.,322 


1,384 

(775) 

(609) 
p. 

2,093 

81.5 
-


10,59 

1
 
313 


3v815 


2 7/7 

43.205
 

249953
 
(249593)
 

(-) 
10,223
 
6,129
 

56
 
-

11
26
 
665
 

1,133
 

SJ640
 

637
 
(165)
 
(4731

C-) 

3.156
 
724
 

1,123
 

1L682
 

-
1.689
 

5,3
 



T~b1e 7. 
Coaqitpioj
 
1 of flnurts, by Valuie, 
to YAR 1970 
_ 1977
 

- as 61297 

17 Q are 

Hanacurd Products 4. 0117
65.2 '14.2 So.Lj 
 51.3 . 149.8
F oz' 45.34 

18 3 
 2 S.
Machiner~y and - 25.5 ,, 1. 1 5 .. 0-9 02 . . 7~ 52. . oQlGM~Lcaj- 28 .3 

"a :a9 . 29 4 8 .tae. 9.o.1 L5.= 13. . 20.6
 -
 9.3 3.2.
 
11. 


12.2 
 15.625.5
 

allue Of imports at1 cu--n Pricei in0.0 
0. 1 0 . jC.0 l 00.0 100.0 1 5 53 .
 

Index
Of growth 8.4 194.8 376.2 564.319 70 jCO. Ot 
 1.4
I,34
1977 
 979.4 

Quar te r 
RatC. 

10. 
 0 
 62 75L.7 .
 .219S.4
2,5 


So~rcek: ~ur, a~ d Eircl.tr. 19 7, ) 



APPENID IV 

Water Resources 

Figure i. Water Table Elevations in the Tihama, April 1976Figure 2. Regios. Fl Pattern ofFigure 3. 
the Tiama 

Conto0ur Map of Bydrau .c Conductiviy, 
Wadi MawrFigure 4. Explorator wells, Wadi Riza 

Figure 5, Salinity and Depth to Groundwater, Wadi Rima, May 1976 

Table 1. Total Monthly Streamflow Of Rima 
Al 

Wadi at Base of Mountains,Table 2. !iShrafah Gaging StationTotal Monthly Streamflow of Wadi Mawr at Base of Mountains, 
Table 3. 

Shat Al Erg Gaging StationPlow Net Computations 

Table 4. 

of Natural Groundwater Discharge
Aquifer Parameters and Text Well Construction Data, WaiMawrTable 5. 
Estimatad Annual Well Discharge, Wadi Mawr, 1975-1976
Table 6. 
Aquifer Parameters, WadiTable 7. Rima
Chemical Analysis of Irrigation Water from Ausseifera Farm,

Ta'izz; Goauisha Farm, Uodeida, Zabid Farm, Zabid
Table 8. Chemical Analysis of Drinking Water, Various Towns
Table 9. 
Water Resources Information Summary
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Sourcuj: al-Eryani. 1978.
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Table I. 

at Base 

Total Monthly Streamflow of Wadi Rjrnma
of 'lountains, Al Misrafah Gaging Station 

(million cubic meters) 

Mouth 

JaMuua7 


February, 


AprII 


JUl7 

August 


September 


O tober 


Nove . 

Daecmbar 


Annual To caiL 

=M~r 


-


or Y 


7 


Mac 

(5.20) a 

5.50 

8.40 


-2.10 

23.90 


12.10 


6.40 


2.40 


4.50 


(90.50) 


. C r,a.1s.
 

Year 

1976 

1.50 


1.60 


4.40 

22.90 

19.500 

13.70 


11.10 

10.50
 

6.40
 

3.90
 

3.20 


1.20
 

99.90 

1977 

2.90
 

2.70
 

1.60 

.
 

-

.
 

(7.20)a
 

&Ource: 
 al-Eryani. 
 1979.
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of Wadi Mawr 
Total monthly Streamflow

Table 2. 
at Base of Mountains, 

Shat Al Erg Gaging 
Station
 

(million cubic meters) 

Tea? 
1978197719761975*M2th 

20.7
a 11.64.46.9J8uzzy 
19.3
9.0
a 4.05.4Tebruary 
17.411.06.4
6.3Mcch 
20.1
38.8
22.8


Apr±l. 19.6 

40.1
33.8
18.0
8.2 

20.3
13.0
13.3
24.1Ja 

36.112.023.824.9July 
50.69.633.327.4August 
42.914.324.017.4Septmnbe 
27.5
27.7
11.8
9.9
October 

28.3
18.3
U.0
5.6
lq.vmbS? 

21.1
16.6
10.4
6.4
Decoimb 


344.4215.6183.6
162.1
aal Totals 


atsmtsd. 
22.bEstiatmd prior to MsuCh 

1978.source: al-Eryani . 
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Table 3. 
Flow Net Computations of Natural Groundwater Discharge
 

* .04J 
.60"°0 i..ldrft 

L.0630 
6.00 9.1L=L2.0--;1 
1.4.0J110 i2 

1.0 =3 L.M 

a L-30 64372 

LINO 7001-,76
*° ,..;0 

LSO 

TOU im..1 

-8 L 
L.id .. 

' : .830 
3.I 

Hu 14118 l...? too I.L-drmm "s 7.2" 

JO 

18 
.,,.2o., 

3-7 

.3° .3 o=3 1.49 
-J& 

123Sz. Ua 
lo. ite 

1 9.1 3 

Sore9 * rai 1 9 

13 :So* 



-- 

-- 

Data at Wadi MawrConstruction 
Aquifer Parameters and Test 

Well 
Table 4. 


£rage
&voes Awows9Ave24-Hour 

loe ic
Storals oeaMl9jimt
j
specilic
pumping Duratlon
Tel Total Scream c ist C.;ductiwItY

Capscity Coiefficlestof Test
Nell Dapib Length late 
(IFlday) (mrday)

(Iial) (ultless)
(boars)
N. ( ) (a) (1 _) 

26.6
650
N.D.C 

I is 24.4 20." 6.0 1.06 

42 1.3
0.33 

6 116 3:.6 8.3 6.0 
121 i.6-24.0 0.60


1 234 26.2 13.1 11.-
23.1 22.3 12.0 0.6

0 1 200 3 6 
12.0 0.9i 

35. 25.1
13 154 -I S30 23.3
 
24.0 2.53
10 32.3 42.4 21.914 li9
2.1 --

15 lit 32.9 44.2t 60.0 1.3 
1.0 b 0.14 -- 20 

1.0 2.3 14.4
23 T 430
6.0 0.34 

24 1 29.8 10.1 000 2.b
0.65 

is 111 21.4 11.2 36.0 20 0.1
0.21 

26 1 21.4 6.3 6.0 2. 
6.0 0.13 

29 14 40.1 2.1 350 26.3 
6.0 0.99 

30 206 11.3 5.6 1300 19.54.13 0.0010 
205 6.1 *4.5* 120.0 5.031 300
Q.O&30096.0 1.42


32 152 60.0 2A.3 P.3500
N.D. 

33 165 60.1 12.) 6.0 0.41 

40 6.
0.49 

61.1 6.3 24.0 22.1
34 1 1 200

24.0 4.30 


3S 154 8.3 S.9 60 12.5
 
36 153 51.1 44.6 24.0 3.41 

400
0.14 
33 160 4'9. 13.4 24.2 4. 

24.0 2.11 -0 

3s 161 60.1 29.0 5.4
 

1.34 --26.1 24.0 


40 140 32.3 43.3 

3 150 40.; 1050 32.0
 

16.0 4.91 --

aAverages form step-drawdown tests.
 

bTest by airlift
 

= Not Determined
CN.D. 


well localitie3d e Fk(j%%re3 for tst 



Table 5. 
Estimated Annual Well Discharge, Wadi Mawr, 1975 
- 1976
 

Average Ptipd..
Lo..•Volume 
 per 

Loa:* 
(Sector) e.ll per Year 

(M=) Nubr 
of Wells 

0.14 
4 

ZI 0.14 1 
ZII 0.14 1 
IV 0.056 6 
V 0.14 2 

VI 0.21 12 
VZI 0.14 1 
VIZI 0.14 1 
zx 0.134 40 

1 0.179 16 

xz 
 0.14 
 1 


84 

aSee Fig. 3 for sector locations
 

Source: 
 al-Eryani. 


, _ .
 

Total 

(H=~ 


0.56 


0.14 


0.14 


0.34 


0.28 


2.52 


0.14 


0.14 

5.36 


2.86 


0.14 


12..62 

1979.
 

1
1976-
 "
 

Nmber 
 Total
of We-u~s (MH)
 

0.70
 

1 
 0.14
 

3 
 0.42
 

9 
 0.50
 

3 
 0.42
 

12 
 2.52
 

3 0.42
 

2 0.28
 

62 
 8.31
 

28 
 5.52
 

2 
 0.28 

130 19.51 
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Table 7 
aaenlceI analysis of Irrigation
Gomallha 

Farm, SSOdaldai 

Water from Auaaelara Farm, Taignsand lid Farm, Zblia
 

Loca tion and Source 
 B.C.
HM1C-

Luageifera r m Ta*ja.Auoj,,
.,T. an/c a. 

at 2 mNov. Iis7on 7.7g of N t iC32.90 Cl-
£l14.0 
C0 3 - 2480ie uj Mor SnO
4.0 • ot c"Su o SUN8 of
0.35 u
 

17.50 C~f 1 Ca Mi Anion8 
Oct 1 760,9-21 N 0. 
 1.
IL 1.92
 

1a0 

7.7 
 a 3.10 14.4 5.6 0.35 11.56 2.7s 35.s18.00 10.16 111.00.• * 1.Sep. 1976 .0
66 

7 7.76 J.12 12.0 11.79
Aug.8 I 
 5.8 0.40 56.50
**11 1.3 1. 
 . 4
Aug. 1276 0 
0 0 36 .05


200 2.71
.2,a J4.70 117.110
 
i~lJune 1976 7 0 3.10
7.5 8 •,7.92 14.2 6.4 0.37
.60 Is 0 
 6.0 
 0.40 0
14.0 so11 3 3.3
11.21
67.60 

2.28 a2 3.
13.6 1 7 11-40 11.60 2.07 3 5,97 20. O .35
5.4 .40
0.35 2 0.60 

1 14.00 3 .*3
** 8.20 


3.40& 
 12.339.60 3.03 3.40 21.0033.75 36.30
19.3
 

NotTar 
Wel 110 00 ii"~h 


i
 
C4aalsl 4Gom al pi r mFarmth el 3F S.othS4u no.eil l no. 4 8.07 3.70.2 2 8.2 5.02.2 8 0.14 29.53.0 5.46Goinaleh. .0 *0.1 3'o.1South 2.5Nil no. S . O 6 * 4' 

a.1 I 21i..2.05 3.71i. 2 5.7 42.842.2 13.22.g 
 0.07 at
18.3 

A.06 .
 2.36 
 23.61 
 5.0 
 2.63
Zabid Taira 


7. S. 
 2 3.2. 
 7-
labld Farm 23 62 

5.6 
 . 0.12
S .bi 8.0 7.2 

l.gS 0.40
7. 9 a4.0 15.330.76 72.2 l3.$51.2 0.16 11.5 7.6 
 . 0 
 1. 
 0. 33 
 5S32 
 7 
 14.2s*Aovedaelf.ia limit0 .a
 

"'Ices 1t78isteg l.e 

1427 
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Table S Chemical Analynia at Drinking iater, Various Towns 

Location dSource 
sorePi 

pi 

R.C. 

Hilli

a U 
ath cS 

Cat H94 K* Na* CO -

Hi !!leqjuiva ient/ l tre 

C0 3 " C1- 804- 11 Bum of 
Cations 

sun of 
Ca * Mg 

SUN of 
Anions 

spring water 
Oalah. Talizz 

Jabel Sabor. Yaizz 

7.33 

7.'1 

0.50 

0.45 

2.8 

2.72 

0.8 

0.45 

0.04 

0.01 

3.30 

1 30 

3.68 

3 50 

NIL 

* 

2.77 

0.10 

"IL 

" 

0.26 

0.14 

5.94 

4 53 

3.60 

3.20 

6.71 

4.44 

Ta*Izz Water Supply 
Oct. 1975 7.55 3.10 

a0 
7.91 

6 
7.01 0.25 23.0 12.0 " 11.76 12.25 1.14 36.29 15.01 ]7aa5137.151 

Harch 1976 7.53 3.20 7.80 6.80 0.29 25.0 10.0 12.56 16.79 0.84 41.29 14.60 40.1 

June 1976 7.30 3.10 10.40 6..0 0.30 22.50 12.43 * 14.80 S.40 3.15 39.30 17.00 39.3 

Nov. 1976 .12 .34 8.80 6.40 0.20 26.00 11.43 * 13.09 12.56 3.03 41.43 15.2 40.11 

Dc inking water 

MG% 

Bald& Wll 1a 

Sailda Well 40 

7.50 

7.70 

7.60 

2.90 

a* 

2.40 

a* 
2.30 

A 

6.2 

3.60 

a 
4.20 

a 

7.3 

a 

4.80 

4.20 

0.14 

0.08 

0.01 

33.SO 

22.50 

21.00 

9.60 

6.30 

6.40 

* 

" 

a 

23.75 

66 

20.00 

a. 
19.30 

9 

14.50 

5.00 

4.00 

Ale 

0.7S 

as 

1.07 

b 

0.75 

47.64 

30.93 

29.41 

14.00 

3.40 

1.40 

48.60 

32.37 

30.45 

Saneaa 3.00 0.50 2.90 0.20 0.04 2.45 2.30 t1.60 1.30 0.20 5.59 3.10 5.90 

Supi)1 flana'a 3.10 0.62 

a 

4.20 0.20 0.06 2.30 3.76 • 1.30 1.10 

a 
0.25 6.76 4.40 6.91 

Capital water 

Jiblab 
Supply 

1.64 
a 

0.86 4.4 1.6 C.1l 2.50 5.80 - 3.47 0-.20 

a 

0.27 3.61 6.00 9.74 

i.4 7sa 6 o. 0. ,.e .e o.ei t.SO 4.92 0.78 0.37 0.07 6.53 S.o0 6.14 



Loc-ation and Sorc.C. 

aol CA* 

badaan 

a.! 

7.5 

7.53 
0.73 

.7 

0.6 

*~ 

a 
9 2 .4 0. 7 1.90 

5.20 

2.0 * 

Cj 

128 

184 

30c 

0.45 

ImjU0 

0.21 

o 

5.4 
-0 

at 

g P 

94 

souirce8 Lat.. 

elabelmi 
Al~y ~*ra~a*t 

j 9 78OAbu 

O4oe-1 

Mxm 

2.2 1. 
-3-10 

Pefmaiti laa ---- - 45 380-8 

gao02011 
15.57~ 
71 

13.260j~ 16i 

6 

ourc. 1 1 1091b1. ac.Uro 
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Table 9. 

Yemen Water Resources Information Summary 

EXPLANATIONSTUDY IDENTIFICATION SU2.IECTSDISCUSSED 

ThoroughSI 

Some sittention 
Ncoverage 

u CQ-1i No stUly:EGON 
S 31 9AREA 

I NOTES,IwESTIHAMA 
I I I I ; t IWAO=IMA'SAR 

WADI KHULAM 
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Table 9. (continued)
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Table Ia. Total Consumption by Crops, Wadi Rima
 

(June 1975 - May 1976) 

OWN ((w ("a) .I C.(tan ( 0.01) (W .1 

t.5410 8.5O 1% ON
160 1.43 3.850 14. "1 

(L) 2.(,0 9.07 1.36 1.4,w 6.SSI8.w~ (22 1.0 I.,131 Vs5 
89 0.350 133 0.322 

8am.(. 03 0.061 Y.. N.Y.0 1.14 V.?.P 4 . 
1.319 M.P. :.?. 9" V.2.ftem (2) 200 1.841 336 1.1L14 

360 2.49 514A 4.06 M.P. 3..ias(1) 7.M 6e
43 2.10 1.009M(21 1,. 3.?.3?'. 3.1. 

YVap " (. 1.75 1.33 I.e. S.F. .p?. 3.'.N.Y. 5J?.M.P. ViV.175 I.AY.".444La (1) .?. 3.8 
1.63 5.. 51.?. 5.1, N.Y.. 
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i-ir 
-

-

%iV". fl-9mLu. 7z 

Source: al-Eryani. 1979.
 

Computed Seasonal Effective Precipitation
Table lb. 

and the Net Consumptive Uses by Crops in
 

- May 1976)Wadi Rima (June 1975 
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Source: al-Eryani. 1979.
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Table 2a. 	 Total Consumption by Crops in Wadi Mawr 
(June 1975 - May 1976) 
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Source: al-Eryani. 1979. 

Table 2b. 	 Total Consumptive Use by Crops on
 
Groundwater-Irrigated Lands, Wadi
 
Mawr (May 1975 - April 1976)
 

.4 Too 
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Source: al-Eryani. 1979.
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Table 3a. 	 Irrigation Practices and Patterns of Land Use 
in Wadi Mawr, Groundwater Irrigated Land, 
1974 - 1977 

foul Tues T.1 
Area ¢OppIug Arv Ar p.teems.. 
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1t vt-A 1.010 M.U IN 1.@O la 65 
ob, . 1113 

Ilil. ,2.08 27.3 lee 2.3m I 
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pJlaw± , 1,773 19.31 to L.17b 1 . 71 bSt 
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ah' 
 Ovud 
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Source.: al-Eryani. 1979. 

Table 3b. 	 Irrigation Practices and Patterns of Land Use 
in iladi Mawr, Wadi Irrigated Land, 1974 - 1977 

Arm CNWN AM Am -WMS 
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of huvu (M (1IJuw) (2) (1 (le 
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Source: al-Eryani. 1979.
 

Table 3c. 	 Irrigation Practices and Patterns of Land Use 
in Wadi Mawr: Rainfed Land, 1974 - 1977 
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Source: al-Er-ani. 1979.
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Table 4. Agricultural Technology to Yemen 1970 - 1976 

Number of Numbe- of apscu~. FtiizerYear tracMor P wucidawaer-pumps 'tona) (tons) 
1970 20 1% 1.382 a% 3.133 13 135 3%1971 s0 4% 1.205 % 4.046 16% 2s s%672 31 2% 3.92 17% 1.69 T% 345 A
197-3 53 3% 3.479 13% -4.256 117% 457:974 63 3% 10%3.25 14% 3.869 1% 7T is% 
197-5 238 I.% 4.33 A . 1% 19% 9
:9116 1.420 74% 5964.47 1in 1.004 21%:970-76 1.915 10% 23.5s 10% 24.857 10Do .710 106 % 

Source: Bernhardt et al. 1980.
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Table 5. Common Weeds in Yemen 

CCun Scietific D0=st-at cnNam Ptant Fnamiy save LOCtion 

oh ya= or Cpuia P1verla 148 /NW.,
"Makaba" zrmanda Laq. SanaI a 

WOfb-l" or r~na Cynodon Nwaw Rth -
Ozeni 
 dA -l= 126 M/N 
(Eaida Gws) (L.) Pars. Sana'a 

"Hagub" or Cc±fe-ae Diclotaia Maf-Dan, 43 Na/ 8Shagwn .zucoides L. S'm a 

S' ed" Cypeacoa C-er= 
rotmdus L.
 

Sc:ophulariaceaa St.-qa 
Hernta ca
 
Banth,.
 

Source: University of Arizona. 1981.
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Table 6. Common Plant Pathogens 

Eost CO Name 

Sorghu

(So - ,-, vUlgLre) 

LAf Mlight 
Lad Blight 
Leaf Mlight:
Downy 14ldw 

Covered Xa=e1l 
NedSm 
Lrg S 
BaCt*Zial Leaf Spot
Dactctal Stripe 
yellow 5tzipa 

millet 
(Peanisati lgaucu)
 

GzaeM Enarw 


Wheat 
(Trit:c= aestievu) 

Leaf Rust 
Stsm F=Zt 


3arJley
 
(Borda~m vulaae)
 

Loaf RLust 
Stam Rust 
Stripe Rust 
Lome S=mt 

Maize
 
(Zaa avi) 

Rust 
Leaf Blight
Yellow a.ipe 

Ca=n Weeds 
Eufthor~ia hyveerifolia L. 

rust 


Carthums ti=ctriusx L. 
Rast 

of Grain Crops in Yemen 

Scientifc Nama 

Helzhofozium turciam
 
Pjui3r sorq1i
 
Rmul14srora so~±cr,1a
 
Sclarospora sorchi 
Schacelotheca sogh Link (Clint)
Sahace eca cruenta Kohn, Patter 
ToSes= hraab 
PseadozuInas ~ 
Pseuomnao and o s, (?)
 
vi=3s
 

ScJ.cosiora 
raminicola S . 
Schrot
 

Puccinia recondi a, Rob. ex D-Al. 
Puccinia grmns Pers.
 

*Puccinia recondita, Rob. ez Daina. 
Puccinia ,raminis Pars. 
Puccinia st--.formis west. 
Ustilaco nuda Jenson Rostr. 

Pucci1n.a sorh
 
Helmintlbos-oriu c
.uicam Pass. 
Virua
 

Malamosora auhziae -

Puccinia calcit aae DC 
V. ceantareae (DC) C. 
(P_.'Crha Cda.) 

Source: University of Arizona. 1981.
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Table 7. Insect Crop Pests
 

A. Major Insect Pests of Sorghum and illet 

Rhopalsiphum maidis Fitch (corn leaf aphid) 
Sesamia cretica Led. (stalk borer) 

Microcerotermes diversus (termites)
 

Podarica sppo (flea beetles) 

Xtherdona varia soccata R. (sorghum shoot fly) 

S ed-ra exempta (Walker) (African or nutgrass 

armyworm) 

Schistocerca qreqaria (desert grasshopper) 

Oligonvchus (Reckiella) simus P. &b. 
Sitroga cerealella (Oliver) (angoumois grain moth) 

Liposcelis diviniatorius (Mueller) (cereal psocid) 

Tribolium confusum (Duv.) (confused flour beetle) 
Sitoohilus granarius (L.) (granary weevil) 

Sitophilus orvza (L.) (rice weevil) 

B. Miscellaneous Crop Pests of Yemen
 

Alfalfa
 

Acyrthosinhon pisum (Harris) (pea aphid)
 

Aphis crassivora Koch (cowpea aphid)
 

Bruchophagus roddi (Gussakovsky) (alfalfa seed chalcid) 

0hrvsanthemum 

Mzus persicae (Sulzer) (green peach aphid) 
Cucurbits (muskmelons, watermelon, and cucumber) 

Aphis gossvoii Glover (melon or cotton aphid) 

Asbecesta traversa (spotted melon beetle) 

Dacus ciliatus or longistvlus Wied. (melon f_:uitfly) 

Epilachna chrvsomelina (!2-spotted lady beetle) 

Dates 

Aenipses sabella (date moth)
 

Batrachedra amydraula Meyr. (date moth) 

'soe 



Parlatoria blancharid±i 
 (parlatoria date scale)

Targioni-Tozzetti)
 

Maize 
Chaetocnema sp. 
 (flea beetle) 
Heli .his armigera Hubner (corn earvorm)
Rhanaosiphum maidis Pitch (corn leaf aphid)
Sesamia cretica Led. (stalk borer)
Spodoptera exempta (Walker) 
 (nutgrass armyvorm)
 

Potato 
Chaetocnema sp. 
 (flea beetle)
 
Gryllotalpa app. 
 (mole cricket)

&Mtinotarsus decemineata (Colorado potato beetle) 
yzus Persicae (Sulzer) (green peach aphid)
 

wireworms sp.
 
Sesame
 

Antigactra catalounalis 
 (sesame seed pod borer) 
Spinach
 

Aphids sp.
 

Plea beetles sp.
 

Tobacco
 
Mvzus persicae (Sulzer) (green peach aphid) 

Tomato 

Blister beetles ap.
 

Flea beetles sp.
 
Heliothis armigera Huber 
 (tomato fruitworm)

icrocerotermas diversus (subterranean termite) 

Mycus 2e4cae (Sulzer) (green peach aphid)
Plu.a sp. (looper) 

Watermelon
 

Myzus 21rscae (Sulzer) 
 (green peach aphid) 
Wheat 

Diuraphis noxia Mordvilko 
 (aphid)
 

C. Miscellaneous Insects Collected (not associated with a plant at

time of collection)
 

Adesmia interrunta 
(tenebrionid beetle) 

Chlorochroa sayi 
 (Say stink bug)
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Coccinella undecinunctata (lady beetle) 

Gryllus bimaculatus DeGreer (black cricket) 

Heliocopris Iisas (large scarab beetle) 

Pachnoda histrio F. (scarab beetle) 

Pocki.locerus v:ttatuo (lubber grasshopper) 

Pontia glauconoae (pierid butterfly) 

Spilostethus pandurus militaris (lygaeid bug) 

Vanessa carduii (L.) (painted lady) 

Xylocopa Aestuans (carpenter bee) 

D. Beneficial Insects and Mites (from miscellaneous plants) 

Anthocoridae
 

Onius spp. (minute pirate bugs) 

Cheyletidae
 

Cheletogenes ornatus (C. a P.) (cheyletid mite)
 

Cheyletia spp. (cheyletid mites)
 

Chrysopidae
 

Chrasopa vulgaris Schn. (lacewing)
 

Coccinellidae 

Coccinelle spp. (lady beetles) 

Scymnus spp. (coccinellids) 

Phytoseiidae
 

Amblyseius gossypi (amblyseid mite)
 

Amblyseius spp. (amblyseid mites)
 

Typhlodromus spp. (typhlodromid miteS) 

Stigmaeidae
 

Agistemus exertus (Gonzales) (stogmaeid mite)
 

Tydeidae 

Tyeu californicus Banks (tydeid mite)
 

Source: University of Arizona. 1981.
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APPENDIX VI 

Flora 

Figure 1. Synthetic Land Classification Compiled From Landaat-imagery 
Figure 2. Dynamics of Vegetation Growth as Interpreted From Imagery ofDry Season (Jan. 1973) and Wet Season (Sept. 1972)
 
Table 1. 
 The Socio-ecological Plant Species Groups in Rada'
 
Table 2. Vegetation Types in Rada' District
 

161
 



. .4 

.. 
.......
. 

.. ... ....... 
 %. .. . .
 . . . . ..
 

t t 

7,.
 

i. i 

Figure 1: Syht'hetic Land Classification Ccpiled From 
Lands at- Imagery 

Delineation of land facet units lar"e valley bottom 

land region intraunranous plain 

land system plateau 

land facet 
hilly area 

vegetation delineation " mut-inous area 

Units of land facets low denity yoetati= 
sand plain high density ve;eation 

Source: Haefner, H. at al. 
 1978.
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Figur~e 2: Dynamics of Vegetation Growth as Interpreted Frovi Imagery of 
Dry Season (Jan. 1973) and Wet Season (Sept. 1972) 

Ectant of rainfed arass in t-he 
wet period:
 

1 low density vegetation 
 Pump-, spring= and flood
. _. irrigated field,,amedium density vegetation low to medium density 

hihdniy eeainhigh density1 vegetation 

-£"tan: of raidfed areas in t.he '-' int.ansive vegetation ind.-- .. aricd: !- the wadi channels 

......... ......! " d~ansit', veoetati. 

Source: Haofner, H. et al. 1978. 
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Table 1: The socio-ecological ?Iant species 
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Table 2. Vegetation Types in Radal District 
(cf. Pigure 3.19) 

ASl.
 

nubica is characterized by havingThe Acacia cauPoptila - Acacia 
many types of trees Acacia caupoptila, Deloni- elata and Commiphora 

myrrha are specific for this slope vegetation type. Acca nubica and 
but ialso is another slope type

Acacia me-llifera is not only found here, 
the shrub Sar, ostemmav4kinale and the 

AS2, which is also the case for 
n Tile

dwarfshrub Vernonia cinerascet s, who both may occur also in Si. 
in AS1

plants of group XXI and Seddera secundiflora ire found also and 
(see Appendix D). Anastatic3

AS2, but may occur in some other types 
only Saladora *ersica and Jatropha

h~ierechuntica is found here. 
only found in this %lope type and in the waditype WI, which 

snosa -ze at low altitudeASI. These types occur onlyoccurs .'n the same area as 

Xorth of the district.
 

AS2.
 

Aloe inarmis type is characterized by these
The Acacia mellifera 
two species. Acacia mellifera occurs only in this slope type and the
 

Acacia !aea, which very much resembles
 wadi type of 1wer altitudes. 

mainly in this ty1pe. Aloe inermis is found

Acacia mellifera occurs 
nilotica spp.

sometimes on other slope types. Acacia nubica and Acacia 
only in the transitional zones to ASI 

kraussiana are found in this type 
this type and inmainly occuring in

and AS3 respectively. Group XXI is 
Group XXIII mainly belongs to AS2 (two Barleria species, two

ASI. 
Saddera species and one Sibiscus species).
 

AS3.
 

The Acacia nilatica spp. kraussiana jarleria pa- flora type is 

type with shrubs and without trees. The _ia
actually a dwarfshrub 

the main next to Zuphorbia Sineata. 
nilotica ssp. kraussiana is shrub, 

that three grleLia species occur here,
Typical for this type is 
Barleria parviflora in particula .
 

AS4. 

nerii ty1pe occurs only at high 
The Hypoestas paniculata - Acacia 

a soft greenish appearance 04 
m. The slopes havealtitude above 2300 

Gnidia 3omaliensis. AC&la 
the dominantly _vpoese niqulata and 

fiel-s-and not scattere on 
here. bordering agriculturalis foundnerii and Acacia shrubs in A53;in ASI and AS2

the slopes as the Acacia treas 
trees. 5000

with the groups without scattered 
was 

uniflo rus, puitherefore it counted 

specific plants for this slope type are Dianthus 
Minnarthia ful.ifolia, Alkatna rintalig, SalviB 

cf. petiolaris, found hee inrula .isabyssinica. LoranthusMerjaiie, AntithriXia 
Many wadi elements of lower altitudinsl wadis 

Acacia aachyceras trees. 
from group XIII, X.V and XV are found here on the slopes. 
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SI.
 

The Lantana petitiana - Hvarrhenia hirta is a dwarf shrubland 
type with scattered shrubs like Adenium obesum, Ochradenus baccatus,Euriops pinifolius, Lycivm shawei, some Acacia pachyceras and Aloe
inermin. The characteristic group for this type is group XV, withConmicarpus boissieri, Hibiscus micranthus, Lantana pEtitia-ra and 
Hyparrhenia hirta.
 

SZ. 

The Euphorbia inarticulata - Caralluna spec. b type 1i dwarfashrub vegetation with the mentioned characteristic shrubs. This type
occurs only at lo,er parts of the southwest plateau slope. 

S3.
 

The C2r=sopogon plumulosus .Zepharis ciliaris 'rich' type.
-

S4. 

The Chrysopogon plumulosus - Blepharis ciliarip 'poor' type. 

S3 and S4 types are very poor and almost barR dwarf shrub lands.Both types are mainly build up by the general groups XXXII and XXXIII,while in S3 wadi elements from group XV occur. The S4 type is
predominantly on the lava plateaus, virtually bare vulcanic hamiradahills and the sandstone plateau. On the more favourable places alonggullies, in lava flows and at higher altitudinal parts on the basalt
 
plateau the 53 type Is predominant. 

W1.
 

The Acacia Pacyceras - Solanum incanum + Salvadora Persica typeis characterized by group XVIII; Salvadora persica and Jatropha spinosa
occur also in the slope type AS1; Ziziphus spina-christi, Coccinea
gradis and Dichantium insculptum occur also in W3; Pennisetum divisum

is only found here. Acacia mellifera, typical for AUS2, is sometimes

found here. 
This wadi type occurs only in the northern lower part of 
the district, together with the slope type ASl.
 

W2.
 

The Acacia pachvceras - Solanum incanum + Eohedra aphylla type ischaracterized by the sociological groups XV and XVI. Group XVI isthe tore specific one of these two for this vegetation type; withA rthes apsera and the two epiphytic plants Loranthus curviflorus

and Ephedra aghylla. Salvia agaytiaca and Lavendula corononifolia from 
group XVII are more common wacli species and occur also in highaltitudinal slope types: S3, S2 and AS4. This vegetation type is common in the eastern gneiss and granite hills and mountains.
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'3. 

The Acacia pachyceras - Solanum incanum + Solanum sepicola type is 
common in th. whole area except for the northern part. Characteristic 
for this typ, is group XV, which occur also in high altitudinal slope 
types like S2, S3 and AS4 and some species occasionally in the saline 
flat type SP3. Ziziphus spina-christi is found in this type and in WI. 

W4. 

The Acacia pachyceras - Solanum incanum + Withania somxifera type 
occurs only in the hammada basalt hills and mountains. It is 
characterized by Withania sommifera, Solanum schimperianum, Lavendula 
pubescens and Mariandra benhalensis (group XIV), which group also 
occur in the highest &ttitudinal slope type AS4. 

The Tamarix nilotica - Schanqinia hortensis type is a bush forest 
type, with Tamarix nilotica trees and shrubs and Schancinia hortensis 
shrubs on hummocky plains of Cynodon dactylon. Thin type is only found 
in the eastern hills and mountains, especially on the extensive saline 
plains in between the eastern steep mountain ridges. 

The Tamarix nilotica - Pluchea dioscoriodes type is found in 
eastern hills and mountains and in the sandstone valleys. It is 
characterized by Tamarix nilotica, Sporobolus consimilis, Saccarum 
spontaneum, Pluchea dioscoriodes (group XI and XIX). Calotorpis 
Procera and Solanum incanum the typical wadi elements are found here 
also. The more halophytic grass Sporobolus spicatus is found here, as 
well as the common grass for wadts and plains, Cynodon dactylon. 

V1.
 

The Salsola spinescens - Euohorbia cuneata type is a dwarf 
shrubland of dominant Salsola sninescens with small scattered shrubs of 
Euphorbia cuneata or Lycium shawei. This type occurs in the eastern 
and northern valleyflats. 

V2. 

Acacia pachyceras - Acacia nilotica ssp. kraussiana type is 
occuring only on the eastern valleyflats. This type is a 
dwarfshrubland of Aerva javanica and Heliotrooium steudneri dwaffshru 
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with Acacia pachyceras and Acacia nilotica ssp. kraussiana trees and
shrubs and with the comnon shrub Lv.ium shawei and grass Cynodon

dactyTlon.
 

SPI.
 

The Aelaropus lagopoides - Atriplex leucoclada type occurs on thevery salt, silty clay loam places. It is a very poor dwarfshrubland of
Atriplex leucoclada and Schanin a hortensis with Aeluropus lagopoides.
Schanginia hortensis can form at certain places some dominant hummocks.
 

SP2.
 

The Juncus heldrelchianus - Dichanthium annulatum type has much incmon with SPI and: SPS but differs from both by the dominancy of therush Jncus heldreichianus. 
Many species, especially all the salt
species (group V, V1, VrI, VIII, X, XI) are found here in between the
rushes. 
Acacia pachTceras shrubs are found frequently. This type
occurs on the medium salt, silty loam places.
 

SP3.
 

The Sporobolus ioclados 
- Centaurea pallescens typo is the most=-=on of the three saltf-lat types. It haa group VIII and X in
common
with SP2. The fallowland species occur also in these two types of
group iM and Acacia pachyceras shrubs. Sporobolus ioclados and
Sporobolus spicatus form the characteristic hummocks of these salt
 
plains.
 

Peanu 
harmale and Schanginia hortensis, more typical for SPI and
SP2 have an erratic occurrenca in Nhis type. Dichanthium annulatum and
Phoenix dactylifera more specific for SP2, occassionally occur in SP3.
The main difference with SP3 is the lacking of the highly dominant rush
in SP3 Juncus heldreichianus.
 
SP3 occur on the slightly salt places of the saltplains and


valleyflats.
 

PAL
 

The Xanthium sDinosum - Laggeria garieppina type occurs on thefallow agricultural fields. The characteristic species are from groupIX, which occur also in the saltflat type SP2 and SP3 and occasionally

in between the sorghum on the agricultural fields.
Peganum harmale and Centaurea pallescens, which are typical for
the saltflat occur here as well, which is also the case for Pulicaria
crispa and Cynodon jactvion, which occur mlso in the waditypes. Also
here rare Acacia achyceras shrub can be tound.
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The Convolvulus arvensis - Erucastrum arabicum type is found on
 
the agricultural fields as weeds in between the Sorgum vulgare and 
Catha edulis Qat. Most dominant is the Convolvulus arvensis with 
somtimes Cynodon dactlon and Malva verticillata/parviflora on the 
irrigated fields. Group iV belongs sp-ecific to this vegetation type. 
Some other weeds, which were only found one time, are: Calendula 
ae !ytiaca, Solanum nigrum var. minutum, Euphorbia peplus, Lycopsis 
orientalis, Richardia tingitana. 

The Apium nodiflorum - )jostis semiverticallata type is growing 
a-long the irrigation channels. Group I is characteristic for this type. 

Grop =I grows on the dra-indge ways ad in the wetter marshy parts 
(MP) of the plains close to these drainage ways. 

The next plants occur only in this te (and are not mentioned in 
group I because they were found only once): Juncus rigidus, Chara sc, 
Imperata cylindrica, Sonchus oleraceus, Plantago major, Verbena 
officinalis, Equisetum ramossisimum. 

MP 

The Paspalum vaaijnatum - Juncus oxycarpus type grows on the marshy 
placemi, close to drainage iays and wells. The grass Pas.alm rginatum 
is the dominant species, with on very wet parts: TVpha domingensis, 
Eleaocharis oalustris and Cyperus laevicatus. Group II occurs here as 
in OW. The next species were found only once and only in this type: 
Plantago lanceolata, Pimbristylis feruginea, Taraxacum sne., Cichotium 
bottae and Juncus oxcycarpus. 

Source: Westinga and Thalen, 1980?
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APPENDIX VII 

DaveIopment Projects
 

Table 1. 
Partial List of U.S. AID Projects in the Yemen Arab Republic
 

Table 2. Water Resources Projects
 

Table 3. Organizations involved in Aspects of Hydrology in the YAR
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Partial List of AID Projects in the Yenen Arab 
Republic

Table 1. 


Title 
prolect No. Bel Final 

Ta' izz Water Rehabilit3Oif 2790017 73 75 

Yemn Sojrghum Production 2790018 73 78 

Poultry Davelopment 2790019 75 80 

Training for YAR Development 2790020 73 78 

Sana'a Emrgency Water Supply 
2790021 73 78 

Rural ater Supply 2790022 73 77 

Tropical Fruit Zmprovement 2790024 76 81 

Water and Mineral Survey of North Yeman 2790025 74 79 

Yemen-TaiZ water and Sewerage Design 2790027 75 79 

Sorghu and Millet Crop Improvement 2790030 76 80 

AI-Olofy Hospital-Yamen 2790034 76 79 

Applied Health Nutri-onu-S 2790035 76 79 

Ta'iz. water/Sewerage Construction 
2790039 77 82 

Developmant Training IZ 

water Resource Planning .anaement 

2790040 

2790043 

78 

79 

86 

84 

Agricultural Development Support 2790052 79 so 

U.S. AID. 1980a.
Source: 
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Table 2. Water Resources Projects
 

A. 	 (Experimental wells for measuring the amount and depth of
 
groundwater level in the following regions)
 

Midlands 	 10 wells 
Al Baida 	 10 wells 
Rida 5 wells 
Khawlan 10 wells 
Al Ganad 5 wells 
Marib 10 wells 
AI-Turba 	 5 wells 
Mawma 'a 	 5 we-lls 
Surdud 
 10 wells
 
A -Jawf 	 10 wells 
Saada 
 10 wells
 
Rest of Tihmam 	 10 wells 

Estimated Cost (one YR equals about $0.22 in the U.S.) YR (Yemen 
Riyals) 6,000,000,000.00. 

B. 	Dams
 
a. 	Small Dams-construction of 300 dams for the exploitation of 

wasted rain water. 100 dams in the first 5-year plan.

Estimated Cost YR 150,000,000.00.
 

b. 	Large Dams-three sites have been chosen for the
 
construction of large dams. One of these sites is ZMarib,
where there is a probability of re-constructing the ancient
 
Marib Dam. Estimated Cost YR 105,000,000.00. 

C. 	 Irrigation 
a. 	Water Storage Projects
 

(1) Wadi Mawr
 
(2) Wadi Rima'a
 

b. 	 The Development of the Eastern Wadia 
(1) Wadi Al Kharid (est YR 101,000,000.00)
 
(2) Wadi Jawf (eat YR 1,500,000.00)
 
(3) 	Wadi Abied (eat YR 50,000,000.00)
 
(4) Wadi Harib (est YR 3C,000,000.00)
 
(5) Wadi Bana (eat '.R100,000,000.00)
 
(6) Wadi La'ab (est YR 30,000,00000)
 

c. 	Development of the Tihama
 
(1) Wadi Zabid (est YR 149,500,000.00)
 
(2) Wadi Mawr (eat YR 250,000,000.00) 
(3) Wadi Rima (eat YR 175,000,000.00)
 
(4) Wadi Siham (est YR 200,000,000.00)
 
(5) Wadi Surdud (eat YR 190,000,000.00)
 
(6) Wadi Rasyan (eat YR 350,000,000.00)
 

Sourcet U.S. AID. 1977.
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Table 3. Organizations Involved in Aspects of Hydrology 
in the YAR 

Berger/ampsax, U.S. and Danish Consultants 
Urban planning for Sana'a, Hodeida, Ta'izz, Dhamar and Ibb 

British Ministry of Overseas Development 
Montad.ne Plain and Wadi Rima 

Electrowatt-Swiss Consultants
 
Marib Water Projects
 

Food 	and Agricultural Organization (UN) 
Uplands, Midlands and Lowlands Agricultural Projects 

Gibb (Str Alexander Gibb and Partners) British Consultants 
Wadis Bans, Rasyan, Kharid and Jawf 

Halcrow (Sir William Halcrow &Partners) British Consultants 
Wadi Surdud 

Hazed-Sawyer, U.S. Consultants 
Ta'izz Water and Sewer Systems
 

Ilaco-Netherlands Consultants 
Wadis Rims, Banya 

Italconsult-Italy Consultants
 
Sana'a and Hodeida Water and Sewerage Systems 

Kochs (F.H. Kochs rZG) West German Consultants 
Hodeida Water and Sewerage Systems 

Montgomery (James M. Montgomery, Inc.) U.S. Consultants 
Ta'izz Water and Sewerage Systems 

Peoples Republic of China 
Some wells along road North and West of Sana'a 

Saudi Arabia
 
Rural Well-Drilling Projects-36 Wells 

Tesec-Viziterv-Vituki, Hungarian Consultants 
Wadis Mawr and Zabid
 

Tihama Development Authority
 
Wadis Mawr and Zabid
 

Tipton & Kalmbach, U.S. Consultants
 
Wadis Mawr and Zabid
 

U.S. 	 AID 

Sanaa, Ta'izz and Yemen Rural Areas 
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U.S.S.R. 
Wadi 	Surdud, Al Kadan State Farm
 

Went 	 Germany 
German Farm, Sana'a 

World Health Organization (UN) 
Scatteored climatic data 

World Meteorlogical Organization (UN) 
Meteorological Data-Sana'a, Ta'izz, Hodeida, Mocha, Al Baida 
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ARPDIX VZ1I 

Organizations 

A. Governmental and Planning Structure
 

Table 1. Governmental Structure
 

Table 2. Planning Machinery
 

Table 3. 
 Functions of the Central Planning Organization 

Table 4. Current Ministers (Dec. 1979)
 

B. Other Organizations 

177 



Table 1. Governmental Structure 

ZONE CP I 
PARiuAsNrT ZONE OFOOVEMNMELNT . cUT.ON OF A & 0 

41rdWmmm MmIM 

Mkiwoi 

.-q.- I - -

I-l L . 

Cmr UI 4wm 04 w__L 

=Up--1-.--
I_ 

"t--
Saws-.--- I emen,

Arab Republic of 

Source: UNESCO. 1976.
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Table 2. Planning Machinery in the YAR 

Sor 

- 0 

&rgff= 

-

ASSZC I= 

I - I 

*nha =-

Source: World Bank. 1979.
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by the CPO for Its 
5 Departments
 

presCrieFunctionsTable 3: 


planning Deartment 
plans.of the development

for the preparationstudieseconomicConduct 

goals of economic and social 
the general

Prepare plans to achieve and potentialresources 
having regard to the available 


development, 

of the country.
ities 

which will helpprocedures
and social policies and 

Prepare economic 

to'dIvelop the country 
and contribute to the achievement of 

the plans.
 

Deoartment 
and public 

Prolects 

departmentsby ministries,
Study projects submitted of thein terms

project priorities
and determinecorporations, 

general plan. 

to agreed timeaccording
project implementation,upFollow on 

Prepare reports on projects 
and their stage of imple

tables. 

mentation.
 

for good project execution, 
or for 

Determine the reasons for improved implementation.
and propose proceduresshortfalls, 

Forein Aid Depart-ent
 
aid,
and technicalforeign loans 

Supervise the contracting of 
to the developcentloans according

and direct the utilization of 
for the proper utili

proceduresthe necesssaryFormulateplan. their repaynent. 
zation of loans, and provide for 

Coordinate, according to the 
provisions of the developcent plan,
 

the applications for technical 
assistance submitted by the
 

ministries, departnants and 
public corporations.
 

eDartzent
Statistics 

Collect 

Conduct the census, partial 
and co-prehensive surves. 

is
This de;art=entand publish the=.
data, analyzestatistical the cfltr'.

of all statistical data in 
the forual source 

thexin establishingbodiesand govern-enc
the ministriesAssist 

..-annin ;0 n,statistical and 
-

these stat stical and a..i.. , 50 
Coordinate the work of .in, ".y :he 1:70. 

o- da:a forsu.-py
as to facilitate t.he 

tcn& ?--,lic 7Lnnc3':atartnent.I~~list 
and accomting procidur'

financeregulaticns,the nternalOrganize 
the C?O's yearly bud;st.
 of the C?0. Prepare 

records and dacurantation.
 Preserve the CPO 

. 
Undertake the personnel f.-ctious 

for CFO sta 

1979.The World Bank.
Source: 
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Table 4. Current Ministers of the Yemen Arab Republic
 
(October 1980)
 

Head of state President All Abdullah SahehFirst Vice-President Abdol-Karim al-ArashiSecnd Vice-President Abdol-Aziz Abdel-Ghani 

Cabinet Formed on 15 October 1980 

Prime Minister Abdel-Karim al-rriani

Deputy Premier 
for Ecomc Affairs Hasan MakkiDeputy Premier for Internal Affairs Mujahid Abu-Shawarib
Foreign Affairs Ali Lutf al-Thour

Finance Mohammad al-Aadhi
A~qaf ( gions E ts) Ali Sin-Ai al-Saman
36aith Mohammed Ahrad al-Kabab

Education Ahrad Abdel-Malik al-Asbehi
Agriculture Ahrad al-HamdaniTransport & Cmnicaton Ahmad Mohammad al-AanasiInformatian &Culture Hasan al-Lawzi
Public ftrka Abdullah al-Ruruahmi 
Justice Mohsin al-Ulifi
 
Interior All Othrob
Developsent Puad Kaid al-Aghbari
EPcuy Mohammad Hizam al-Shohati
Social Affairs, Labou. E Touth Ahrad Saleh al-RuaniCivil Service A Adminitrative Deform Ismail al-Wazir
Local Governent Lutf aL-KalabiSupply A Trade Abdel-FKhaleq al-Jalal
Power, Water & Sewerage Mohammad al-JunaidEnergy A Mineral Resourceas Ahrad All al-Bahr 

ini ter of State Hussain Ali al-HubaishiPole's AsseMbly Ahrad al-Shigni 

Source: Meed. 
1981.
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B. Other Organizations
 

Mdsh CevU: P.0a. 357. Simin Aba L-uhm Building. ZLbewj w FAIRS .- SsU
 
-an'&: f. :974- libra, of 5-27 voLS. 40 penodicas: Number of hs: 39.
 

Number of studcent: 3.t39.
Rep. R. W H. CHARLTON: Re-.iona Lbronan vacanv 


ated in udanl 
 I Publications: U.'rerss" .Yews ..-onchlv. krtac. 

LIL Qfthq-QJUl MaqUS'of SOLIW: S-a--'a: f. £925: the Researcih jUrPi"ai "; ;a .,!2FLJ dnl - . 
o= oo.oco IMSS. and printed vols. ts not at
 

pmue accemb el to the po bUc: Librartan ZAnW B.N
 
DIAS: 

AM L-M&M. 

Factllyof.Irts: Dr. M. \Lcoouu.
 

SANAIA UNIVERSITY 
Lw gmoSAana: Dr. '*. AL.)EL3AsFAV. 

P..B. izr,- S .iy :AMA .- IaoJ 
Fauity ofCom€rc# awd E:cnamt: Dr. A.N 3 

TOiepObna: 3443. ALGASBDAY.Fauduy of SCtIM: Dr. A. Muisv 
Founded tM. 

LanguagD 
courol: Ananail support from Ku-t. 

Sta 
Ashala Wa Alpasa (Fawuiy of Irsdm LAW:of "n uon: Arabic and CrnigLih; Academic year. Ku"II* 


Octobar to junc. Sagwa: f. 59";0.
 

Pvesdem: Dr. AotuL KAmjuu EL,.aYA2t. 
 Ther are also si vocatioai schools. a Xlmr Ard-

GOT. a Caller, of Avixtou a Colde for Radio Tuiw
Vu.Pressi's*: LUr.MonHAmI MoTAuzz. 

communmD.OOS and an AgiCultfl SCcOL. 
Toceary-7Geneal: SALZx IL AZ.SAgW.sJ 

Source: Luropa Publications Ltd. 1979. 
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APPENDIX IX 
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1. General (including bibliographies, maps)
 

2. Climate 

3. Geolt-jy, Minerals, Soils 

4. Flora and Fauna
 

5. Water Resources and Management 

6. Land Use and Agriculture 

7. Public Health and Nutrition
 

8. Social Aspects 

9. Development 
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1. General (including bibliographies 

and maps)
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Geuamthochschule rich Geograph*e
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+ 150Bmegpp. 
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GelT, 
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1977.
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Aography.
Great Britain, Naval Intelltg
the Red , DivisionSea. 1946.(GeoraphiC l Handbook Series.) 

WeStn Arabia and 
K'opp, London:L. 1872. NID.
Physical Geography of the ped Sea with Sailing 

Direct ons. 
Washington, D.C.: 

Macro, z. 

United States Hydrographic Office.
L960. Bibliography

Gablus, Florida. 
 on Yemen and Notes an Mocha. CoraUniversity cf 4iami Press
Mondesir, vii 63 pp.S.L. 
1977. A SaYect BibliographyPeoples' Democratic Republic of Yen. Durham: 


of Yemen Arab Republic and 
ourham. University of
iv + 59 pp.Nagi, 1973tS.A. Selected and Annotated BibliographyKuwait: onKuwait Yemen.University,


Nyrop, R.p. 80 pp.
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Reilly, P.M. 1974, Land ResourceBritish Ministry Of Bibliographye..y
Overseas 0 Surrey,Development UK:Land . Resources1978. Division.Land Resource Bibliography.
Min±Ist, 
 of Overseas Surrey, UK:87 p. Development, BritishLand Reform Division, No. 11.Schoch, R. 1977. Regionale Gliederung der YAR mit Rilfe
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of Arab Republic.
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 1978.
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