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of issues, problems and priorities. Such "Dhage II" studies would pro-
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as well as justifications for program initiatives in the areas of en-
vironment and natural resources.
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_ SUMMARY

The Yemen Arab Republic (YAR) is one of the least develored countzies in
the world. It is not blessed with any substari:ial mineral resources, so
that its primary resource is its agricultural and range lands. Even
thege are not axtensive. In general, the YAR has not yet addressed nost
environmental problems. Iamplementation of any action for identified
problems has not usually occurred., Thae government is hampered by a lack
of data cn nearly every aspect of the country's ~esources and environment.

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

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

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

3) Soil erosion. wWadi areas have always been subject to un-
expectedly heavy IZloods which can dastroy irrigation
system: and wash away much soil. Now, as labor leaves
rural areas ané terraces deteriorate, erosion is becoming
serious in highland agricultuzal areas as well. The deple~
tion of plant cover in range and woodland areas has made
soil ercsion a problem even in nonagricultural areas.

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

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

The bhest ressearched asvect coverad 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
rasources or ths environment is not likely to duplicate much of the
currently available knowledge, since thers is so little. Several areas
which are of critical importance and have almost no data are aspects of
191l ¢ osicn, and of range and woodland management.

Mark Spesca
Compiler



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 revort reviews the major environmental
problems of Yemen and the impact of the development process upon
resources and the enviromment. This report represents the first

ster 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 study to
evaluate the information presented here, obtain additional information,
and define the issues, problems, and priorities in greater detail.
This entire process should help provide direction in future efforts to
deal with the management, consarvation, and rehabilitation of the
enviromment 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. ‘hus,
the content of this report itself is a fairly accurate guide to the
tent 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 Centar (ALIC). The primary
research, writing, and analysis of the original report, as wall as of
this revision, were done by Mark Spasece, through the resources of
ALIC and the University of Arizona Library. James Silliman edited
this revised version. Particular thanks are extended to Dr. Michael
Bonine for the use of materials obtained in Yemen, and to Dr. Edmund
Weler 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.



2.0 General Description

2.1 Geography and Climateé/

The area known as Yemen lies in the southwestern corner of
the Arabian Peninsula. Politically, Yemen has been divided
in modern 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 sguare
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 easterrmmost 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. 1280, Swiss
Technical Co-operation Service 1978; see Appendix I, Fig. 1l).
Detailed climatological data based on these divisions is
presented in Appendix I. However, usually two major
geographical regions are recognized in the 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 kmn wide region
ranges in slevation from seaz level on the coast to
about 200 m in tha foothills. Annual rainfall for the
Tihama ranges between 50 and 300 mm, and falls quite

1

Sources: Council of Arab Economic Unity. 1977,

Faroughy. 1947. .
Nyrop et al. 1977,
wWorld Bank. 1979,
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2.1’2

2.1.3

erratically. Average temperatures are quite high year
round (Hodeida, 1974: low 19°C, high 38.8°C), often
climbing over 54°C, Humidity is usually between 50

and 70 percent. High winds often come in from the sea,
causing sandstorms and soil erosicn. Dryland farming
can only be practiced under these semidesert conditions
in years of axceptional rainfall, but about 70,000 ha
are cultivared under spate irrigation and another 25,000
ha under well irrigation.

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 these are perennial in the upper reaches, but
rarely reach the sea except at liigh 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 wastern foothills
may get 250-300 mm anmually. Annual averages in the
northernmest areas of the highlands may be a#s low as

100 mm, while the figure for Taizz province is over 600 mm.
Ibb recorded an annual average for 1970-73 of 1100 mm.
Temperatcures in the highlarnds are quite comfortuble,

with average summer highs of ca 21°C and lows in wintar
around 4°C. The interior is traditionally the ma jor
agricultural area of the Yemen Arab Republic. Most
cultivation must be practiced on terraced land, and most
is rainfed rather than irrigated.

The Eastern Slopes

This approximately 80,000 sq km region slopes gently
eastward into the Rub al-Rhali. Very 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.



2.2 Demograpnic C.harac:aristics-z-
2.2.1 population

poupulation estimates for the Yemen Arab Republic vary
widely, even when they are supposedly based on the same
souzce. population may nave reached almost 6 million
in 1980. only 11 percent of this population lives in
settlements of greater taan 2,000 innapitants. The
largest cities/ towns (1975) are the present capital,
san'a (134,588): Hodedida (80,314); and Ta‘'izz (73,642) .
The only other sowns of any siza are Dhamar (19,167
and IbD (19,06€) . pepulation densicies are highest

in the general ared withina tho Saa'a—&!odeida-'raizz
rriangle, and aze quits low elsewhersa, especially in
the nortaern Tikhama and in the eastern foothills and
desert. Net anqual populatio:x increase 1as been variously
estimated at betwean 1.86 and 2.2 garcent, surprisingly
low for a developing countxy .

2.2.2 Cempositzon

although the Yemen aArab Republic is almost completely
Arab and Arabic speaking there are 2 mmber of divisions
in the soclety which continue aven row © cause some
difsizulties. One maior division is alors raligious
liges. About 60 percent of the sopulation of tha YAR
{s Sunni of e shafi'i school. iIn general ghey izhabit
the Tinama ard westexll fnotnills, and the 3cutherd
hignlands around Ibb and Ta'izz. m.a other 40 percent
ars of the zaidi bracch of Shi'ism. mough a aiporits,
rhe goverrment was zaidi until e 1962 revoluticn.
zaidis are concentzated in tha centzal ard northerd
nighlands. meibalisn also carves to divide Yemeni
society. Althocugh the vast majority of Yemenis are
gedentary cultivator3d, rribalisa repaing #irnly
entrenched, garticularly iaq Zzaidl areas. This can

have offects o rural development gchemas. FEOT
example, lineage groups razher than individuals may
hold certain 1and or watex rights.

Sources: uiddle East Economic Digest. 21 Decemdex 197°.
Nyrop et al. 1977.

Socknat ard sinclair. 1978.

Swiss Technical Co-cperation Service. 972.
world 3ank. 197¢.
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2.2.3

2.2.4

Migration

Approximately 50 percent of the population of Yemen is
undar 15 years of agh. The popularion pyramid for ages
above 15 is quite distorted on the male side because of
extensive migration out of the cuuntry for amployment.
An estimated 1.5 million Yeamenis, mostly males, live
outside of Yemen. While remittances from their earnings
help alleviate foreign exchange pruoblems and help to
raise the standard of living somewhat, this trend has
led to severv manpower shortuges within Yemen, especially
in the agricultural sector. Rural to urban migration
within the YAR is also occurring, but is not well
documented.

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 standards 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 arouand 2000,
about 83 percent of the estimated daily requirement.
Shortage of medical personnel is compounded by the uneven
distribution: 87 percent of the 234 physicians are in
the provinces of the three msjor 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 hesalth problems. For
example, use cf polluted water and lack of effective
sevagz 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):

gastroenteritis 17,909
malaria 8,118
amoebiasis 6,289
bilharzia 3,932
typhoid 3,705

Incidences of certain diseases are estimated as follows
{Swiss Technical Co-operaticn Service 1978):



bilharcia schistomasias 97 per 1,000 inhabitants

tiberculosis 25 per 1,000
malaria 20 paer 1,000
intestinal parasites and

dysentaries 850 per 1,000

The actual incidance must be assumed to be much higher.
Many other diseases are known in the YAR, including
tuherculosis, trachoma, helminthiasis, cholara, hepatitis,
and bacillary dysentery.

2.3 Ecoromic Characteris ticsy

Tha economy of the YAR is heavily oriented toward agriculture.
By World Bank figures 45 percent of the GDP in 1975/6 was 1
accounted for by agriculturs, fishing, and forestry. It ’
is more common to f£ind estimates of over 60 percent for ;
agriculture's share. Seventy-three percent of the warkforce is
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 valuae.

Yemeni agriculture is still predominately subsistance, x
though in recent years cash cropping has increased. Only
about 8 perceant 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. Maize, wheat and barley are also extensively
planted, as are vagetables and fruits. The main cash crops
are cotton and qat, a shrub vary popular in Yemen for its
narcotic leaves.

330urces: Nyrop at al. 1977.

Quartarly Economic Review of Bahrain, Qatar, Oman, the
Yemaens, Annual Supplemant. 1979.

Socknet and Sinclair. 1978.

U.S. AID Project Dasign Information (INQUIRE). 1980.

U.S. AID All Data. 1979.

World Bank. 1979.



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 tc keep farming marginal land. Domestic
popularity of gat has led to a decline in production of
coffee, with which gat competes ecologically. Thus, the
YAR is not self-sufficient in agriculture at the present,
and prospects seem to be worsening. .

The government hopes to reverse this, and in the 5 year plan
{1976/77-1980/81) is aiming to 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%), govermment (1l0O%), industxry, mining,
ard electricity (6%) and construction (4%). The major
industries are light, such as textiles, food processing,

and building materials. The investment in industry (including
constructiocn) under the five year plan is to be about 25
percent of the total expenditure, and nearly 31 percent is to
go toward transport aand communications.

The Yemen Arub Ropublic's ambitious five year plan is nearly

85 parcent 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 WHations, and from the industrial
nations, both east and west. U.S. AID in the late 1970s has
been involved primarily in implementing and improving water
systems 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

wt.



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):

Qe. Aeclian sand, which is commonly mobile, is found
in large areas of the eastern deserts.

Qu. Wadi terrace deposits, alluvial fans, gravel,

sand, and silt, with numerous loess deposits particularly
in the central plains. This formation predominates in
the Tihama, where it may include coralline deposits
below the 3 meter terrace. It also covers extensive
areas of the eagtern desert and occurs in patches in

the highlands.

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

. Consists of gravel, limestone, and other components
forming dissectrd 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,
commonly glomeroporphyritic and in dike swarms. In
the YAR this formation is found only in amall patches
of the western foothills near the Saudi border.

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

11
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Ficure 3.1. Geology of Southwest Arabia

Source: USGS - ARn0CD,. 1983,
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Table 3.1 Geolocic Yormations of Southwest arabia

Quaternary Qe Lolian sand

Alluvium and related surficial
deposits

aden Volcanic Series

S ] 9 I 1

ng Gravcl

Tertiary Ta Andesite and diabase
Tla 7 Laccoliths
y-54 * Granite

to Paleozonic
Precambrian hr

Paleozoic rostkinematic granite rocks
BEybrid rocks

T4 Jeza Formation
T s Q Umm=-ar-Radhuma Formation
m ﬂﬂm Medi=zir Series

Cretaceous Tkt [DJ Trap Series, in rlaces overlies ™
Kt % Tawilahk Group

curassic Jam Anran Series
cko ﬁ Kohlor Series

Permian or ™w z %aiid Sandstone

Older .

recambrian Pzp-Cg * Precambrian (?) synkinematic and
ur EE Precambrian rocks undivided
mr & Frecambrian metamorxphic rocks
gr !Av‘ﬂ, Calc-alkaline granite
' Iy
99 \\‘ Granite gneiss
wh E=  Kali schist

* Qloted on man.
Source: USGS - ARAMCO. 1963.
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gr. Small patches of leucocratic granite with some
amphibole and tourmaline crystals occur in the highland
areas, mostly between san'a and the coast,

Tm. Consists of crossbedded sandstone with locally
fossiliferous, calcareous sardstone, and shale.
Sandstone in the upper part may be locally rich in
hematite. Small patches occur mainly in the highlands
near San'a.

Tkt. Consists of basale, rhyolite, andssite, trachyte,
and pyroclastics with interbedded lenses of fluviatile
and lacustrine sand, clay, and shale. Locally it may
contain freshwatsr Oligocene-Miocene fossils. At least
1200 m in thickness, in places this formation overlies
Tm. This is the mosSt common highland formation and
occurs throughout the central and southern mountains.

Kt. This is continental coarse crossbedded sandstone
with lensas of conglomerate and gravel, and ipterbedded
shale and sandstone in the lower part. It overlies rocks
of Jurassic age or basement complex. Barls of this
formation are found around the fringaes of Tkt, aspecially
west of San'a, along the eastern #oothills, and southwest
of ma'izz. Small patches also occur just southwast of
Sa‘'dah.

Jam, This formation of limestone, marl, and shale is
the predominant type in the northern highlands and
northeastern foothills. Local areas include detrital
beds in the lower part. Tke series is overlain by a
less widespread Upper Jurassic transition zone of gypsW
clay, marl, shale, gands+ona, and some limestones.

Jko. Consists of green shale with sandstone and
conglomeratic bands in the lower part, sandstone and
some conglomeratss in the upper part. The formation is

common in the northwestern highlands.

PW. Consisting of partially crossbedded, locally
conglomeratic sandstone, the formation also includes
common quartz granule and pebble zones. It is common
in southwest Saudi Arabia and occurs ir the YAR near
the northern interior border witn that country.

14



PZp-C5. Predominantly granitic rock of Precambrian
age, but iacludes scme younger Paleczoic granita. T
formation occurs in small patches in the southeast
interior, near the PPRY border.

hr. Hybrid rocks affected by variable and generally
intense granitic invasion and feldspathization. They
occur in small patches in the southeast intarior near
the PDRY,

ur. Predominantly granite, gneiss and mica schist
with subordinate quartzite, syenite, and hornblende
schist, the formation locally includes marble wish
ilmenite mineralization. It is common throughout the
southeastsrn intericr, in the northwestarn hichlands,
and occurs in patches taroughout the highlands. Scme=~
times considered equivalent to mx, Pzp=Cz, and hr.

mr. This formation consists’ of metamorzhic rocks,
schist, gneiss, quartzita, chert, crystalline limestone,
and granulite. It ccsurs throushout the southern
highlands and foothills, and is particularly common in
the PDRY.

gr. Consists of gray and pink horablende granite,
which is generally massive and weathers ia= bornhardes.
It occurs in tha YAR near the Saudi border ncrth of Sa‘'dan.

g2g9. 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 chlorite-sericits schist, amphibolite
schist, graphitic schist, marble quartzits, slate,
jaspilite, conglomerate, and interbedded greenstone
derived from basalt. It occurs in “he northern highlands
near the Saudi border. .

Figures 3.2 through 3.6 show geclogical cross-sections
f{rom several areas in the YAR.



=
LS 2N

EXP

o1l

L-ceu\';l\—n (;Torunry)
\'f_:.‘. ;]
per Crotaceous and Tortiury)

Trap Borics (Up!

alevcene}

Tawlinh (‘-:uuil (Cruucwul)
/ s,
. )
Amrsn Series (Upper Jurasslc) Wajid Sandstono (Permiun o7 olker)
Buseinsnt complex (l’recuu\hrhu)

th section.

Skt
Kohlan Yuries (l.luulc\
ematic NOTY th-sou

n Yemen and a sch

ny Secail mantary. units 1}

v
v 3.2 Blroak Diagroawm show i




w

EXPLANATION L . 0 5 10 KILOMETERS

Trap Series (Upper Cretaceous and Tertiary)

Tawilah Group (Cretaceous)
Amran Series (Upper Jurassic)

Basement complex (Precambrian)

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

NE

Jabal Redmin (lat 15°25' N.; long 43'S9' E.) Sw

—

.
o
e A e L

Al — — W --"‘..'
S T
/ Y " o4 Ve
AL
B
s

:
y D Y
PSR

EXPLANATION
RS (Upper Crutnceous and Tertiary)

LTS

Medj-zir Serics (Paleccens)

Tawilah Group (Cretaceous)
1 0 3 KILOMETERS ~ i o
e 1 2 } KILOMETERS H

Amran Series (Upper Jurassic)

Figqure 3.4 Structure Section in Vicinity of Jabal Radman (West of San'a).

.\
Source: Geukens . 1966,

17



(Approx. '8t 18°42' N log'w

NW
(APDIOX- ot 1574NL fong 44°0Y E)

EXPLANAT\ON

A_W(QM”)

&

Aden Voleraic Seriss
(Plioccnc(‘!) and Quatarnery)

Amran Series (UpDST Juvassic)

rigqure 3.5 profile of 'amran graben.
2,100 m: surface of the Amzan ceriaes ©O rhe orthvw st

!
surface of Alluvium is at elavation o
iq at 244

source: Gaukens. 196%.

Wadi Mahrum

Pigure 3.6: profile of wadi Manzam (lat
15020'N.: long 43055'.) showird

fault COntacts of Trap saries,
rawilah GIroupr and Amzan series.

18



3.1.2

4Sc:u.z:c:as H

Mineral Resourcer‘v

The Yemen Arab Republic seems to have very few mineral
resources which could aid economic devalopment, although
medieval writers regarded the area as -ather rich in
minerals. The only minerals currently being exploited
are rock salt and building materials such as gypsum and
limestone. The 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 1l million tons par yvear of salt
grading 98.2 percent NaCl. Proven resarves 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.

Gypsun and gypsiferous beds are associated with the rock
salt deposits near Salif, and about 2300 tons are producad
annually for the cement plant at Bajil (about 100 km
southeast of Salif, 60 km east of [odeida). Another

few thousand wns are consumed locally for construction
from thae deposits around San'a, Ta'izz, ard Heis (betwesn
Ta'izz and Hodeida). Alabaster 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 whather

any are present in sufficient quantity to make exploitation
economically worthwhile,

Farcughi. 1947.

Quarterly Economic Review of Bahrain, Qatar, Oman,
the Yemens, Annual Supplgmant. 1979.

el-Shatouri and al-Erxyani. 1979,

UNESCO. 1976. '

U0.S. Dapt. of the Intmrior. Bureau of Mines. 1976.

U.S. Dept. of the Interior. Bureau of Mines. 1979.
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Metalliferous deposits in the YAR are clagsed into suven
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-Hatura (within the
Cu-Co-Ni 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 analvsis ghowed
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

% of slement in emple
Al-Homars Marib (7)

Element 1 2 3 4
Si 310 310 310 310 ed
Al 0.50 0.13 0.0 10.00 nd
Yo ad ad. od nd 150
Ca 02 - 02 a3 13 15.0
Mg a2 02 04 07 30
Ti 0.08 0.08 0.20 0.m 003
Cu 10 10 1 10 2

. 2a 0.03 0.04 0.02 0.03 1
Co 1.90 230 0.03 0.60 .05
Ni 1.0 30 a3 1.0 0.015
Pb 0.018 0.015 0.015 0.015 2
Ca nd od ad, nd 0.08
Cr 0.030 0.008 0.001 0.003 nd
Sa od ad. ed ad 0.03
Ag od od od ad 0.07
Bi ad ad. ad ad a.a3
Ba . ad ad ad nd (X}

- ) ad ad ad ad 03
& nd ad. sd ad. 0.15

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

Table 3.2 also includes data on a sample from the Cu-Pb-2n
(Ag~An) area near Marib. The actual values of Cu, Pb,

and Zu are much higher than indicated, due to limitations
in the methods of spectrographic determination. Data

on the other associations is not readily available. Ag
with most industrial minorals, metals are not currently
being exploited and may not be present in suf{icient
quantities for economic exploitation. 0il has been and

is currently being prospacted, particularly offeshore in
the Red Sea, but without success so far.
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3.2 Water Resources

3.2.1 Ssurface Wateréf

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 rzins come from the Indian Ocean monsoon system,

the most well watered provence is Ibb, where 1468 mm 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). A4s far north as San'a, this

Six year average was only 181 mm, and at Zabid, in the
Tihama, 140 mm. 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 Redl Sea, two to the Gulf of Aden, and a number
drain the eastern slopes. PFigure 3.9 shows the major
wadis, and Table 3.3 gives catchment areas for most of them.
Topographic profiles of representative wadis are shown in
Figqure 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.

SSOurces: Bernhardt et al. 1980.

al-Eryani. 1979.

Eschexr. 1976.

Nyrop et al. 1977.

Pratt. 1977.

Swiss Technical Co-oparation Service. 1978.
U.S. AID. 1977.

World Bank. 1979.
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Table 3.3 Drainzge Areas of Major Wadi Courses

WESTERN ESCARPMENT EASTERN ZSCARPMENT

— It AR T ENT Sl SOCARPMENT

widi Mawr 7.500 sq knm Wadi Amiah 1,000 53 im

Wadi Surdud 2,450 3q ko Wadi Khabo 1.400 sq km

Wadi Stham 3.200 sq km Wadi Awban 800 sq iom

Wadi Pims’ 2,450 sq Jx Wadi Madheb 2.700 3q im

Wadi Zabid 4.500 sq k> Wedi Hirria 3.000 sq km

Wadi Rasyan 1.700 3q I wadi Khand 3.100 - 7,000 5q ixm

Wadi Mawsza’ 1,300 sq km Wadi Saba' 8.9C9 - 11,300 sq k=
Wadi Harb, 1,000 sq km

Total &0 150 3q Jom Wadi Beyhan 2,450 sq Im
Total 30,650 sq icn

SQUTHERN ESCARPMENT

L ANITIENT

Widi Tuban 3.550 sq km

Wadi Bana 5.300 sq Jm

Total 9.450 5q km

Source: Bernharxdt et al. 1980.

Dol TV | T——
o o o o o o o

Figure 3.10: Topographic Profiles alorg Seven Selected Wadi Coursas

Source: Swiss Technical Co-operation Service. 1978.
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Madisn Mesmel
e
adt ) (o) 0 o0
ore M2 52 244 237
Jas 20 4460 2953 167
Jayee 5184 1%0 1807 s
Tuben 3060 0 p> ] 200
zandd 4338 665 2088 19
tosad 1554 163 233 52
Ly 19 8 wh 38
Jizsn 1100 480 328 58
amed  10% 346 s 7
Dalsk %9 500 A8 s
sarye 3 778 32 30

source: al-Exryani. 1979.

Table 3.5 SUMALY of aAvailable streamflovw and Relevant pata at

Wadis MavwI, surdud, Rima, and cabid.

AvaTage Laixfall hamefl
tainfall VYolume Yolumo Mf/(;;mﬂl

Wedd s & (o) o) o0

Yerr 1973 493 3901 162.1* 4.2
1976 438 3059 183.8 5.3
1977 - - .6 -

serdod ‘1968 - - 27.0 -
n“ L od - 7 A . -
1967 - - 82.6 -

Lime 1973 - - 97.9 -
1576 - - 99.9 L

Zobid 1970 52 W2 17.7 &b
1971 s13 2888 128.3 5.0
1972 &89 2033 124.0 6.1
1973 m 1637 120.1 7.3
1974 410 1780 1A3.9 8.2
1973 (273 219 230.4 8.2
1978 582 2440 138.6 8.7 L

&rncludes an egtimate of surface g1ow prior to March 1975.

source: al-Eryani. 1979.
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J.2.2

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 normal 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
8oils of the Tihama absorb any water tha: reaches it, but
also every effort is made to harvest as much as possible
for agriculture. 1In general, surface water is available
all year only in the highland areas in the major wadis,

Groundwateré/

Groundwater is in most cases the only year-round reliable

source of water. Unfortunately, the aquifers in the YAR
have not yet been 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.

6Souz:cu: 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 developed from
Presently known sources. Projected annual water demand
for 1995 in million cubic meters is 17.6 at Sana'a

and 14.4 at Tauzz. Obviously, if these figqures prove

to be relatively accurate, water surply for Tatizz will
Scon become crucial and Sana'a 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

—ant Tolimies v Rpaimeos e ol
. RS N o

L8y

o— : ey m iy

X2

s 14,00 ».l .o L] e a3 2,90 Seim - - -
404 198, 100 1,0 LY 9% L. 7 L 0m 3.am - - -
e 190000 TLam L 1} 13000 l.a00 Lm Lo “n f.an - i -
» wr.am wa.ace “.s .00 L L [ 1.8 6.3 - - -
] . tee.cm o .00 LAs? 117 " San 7434 - - -
e ., m 54, m0 .4 .. 4&2m .07 m “~mn [ = [ 3 J .17 -.8
L) i, . .00 ﬂ-l. 7.0 &an L4% k) 1.083 008 0408 ».00 ®we
e ., 3 e [} &. S0 48 k. 8813 nea 8. wream 3
ses ns. 8 159 .m0 18] A I 003 . - 411 Rt %Y ) ».m Dh.na8 3.3
b L] o .o - LN 1.00 3 b g .39 2.0 2. 3.0 L

Source: AID Project Assistance Paper: Yemen Water Supply Systems Management

3.2.3 Water quality’

Surface water quality in the Tihama is generally considered
to be fairly good, with medium salinity, low sodium, and
slight alkalinity in gome cases. Test analyses in wadis
Rima and 2abid showed total disgolved 8olids (TDLS) around
290 mg/1 and 500 mg/1 respectively. Electrical conductivity
was 455 and 740 micromhos (at 25°¢C) respectively. These
values arc 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'ihama groundwater tends toward
high salinity. Often this is attributed to the existence

7SOnrca|: al-Eryani. 1979.
Lateef. 1978,
Pratt., 1977.
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of salt deposits underlying the aquifer in many areas.
pata on quality of jrrigation water may be found in
Table 7 Appondix Iv.

Table 3.8 Groundwater gquality in the Tihama

Total Dissolved Solids r-:lectrical Conductivi‘:y Location
range Average Range Average
520 - 2700 1000 800 - 3000 1600 wadi suxdud
<1300 - »2600 <2000 - "40003. wadi Siham
775 <1000 - 4000 21000 wWadi Rima
1661 - 6507 1730 1500 - 6150 3350 Wadi Mawr
400 - 700 500 - 650 700 - 1550 wadi zabid

source: al~-Eryani. 1979.

aPratt. 1977.

Laﬁeef (1970) reports on watar supply of two Tihamd coasu’
cities. His summary is presented nere, and detailed dats

may be found in pppendix IV rables 7 and 8.

godeida Area. This is the second jargest ecity and the
principal geaport in yemen. It depends, for its dcmesti
water, on the Town Water supply with sources of water {7
four drilled wells in paydah, about 11 kilcmeters nor‘chﬂ)
of the city. water from these wells has nitrates, chlor
salt, calcium and magnesium far peyond acceptable 1avels
£or human consumption as listed by WHO.

Al-Mokha Area. This seaport toWh depends on WO arilie
wells for itg water gupply. The water nas chlorides:
gulphates, nitrates and a salt content apove the i
permissable jevels for human consumption.

Alsos experiment gtations, established, or to be esuﬁi’,}
at Gomeisha, Ausseifera and Zzabid have gources OF watel |
nigh in nitrates and ars used for the jrrigation of l
vegetables. The use of this water causes concem:!lu" .
nitrates in parts of the plant, usually consu® by ’“"
ohis addirional intake of nitrates: through qegetabl®!,
aggravates the problem of high intake of nitrates ok |
through the drinking watere.
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3.2.4

—

Taizz Area This city has its domestic water suprly from
the Town Water Supply and from natural springs from Jabal
Sabar 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
respactively. Yet there is considerable demand for this
watar 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 usa.

Ibb Area. This city has its source of water from three
wells drilled in Queensliand 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 on deep
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 wallz are dug into

the alluvium which overlie layers of basalt rock. Although
this is probably the best water in Yemen, it is considered
below acceptatle standards for human consumption.

Water Lawg/

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 ‘ts 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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regarded as part of the public domain. In practice, many
conventions, such as ownership of a well but not the water,
may seem toO confar de facto (privata) ownership of water.
Hovever, there is ample legal precedent for the community
to step in, if neced be, to protect the public intarest in
water., For aexarple, since groundwater resources extend
beyond the property of a well owner, Islamic law would
not allow the owner to pollute the well. To prevent mis=
use of areas around water resources, the principle of
harim, protected area, may ba invokad. Thus, while tradi-.
tional Islamic law has not directly addressed many modern !
water problems, it certainly can provide the legal basis
for modern legislation.

veman has taken a first step in this direction with Law
No. 13, 1973, which set up the Wwater and Sewage Public
Corporation, now called the National Water and Sewerage
Authority (NWASA) . Agricultural uses of water remain ’
outside the domain of this office's power, but it is ﬁ
charged with daveloping water for domestic use and provid
for sewage. NWASA has been given legal powers OvVer :
many aspects of water to insure chat it can function
properly. The definition of duties tends to restrict
NWASA to the imnediate vicinity of the major citles.

3.2.5 Rural Water Use and Managementg/

Traditional vwater management practice naturally varies m
widely with area and according to whether the water is BE.
cural or urban areas. In the highlands, a centuries ol¢k
alaborate system of terracing on mountain slepes is abt g
to trap rumoff in millions of small plots containing 3 ¥
deep soil layer.

The village of al-Qasim between san'a and Sa'dab providg
a good example of water use in the Lighlands. The raid
bring a layer of new soil to many terraces, which must ‘g
ba re-levelled. The first rains usually come in mid- g
February. This two-month season {s not as wet or a3 g
reliable as the late gummer rains, and not 1l plots na
cultivated in the early part of the year. Al-Qasim

950urcas: Caponera. 1973.

ECWA/FAO Joint Agricultural pivision. 1978
Escher. 1976.

KopP . 1977b.

Nyrop et al. 1977.

Speece. 1980.

Wworld Bank. 1978.
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have a few small Spate-irrigated plots for vegetables

at the bottom of a nearby wadi. However, because thig
activity is so insignificant, there do not seem to be

any elaborately-developed institutions for requlating
irrigation. There is no shaykh al-sharigah (watermaster,
see below), no priority rights, and no elaborate division
of water sharegs, Each ten Libnah (ca. .05 ha.) of lana
gets one day of water wh. the wadi is running. ‘The
village cdoes have an 'agil to oversee a fair determination
of the order of use, which is reset every cycle. The
village cistern, which catches runofs for washing and

and for animals, hag been under waqtf (religious endowment: )
administration for at least a centurv. Drinking water is
carried by the women frem 2 spring about 15 minutes walk
from the village (Kopp 1977b).

In the wadi floors, networks of dams and weirsg divert
Spate flood water into irrigation channels wherever there
is 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 irrigatsd area of wadi Zabid is divided into 3 asections.
The upper delta has six canals which branch off the wadi.

For the period between 18 October - 29 March the base flow of
the wadi is allotted to these six canals. From 29 March

to 3 August, these canals get part of the water on the

basis of upstrean 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 Séven canals. The lower delta has

September to 18 October. The only exception to this canal
upstream priority rule is that one family with land
downstream from all of these divigions gets five days of
flood flow. 1his family traditionally suppliad the

shaykh al Sharige, (local official responsible for
administering water distribution) and these water rights
were partial payment for sarvices rendered (Caponera
1978).

In the Wadi Mawr area (Escher 1976), the watermagter ig
called wakil al ‘agm. His duties are not different from
the shaykh al Sharige and only thae title varies locally.
His authority varies witiin the region. The wakil al ‘aqm
may be responsible only for overseeing irrigation water
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distribution, 7T ne may act as a representative of a landle
and choose the renter of the land. He normally ascertains
that farmers contribute apimal and human labor for upkeap

of the irrigation system. e wakil 2l ‘aqm receives about
g percent of the yield as payment, but often pays for ths
materials neaded in maintenances out of this portion.

In theory., upstrean priority holds in wadi Mawr. In
practice, it is sometimes not followed for various

reasons. The diversion systen i8 not build for particulaxl
strong £loods, and way some-imes be washed out, making
normal water division impossible. Also, well-off families
are sometimas able to influencé a wakil al ‘aqm o their
own benefit. In cases waere all fields along a canal are!
owned by the same family, priority rights are not nseded.

Just as the maintenance of the elaborate cerracing in the
highlands ig labor intensive, SO are the complex irrigatie
systems of the Tihama wadis. In Wwadi Mawr dams are const:?
in the wadi ped during the dry season to divert £lood
watars into the canals. There are 38 of these major
diversionary canals along the wadi. In minor floods,
water will never reach the canals furthest downstrean.
In the largest £1oods, the upper dams will be washed out:!
and water cannot be diverted. It is rarxe when all land |

can be jirrigated by the same £lood.

The major canals run parallel to the wadi in the alluvid
goils. To water fialds, the dam marking the fiald fro®
the canal is breacned, and the field is ¢looded to the 3
of the boundary dam. Usually this is enouga to allow |
water to remain gtanding on the field for 24 hours, :
and this guffices for ons planting cycle. Fields are ’
plowed and planted about a week after such jrrigation. i

t

prinking water in rural areas is ugually obtained frod |
wells, surface flows of wadis, or directly from raima¥
Tn the Ta'izz < Ibb ragion, 27 percent of the rural pO¥
uses walls, 41 percent uses wadis, and 30 parcent uses :
rainvater (el-Cmari 1979). ‘
In recent years the use of pumps has increased arapati®,
especially in the Tihama, and groundwatsr is no¥ beind |
extensively used for irrigation. In the ared of Wad |
zabid again, pumping is now extracting another 62 mill"l
cubic meters of water from the aquifer annually- ‘

{
Water resources arc one of the most crucial fectt?f’ ”
the YAR, and various aspects of water are recaivind ¥
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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
aspact of implementation.

3.3 Soils and Land Uselg/

3.3.1 5oils

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 highiands
is steep, rugged, rocky and stony to the extent that agri-
culture is impossible. The most widespread scils are light
colored calcareous silt loams and silty clay loams. 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 ané have a high clay content.
They are formnd 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
hydromecrphic soils.

Saad's cbservations (1979) are similar, but she is concerned
primarily with agricultural soils in the terraces. Terrace
soils show moderately well developad 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 calcaresous loess-like soils, with
characteristics as noted above. They are usually well drained,
and they accupy extensive areas of the southernm highlands.

b o

Sources:

Checchi and Company. 1978.

Saad. 1979.

UNESCO « FAO.. 1977,

University of Arizona, Department of Plant Sciences. 1981.
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The second catagory of terraces is a mixeture of the soils
of the calcareous 1ce3s-like soils and colluvial soils
washed down from the slopes, as noted by Checchi and
Company . These goils in rerzaces are moderately to very
deep, and are found particululy in the central highlands.

Third are the agricul:u:al soils of the wadi bottoms, which
are gene:ally yound, moderately to very deep. well drained
and gravelly coarse to medium in texture. They are
quite gusceptible to flooding. checchi and Company notes
the tendency toward hydromorphic goils in areas with high
water table, and Saad classifies these separately. They
are very deeps poorly drained, and often have accumulated
salts due toO avaporation ¢£rom the soil surface.

Intermontane plains and other Fluviatile valleys. These
aress rangs £rom 1500 to 3000 m in elevation. Characteris}
solls jnclude 2 wide variety of xerosols, 1ithosols,

yermosols, and £luvisols. stony and 1ithic phases are
commen, and extensive lava fields occur in some areas.
These soils are qanerally quite ceepr well drained, medie
alkaline, and consist of calcareous gilt loams to siley

contain soma of the most jmportant aqricultural areas io
che YAR, pazticulazly in areas of relatively high
rainfall. analyses of soils from nighland gites are
presented in Table 3.8.

Tihama Plains. Soils on low dures and gand sheets are
mostly coarse textured regosols, while gravelly £1uvisos
occupy most areas « £ the southern plains. Along the R
Sea coast, narrow strips of various solonchaks occur. J
Five major groups of soils can be distinguished (saad 15
C‘.l

1. Alluvial-fan soils. These occur in the upper cat

~ of the main wadis. and are the result of srangporta @
redeposition of alluvial materials from the highlands: 1
of these soils are shallow and show 1ittle profile LD
ment, but deep soils occur in scme areas with sc=° clar’
calcium carbonate accumlation. These Soils are D03
ary., and cultivation generally can be pract,iced only
where wadi £low, spring, OF well water is available-

2. Alluvial-eolian goils. These occur in the easter
part of the mihama and are made up of the coarser AU‘J
paterial brought down frcm the highlands. They ar®

development. Alluvial-eolian soils are not usually
except in a fevw areas where gufficient rainfall supF*’
cultivation for grazing purposes.
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Table 3.8 Soil Structure and Chemical Analyses from Highland sites

Soil Structure S04l Chemistry
Test location  Pine Sand  $4lt  Clay  Orgmmic Matter Avatlable/pm  Toesl

Ho. L [ 1 Y pit P:O5 I’O | ] R.C. mmhoe
o 78-1 60 0 10 tr 7.9  S5.78 3%  0.015 1.1%
oR 78-2 0 20 40 tx 7.8 2.3 30  0.017 0.96
OR 78-3 1] - s tr 8.1 7.% &0 0.0 1.16
OR T8-4 « s 1s tr 7.7 118 a0  o.088 1.53
oR 78-8 2s 48 30 tr 8.0 3.9 840  0.0%0 1.03
OR 786 80 15 s tr 7.8 118 258 0.046 1.04
on 78-7 1 0 4 2 7.6 2.3 240 o.L18 1.1¢
oR 78-9 %0 10 - tr 5.0 14 138  o0.042 1.14
o’ 78-10 - 7] s tx 7.7 s.1% a4 0.000 1,01
oR 78-11 3 " ° o 7.8 3.9 50 0.038 .08
oR 7812 o 10 3 w 7.9 0% ¢ 0.02 0.38

- - - - 8.1 .07 a0 o0.038 0.44
‘Electrical Conductivitye-aillimhos.
Legend for Table 3.8

Test Distanoe AppEox.
location Qosest o8 Sana'a Revation

™. Village Cloms ) (neters)
OR78~1  Bedrm 50 x 43¢
OR78-2  Nay Moon 3w 2370
M-}  Kixyes 78 2242
OK78-4  Dubre Sumham Hs 243¢
OXT8=5  MafeDan aw 3000
OX78~6  Yaxzle 35 sw 24324
787  Batina us w 1100
oxr.g®
OXT8-9  ga'Dan 60 n 1818
0N78~10 * mhaywen U0 xx 1330
OXT8=11 milsin o = 4
OT8-13  mevdan o= s

Source: University of Arizona, Department of Plant Sciances. 1981.
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3. alluvial goils of vhe valleys. These are the most
common goils of the Tihama, and were formed by the
movement and deposition of alluvial materials through the
plain flood action which takes place annually. They are
stratified soils, qenerally young with little or no profilt
The alluvial snils of the vallays can be divided into
2 categories: (a) the soils that ara affected bY spate
jrrigation are very deep: relatively coarse rextured,
sandy loam with no profile development. They have high
levels (earth peds) built around them leaving two openincs
ona as an jinlet and the other as an outlet for water. (&
soils not affected LY spate jrrigation ars generally
very deep: gilt loam O fine and gandy loam with weak
ro moderate profile development.

Agriculturally, this is the most important group of soils
in the Tihama. cultivated jands are jrrigated aither by
walls or bY wadi water ¢hrough 2 network of jrrigation
channels, ©T directly by spate irrigation.

along the sea coast and in othex jocal areas of the
Ti{hama where poor quality water has been used for irriqe
without appropriate water management practices. T™WO
axamples of the latter soils are: (a) the Gumaisha

arsa, 16 km east of Hodeidah, where typical alkalinity M
(mosTlyY caliche) have geveloped in the medium to coarst

4. Saline and/or alkaline goils. These are 1ocated mw)‘

Soils near che coast are aot usually cultivated except
in local areas at wadi mouths.

gince leaching requirements are seldom met, salt-affec®
soils are axtending in area and the severity of the
problem in the already galt-affected areas is jncreasis

Beyond these gunmaries, very 1ittle current data is
readily availabile on gsoils. The FAO-UNESCO soil sur?
of south Asia (ONESCO-FRO 1977) does includa Yemsd'
and distinguishes tha following proad categories (18
3.9 and Fig. 3.11):

a8



Table 3.9 Dominant Soil Types and As3ociated Soils

Map 5ymbold Associated Inclusions Phase Approx. aArea
(dominant soil) soils (>20%) (<20%) ‘ in Oman (1000 ha)
I-Y=be Stony 4,846
I-Yh-Yk-1/2b Stony 6,148
I-Yk-2ab Stony 433
Ja6l-2a 2o 406
Qc46-1/2ab I,y R Lithic/ 270
Stony
Rec30-1lab Qc,Yk 2 Shifting 902
Sand )
Yh22-lab Qc, Yk Rc,Je,2 2,464
Yk25-1/2a I, Yl Je,2 Lithic/ 1,956
Stony
Yk26=1lab Qc Petro/ a
calcic
Yk28=la Rc I Stony 1,424
Yk29-1/2a Re z Steny b
¥119-3ab I,Yk Re Stony 654
2g3~2/3a 20 c

aYemen is not listed under this soil type, but there may be pockets along the
northern interior boundry with Saudi Arabia.

bYemen is not listed under this soil type, but thero is a small pocket shown on
the map east of San'a.

cYemen is not listed under this soil'type. but theru may be small poékcts on the
coast near the northern border.

dIn the example Qcd6-1/2ab, Qc refers to soil type Cambic Arenosol. The number
immediately following the soil type (46) iz an arbitrary classification for
tabulation purposes on the UNESCO - FAO map. Numbers following thae hyphen
(1/2) are textura) class (coarse to medium). Small letters at the end (ab)
refer to slopa class.

INTERPRETATIONS OF SYMBOLS

Textural Slope
Soil Types Class Class

I. Lithosols l. coarsa 4. level to gently undulating
Jc.  Calcaric Fluvisols 2. madium b. rolling to hilly

Je. Eutric Pluvisols 3, fine C. strongly dissectad to mountainous
Qc. Cambic Arenosols

R. Regosols

+ Calcaric Regosols

+ Yarmogols

- Haplic Yermosols

- Calcic Yermosols

Luvic Yermosols

Solonchaks

Gleyic Solonchakg

+ Orthic Solonchaks

I
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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 alona the border with
the PDRY. The yermosols occur on peneplains and alluvial
terraces, Like the lithosols, they are usually shallow,
stony, prone to erosion, and not narticularly suited to
agriculture. Both of these soils may be cultivated in
small local areas where patches of deep soil have accumla-
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 caleci¢ yermosols (I-Yh-Yk-1/2b).
Calcic yermosols, especially those with petrocalcic
hezizons 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 cf this soil
are found in the southern Tihama and the southern and
central highlands. They are also quita common in the
coastal plain of neighboring Asir and may occur in the
Tihama near the northern bord~w. Eutric fluvisols are
quite good so0ils for agriculture.

Cambic Arenosols (Qcd46-1/2ab) and Calcaric Reqosols (Rc30-
lab). These are common soils of the interior Arabian
deserts such as the Rub al-Khali. In Yemen they are

found in the eastern desert region with a few patches

in thenorthearn highlands along the border with Saudi
Arabia. The arenosols are mostly shallow and stony, vhile
regosols are charactaristically found on dunes and sand
ridges.

Yermogcl Associations. Several varieties of yermosols
predominate in large areas of Yemen. Haplic yermosols
(Yh22-lab) are the major soil type through the Tihama
coastal plain. Thesa can be gquite productive under
irrigation. Cambic arenocsols and calcic yermosols are
the major associates. Calcic yermosols (Yk25-1/2a,
Yk26-l1lab, 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.
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The highland calcic yermosols may become productive under
irrigation, although they are not as good as haplic
yermosols. Ssmall patches of luvic yermosols (Y119-3ab)
occur on the eastern slopes and in the eastern desert
regions.

3.3.2 Land Use and Cropping Pattarnsll/

Only about 8 percent of the total land area of the YAR
is cultivabla, while another 10 percent is classified
as marginal, but poasibly usable in wet Vears (Table
3.10). Eighty-five percent of the normally cultivated
land depends upon rainfall (Table 3.11). Most of this
land is in the highlands and consists of terraced £ialds

(Fiqure 3.12).

Field and cropping patteras. like most other aspects
of Yemeni agriculture, can vary widely, depending on
topography, climate, altitude, water, soil, and frost
frequency. These patterns may also be affected by a
number of social and economic factors, such as the neaeds
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, ard even
when a landowner holds a large total acreage, his land
may be in a number of small plots scattared over a wide
area. Most large plots are in the Tihama.

sorghum and millet are the major crops and these czops
in 1975~-76 accounted for 78 percent of the area planted

(Tabla 3.12).

Sorghum and millet are primarily gubsistence crops and
about 70 parcent of tha total per capita daily food
intake is from these two grains. They alsc provide

for a number of other needs, such as fodder for animﬂ$[
The stalks are also used for fodder, as well as €or hout,

1D irces: Birks and Sinclair. 1979.

Checchi and Company. 1978.
Escher. 1976.

Speece. 1280.
Tutwiler et al. 1976.
world Bank. 1979.
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Table 3.10 Major Land Use by Governorates (' 000 hectares)

Total Cultivated Marginal Forest and

Governorate Area Land Agriculture Shrubs Other
Sana’'a 8,000 400 600 100 6,900
Hodeida 3,500 235 500 450 2,315
Ta'izz 1,200 250 )00 500 350
Ibb 1,300 300 50 400 550
Aajja 1,700 130 250 50 1,270
Sa'ada 1,800 60 200 - 1,540
Dhamar 1,000 100 200 100 600
Beida 1,500 40 100 - 1,360

20,000 1,515 2,000 1,600 14,885

Source: World Bank. 1979,

Table 3.11 Cultivated Land and Irrigation by Source of Water ('000 hectares)

Cultivated Spate flood

Governorate Land Rainfed Irrigated Perennial Wells
Sana'a 400 375 - 20 5
Hodeida 235 105 loo 5 25
Ta'iz 250 221 10 18 1
Ibb 300 279 - 20 1
Hajja 130 115 10 5 -
Sa'acda 60 60 - - -
Dhamar 100 92 - s 3
Beida 40 38 - - 2

1,515 1,285 120 73 37

Source: World Bank. 1979,
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Table 3.12 Area and Production of Main Agricuitural Crci:8 (area:s ‘000 hectares, production: '000 tons)

1949/70 1970/1 1s7/12 1972/13 ’ 1973/14 1974/75 1975/
cree freq [Productfom  Arey Production Ares Productfion Ares Productfon Arsy Production Ares Productiog Ares  Foodes fuon
Cereals . ' T

Sorghum & m1llet (173 610 . 913 730 T 920 627 1080 809 932 €9 1213

Malze 4 s 1 30 20 16 s0 10 52 %0 5o 39 ey

Whest 3 16 30 N 25 25 30 50 10 n 50 56 30 2

Sacley 143 160 1o 154 128 - 1o 10 120 12] (13 15 an 68 75
Laguses, Vegetsbles

Legumes 50 50 so 60 60 60 0 36 - 6s (1) 1n n 76 I

Creen vegatchlas s 30 10 100 13 o 17 150 ° 16 150 18 168 20 LY

Potatoas 4 20 P s L} 1] 6 64 3 13 7 n 7 e
Frults, tras crops 2 s 13

Frulte 4 ) 3 3 20 10 60 1o 6

Grapas s 10 1 10 s 35 ¢ » ¢ 3 " P 12 o

Dstes - 3 - L) - [ ¢ a s . s ? s ’ 42

Coffas s [} L} 4 s 4 s, 4 s 4 4 3 A :
Industrial Crops

Cotton s 2 10 10 13 1] 20 19 20

Tobacce ' 2 4 3 4 3 4 s 4 350 7: :; 's o

Sesamp 4 ] ] § [ ] s (] 4 0 4 ? [ 13 cb

Sourco: World Bank, 1979,



construction oI fuel. The crops are not normally
produced for the market. In general, even though
they can occasionally be found in markets, the cash
value of sorghum and millet does not cover production
costs, nor will people buy it when they have cash to
spend on food. Wheat, potatoes and canned goods are
preferred.

Maize, wheat, and barley, which together accounted for

about 1l percent of the planted area in 1975-76, are the
other major grains. Vegetables and fruits. though
occupying less than 10 percent of the planted area, are
important crops in terms of food valte. Vegetables and
fruits are grown for boti subsistence and cash crops.
However, the major cash crIps are cotton, tobacco, coffe
and gat. As geen {n Table 3.13, ravw cotton accounted £
over 49 percent of Yemen's axports by value, and cottol

products added more than another percentage point to this
Coffee made up over 20 percent of the exports by value.

All of these cash crops are important in the domestic
market, but the predominant one is gat. Qat growing ard
use is usuaily condemned by outside observers, while it
many beneficial effects are often overlooked. Qat is
an Lndigenous plant which is well adapted tO climatic
conditions of the highlands, and it is more drought
resistant and requires less care than competing czops:
Thus, with much less work than for other crops, the
peasant can produce a cash crop worth much more. This ¥
particulazly important in light eof increasing labor
shortages.

Even a peasant with very small holdings can gain somt
income, for although gat marketing can have elarorate
structures, it may also be sold by individual farmers
in small amounts. takorers on 3at £ields receive 2
much better wWage: gsually about 25 ¥R pex day compare
to about 8 YR on a millet field. vost: Yemenis who do
not chew gat suffer from deficiencies of vitamin A-
All of these aspects can be be compensated for if pro¥
to eradicate dgat growing and use are i.mplemanted.
powever, it is important to remember that any such
program will pe resisted and probably will €ail if
factors are not considered.

Figure 3.13 shows general areas of primary crop P
Grains tend to pe more important in the highlands:
Tpb - Ta'izz and north of San'a. Sorghum and millet
are the major lowland grains put the highlands also
produce wheat. parley, and maize. The cash crops &
and tobacco are found mainly in the Tihama, and qat

and coffee in the highlands.
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Table 3.13 Commodity Composition of Recorded Exporss (YR thousands)

c3] Ysars end Jure 0 o Vacd
Agricultural 22.1m
Rav Materials
tton 10,799
Cotton Lint ( 9,912)
Cotton Seads (887)
Coffes 5,534
Hdes & Sicins 3,21
Drisd Rish 58
Live inimsls w1
Potatoss 239
Fruits 66
Tobscco o]
Othars 2,770
Processed Agricultursl
ogucts 100
Cotton Products 100
Fsbrics -
Shaeta (100)
Yarn -
Blssuits -
Confectionery -
011 Seed Cakes
Non-Agricultursl orts 1,890
Salt 1,412
Matsl Scrap 247
Cthers 239
TOTAL 2&,701

3,015
50,063

24,93)

(24,593)
(~)

10,223

6,129

36

17

26

68

1,133

Source: World Bank. 1979.
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Several surveys show crop distribution patterns on the
local level. 1In 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 tons, of which 15,000
were consumed locally. Total production of cotton was
=hout 2250 tons, nearly all of which wal sold after
taxes and debZs were settled in kind (Escher 1976).
Additional data on cropping in Wadi Mawz is presented
in Appendix V. Data is also available on land use in
Wadi Rimes, 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 L] % of Wadi, or Khabt
(Rainfed)

Irrigated

Sorghum 351 25 76
Sesame . 16 1 3
Cotton 926 7 21
Total Wadi 463 33 100
Rainfed
Sorghum 664 47 70
Millet 249 18 26
Sesama 36 2 4
Total Khabt 949 67 100
TOTAL 1,412 100

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

Source: Escher. 1976.
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Table 3.15 Population and Farm

statistics in Relation

to Land Use in Wadi Rima
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Figure 3.14 Land Use in Wadi Rima, 1975-76.

Source: Pratt, 1977,




3.3.3

Al-Qasim is in an area wheze all agriculture is
terraced or in small level areas betwaen mountain
peaks. Land holdings by family as well as cropping
patterns on the terraces are very fragmented. Most
of the area planted is in wheat and barley or gorghum.
Quite a pit of land ijs used for gat, but in al-Qasim
thers have been no new plantings of qat for geveral
decades. The quality is not as good a3 in other areas
of Yemen, and production is mostly for personal use,
not for saie. Small terraces along the wadi bed arxae
planted.with vegetables {XopP 1977b) .

Fiqures 3.15 and 3.16 shov this kind of fragmentation
in two highland coffee areas. gEajjah i3 locatad about
50 km NW of San'a, and Udayn ig about 20 km W of Ibb.
Tables 3.16 and 3.17 show cropped area, production, and
yields of a aumber of czops in the Ta'izz - Tbtb region.

12/
rand Tenurse system—

Only about 1.5 million hectares, or 8 percent of the
total area of Yemen, is cultivable uynder normal
conditions. Another 10 percent (2 million hectares)
is classified as marginal and could potentially be
cultivated in years of exceptional rainfall. This is
esgentially all of the land that comes into considerati®
when discussing ownership and tenure patterns.

All aspects of Yemeni law, including land tenure systys
and pensant-landlord relationships, are theoretically
governed by the shari'a. 1In practice, eribal law and
custom have remained intact from pre—Islamic times,

and supplement OF supplant shari'a law. Since agricu®
is and always has been the basis of Yemen's economy, ¥}

12

Sources: Caponera. 1973.
Checchi and Company . 1978.
cip. 1979,
postal. 1974.
ECWA/FAO Joint Agricultural pivision. 1978.
Escher. 1976.
Kopp. 1977b.
Nyrop et al. 1977.
speece. 1980.
stoockeY . 1978.
Tutwiler et al. 1976.
world Bank. 1977.
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Table 3.16 Area and Production of Crops in Ta'izz, Ibb, and YAR,
1976/77 (area = *000 ha; production = ‘000 metric tons)

Ta'izz Ibb YAR

Crep 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 4.0 4.0 12.8 15.4 60.0 54.0
Sesame 2.2 1.5 1.1 0.3 10.2 6.4
Pulges 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
Pruits 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

Bource: el-Omari. 1979.
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Table 3.17 Yields of Major Crops in the Ta‘izz and Ibb Governates

(kg/ha)
Season sorghue parley wheat i Maize pPotatoes patesd
Ta'izz Ibb Ta'izz Ibb Ta'izz Ibb Ta'izz Ibb Ta'izx Ibb Ta'izz
1975/76 1.05 2.26 - - .90 1.15 2.49 2.74 11.0 13.0 11.7
1976/71 1.68 2.54 - 1.1 .92 1.29 2.49 3.25% 16.9 19.5 11.7
1977/18 1.57 3.12 - 1.2 .07 1.37 3.25 3.75 15.7 18.2 11.7

dyjelds for dates in kg/tree

Sources el-Omari. 1979.



government in power has always concerned itself with
agriculture. Units for the measurement of land areas
ware first standardized by legislation in the 13th
century. At this time, the Rasulid rulers also
legislated the basic terms for landlord tenant
relations. They initiated iand reclamation projects,
and eased taxes on peasants to encourage production.
Bowever, most agricultural legislation had as its
goals increased ravenue or the Procurement of scme
other benefit for the government, rather than the
peasant's welfare. ‘he same Rasulid rulers made
extensive use of fief-granting (igta). Originally,
the iqta was neither hereditary, nor privataly owned,
but simply entitled the holder to the ztate revenue of
the grant in return for the military service he
provided to the statas.

Tax collection was not always as equitable as Rasulid
legislation may have intended. Tihama date
Production, for example, declined bacause the tax
collectors were demanding more tax on date palms than
the value vielded by the crop. Not surprisingly,
pPeasants 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 were too high to provide any
incentive. Many farmers were selling animals because
taxes on them were too high to leave any profit from
stock-raising.

Current land ownership and tenure is still primarily
traditional. Land reform had not been attempted as of
mid-1976, except for a government takeover of the
former Imanm's boldings. Iqta, which in the modern
Sense means privately-owned large landholdings usually
leased on a share-cropping basis, made up 60 to 70
percent of all arable land, based on 1965 data.
Privately-owned small farms, (*milk®), constituted 4-
10 percent of arable land, and state farms constituted
2=-3 percent. Collectively~owned land held by extended
families (mushaa) and by villages (huma), comprised 1l-
3 percent, but about 90 percent of all pasture land
vas in this category.

Waqf land accounts for about 15-20 percent of the
arable land in Yemen and there are a number of types
of wagqf. wagf al-dakhli and waqf al-Sawafi, internal
and clear wagf respectively, are ths usual typres, with
direct and undisputed ownership by religious
institutions. Today this land is owned and operated
by the Ministry of Waqf, a department of the Yemeni
government. Waqf al-wasay, willed waqf, remain under
full ownarship of the donor's family and are operated
by the head of that family. Only a specified portion
of the income goes to a Pious purpose; the rest
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remains with the family, except for a 2 1/2 percen
tax on the income for state sscvices in record
keeping, dispute arbitration, and similar situatio
Waqf al-muthallath, three-tenths waqf, give 3/10 o
the income to the state, divided into 2/10 for the
Ministry of Waqf and 1/10 for zakat. A subcategor
this type, called wagf al muthallath al-Baramin, i
divided the same, except that the 2/10 portion goe
Mecca and Madina.

According to one estimate, approximately 90 percen
all arable land was leased on sharecropping
arrangements (Checchi and Company 1978). Another
estimate places this figure much lower, at about o
third of the total cultivable land. Tenancy is lov
in the highlands according to thig estimate, at ab
15-20 percent, and rises to 40-50 percent in the
Tihama (CID 1979). Arrangements differ according ¢
region and especially according to whether or not |
land is irrigated. The tsnant might expect to rec:
anywhere from 1/2 to 3/4 of the crop if he engaged
dryland farming, and beatwaen 1/3 to 1/2 if the lanc
was irrigated. Detailed srrangements depend on
exactly what resources the landlord supplied. In
general, the privately owned and workad land compr:
small plots in highland areas, while the lowlands t
to be larger ownings that are leased.

Several studies show the application of thase gener
observations on local levels. In wadi Mawr, about
percent of the population is directly dependent on
agriculture (EBscher 1576). 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. Pigure 3.17 shows
distribution of irrigated and dry farmed lands in t
wadi.

Porms of land holding include privately owned and
worked (milk), state owned (miri) , waqf, and leased
land (sh'arak). Some land, mostly that unusable fo:
cultivation, i& unowned by any person or 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 alse lease, and :
percent work only leased land. Another 43 persons
(21% of the total sample of 202) do not work any lan
for themselves. A few of these ares traders or -
craftsmen, but most do agricultural work for wages.
Table 3.18 shows distribution of these ownership
categories by irrigated or dry farmed land. Size
distribution of holdings is very uneven. Two percen
of the sample own 50 percent of the land covered in
the sample. The bottom 50 percent of the sample
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contzols only 5 percent of the land (Table 3.19). At
the time of the survey, there were no absentee
landlords in wadi Mawr.

Tatie 3.18 Lané Tenure irn Wadi Mawr

No. of No. of No. of No. of
Tenure Form Farmers $ Farmers & Parmezs $ Parmers L ]
Only owners 9 10 27 31 52 59 88 100
Owners and lessees 2 6 241) 69 9 25 35 100
Only lessees 19 50 8 21 il 29 38 109
Total 30 19 59 37 72 44 16l 100

Source: Escher. 1976.

Table 3.19 Size of Land Holdings in Wadi Mawr (Winter 1873/74)

Ares (a3 - ot otz 23 &@MMMMMM.&M&&&&&
Ovned 1 3 2 1y 13 w0 2 s ] 2 2 ses0 3 LU e
of waics irrigaved )} u n ’ 3 1 ° 4 0 2 €5 ¢ 1 0.5 6t L4
aused 7% 20 i 7 : X b ] s n 0.5 30 7
St whizh {crigated [] 3 H 3 [4 - 32 81 L L) L 4
A ¢ i 22 2 0 2 16 19 (] 3 0 1 1790 162 C.5 0 24
of which cultivaced 83} 13 20 3 3¢ 1 7T 10 4 2 b by 1990 161 ¢ 0.8 30 22

1.  loase=all land

H] 4 lease all land: 4 do not cultivate at all

K: wa. of farmers

X %0 answer in survey

A-mmumw(w-mwu:
of 23 farmers, 39 only own, 13 own and laase
ot 73 leasess, 30 only lease. 15 own and lease

buren: paeng:. 1976,
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Land can be leased from private holdings, miri, or
from waqf land, and the basic terms are the game.
Owners of land in the wadi, where irrigation is
facilitated, are in a strong position because of the
greater demand for their land. 1In general, landowners
provide only the land and no other resources. Only
about 10 percent of the sample which leased land said
the landlord bore production costs. The lessae must
usually pay for or supply all labor, ani.iis, tools,
seed, and any fertilizer nceded. Saveral fees are
deducted from the yield before division between the
landlord and the sharecropper. Ten percent of the
Yield goes to 2akat, 8 percent to the wakil al-aqm
(vater master), and 5 parcent is for the threshing
fee. The yield is then divided half and half under
normal circumstances. 1If the landlord has provided a
motorpump for irrigation he may get 2/3 to 3/4 after
taxes and fees. Terms of a leasec may be for many
Years. WNineteen 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. R total of about 19,000
hectares is cultivated and nearly all of this ig
irrigated. About 10,000 families inhabit the area,
and about 8,000 of these arc 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 cwners
control only 10 percent of the land. Average annual
income for day laborers is about 84 YR, small ownezs
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 overses their
holdings 'ras 25,000 YR. Most of these landlords live
in Zabid town or ir Bodeida. {(ECWA/PAQ Joint
Agricultural Division 1978).

Two surveys are 21s0 available showing pattarns 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 (Kepp 1977b) .
Theoretically, '@ 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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3.3.4

holdings. The average holding of cultivable land is
1-3 hectares. However, many of the alite also owvn
some land in other parts of Yemen, and most families
have some income from non-agricultnral sources.

In al-Qasim landowners will normally work their own
land. Only if they are unable to do soO is it leased
ocut. Wwhen it is jcased, the contract specifying the
plots and the terns is agreed upon before witnesses.
From the yield, Zakat and next yaar's seed is taken
out and the rest is split half and half. 1If the
landlord supplied animals, a separate lease is drawn
up for them.

In extreme casas, a peasant may have to sell his land
(technically, his usufruct of the tribes land).
priocity c¢f purchase goes girst to ralatives, then to
owners of naighboring plots, then other peasants ci
the scme tribe, and only after scveral other
possibilities ig the peasant free tc choose the buyer.
In general both sale and jeasing of one's land is
regarded as undesirable, and attempts will be made to
hire labor first.

Pinally, a survey by CID (1979) in the southern
highlands further shows that the highlands are
primarily an area of small holdings worked by the
owners. The vast majority of farmers in the sarple
surveyed cultivate their own land. There are an
insignificant nupber of landless agricultural
laborers. Laborers might be imported from neighboring
areas in particulazly good years. In the survey of
randomly-selected peasant households, 71 farmers
cultivated their own land. Three cultivated their own
land plus some leased land, two cultivated only rented
land, and one was an ag:icultural laborer.

Land Use Problemsld/

Migration has also had numerous effects on
agricultural 1and. Migrant remittances often go into
1and acquisition, rainforcing the pattern of large
holdings by a few pecple. rabor shortagas have caused
more marginal 1and to be abandoned; without upkeep,
the terraces decline and bacome susceptible to
erosion. On the other hand, the value of agriculmuﬂ
labor has risen.

13gource:

Checchi and Company. 1978.
World Bank. 1979
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A number of the problems agsociated with land could be
solved by increased training or the implementation of
specific programs. Proper instruction in the use of
tractors would prevent Plowing too deep and the
resulting 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. ILeocal
problems with spreading sand dunes in the Tihama could
also be dealt with by tree plantings. Pertilizers
could increase yields given sufficient water.

Other problems are more serious in that no quick or
even relatively quick solutions are available. The
YAR is still in the beginning stages of developing its
agricultural infrastructurg. It simply does not have
the resources or personnel to make any swaeping
changes in rural arsas. The traditional land tenure
system is also somewhat of a problem. Sharecroppers
do not. often have the means or the incentive to make
.mprovements, and landholdings are often so fragmented
that modern methods cannot be economically applied.
Labor gshortages are not likely to decline either, even
as the YAR develops, because many of its close
neighbors ara devcloping much more rapidly. 1In fact,
as the YAR develops, internal migration to urban areas
is likely to increase, further aggravating the
shortage of rural labor.

3.4 Vegetation
3.4.1 Native Plora

Vegetation zones of a broad regiocn distinguished as
the  "Mediterranean Zone® bave been mapped by UNESCO-
FAD (1970). 1In the Yemen Arab Republic ten divisions
are represented as follows (Pig. 3.18):

l. Pormations with a tropical bias. Acacia tortilis
and Maerua crassifolia are found in the
foothills, Panicum turgidum, Lasiurus hirsutus in
the sandy plains. Bush steppe contains Acacia
SPP. and Commiphora spp. A number of sub-
categories are mapped in Yeman without further
definizion. The zona is found throughout the
lowlands and foothills on both sides of the Yemen
highlands,

2. Introduced or transformed vegetation. Peckets of
this casis vegetation are found in the lower
reaches of wadis along the coast. The vegetation
is sustained by springs, artesian wells and
sometimes by intense atmospheric humidity.
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3.

4.

5.

6.

9.

10.

Bush shrub, tree pueudosteppe, savannah and
thickets. This foothills transition zone is
found fringing the mountains on the western,
gouthern, and eastern sides. It consists of
thorny scrub characterized by Buphorbia amac and
Themeda triandra. Sub-categozies are mapped but
are not defincd by UNESCO-FAO.

Shrub or tree pseudosteppe and savannah, thickeats
and open forest. This highland vegetation occurs
in the western and southern areas of the Yemeni
mountains. It consists of fairly open dry
forests with Olea chgxsoghzlla and Dodonea
viscosa.

Slnannahawoodland formations. Characteristic
jon of this highland veqatation is more or
less dense Juniperus procera from 1,800 m, and

Bodocarpus gracilior.

Forest formations occur in patches throughcut the
highlands and are charactarized by Juniperus

E!OCE! a.

Perennial formations with or without
ephemerophytes in accentuated desert climates.
This dese:t steppe with Artemisia herba-alba and
Stipa tortilis is fairly common in southwestern
Saudi Arabi= and uay occur in interior Yemen near
the Saudi border.

Ephemerophyte-dominated formations, with
Baloxylon galjcornicum, Rhanterium eppaposui. and
Salsola spp. in the depressions. This desert
vegetation is found in the eastern desert.

Sparse ephemerophyte formations or no vegetation.
R.preaentativn vegetation {rcludes Calliconud
comosum, C. torophytes, and ephemeral forms of
Aristida spp.s Tribulus Spp.. and Pagonia SPP-
after rain. This is typical of the Rub al-xhall
and occurs in the northeastern interior of the
m.

Sands with Calligonum vegetation, found in the
southeastarn intsrior desgert regions of the
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Figure 3.18. Vegetation of Southwest Arabia

Source: UNESCO-FAO. 1970.
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woodlands

The World. Bank (1979) uses slightly different
criteria, and considars only woodlands. The YAR has
no forest in the gtrict senae, but large areas., about
g8 percent of the total ares, are covered by sparse
woody vegetation. These woodlands may be grouped into
5 types:

1. Mangroves of the coastal belts that occupy the
saline coastal marshes from Bodeida northward to
the Saudi border.

2. Savannah- woodlands that run close to the
wastern foothills. Acacia spacies are dominant.
growing {n gravelly ot gandy scdiments.

3. Trees growing on the large fans of the big wadis
that open onto the Tihama.

4. Acacia scrub woodlands in the foothills and
highlands. Theae extend over large areas of the
western and southern slopes of the central

mountain range.

5, Wadi bottom vegetation, which {ncludes the Picus
species that provide some lumbar for construction
of local buildings.

This woody vegatation {s for the most part so sparse
that it is of very little importance beyond the local
level. Acacia is used as a fuel, and scme wood is
used in construction. 3ecause of these kinds of 1ocal
uges, it is thought that these resources are being
depletad at & rapid rate. Bowever, there is very
1ittle current data available on any aspect of these
resources. :

Rangelands

Most of the ared of the YAR, including wmany areas
wbich are scoetimes called woodlands, can be wore
accurately classified as rangeland. VerY 1ittle dats
is available on rangeland in most zreas of yemen, it
very detailed studies have been carried out in the
pada’' district in the southeastein interior desert
(westinga and Thaden 19807} . The following
classification is trken fros this study, as is the
more detailad daza in Appendix VI.

1. Sl etation s

The vegetation on the slopes can be cu.gitied:
twvo main groups. The dwarf ghrublands with scatte!
Acacia trees and shrubs: (ASl, AS2 and AS3) 1B the
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Bast and the dwarf shrublands without trees (si, s2,
S3, S4 and AS4) in the West (Fig. 3.19a). These

types are:

ASl Acacia caupoptila ~ Acacia nubica type
AS2 Acacia millifera - Aloe inermis type
AS3 Acacia nilctica spp. kraussiana - Barleria

parviflora type
AS4 Hypoestes paniculata ~ Acacia negrii type

Sl Lantana petitiana - Hyparrhenia hirta type
82 Buphorbia inarticulata - Caralluna spec. type

83 Chrysopogon plumulosus - Blepharis ciliaris 'rich’
type

84 Chrysopogon plumulosus - Blepharis ciliaris 'poor!
type

2. Wadi vegetation types

The wadi vegetation types can be divided into
Tamarix 'forests' (TAM 2) and four t¥pes of Acacia
pachyceras 'forests' (wl, W2, W3 and W4). The
distribution of the types is ghown in Fig. 3.19b.

All wadi types are characterized by the occurrence of

Acacia pachyceras, Solanum Ancanum, calotropis procera
and Cynodon dactylon. The types are:

Wl Acacia pachycecras - Solanum incanum + Salvadora
persica type

W2 Acacia pachvcerag ~ Solanum incanum + Ephedra

aphylla type
W3 Acacia pachyceras - Solanum incanum + Solanum

sepicola type
W4 Acacia pachyceras - Solanum incanum + Withania

somnifera type
TAM2 Tamarix nilotica - Pluchea dioscoriodes types

3. Non-saline valley veqetation types

Two valley types (V1 and V2) were found to be
distinctly different from the other, mostly
halophytic, types in the Plains and valleys. They are
floristically rather closely related to tha slope and
vadi types listed above. They are:

V1 Salsola spinescens - Euphorbia cuneata type
V2 Acacia pachyceras - Acacia nilotica spp.

kraussiana type

4. na;gghxgic plain and valley types

The vegetation of distinctly saline areas (Fig.
3.19b) can be divided into four types: the halophytic
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3.4.2

4sources:

Tamarix bush 'forest‘' (TAM1l) and the halophytic plain
types SPl, SP2, and 5p3, fully named as follows:

TAM1 Tamarix nilotica - Schanginia hortensis type

SPl Aelurcpus lrgopoides - Atriplex leucoclada type
SP2 Juncus heldreichianus - Dichanthium annulatum type

SP3 Sporobolus ioclados - Centaurea pallescens type
5. 2Xypes of cultivated and fallow landsg

Only two units have been distinguished:

PAL Xanthium spinosum - Laggeria garieppina type
(fallow land)

AGR Convolvulus arvensis - Erucastrum arabicum type
(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 near
the surface, has been divided in two types: DW
Drainage ways and Mp Marahy places:

DW Apium nodiflorum - Agrostis semiverticillata type
MP Paspalum vaginatum = Juncus OXycarpus type

Range Useld/

Livestock populations were astimated for 1973 as
follows:

sheep & goats 9,500,000 (11.6 million 1965)
cattle 800,000 ( 1.3 million 1965)
donkeys 600,900 { 500,000 1965)
camsls 160,000 ( 55,000 1965)

Pigures for skeep, goats, and cattla are declining, as
are the numbers reported slaughtered from 1972 to
1978.

Severe erosion and depletion of plant cover is
becoming a problem, and may be one cause for these
declines in animals. These problems wers perhaps
brought or. by the drought between 1967-73, as figures
for 1274 show slight improvements. The World Bank has
Suggested that these arid to semi-arid rangelands

Nyrop et al. 1977.
World Bank. 1979,
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ETHIOPIA

canis simensis simensis

Lycacn pictus

Panthera pardus

Acinonzz jubatus

Dugong dugon

Equus asinus

Bquus grevyi

Diceros bicornis
Alc:laghus buselaghus tora

Alcelaphus buselaphus swaynei

Dozcat:agus megalotis
Ammodorcas clarkei

Capra ibex walie
SCMALIA

——————

Lycaon pictus

Panthera pardus
Acinonz; jubatus

Dugong dugon
Equus asinus
Equus grevyi

Diceros bicornis
Damaliscus hunteri
Ammodorcas clarkei
Gazella dorcas pelzelni

Dorcatraqus megalotis
Gazelle Spekei

SAUDI ARABIA

Canis lupus
Panthera pardus nimr
Panthera pardus jarvisi
Acinonyx jubatus venaticus
Dugong dugon

Gazella subqutturosa marica
Gazella dorcas saudiya

Gazella qazella arabica
oan

Panthera pardus nimr
222222.9!222

Oryx

Gazella gazella arabica
Hemi traqus jaﬁui

SOUTH ARABIAN FEDERATION
\

Gazella gatella arabica
SOUTE YEMEN

Panthera pardus nimr

71

Northern simien fox
African wild dog
Lecpard

Cheetah

Dugong

African wild ass
Grevy's zebra

Black rhinoceros
Toza hartebeest
Swvayne's hartebeest
Beira antelope
Dibatag

Walia ibex

African wild dog
Leopard

Cheetah

Dugong

African wild ags
Grevy's zebra
Black rhinocarcs
Hunter's hartebeest
Dibatag
Pelzein's gazelle
Beira antelope
Speke's gazelle

Wolf

South Arabian lecpard

Sinai lecpard

Asiatic chaeetah

Dugong

Sand gazelle

Saudi Arabian dorcas
gazelle

Arabian gaze

South Arabian lecpard

Dugeng

Arabian gazelle

South Arabian leopard


http:rcatrag.us

3.8.2 Pishingl®/

The estimated catch in 1976 of all fish from Yeman
waters was 17,000 metric tons. The potential is
estimated to be about 25,000 metric tons per year.
This includes some £ish types which are not now saten
by the local populatien. The main fish resources :
presently exploited by the artisanal fisherman are
pelagic in habit; i.e., they are fast-moving and live
in open waters. These species include the Indian
mackerel, which makes up the largest part of the
catch, the king mackerel, tuna, black ccbia, large
jacks, sharks and barracuda.

The highly prized shrimp and lobstar resources arce
substantial, but not a2 great as oncs assumed. Based
on production potentials off Wast Africa of 3 metric
tons per square mile, and a maximum of 500 square
miles of sacimp grounds off Yemen, the production
potential indicated would thus ba 1,500 metric tons
per year. Ou the basis of the latast surveys,
however, it has been found that the ahrimp areas are
mainly in the coastal waters, especially north of
Bodeida around Kamaran Tsland. This area is not more
than 250-300 square riles.

Another potentially exgplcitable marina resoucce is the
crayfish or spiny lobster of the coral reef area.
There is undoubtedly considerable guitable habitat for
spiny lobster3s fringing the reefs, but additional
exploratory £ishing trials need to be undertaken to
estimate the quantities that might be exploitable.

The bivalve mollusca jocated in the shallow littoral
regions along the beaches are another potential marine
resource. The iocal clams have a hard consistency but
are quite delicious and are already exploited to 2
szall degree by the foreign community in Bodeida.
Daevelopment of this resource as a canned export is 2
possibility. Bowever, further work on stock is
neccessary.

An estimated 4,000 fishermen earn a meager 1ivelihood
from artisanal fishing. The estimated number of
£ishing vessels now in operation is: 100 large
motorized boats (sambuks) , 140 small motorized boats
(houzis), 640 pedium-sized boats {houris), and roughly
100 small rafts. Most of the local catch of fish is
sold in the {mmediate coastal region. Howaver,
increasing amounts of fresh fish are reaching the

16gources

world Bank. 1979.
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3.5.3

urban centers of Sana'a and Ta'izz. A large part of
the fish landed is salted and dried for transport to
interior markets as well as for export.

Pishermen get relatively low prices for their catch at
the village landing centers. 1In addition, the price
fluctuates widely with availability and season. 1f
their catches are too large there may not be a market
at any price.

Parks, Reserves, Protected Areasl?/

This section is inserted only to note that nothing is
being done in the fieid. The lack of current data on
wildlife, and the fact that wildlife is not part of
the traditional or modern economy, indicates no
governmental or popular awareness or action in the
sphere of parks or feserves. The IUCN in 1971 had no
listings of national parks or equivalent reserves, and
noted:

*No 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.®

17scurce:

IUCN. 1971.
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4.0 anironmcntal problems and Impacts

The Yemen Arab Republic is hardly evan in the beginning stages of
awareness of envizonmzntal problems or developing the ability to
deal with them. In fact, Yemen is so undeveloped that many modern
nnvironmnntal problems simply do not exist and are not likely €O
even a minor concern for years to come. However, even if
industrial pollution, air pollution, and excessive noise levels do
not exist, there are some major problems to be faced in the areas

of water and land rosources.
4.1 Legal and Administrative packgrounci8/

Tha YAR is still govn:ned essentially under ghari'ah, or
1slanic law, ccmbined with customary lav. There is very
1ittle modern legislation that addresses any aspect of the
envirorment directly. Becauaa 1slamic law is basically
concerued with the wall-being of the community. and because
{t tends to approach problens on a cuse by case basis, there
{s certainly agple legal justitication should the government
need to step inon a specific case. Islamic law nas already
addraessed many cages of water poliution, proper vater
management, and similar problems which have coas up in
traditional settings. Eowaver, as tha YAR continues to
develop, One of its needs will be some® kind of comprehensivc
program to deal with guch problems on & nationwide scale,
rather than case by case.

A faw institutions are beginning to appeart which have been
given powers to deal with some aspects of environmcntal
problems on a restricted gcale. For example, the National
water and Severage authority (NAWSA) was get up in 1973
(Saction 3.2.4) and given power over most aspects of urban
water supplies and sewage. In particulnr, NAWSA'S mandate
gives it full power tO take any steps necessary to protect
the undergound and surface waters under its authority froa
pollution. This mandats has z1lso been interpreted €O include
control over ag:icultu:al water usage within ostablishcd
protccted zones around urban areas. The Tihara Developmeﬂt
Authority. charged with rasponsibility for irrigation schess
and integrated rural development. may gimilarly concern
{tself with various envizonmental problems in the rural
pihams. A natwork of Local Development Associations i3 beind
established throughout the YAR. Many projects of this
successful salf-help program deal with envi:onmcn:al pt
on a local lavel.

cbles

l8gources: Caponera. 1573.
Quarterly Econ. Rav. 1979.
g.S5. AID. 1972.
world pank. 1979.
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4.2 Water Supplies and Water Related Disease

Water is the single most crucial element in tha YAR's efforts
to davelop, and it is not surprising that the most preasing
environmental problems concern various aspects of water.
4.2.1 Rural Waterld/

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. 1In 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 tae
water table in many arcas. Natural groundwater
discharge of the coastal aquifers is declining rapidly
due to pumping. Groundwater discharge at wadi Zabid,
for exarmple, has declined from 130 million cubic
meters (mcm) in 1971 and 104 mem in 1973 to 82 mem in
1976. During this period pumping in the area
increased from 130 mem in 1973 to 165 mcm in 1975 (al-
Eryani 1979). This increased pumping does salvage
groundwater which would otherwise be discharged into
the Red Sea. However, as water tables drop, seawater
intrusion bacomes a major problem. Several observers
have cited the occurrence of sesawater 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 increasas.

19sources:

al-Eryani. 1979.

Ryrop et al. 1977.

U.S. AID. 11980.

U.8. Department of State. 1979.
World Bank. 1979.
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Table 4.1 Long-Range frrigation Targets

Plood perennial Well
plan Period Irrigation Irrigation Irrigation
1,000 ha
Present irrigation 120 73 37
1st 5-Year (1976/81) 134 79 83
2nd S5~Year (1581/86) 148 89 144
3rd S5-Year (1986/91) 158 96 194

source: world Bank. 1979.

4.2.2 Urban Water problems29/

Orban water supplies. also primnzily from groundwater,
are being depleted. Recharge of aquifers is not
keeping pace with increases in demand. The cities of
Sana'a and Ta'izz are primarily affected by ehis, and
projections expect demand to far exceed the regources
by the end of the century (Section 3.2.2).

Inadequate urban sewage systems are a major problem
also. Waste water in gana'a often drains directly
into the gutter. and eventually reaches the aquifer
under the city. Sewage {s usually disposed of in pit
latrines or cesspools; only occasionally are geptic
tanks available. Ta'izz is the only city to have a
1imited sewage collection system as of 1975, but this
served only zbout 2,000 pecple. Otherwise, problems
are similar to Sana‘'a.

In Bodeida the situation is gimilar. However, whils
the country's high altitude and low humidity somewhat
check the resulting hesalth protlems, HBodeida doas not
have such mitigating gactors. In addizion, the water
table is high in the area, and low-lying areas may oo
absorb wastewater at all. Stagnant pools greatly
increase the transmisuion of typhoid, pa:aeyphoid.
cholera, parasites, infectious hepatitus, hookwor®/
and bacillacy dysentary- In coastal areas such as
Bodeida, solving water shortage problems without girst
installing sewage systems will only make conditions
worse.

20sources: Nyrop et al. 1977.
U.S. AID. 1972.
World Bank. 1979.



4.3 Other Rural Problemsg2l/

Several other problems in rural areas are also the indirect
result of water management or lack of it. Soil erosion is a
serious 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 in
wadi irrigation are beginning to solve this problem.
However, abandonment of terraces in highland regions is
increasing problems thera. Erosion is getting worse as
terraces deteriorate. In addition, downstream aresas are
subject to greater flooding and sedimentation becausge
deteriorated terraces no longer hold soils or slow runoff.
Little data other than simple obgervations are available on
terrace deterioration.

Soil erosion is also sarious in range areas, and is often
caused by depletion of rangeland and woondland vegetative
cover. Westinga and Thalen (19807?), 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 and
pPoles is the second cause of devegetation. Westinga and
Thalen (1980?) are more explicit in identifying this cause of
vegetation depletion in Radg'. Improved transport and high
firewood prices have encouraged widespread wood cuttinrg. On
the other hand, in some parts of Yemen, high wood prices and
the use of treeg as windbreaks for crops have encouraged
farmers to begin planting trees. Tree planting projects are
being considered in some parts of the countsy (la Houerou
1976) and may help alleviate the problems scuswhat if they
are carriad out extensively.

Shifting sand dunes are still another probleam which occurs
both in the Tihama and in the interior deserts. It is most
serious in the Tihama vhere large areas of agricultural land
may be buried. Le Houarou (1976) notes that the dune areas
around wadi Rima have expanded greatly since 1972 and by 1976
threatesned the highway in the area as well &5 large stretches
of cultivated land. Other roads in the region have already
been buried. re Bouerou has proposed a stabilization
program. Bowever, data on Progress of such programs and even
on the extent of the problem are not availabls.

2lSOUrCIl: Barnhardt et al. 1980.
le Bouerou. 1976.
Hyrop et al. 1977.
U.S. Department of State Telsgram #6891,
Westinga and Thalen. 19807
World Bank. 1979.
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Soil depletion and low yields are also problens in rural
areas. PFertilizers and insecticides have been shown capable
of groatly improving this situation. Use of them is so
racent and so restricted (Table 4.2) that there is not yet
and will not be for many years any rezulting environmental
impact. The YAR ig fortunate that i» has 2 chance to address
one potential prohlem before it becomes serious.

Table 4.2 Fertilizer and Insecticide Imports

Pertilizers Insecticides

Year Tons CIF Value Tons CIP Value

(YRLs 1,000) (YRLs 1,000
1963/70 1,997 900 18 300
1970/71 3,153 200 135 300
1971/72 4,046 500 218 500
1972/73 1,799 800 282 800
1973/74 4,256 1,500 375 1,200
1974/75 3,869 1,700 717 2,100
1975/76 7,932 1,400 2,510 2,900

Source: World Bank. 1979.

Table 4.3 Comparison vith Other Countries of Average Pertilizer Use
per Lectare of Arable Land and Land Under Permanent Crops; 1974.

Country Nitrogen Phosphate potash Jott
' kg per ha =
Y.A-R- 2.0 - - L'
Libya 4.0 1.6 0.6 0l
Syria 4.5 2.2 0.3 u
Ssudan 8.4 - - (X
Saudi Arabia 6.5 3.5 4.5 u
Bahrain 10.0 5.0 5.0 ”-'L
Eqypt 126.1 22.8 1.9 LA
Burope 78.4 55.6 57.2 1’”'
The World 25.8 15.1 13.2 3

Sourca: World Bank. 1979.
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4.4

4.5

Other Urban Problems22/

Traditional Yemeni houses in urban areas have a latrine sha‘ft
which runs frowm the lavatory-bazthroom on an upper floor of
the houge to the ground floor. Excrement is collszcted in a
small room at the Lottom of the shaft, and eventually used
for fuel when drjied. Liquids azre led down a vertical drain
on the outside cf the building. At ground level they
disappear into an underground drainage surp, which usually
leads to the street gutter. The ground floor also usually
has rooms used ay stables for animals. 2 typical house plan
is siown in Fig. 4.1. Tais system is e¢ssentially what exists
&t present, as modern urban sewage and vater treatnint
facilities are atill in the rudimentary stages.

Rapid urbanization has been taking place since about 1970,
al:vgh the total urban Population is stiil a gmal]l
pPercintage of total population. The 332,077 inhabitants of
the five main cities (197%) is nearly double the urhan
Population at the end of the 19602. fThis growth has
Proceedad almost without any planning. 1In addition to water
and sewage problems, many others are vorsening due to this
trend. Inadequate housing springs up in suburb areas.

Rearly one fourth of all urban houaing is bhuts, tents, or
other temprorary structures. There is also crowding; in 1975
about two-thirds of all living quarters had only one or two
roomi. The average oczupancy rate per room was 1.6 in San‘'a,
1.4 {n Ta'izz, and 2.9 in Hodeida. Since 1875, population
density in urban areas has greatly increszsed.

Trancportation, solid waste collection and access to
electricity are all still very inadequate.

The Yeman Arab Rapublic canaot be said to be facing some of
the maior pollution pProblems of more developed countries.

air pollution.
Public Bealth23/

Beyond the incidences of disease notad in ssction 2.2.4,
there is no current data on the state of public health bayond
the mention oZ certain diseases being present. However,
environmental conditiong which foster thege diseases have not
changed much gince a survey wac taken in 1951, so that the

22301 rces: Museum of Mankind. 1976.

World Bank. 1979.

2330urces: ERuntz et al. 1953,

Mount. 19353,
Mount and Baranski. 1953.
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4.6

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, S.
bametobium, as well as other diseases, were often transmitted
via polluted water in ablution pools of mosques. GSnail
vectors were found in some mosques. Bacteriolcgical and
seriological sampling shows the incidences where typhoid,
paratyphoid (from Salmonella) and bacillary dysentary (from
Shigella) may be Presgent (Tables 4.5, 4.6, 4.7).

Impact of Labor Migration24/

One of the single moct influential factors cauging rapid
chance in the Yemeni agricultural sector in recent years has
been rural labor migration. Many of the YAR's most sericus
environmental problems are directly related to the
agricultural Bactor; therefore migration must be considered.
Some migration is frem one rural area to another. The Tihama
wadi area may import some labor frem the highlands, and to a
Certain extent the whole wvadi may be regesrdad as an economic
unit within which labor can be trancfyrved. Of 126 farmars
survayed in wadi Mawr, 56 percent said they hired
agricultural workers. Those working land in the irrigated
wadi needed about 30 days of extra labor per hectare, and
those dryland farming needed 5-1¢ days of extra labor. These
extra needs are cocncentrated at Plowing/sowing time in the
Summer and at harvest time in the fall. Many of the
agricultural laborers are from the wadi Mawr reqgion, but some
also come from an area just to the north. However, only a
few percent of the migrants go to other rural areas, and the
sex ratio figures (Table 4.8) clearly show that the Hodeida
Governorate (which includes most of the T.bama) is the only
one not facing major out migration.

Internal rural-urban migration is a greater drain on the
agricultural labor Bupply. Most of this internal movement igs
oriented toward the cities of San'a, Bodeida, and Ta'izz.

24sources: Birks and Sinclair. 1579,

Checchi and Company. 15$78.
Cohen and Lewis. 1979,
Escher. 1976.

Halliday. 1977.

Kopp. 1977a.

Kopp. 1977b.

Socknat and Sinclair. 1978.
Speece. 1980.

Swvanson. 1979.

Tutwiler et al. 197s.
World Bank. 1979.
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Table 4.4 Percentage of People
Protozoa and Helminth Parasites

Infectad with Intestinal

urine and fecal epecimens, and perianal swabs)

\ wocus
PARALISES-
| Uodsde | Talm | aaner | Sae
lotestinal protosoa
Number of fecal specimens examined \ 7 100 = 2]
Endamosba histolytiea. ...oo.vvveneees arr k) ¢3 k1§
Endamosbg coli...... . ...-- 5 49 ("] <]
Eadolimaz mang..... . ccoor oo AN 24 38 3
Jodamoeba busschlii. . . ....oiaeennes 19 n 2 k13
Chilomastrz mesnili 8 i0 18 8
Giardia lamblig. ........oovreenreiene 19 1 0 13
Trichomonas AOMIRIB. .ovooneerenenre 4 2 (1] 0
1lelminths

No. facal end urine epecimens and

perinasl ewabe examingd.........: 182 ' 28 28 0
Ascoris lumbricoides. . . ....ooveeo g | 4 » 14
Katarobius permicularia...........- 1 14 i 28
Hymanolepis ARG ....oocomcenenress 18 4 4 10
Zehisoroma haematodium. ...oo.oveeee 2 10 (1] 0
SchisceomE MORBONE ... cooonrsrree? 7 L 4 18
Taemia SCJINGIB..o. oo cacrannoienness 0 0 16¢ 0
Prichuris trichiura......cooencvoere s 18 8 13 ?

o Percentage infectivn is

4 Two fesal specimens coatained gravi

Source: Kuntz ot al.

given as the pasrest whole number.
¢ proglottids &8 well a2 ova.

1953.

Taple 4.5 The Percentage Distribution of Salmonella

Non-specific

ng* Agglutiains and S.

typhi "O" Agglutinins

by Age Group and Location in the Yemen

m—rn—bm.uﬁ-m- AND 080N
A 10 JUB....cosammiserarasssersaeeet st 113 ‘ WD -0 evae 10 Towad
No. sess from
Tatss (oumber). ...ocovenneres n 20 50 Q “’}m
Ban's L 14 an 4 7 58
Seimenslls N.SH (pevcent)..... 13 ' 18 -1 ] 15
Ta'lss » 13 12 s 10 16
Baa's . 1w | 13 0 0 n
5. typhd 0" - 70 ‘ 84 sl (<] 67
Ie'iss - 58 93 47 ] 61
Baa’s - .. s | ™ 10 88 2
'Pmupmﬁmuthmnnwhdomh..
Source: Mount and Baranski. 1953.
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Table 4.6 Distribution by Age Groups of Shigella ang

Salmonella Types in th
Stool Culture

e Yemen on the Basis of a Single

| ASK 1% YEANS I
H ToTAL
| &0 | s | wen | B | e !
No. examined. ............... L3 ow 64 | M| e | 3
Per cant of pop. sample ..., ’ 12 ’ 14 18 2 I 17 ! 100
Pos. for Shipella. ... J e | 12| 12| 10 | n | &
Shipolla | ! |
embipua................... ! H 3 3
SRR ... 2 - 3 6 18
Aeznzei
S U 2 1 3
| S TP 1 2 2 1 b 7
B 4 ¢ S ) 1 1 2 1 1 6
IV I
L T 4 1 1 q
Viooiiiiiinnnnn, 1 1 1 3
VI.ooeeennan..... cens
VII......ccaauuee.n.... 1 1
sache.... ........ 1 2 3
disper. ......... 1 1
Seimomella. .................. 4 1 2 1 8
parasyphi
T 1 ! 2
) - 1 1 2
L
typhi..... 3 1 4
Total Skigells & Salmoneila 10 13 14 1 1 5
hn-nmanuwaunepub-
.................... i <} 13 =2 12 i 18 17

'!in-lumulnnlchna-nth.nzu'n1lhioltnb-u

Source: Mount and Baranski.
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Table 4.7. Regional pistributiocn of Shigella and Salmonella
Types in the Yemen on the pasis of a Single stool Culture.

l omarnn
| ks . Tm T Sews | Tows
No. examined...oooorerrt ‘| 180 ‘. 160 ! k) ‘l 8
No. positive (or: \ \

SRQelLd v enreeme nenet U | 3 51
v RSP PR T T 2 o | 3
DOMAL o aeenasnonrsnsss sttt tr 1 ' 17 0 18
flagmars

r A UTPT OO PPPRPPPRPRPRELELEL 2 1 0 3
T 1 s 1 7
IIL oooneeeeseenneennmmeneneses 2 2 P s
U D NP SUURROPPPRRRRTTELLLL o | 0 0 0
T NURRIRUUPPPRRPPRPTRILS 1 5 0 )
N SUUTUTIUTTRP PR RTET R 2 | 1 0 3
VL ovemssenensemesresnees . 0o | 0 0 0
s AUPUUUTPRUPPRPRTIRERL AL | o ! 1 0 i
B R AR ) 3 | 0 0 3
BEODGP e enne ; 1 o | 0 1
Solmonella. .-+ ! s 1 -

. ; \ o
A. 1 | 0 1 2
B e P90 1 PO -
e 0 0 o ! 0
(P, s aseeen st l s+ 1 0 o | ¢
Total Shigells & Seimonella...... .- i w | boos | 0
e cont fouwad PORLTE® . cooo oo T B [ s |

Source: Mount and Baranski. 1953
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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 70,000~
80,000 such migrants (roughly 1.3% of the population) is
substantial, but is nevertheless still a rather insignificant
Phenomenon compared to the magnitude of international labor
migration.

Table 4.8 Enumerated Resident Population by Sex and Governorate
(Preliminary Resulis of Pebruary 1975 Census)

Sovernorate ' Govarnorate Capital
Population Sex Ratlo L/ Parceat of Population Sex Ratio 1

Governorate (000) (vercent)  Toral Pop. gooo_L (percent 2-

Sans's 807,269 95.2 17.8 134,588 131.9
Damar 455,132 87.3 10.0 19,167 105.8
Ibd 789,518 88.4 17.4 19,066 116.1
Taizr 873,876 83.6 19.3 78,662 132.2
Bodaidah 676,693 102.2 15.0 80,314 145.0
Mahwveat 174,639 85.7 3.9 2,421 109.2
Hajjah 396,578 95.8 8.7 3,813 107.3
_Sa'adah 154,361 : 90.5 3.4 4,252 110.7
Marib 40,896 98.3 1.0 292 —

Beida 157,764 81.5 3.5 3,978 82.6
TOTAL $.326,326 90.9 100.0 330,831 130.4

1/ Hale/Pemsle

Source: World Bank. 1979,

Estirates on the volume of international laber migration vary
widely. Th¢ bighest are about 1.5 million (Quarterly
Econonic Review 1579). The Yemeni government estimated
1,234,000 enigzants in itg Preliminary census results for
1975, but revised this estimate later to about 600,000 (World
Bank 1979). Thig a&grees with several other analyses (refs.
in Birks and Sinclair 1979), World Bark (1979) estimates are
about 500,000. The latest figures of the International
Migration Project, which studied the proeblen extensively in a
rumber of countries, show about 332,000 (Socknat and Sinclair
1978). This figure also agrees with several other nstimates

(Refs. in Birks and 8inclair 1979; Socknat and Sinciair
1978).

The lower estimates would seem to be more accurate, as they
are based on more extonsive rosearch. Regardless of which
Ligure ig accepted, emigration ig massive. PEvon 332,000, the
lowest estimate, tepresents about 6.3 percent of the total
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population. World Bank figures gshow that the total manpower
potential in Yemen is about 3.5 millionm, and of this, only
about 1.7 million are actually in the labor force (Table
4.9). The World Bank estimate of 600,000 emigrants
represents 35.3 percent of the total labor force. When it is
further realized that 73.2 percent of employment in Yemen is
in agriculture, the iapact of emigration on the agricultural
sector can be fully appreciated.

Table 4.9. Population, Manpower and Labor Foice, 1978
(in millions)

Total le Females
Total Population 5.3 2.7 2.6
of which
Manpower pPotential /a 3.5 1.8 1.7
of which
Pecple not seeking enployment /b 1.8 .3 1.5
Migrants .6 S .1l
Resident Labor Force 1.1 1.0 .1

/a Mge groups 10-69.
2 Tucluding students and incapacitated.

Source: World Bank. 1979.

To some extent, this magsive labor migration is causing
changes in ownership patterns. The money earned abrnad is
sometimes invested in 1and, and this reinforces the paztarns
of large-holdings owned by relatively more well-off families.
In general, though, investment in the agricultural sector is
low on the list of priorities for returning migrants, and
those who are interested in agricultural investment prefer
larger projects in the Tihama. When the general reluctance
to sell land is added to this, the net result is that verY
1ittle rearrangement of ownership patterns is actually takind
place excspt in the rihama. Leasing patterns are changing t0
a greater extent. Some areas may have such labor shortages
that no one can be found to lease, but other areas have seen
great increases in share cropping. Labor is much rore
valuable, and thus the terms of these agresments are

pore favorable to the leassee.

The major shifts caused by migration, however, are in land
use and cropping patterns. Labor shortagas are making it
difficult to maintain marginal fields. Increased income it
reducing the incentive, since these marginal areas are no
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longer needed to 8upport the family. a Dajor shise toward
qat is the fesult. Qat can be Produced with very little
labor input. a¢ the same time, demang for qat hag increased
greatly, jin large pPart due ¢p more cash being available from
remittances, and the Price hag risen, Coffee Prices have
fallen op the worilg market, ang Coffee, a labor intensive
ecological Competitor of qat, i{s being abandonegq,

Abandonment of marginaj lands due ¢o labor shortages ig also
one of the major factorsg behing the deterioration of terraces
noted jin Section 4.3,

Hechanization, 8till in the very early stages, ig feceiving a
Push becauge there ig no longer sufficient labor for
traditiona] bethodsg, Tractorg are often unsuited ¢o
conditions ip Yemen, ang the result is further detarioration

(a) Mobilize human fescurces ang lprove their gkij1e
through education ang Vocational training;

(e) Develop the Productive Sectorg, l.e., &ricultyre
and 1adu:t:y. Increage domestic food Production;
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Table 4.10.

Five Year Plan:

investment by Sector

(YR wn; 1975/16 coustant prices)

12‘19[_7_’_! 1977/78 1978/79 1979/80 1080/81 Total %, of total
rransport & comrul icntions 341 615 912 1,282 1,769 4,925 Jo.8
Industry 270 515 6517 850 ,223 3,516 22.2

manufacturing 170 312 3171 4176 639 1,908 12.5
cloctricity & water 81 182 254 325 628 1,373 8.6
mining & quarrying 16 21 32 19 56 174 1.1
Agriculture 154 321 423 6536 812 2,276 11.3
Hoasing 305 307 3817 509 582 2,000 13.1
Sorvices 90 191 364 561 5 1,963 12.3
Trade 650 95 116 168 199 G628 3.9
Construction 32 13 83 116 147 451 2.8
Banking & finance 14 . ) 17 2 23 03 0.6
‘Fotal 1,262 2,169 2,959 4,015 6,530 15,97 100.0
Source: Quarterly Economic Review of pahrain, Qatar, Owman, the Yewens, Annual Supplement. 1979.



develop agricultural 8upplies for export and
local industry; establish viable manufacturing
industries catering to domestic and foreign
markets; and expand the capacity of the

(d) Increase the level of national savings and
mobilize financial resources through taxation and
other means, to Cover the expenditures of the
public sector.

Besides these econoric objectives the Plan also Pursued
social goals aimed at satisfying the basic neads of the
Population for food, drinking water, health care, elementary
education, housing and other community services.

4.7.1 Agricultural Davelopmant

Agricultural development is the sector most likely to
have direct izmediate impact on the environment. 1In
agriculture, the Principal cbjectives ag summarized by
the wWorld Bank were as follows:

(a) Work towardg self-sufficiency in food
Production within econamic limits;

(b) Provide raw materials for agro-industries
already existing and those to be estahlished
during the Plan Period;

(c) Reduce the widening trade deficit in
agricultural commodities;

(d) Improve the quality of agricultural
Products;

(e) Provide special support to small farmers ang
Create equitable ang Stable land tenure
relations; and

(£) Limit the growing of qat.

These objectives were to be achieved through the
following means:

(a) Continue the institution building and
training of agricultural statf;

(b) carry out a comprehensgive survey of so0il and
vater resources;

(c) BExpand credit services to all main
agricultural areas of the country;



(d) Establish farmer cocperatives suitable for
Yemeni conditions;

(e} Provide storage capacities for agricultural
products and axtend the network of rural
roads:

(£) Conduct an agricultural csnsus to obtain
reliable data for ths sactor; and

(g) Carry out studies on marketing, prices and
taxation with a view of arriving at policies
that would best promote agricultural

development.

In addition, a great number of investment projects
were to be carried out under the Plan with emphasis
given to irrigation schemes, farm mechnaization, sead
preparation, plant protection, livestock and poultry
production, afforestation and integrated rural
development.

Studies were to be made for the possible use of sewage
water for irrigation. Also, investigations were
planned for the location of dam sites in mountainous
areas for the possible storage of surfacs flow for
irrigation. The program of works envisages some
construction of small dams for flood retardation and
soil ernsion prevention as well as water conservation.
Other projects depenc: on groundwater. No legal
protection is provided as yet against over-
exploitation, although the plan did give recognition
to the need for some government regulation of
groundwater development. .

In other aspects of environment, there is also a lack
of means to deal with problaums, and usually a lack of
awareness. Even in the aceas where the government
recognizes the need, such as with afforestation,
projects are only beginning to enter the implementatiod
phase. Developxent of the industrial sector is not
likely to bring about any additional immediate
environmental problems.

Preliminary figures on the 1982-86 five year plan
(Table 4.11) show no drastic changes in the
government's priorities. Progress in the installaticd
of transport and communications infrastructure has
allowed the YAR to maintain a constant lavel of
expenditure in this sector, SO that the increased
funding for the 1982-86 plan has been distributed

to other sactors.
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Tanle 4.11 Second Five Year Plan

(1982-1986)

Sectoral growth rawe of grog; domestic

Product 1982.85

(YR miilion, at 1981 consunt prices) xsd capital investmant by sector (1982-36)
s Base.yaes Tormimal Annual (YR million, ar 1981 constant pncu.)
. LI © 188 m‘ Sexzor ’ "Total fixed P'l'l:::not
culture 3880 4832 4.7 e

Mt 156 275 120 Adicutture e 132
Sanufactuning e 1397 20 Manuen, 3510 128
Slectricity ang water 20 241 20 Elanfacturing 2040 e
Consmructian 1,138 1280 20 Coranaity end waser . 845 23
Trace 2124 .20 7.3 T WULW h - 2870 108
Aer ang hm 128 ] m 75 e, restauranty and ] 1

Tm.m.nmm ;I:'_rmrrmu Cutilnunicationg 4.?&? rg_‘g

inancs .

} mmumm 1 a,ag i Zg_f 8713 Cvetlings ang T8} 230ats 54 vicey 3.245 13.7
Oweilingg ang resl ) o ment “Egg 1?3
ertate services 582 780 s.e T services . '
Covernment sarvicss 1,507 2935 9.0 Yot fixad i 7, 100.0

, Qther services 159 35 a1 Crargus in siock 1.398
Imputed banx Charpeg -389 -1.348 8.7 Totel i in the pig; 28,198

, IMoorT duties 1817 - 2.8 8.2 ‘i V1R Civare secigr 14,491

g ' 14,3335
Towl grog domestia govdrnmany :
( troducy 12848 - 18,182 7.0
L )
Sourca: Harvey. 1982,
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4.8 Status of Pnvironmental Problenms

In general, there is in the Yemen Arab Republic very little
action on environmental problems, either by the government ot
by private interests. The World Bank has made general
recommendations concerning the environmentzl problems
discussed in this report. It is likely to be some time before
most of these are acted upon. The start of a few projects
designed to cope with environmental deterioration show that
the YAR is willing to recoguize znd deal with the problem
once it is brought to attention. Bowever, mat development is
still in the first stages.

There is little hard data cn problems and ever less on how
Jdevelopment may affect them. “he YAR is suffcring from a lack
of qnalified perscimel to implement projects. These and 2
host of other factors make it unlikely that in the near

future the govarnment will be able tc devote very much
attention to the environment sxrept i. those casas where
problems directly and {imsediataly affect the welfare of the
population or the praduction of various sectors of the
economy.
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Table 1. Areas of Physiogoographic Regions

Western ent
Western Highlands over 1,500 o 11,500 sq m
Western Midlands $00 - 1,500 m 19,100 sq k=
Western Lowlands undsr 500 m 20,300 sq m
$0,.900 3q km
Eastern Escarpment
Northers Highlands over 1,500 » 10,500 sq k=
Centrel Highiands over 1,500 & 10,500 sq
Fastern Highlands over 1,500 @ 15,100 sq k@
Eastarn Midlands 1,000 - 1,500 & 20,100 sq kB
Zastscn Lowiands undsr 1,000 m 18,200 sq iom
74,400 3q X=
Southern Escarpment
Southern Highiands over 1,500 @ 7,800 sq kB
Southern Midlands 1.000 - 1,500 @ 2.100 sq km
9,900 sq km
TOT. L | 135,200 sq k=

Source: Bernhardt et al. 1980.

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

MEAM AVERAGE
CLLMATE MONTHLY ANNUAL
A TROPICAL TIHAMAR ZONE ALTITUDR CHARACTZR. TIMP. °C RAINTALL

Coastal Thimah plun with high
soeospheric humidity md rregulsar
low precipitacon 0-50 m tropical 3-8 0-80 om

Central Thimah plain with low
atsospheric humdity and irregular
low preciputaton $0-300 a wopical 2432 0-150 oo

Eastern mountsm nesr Tihimah plam
with wow to medium precpitavon | 300-500 = tropical 22-3¢

3 TROPICAL TO SUBTROPICAL
ZONE OF THE LOWER WESTEZRN
ESCARPMENT ZONE ‘

Lower mountne *loves, frost=(ree !
zone with low - —=pitauon 500-1.400 = tropicsal 22-28 200100 mm

Upper mountmn slopes with medium .
ranfall 1.400-2,120 m subtropical 18-2¢ 300-500 ==

C TEMPERATE HIGHLAND Z0NE
Western. mountanous Highlands, with
sedium to abundant rmnfail 2,100-3.700 m tamperats 10-18 600~1,500
Centrai Highlands, with mediun , 000
rmafail 1,800-2,400 = temperste | 12-18 200-1.
D SUBTROPICAL ZONE OF THE '

EASTERN ESCARPMENT
Zastern sountan slopes with low,
penodizal ramfail 1,500-1,200 = subtropcal 1624 100400 o8
Castern dosart 22046 1,200-800 = subtromenl 22-28 0-200 8

Source: Bernpardt et al. 1l980.
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Table 4. Available Precipitation Data
Ansmal®
Jost, Averape
Seyuoree 2tatisn 197 s 1m 1973 1974 1973 1976 1977 ° 1978 . (wm)
1. 3adaia - - - - < 59 1Y - - plo ]
2. Saai Uuatr - - - - - (L 1 - — 10
% \ssahs - - - - - - (3% - - 308
[ Hath - - - - - (1713 (1N - - 220
6 Kaanvisho - - - - - 990  1£ (359) = 794
8. Zuira - - (13N ] - - Q) (308) (231 164
L N Nadgob - - - - - s 8 (380) - (%
19. Gsbui AL RUIN - - - - - n (1) (29) - %
1. Al mikves- - - - - (183) - - - - (15
12. AL Tar - - - - - (349) 63 {1054) - %8
1. St - - - - - (689) 420 (818) - 717
1. Mekuest - m - - - (1) (%) 1608 - n?
1. Sema'a. 19% 158 e 183 as pLTE 134 (*12) - 2
13. Sxrdud - - (a3 e (128) - (243) - - 470 -
17. Habae - - - - - 33 370 - - [}E ]
18. Uamseme ALL - - - - - - 81 - - 8
9. tadiemay Al Abied - - - - - - a72 - - an
0. bett Al 7stmi 3 7 270 1 (1) (o) )] (353) bl (182) b1 )
a. Misteaiah - - - - - - 543 - - 343
a. Al Jarubeh - - - - - 1 a1 - - p¥ay
. Raieg - - -r, - - [$ L) $4) - - 29
6. Rihah o8 [} 3 [ 1% am? ood p1-] - - s
7. torien 3l 48 43 e 374 87 126 704 oL 5%
n. Zokid L. } b3 ” ” . (193) 10 (290 L 167
9. Al Poilss 424 16 ~303 nn - - Ed - - 392
30. Prejost Camg 379 b7 ] 26 ns 347 437 2 (3 V) - b
. wn 1219 1479 479 n [ ] (473 (378) - 0)
-3 » 1030 113s 130¢ 1269 1300 pA 29 0361 (334) 1624
1. Udaie (450) «0LF 2 o84 L) (839 (32) "1 (271) 343
Yo, catz (222) 582 (19 438 - - - - - 610

a . -
See Fig. 2 for localities,

D . k3 . .

snnual averages are the sum of average zornthly precipitatiorns. For
stations with partial annual data, the annuzl averages are not equal
=0 the average of the individual annual totals.

€( ) = partial year data.

Source: al-Eryani.
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Table 9, Vital Statistics, 1970-1975

Table 10. Population by Age and Sex, 197s
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Table 1. Population Estimates, 1974 - 1979 (millions)

Year Population Zst. Souzcs

1979 7.0 1
(+1.5 working out
of countxv)

1978 S.384 2
end 1976 5.5 3
1974 6.363 4

l. guarterly Econcmic Reviaw of zahzain,
Qatar, Cman, the Yamens, 1979,

2. U.S:A.I.D. 197%9a.
3. World Banrk, 1979,

4. Council of Arab Econcmic Unity. 1977.

Table 2. Population Projections (thousards)

1975 1995 2010

Total Populacion 5,300 8,000 10,500
of which:

Residents 4,720 n.a. n.d.

Migrancs 580 n.a. n.a.

Source: World Sank., 1.979.
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S
l DE FacTo POPULATION 1973 ’ Ares ’ m&:wnn?m
Yestern Fscarmment 2,570,900 / 50.900 ! 33
3 —— —
Western Higniang, 1,110,000 11,500 | 9%
“estern Midlangs (la) 1,130,000 19.100 59
Yestorn Lowiands (1) 30,000 20,300 38
Zastern Escarnman, 1,058,000 ' 14,400 18
Northern Highlards 112,000 10.000 i
Centra) Highiands (le) 730,000 10.500 1
Esstern Highlands 133,000 13,100 9
Sastern Midisnds 80,000 20,100 3
Eastorn Lowiandy 18,900 0
Southern ment 830, 000 9,900 [} ]
e —bins —
Southern Highiands 898,000 / 7.%00 8
Southern Midlandy 45,000 ! 2.100 0
Yemen Arabd Repubc | 4,708,000 | 135.200 | 13
Source: Bernhardt et al. 19g0.

Table 4. Rural and Urban Population by frovince, 197g
ERBAN POPUT ATION ,

2%0VIvCE , RURAL_POPULATION } frovines Cencer ——— —Otnerareny sottlaments’

l Percant Numbers , Percent  Numbers Percent Yumbers
Al Hudaydap I 8.2 $21.379 11.9 32.724 12.9 39,528
San‘3’ | 80.2 663,383 18.7 138,528 3.3 ST.%41
Tatizz I %0.3 796,429 ! 9.2 81,201 2.5 +.633
Al Bayda' !o92.s 180,149 I 3.6 8.184 3.3 .57
b6 .3 769, 412 l 2.3 19,628 3.2 2153
Ohamar ‘ 95.7 +H9, 718 4.3 20.081 -
Hayan 9.3 399,148 | 1.¢ 5.988 2.0 3.238
Mamp ,’ .7 67,250 ! - 201 1.3 2.299
5a'dan T 172,228 | 25 4.3%0 . .
Al Manwit | 3.8 178,517 | 1.3 2,494 - -
Yemen Arab Repubig i 8.9 4,180,928 | T 381.158 3.4 163.252
2 acludes Persoas lUvmg |n settiamoats of over 2.000.

Source: Bernharde er al. 1980,
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mable 5. Population Dis

cribution by Size of Settlement

(m-q‘, Le8s BB M-Lnsntunuunuuun
of cettlemsats a festiamnat class settlement classe
sank clies
aasoluts Lelacive Oessqaacion { ¥e. of Lanabitants | Absaluts slatave
28,000 33.1 % undew 30 81,03 16.8 %
13.000 4.7 Svelling qregs % - 100 9.0 198 X e
9,000 171 % smail soutiemmaso 100 = 230 1,398,040 9.6 %
2,000 18 % rediun sattiemesss | 230 - 300 9,10 16,3 %] 53.3%
€00 1.4 % LATYD settilemests 300 = 1,000 «33,09 .0 %
1} 0.2 % Saall wovme 1,000 « 2,000 110,026 3%
% 0.1 % 2,000 - $,000 », 72 .1 % .
Ity oo x | Mewius weme $.000 - 10,000 “,042 L] TO%
3 0.0 % Lacpe: Towms- 108,000 - 30,600 $3.393 1%
3 9.0% | Cixlae over 30,000 03,350 4 843
$3,734 OO0 % I feman. toeal Pebewary 1973 | 4,703,338 00,0 % /
Source: 3wiss Technical Co-operation Service. 1978.
Table 6. Classification of Settlements by Size and Province, 1975
- ! N
aootiopmet | tectiommma of "—-Ll_“ sutiee unme of LAfYe WBES & wial of \
slasoes | msor L, 000 1o= 1, 00=1.000 o= | 2,508=10,08 e s of wur .
404 LIRS ‘ “ABA LEDLS | haba tA0AS 10,000 ¢ np af iamaBd
prenaee amiune  relative | Mpehiwe colative | abesiTas  rulstiwe | sclune ralstave | shoniune reLattve |
e’ 09,471 (R 13,913 2.1 %] I7.980 1,3 S S, 420 el B 831,009 H R |
vaGEEe GANY (639,472} (P32 n)| {13.9L8) 13.8 81 (17,942} (4.0 l1 - - L893,338) (L0 o
™' 8,1 ”».1 ¢ 10,317 1.3 % 4. 4823 0.3 B} .02 [ 5} w3108 W8R
watmsd £AYY (708,5003). (993 | (18.347 (1.3 B4 (4.6030 {0.0 <3 - - 1803,983) (19 U
Al Ratoyech 408,002 0.1 8 13,187 f.4 n} '=.028 11.1 i 19,427 13,7 €1 699,420 tos s
withens e1LSY {a88,6038 (T9.6 %) (13,287 i9.4 {78,428) (13.8 %4 (33, 709) (3.1 W4 (313,007 (100 o
- n» 4,037 ».2 R 4,314 [ B 3 .17 1.3 % - - "w,m 00
AL bawgd' L8, 308 92,09 1,638 a6 Bl 137 7.4 % - - 13,673 08B
Sanie a3 [ ¥ 18,413 % - - ».00 el B “8,7t8 e
oe ™. 90 2.4 % 9, a2 loh B} 26482 3.2 %) 19.638 .33 n3. xo we %
't 168,319 .3 3% % 2.2 3 40309 1.3 % - - 170,008 U L ]
L YR ) 196,287 5.9 % 1,763 .7 | L6228 1.3 % - - 3,376 B
Al emeit \re. 517 [ WA .. - 1.49%4 .6 % - - n.on ot
\‘f.n\.l. LONLOT S5 B | LiB.G38 1.4 ‘li 160, 088 3.8 1" 134, 748 13410000 008 )
' ]
Source: Swiss Technical Co-operation Service. 1978.
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Table 7. Groweh in the Cities of Sana'a, a1 Hudayah ang Ta'izz, 1970 - 1980

Yesr ’ San’3° , Al Hudaydan ' Tatize
1970 98,000 £8.000 58,500
19m 103,000 52,000 52.500
1972 110,500 #7,c00 66,300
1973 119,000 72,000 71,000
1974 129,000 77,505 73,500
1973 | 138,000 ceneus g { (3000 csnwus 15, | 81,000 comens tig.
1978 148,500 £2,500 88,500
iy 161.000 27,000 94000
197 173,500 106,000 103,000
1979 122,000 115,500 112,50
1980 210,000 127,000 123,000

Source: Bernhardt et al. 1980,
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rTable 8. Miscellaneocus Demographic Statistics

Vital Statistics Source
pPopulation Uensity Per Sq. Kn 28 4
Population Density Per Square m of Arable Land 300 1
t of Population in Urban Areas (defined ae over
(2600) 11% 1
Population Per Practicing Physician (1973) 20,440 2
Average Daily Caloric Consumption (1973) 2,017 2
% Literzts (over 10 yearz of age) 10-13% 3
Par Capita Share of GNP (1978) Uss 475 3

Sources: 1. Quarterly EZcononic Review of Bahrain, Qatar, Oman, the
Yemens. 1979.
2. G.8. AID. 1979%a.
3. 0.S. Dept. of State. 1980.
4. World Bank. 1979.

Table 9. Vital Statistics, 1970~1375

Crude birth rate 47.3
Genaral fertility rate 217
Sex ratio at birth 104.3(M/100 F)
Crude death rate 28.7
Life expectancy at birth
Males 35.7 years
Females 38.3 years
Infant mortality rate
Males 176
Pemales 142
Total 159

Net annual population increase 18.6 (per thousand)

Source: Socknet and Sinclair. 1978.
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Table 10. Population by Age ang Sex, 1375

(Preliminary figures derivag
from a 3% random Sample)

/aqt gronps total _ femples Tales
(years) abzoluee % absoluce x absoluce %
0- 4 772,144 17 385,084 16 387, 080 18 |
S« 9 806, 542 18 388,358 16 417,634 19
10 - 14 537,573 12 251,573 n 286, 000 13
15 - 19 357, 603 8 199, 409 8 158,194 8
20 - 34 296,133 s 179,966 8 116,167 5.4
8 -2 282,877 6 166,925 ? 118,983 5.3
30 - 34 269,642 6 154,221 ? 115,521 s
35 - 39 258,221 6 140,132 6 115,ca9 s
40 - 44 227,158 s 123,080 s 1c4, 099 s
45 - ¢3 190,300 4 104,091 4 86, 309 4
%0 - 354 183,982 3 83,937 3 70,048 3
33 - 39 122,082 3 64,943 3 $7,11¢ 3
50 - ¢4 92,940 2 47,394 2 45,044 2
65 - g9 68, 067 1.8 38,092 1 32,973 2
70 - 74 46,081 1 43, 000 l 23,08] 1l
M9 27,080 1 13,041 0.6 14,009 0.7
aver go 20,93y 0.5 9,959 0.4 10,992 0.5
\ Toear l 4,526,326 109 2,371,092 109 2.155,23¢ 1o )
Source: Swigs Technical Co-operation Servica, 1978,
Table 11, Enumerateg Population by Sex ang Governorate, 1975
(Prelim;na:y results of February 1975 census)
Governora:e Governorace Capical

Populaciog Sex Raris Percent of Population Sex Ra:io‘i
Governorata (000) ggercancz Total Pop, (000) (percene)
\ ) S ————

Sana’'a 807,269 95.2 17.8 134,538 131.9
Damar 455,132 87.3 *l0.0 19,167 105.3
ILb 789,518 88.4 17.4 19,066 116.1
Taiz 873,876 83.6 19.3 78,642 132.2
Hodeidah 676,693 102.2 15.0 - 80,314 145.0
Yahveet 174,639 85.7 3.9 2,421 . 109.2
Hajjah 396,578 95.8 8.7 5,813 107.3
Sa'adah 154,361 90.5 3.4 4,252 110.7
Mar{ip 40,896 98.3 l.o - 292 -

Beida 157,764 81.5 3.5 5,975 82.¢
TOTaL 4,526,326 90.9 100.0 350,831 130.4

Source: World Bank, 1979,
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Table 12. Public Health Indicators, 1970 - 1976

Total Number Pogulation per No.
1970 1976 1970 1976
Physicians 184 234 26,630 23,256
of which
Yemenis (102) (124)
Foreigners (82) (110)
Madical dssiscants 643 796 7,620 6,837
of which
Yemenis (601) (653)
Foreigners (42) (143)
Hospital Beds 3,317 2,637 1,477 2,064

Source: world Bank. 1979.

Table 13. Educational Status of labor Forle (19795)

Males Temales Total
Tlliterate 778,678 134,394 913,972
Lnable to read and write 667,473 132,727 800,200
Can read only 111,205 1,667 112,872
Licerate 219,277 3,37 222,655
Can read and write 198,882 1,963 200,825
Finishad primary 4,766 86 4,852
FTinished preparatory 4,367 194 4,561
Finished seccndar? 5,066 599 5,645
Finished university 4,342 319 4,661
Yot Stated 1,874 237 2,111
TOTAL 997,955 137,772 1,135,727

Source: World Sank. 1979.
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Table 14. Apge Structure and share Abroad of tabor Force Age Male Cohorts, 1975

Males Abreag Age Structure Males Abroad as .
) Agssuzing Males Abroaqd share of Totaj

Age Male Male/Female Sex Ratio Agssuming Inhabitants plus
Cohort Inhabitaats Ratio Sex Ratio Abroad Cohort
1.00 1.04 1.00 1.04 1.00 1.904
10-19 444,194 0.98 6,758 24,827 k1Y as 2% 5
20-29 232,119 0.67 112,772 128,648 46% 413 In 36s
30-39 230,119 0.78 63,643 75,413 261 24y 22% 25%
40-49 190,307 0.84 36,B4¢ 45,930 158 153 163 19%
50-59 127,159 0.8s5 21,746 27,672 9% 9% 14% 183
60-69 78,019 0.94 4,969 8,289 23 k13 6% 108
Total 10-69 1,302,408 0.64 246,762 310,779 100% 1008 16% 19s

Source: Socknet: and Sinclair, 1978,
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Economic Chatacteristics

Gross Domestic Product at Current Prices

Per Capita GNP and Ramittances. 1970-1977
Estimated Employment by Sector, January 31, 1975
1975 Structure of Manufactuting Industry

Value of Agricultural Production

Commodi ty Composition of Recorded Exports
Composition of Imports By Value To vag, 1970-1977
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Tehle 1 Lross pomes tic product at current prices

(YR Mill ion)

1969/70 1970/171 1971/12 1972/1 1973/74 1974/15 1925/16

Commod ity Buctors 884 1,183 1,324 1,532 1,917 2,760 2,834

agriculture, Flahing & TGEewcEy -742 v 969 1,113 1,263 1,582 2,135 2,305
Industyy, Hining & Electricity 66 87 - 109 142 213 249 102
Conetruction 76 CY) 102 127 182 176 221
plugributjon Sectors FYTY 266 453 571 195 1,060 1,512
Trads 281 300 160 460 629 826 1,220
Finunce & panking 13 19 25 40 57 96 141
Transport & Comsunication 35 41 68 n 109 138 15%
surylces Sectors 184 231 314 405 488 654 835
Govurnment 91 127 185 252 291 401 509
Housing 64 173 83 9 118 150 199
othes Susvicuesd 29 31 . A6 9 79 103 127
Ghp_ut Market Prices 1,199 1,746 2,091 z,sni. 3,260 4,474 . 5,181
et Tudirect Taxus ' 50 15 1ni 151 202 283 453
Gop_ar_Factur Couts 1,349 1,671 1,978 2,363 3,058 4,191 4,728

gource: World Bank. 1979.



Table 2. Per Capiﬁa GNP and R&uittances, 1970 - 1979

- . Per Capiea Relatijq £
Calendar year Per capital gup Fiscal y no
P ear ttances Re.mittances

to Gxp

1970 $69

1971 596 1971/72 S13w

1972 $111 K 17
1972/73 $25

1973 147 174
1973/74 $26 :

1974 $197 g 183
197475 $44

1975 $225 328
1975/7¢ s101

1976 3.a. 1976/77

1977 n.a. / $203

Source: Socknet ang Sirclajr, 1978

- -

Table 3: Estimateg Emplovment by Sector, January 31, 1973

(in thousands)

. Sactor
.Agriculture (inel. fores:ry,
livestock & fishing) 785
ufacturing (inel. Rining,
quarrying, power and vatar) 39
Construceion & Building 47
Trade, Restauranrs & Hotels 72
Tanspore, Storayy § Communicacing 26
‘nance, ln.surance, Real Escaca
& Business Services 2
COm:n.-L:y. Social § Persons]
Services 101
1,072

Source: World Sark. 979,
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Table 4: 1975 Structure of Manufacturing Industry

goggor Councrywido induscrisl servey Significsme operscions escan. by ead=13)
Yo. 2f escablishments Labourfores Turnover No. of Labouzfores Tutnover Cw'
T  ===""" (TR oillise) [scaslismmames ~ (Tk mllion)lev
™
fuud processing
¢lour aslling 62000 4,298 102.0% - - -
Yewad ( 298 2,610 8.3 ( - - -
hiscuits and suniaccionery ( ( 1 (v ) .7
vugotable uils ~03 s28 1.9 - - -
Tecal (incl. octhers) 6,008 11,480 192.7 4 ] 2.7
Soft drinks ¢ 207 12.7 . @ 18.0
Tobaceo and cigarecten n ol 8. ! Fig) 1.7
Suilding mscerials
emunt 1 329 22.46 1 08 21.7
se1cns 2 123 3.0 - - -
tiles and mardle 3 122 [ - - -
Cumunt dlocks 19 n 8.9 8 133 .4
- -——— -——— —-— —— ————
Total (incl. oehers) 1074 7458 s1.04 ] ssl n.
— —— —— - — ———
Testiley § rulaced industries
uttun ginning 1 L 3) 2.9 1 138 M.
Cottan texttles 53 |, 998 9.2 2 1,490 16.9
Stothing .58 1,606 cae 4 [%] 1.2
ae—— A — - C —
Tutal ‘iuvl. wthecs) 1,601 6,070 ¢5.2¢ ? .M 1.7
— —— — - -— ——
“wial arudints
sonvral werkshups m 1,948 vee - - -
aluminium products 1 "z b PR ! ne 2.0
tuwuilury 8 02 18 - - -
Tucal (ing!. ochers) 1,138 .39 63.9 ] 28 3.3
—e— arv— — - ———— -——
Ocher msnufacturing
#00d_3roaucts loL «1 9.4 3 7 7
ariucing/puolisaing 2 2404 ] 8 104 s
poctary | 170 8 8.5 - - -
slassics® s 228 16,7 A 201 '
vacal (inel. achers) 337 1,331 12.4 ; -52—3 l-:-l.
GRAMD TOTAL 10,387 23,078 440.9° 1) 2,138 BLE)
s insiudes sasc (irms vich soew chaa {0 werzars, and semm smallor onss
5 inclueing coffes reascing
¢ estimaced
4 ensluging the 790 ewloyed im 250 ssall scome quarrisa (Curmaver 24.) ailliom ()
e including oaly scmm clothing
£ including arcificial lisms

Source: WWorld Bank. 1979.
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Table §, Value of Agricultural Productiaop

(YELs m11110p at 1971/72 constant Pricas)

1969/70 1970/71 1971/72 1972/73 1973/74 1974/75 1975/76

Crops 676.6 871.2 821.1 1,024.9 920.8 1,186.2 1,090.5
Livestock 193.9 264.4 333.5 239,7 220,8 275.6 270.3
Figherieg 20.8 21.0 21:3 16.3 12,7 12,0 12.3
Forestry 45.9 44.6 43.3 42.0 40.7 39.5 38.3

.____\_._____\___‘___\\-

Total 937.2 1,201.2 1,219,2 1.,322.9 1,195.0 1,513.3 1,411.4

Source: World Bank, 1979,
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‘table 6.

(YR thousands)

Colmmodi ty Composition of Recorded Exports

Fisca) Yeara ending June 30 11/12 12/13 3/1h /15 15/16 16/7]
Agriculiural 22,70} 23,693 51,648 41,982 41,582 43,209
Riw Mutarials .

“Cotton 10,799 12,821 37,053 30,954 2,583 24,953
Cotton Lint ( 9,912) (10,785) (35,180) (28,18 (24,221) (24,593)
CotLon Ssaeds {887) (2,036) (1,873) (2,766 {360) -)

Coffean 5,53h 5,169 6,461 L.972 7,568 10,22)
Hides & Skins 3,27 3,325 6,20 b,k 8,040 6,129
Dried Fish 58 Ja2 761 7 325 56
live Animala k1N 768 &1,3 L3 [ -
Potatoos 239 39 195 1 135 n
Fruits 66 22 M3 116 16} 26
Tobacco 25 Ll 70 172 382 668
Oihers 2,370 266 57 Ll 359 1,133
Procussed Agricultural
Products 100 1,13, - 1,89 3,83 - l,322 5,640
Cotton Products 100 317 325 1,590 1,384 637
Fabrica - - - (1,193) 775) (185
Shesta (100) (317) (325) 3257) 609) (1
Yarn - - - 140) veo (-)
Msauils - 636 1,315 1,131 2,093 3,156
Confectdonery - 119 sl 582 8h5 124
041 Swod Cskes n 202 150 - 1,123
Won-Agricultural Exports 1,898 433 1,836 1,51 1,159 1,689
Salt 1,2 27 26 - 1 -
Mutal Scrap 2i7 102 356 9 15 ) -
Clhers 239 30l 1,456 1,922 3,815 1,689
TOUTAL 2L,701 25,269 55,362 52,966 50,06) 50,534
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Table 7, Composition of'lnqurts,

by Value, to var 1979

= 1977

Fooq Scurzg
Hanus

index of groweh
1970 = 1co.0;
1977 ¢ Flrse

Quarcer Ratgq ‘

lca.o lol.s 2l0.8 Jl6.2

Ny

Sonree; Socknete and Sinclair.

1970
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APPENDIX v

Water Resources

Water Table Elevations ip the Tihams, April 1976
Regional rlow Pattern of ehe Tihama

Contour Map of 8ydraulic CQnductivity, Wadi Mawr
Exploratory Wells, wadi Rima

Salinity ang Depth to Gtoundwater, Wadi Rima, May 1976
Total Monthly Streamflow of Wadi Rima at Bage of Mountains,
Al Mishrafap Gaging Station

Total Monthly Streamflow of Wadi Mawr at Base of Mountains,
Shat Al Erg Gaging Station

Plow Net Computations of Natural Groundwater Discharge
Aquifer Parameters and Text wel] Const:uctzon Data, waii

Estimated Annual weljl Discharge, Wadi Mawr, 1975-197¢
Aquifer Parameters,

Analysis of Irrigation Water from Ausseifera
Gomaisha Farm, Bodeida, Zabid Parm, Zabid
Chemical Analysis of Drinking Water, varioys Towns

Water Resources Intormation Summary
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Water Tahble Elevation in the Tihama, April 19

]
&

Figure

1978.

al-Ervani.

Source:
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Table 1. Total Monthly Streamflow Of Wadi Rima
at Base c¢f Hdountains, 21 Misgrafah Gaging Station

(million Cubic Mmeters)

Yaur
Month 1975 1976 1977
Jacuary . — 1.50 2.90
Pabruary - 1.60 2.70
March - 4.40 1.60
April (5.20)* 22.90 -
May 5.50 19.50 -
Jupa 8.40 13.70 -
July 22.10 11.10 -
Angusr 23.90 10.50 -
Septenbar 12.10 6.40 —
October 6.40 3.90 -
November 2.40 3.20 -
Decamber 4.50 1.20 -
Annual Tocalg ?9-6-.?(;)-“ 99.90 (7.20) 2

'5armuu.unnd:ar year tocals.

Yourca: al-Eryanij. 1979,
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Table 2. Total Monthly streamflow of Wwadi Mawr
at Base of Mountains, Shat Al Erg Gaging Station

(million cubic meters)

Year
Month 1975 1976 1977 1978
January 6.9 A 11.6 20.7
February 5.4t 4.0 9.0 19.3
March 6.3 6.6 1.0 7.6
April 19.6 22.8 38.8 20.1
My 8.2 18.0 33.8 40.1
Juna 24.1 13.3 13.0 20.3
July 26.9 23.8 12.0 36.1
August 27.4 33.3 9.6 50.6
September 17.4 24.0 14.3 42.9
October 9.9 11.8 27.7 27.5
November 5.6 11.0 18.3 28.3
Dzacsmber 6.4 10.4 16.6 21.1

Aanual Totals 162.1 183.6 215.6 h.b

‘Es:inn:nd.
sztinn:nd prior toO March 22.

Source: al-Eryani. 1978.
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Table 4. Aguifer Parameters and Test Well Construction Data at Wadi Mawr

Avorsge
4-Nour Avetage 4 Aversge
Zest Totsl Scresa Pusplng puretion Specific Storags ';3::%:’::::" Nydeaulic
Uall Depth Length Rate of Tent Capacity Coelficlient 2 € Coaductivity
.4 (a) (w2 (1/e)  (houzs)  (Malw)  {uniticse) (2% /dey) (w/day)
1 13 26.4 0.8 6.0 1.96 u.0.¢ 630 2.6
] 186 2.6 8.8 6.0 0.3} -_ 42 1.%
? 234 6.2 13.9 24.0 0.60 -— 121 ' .
-] 1 23.7 22.). 72.0 0.8% - si1 4.7
n 154 5.8 25.7 2.0 0.53 — 200 s 6
14 180 32.8 A2.4 4.0 2.52 - 7130 23.8
15 m 1.9 w2t 60.0, 2.22 - 19 1.9
2) T 135.0 2.3 1.0 e.34 - 20 1.3
24 1 25.8 10.1 6.0 0. -—_ 430 144
25 111 .4 17.2 36.C 0.63 -— 600 20.¢
26 1 7.4 $.3 6.0 Q.27 - 20 0.7
29 134 40.7 28.1 6.0 0.73 - 150 . 3.7 .
30 06 13.) 37.8 §.9 0.99 - 350 26.)
n 203 6.7 6.3t §20.0- 4.23 0.0059 1365 19.9
3 152 66.¢ 28.3 9.0 1.42 2.0008 300 3.0
» 163 60.% 1.3 ¢.0 0.48 0. 300 8.}y
3 137 §7.1 &.0 4.0 0.49% -~ 430 6.7
b} 154 8.8 5.9 24.0 4.36 - 100 22.7
3 158 51.9 [T 24.0 3.42 .- 630 §2.3
» 160 49.2 13.4 8.2 . - 4006 e.1
b | ] 161 60.: 29.0 24.6 3.11 - 283 4.7
3 130 40.8 26.1 24.0 1.3%4 - 320 5.4
40 140 32.8 43.) 16.0 4.9 - 1050 32.0

dAveraqes form step-drawdovwn tests.

bTest by airlift
Cn.D. = Not Determined
a

Sce Flgurae3d for test well localities



Table 5, Estimated Annual Well Discharge, Wadi Mawr, 1975 -~ 197¢
Average Pumped 1975 1976
a Volune per Annugl Annugl
Location Well per Year Number Total Nunber Total
(Sector) M) of Wells (M) of Wells e
I 0.14 4 0.56 5 0.70
I 0.14 1 0.14 0.14
III 0.14 1 0.14 3 0.42
Iv 0.056 6 0.34 9 0.50
v 0.14 2 0.28 3 0.42
Vi 0.1 2 2.52 12 2.52
Vi 0.14 1 0.14 3 0.42
VIII 0.14 1 0.14 2 0.28
X 0.134 40 5.36 62 8.31
X 0.179 16 2.86. 28 5.52
x 0.14 . 1 0.14 2 0.28
“  Tae o oo
3see Fig. 3 for sector locations

Source:

al-Eryani.
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locat tap and Bource

. (1] e

Auaveitera Parm Ta'jzy

Nov. 197¢ 7.76 2.%0 4.0 4.0 0.35
[ 1] ae ) [ ]
Oct. 1976 7.78 J.10 14.4¢ 5.6 0.35 18.00 10.1¢ . 11.70
LT ] LY ] ) 2
Sep. 1976 7.7 .12 12.0 5.8 0.40 16.50 8.32 . 11.00
L )] e [ ] L]
Aug. 1276 7.58 .60 14.2 6.4 0.37 15.00 7.92 - 11.80
. os s . s
June 197¢ 7 60 .66 1so 6.0 0.40 14.0 11.2¢ - 12.5¢
a LY ] [ ] L]
May 197¢ .50 2.28 13.¢ 5.8 0.3 14.00 8.20 ° 11.40
ae [ ) ]
Gasafgha Parm Roreh Bell no. 3 8.07 7 8.2 5.0 0.1¢ 29.5 5.46 . 21.0
sa .
Gomalghy Parm Bouth Well no. ¢ 8.22 .20 3.0 2.0 0.13 22.8 6.06 . 8.8
. .
Gosalaha Fasn South wWej) n. § .14 2.05 2.2 2.8 0.07 18.5 8.06 . 7.4
[ ]
Jabid parm 71.5) 0.95 5.6 1.6 0.12 8.0 7.2 . 4.0
Rabid yarm 7.3 0.76 2.2 1.2 0.1¢6 il.s 7.6 - 4.4

e ——— .\—~\\\%_ T e———— _-\\.\\\

*Ahove desicablg timit *2Abave BaX [auy Peralualb)y leval

Bougce, lateer. 1929

TS o
12.60 1.79
.e e
12.00 2.1
s .
1l.60 2.07
s e
9.60 3,00
e '
12.3 J.o3
e as
12.¢ 3.7
s s
9.2 2.25

(1]
5.8 2.3¢

.
1.95 0.4

.
1.9 9,32

5.9

35.40

33.7s

42.34

27.6)

2).57

18.32

20.60

il.00

12.40

13.2

7.2

.4

a@a.n

27.0;

2162

13,58

14.27


http:daelf.ia

L4

Tahle 8

Chemlcal Analyols of Drinking Jater, various Towns

B.C. Milllequivalent/litse
Hill-
tocation and Source pil shos/ca cat wmt Kt Nat ucoy~ €03~ ci- 804~ NO3 Bua of Sum of Sum of
at 25°c Catlons Ce + Mg Anlons
spring Water .

Salah, Ta'lszz 7.3 0.50 2.8 0.8 0.04 2.30 3.68 NiL .M NIL 0.26 5.94 3.60 6.1
Jabel 8abar, Ta'lss3 3.1 0.45 2.72 0.48 0.0} 1 30 3 S0 - 0.800 - 0.14 .5 3.20 4.44

Ta‘izz Water Supply e » » . [ 1)
oct. 1975 7.5% 3.10 7.98 2.0} 0.25 23.0 12.0 - 11.76 12.25 1.4 3n.29 15.01 37.151

e [ L] [ ) 4 [ 1}
March 1976 7.58 3.20 7.%0 6.80 0.29 25.0 10.0 . 12.56 16.7% 6.84 41.29 14.60 40.19

(1] an L ] [ ] (Y] [ 1]
June 1976 7.30 3.10 10.40 6.u0 0.30 22.50 12.48 ® 14.80 9.40 3.18 39.80 17.00 3%.83

as L] [ ] » [ 1] e
Kov. 1978 .12 3.4 8.80 6.40 0.28 26.00 11.43 - 13.09 12.5¢ 3.0} 41.48 15.2 40.11

mlnk"'g waler (1] L] L] s L 1] e
Mckha 7.50 2.90 6.2 7.8 0.14 33.50 9.60 h 23.75 14.50 0.7% 47.64 14.00 40.60

(1] L] an [ 1]
palda ¥ecll 1@ 7.70 2.40 3.60 d4.80 0.08 22,50 6.80 . 20.00 5.00 1.07 30.98 8.40 32.87

(1) L[] (X ) [ X ]
Balda Well 420 7.60 2.30 4.20 4.20 0.00 21.00 6.40 . 19.30 4.00 0.75 29.48 8.40 30.45

.

San‘a?® 8.00 0.50 2.90 0.20 0.04 2.45 2.00 - 1.60 1.30 0.20 5.59 3.10 5.90

) a
Supply Bana‘a 8.10 0.62 4.20 Q.20 0.06 2.30 3.76 e 1.80 1.10 0.25 §.76 4.40 6.91

Capltal Water Supply . . .
Jibian 7.64 0.36 4.4 1.6 c.1l 2.50 5.80 . 3.47 ©0-.20 0.2 8.61 6.00 L ]}

St tnhing Mate:
SJlLlal, v. a8 °.80 :.o ‘o o0

: - 1.50 .92 - 6.728  ©.37 o0.07 6.53 s.00 6.14



SbT

“f"f"_ —_ —— . llllggululgntgl
5 + + + ) -
Locat 1 40d Baurce [ ] :{nog{% Ca My K Na
e ---\\.\\\‘
Drlnhlng Water
Rihay,

Itge
i, oy~ - 80y~ N0y~ 8us of Bum of Sum of
Cationg Ca + g Anfong
. .
2.59 .73 4.6 1.3 Q.18 .50 5.2 . .60 (-]
[ ] [ ]
Badaap 7.5) .25 9.2

- 45 0.2 9.58 S.90 9. 46
[ ] [ 1]
4.4 0.07 .99 2.0 . 12.80 Q.20 L.1g 15.3; 13.60 16.19
s
al-Raiimy 9.1q 0.60 2.2 1.8 Q.28 d.10 4.50 . .o 0.10 0.2 T.10 4.00 8.3
'\_\-\§\ \-‘---.‘a'\*‘\\ ——
*Above desirahilg Limge *Aboye L L {1 T Permlaain), leva} %xace Source luog!blc In Source
Bource, Lataar, 1979



Table 9.

Yemen Water Resources Information Summary

STUDY IDENTIFICATION

SUR.IECTS ‘DISCUSSED EXPLANATION

[ ]
E | Thorough
al ol coverage
L al
% - E‘ \ % Some attention
Ezé 3 % %i 2! D No coversge
e
REGION 121 513l 8l 2118 | (@] o sty
HEEEEEEEE
AREA el 23S 3 55 e
ol o 2= 318 3o
Suxty <| Q. UJIG' 7 m|3|§ 2
WEST / TIHAMA T NOTES
WAD! MA'BAR IR RC
WAD! KHULAB TR [C]
wADI HARAD EEEEEC
WAD!I HAYRAN EENEEEEC
WADI BAWHAL EEEEEEC
WAD!I MAWR 7 A
(1) Tipton~Xaimosan (1679) W
(2) Tesgo=Vizitery (1971) i Qecon study
WAD!I SURDUD VA Meacs mMora Gelaned SwayY
(1) wm, Halcrow (1978) VA L_fmiteq cata
WAD!I SIHAM
(1) Sogrean (197%)
HUDAYDAH

(1) itaiconsuit {1973)

(2) ttaiconsuit (1978)

_

(3) Xacka (1978}

WADI ‘ASALAH

WADI RIMA’

*leeqs Carased Srounwdt
{1 swoy i

(1) OHV (1979)

| Groungwater caia 3ol

WADI ZABID

(1) Tesco=Viziterv (1971)

7 —
7.

WADI NAKHLAH

WADI RAYSAN

{ ‘mmannusw

(1) Ske Alex. Gibn (1970) .
WADI! AL-GHAYL (WADL AL=KAB: )

| { ered asws orovead

(continued



Table 9,

(conti nued)

Yemen Water Resources Information Summary

L_STUDY IDENTIFICA TION

SUBJECTS DISCUSSED)| EXPLANATION

(8) Muilien ( 1977)

8110
E I Thorough
S a coverage
Sﬁ - E, % Some attention
s 8l |58 8la I
g 2] ol 3!; ;!:l T D No coverage
182 @ 3 = 2 ,
REGION £/ 23 9z = §I Ko study
: 3 o & § 8 99 3] o &
AREA 3533 53338
Sty <3 wl@’lm' < 232
CENTRAL NOTES
AL-HARFE by i 1®
HUTH L '@
RAYDAH I P '@
AMBAN Z L [ smeme
(1) US.A.8. (1980) 7/ R4
AL=MAHWIT 2 I; 'I l Soscrc warer resourcos
(1) Ske Wm, Heirow (1978) .
SANA'A 4 |
(1) tasonsun (1973) ZIK I
(2) Haiconewt (1973 R
(3) H.#umonreys (1977) ZIR
(4) H.Humoneeys (1979) - %
(3) H.mumonreys (1950 Z i

BANI HUSHA Y SH 7R
] Y/ ]
(1) Awea ang Dewan (1977) | % |
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Table 9.

(co ntinued)

Yemen Water Resources Information Summary

STUDY IDENTIFICATION

SUBJECTS D.ISCUSSED EXPLANATION

(1) Mantgomery (1979)

(2) Hazen & Sawyer (1977}

)
3
. Th
EL 2 cgu:g%;
S - ,=_ % Some coverzge
O o ol Q @
e al |8 I D No coverage
%333;3ﬂ9
REGION - 5398 3% Ei s No study
’ o ol gl & 2l glO0| @
AREA 2 €33 5 8l als
Stuay ¢cma a|c| 3| 3=
SOUTH | b NOTES
DHAMAR !
(1) Itaiconsuit (1978) ‘
138 |
(1) Itasconsuit (1978) |
TAIZ \
|
|
|

WADI BANA

(1) Sir Alex. Glbd (1977-78)

Phage 113 recommaenced

WAD! TUBAN

WADI WARAZAN

\\\\\ll\l\

(continueﬂ



Table 9. (continuegd)

Yemen Water Resourves Information Summary
STUDY IDENTIFICATION |SUBJECTS DISCUSSED| EXPLANATION

H Thorough
Covarage
Some ztisntion

D No coverage
No study

Wa lc:sl;;a

Nope

REGION

Surface Walter

AREA
Study

Agrlcullyral Development

Domeslic Use
Sewerage

Present Waler Usa

- I‘V}ief Rights

Groundwaler

Z
o
m
(7]

EAST

WAD! NAJRAN (Inciuding SA'DAH)| | |

WADI IMRA’A Fo

WADI AMLAH b

WAD! SILBA |

WADI KHABS !

l9j@lol®i®

WAD! JAWF BASIN

(2) Agrar=Unrd Hydrotechnick (1030)

{
t
|
(1) Sir Alox. Gioo (1978) | oo
|
WAD! MADHAB (Lower Wead i
1

(1) Agrer~Und Mydrotecnmigk (1800)
WD KHARID !

(1) Sir Alex.GPb (1973) . | !

(2) Agrar=Ung Hycrotechyuck (1980) L //{1'
WADI FURDAH ! 7N

(1) Agrar=Una Hyaroteconiex (1980) | 7 //j%

WADI MUKHAYMA i@

WADI SADD (MA’R®)

WAD! HARIB BASIN

WADI MARAKA -

|

l

WADI BAYHAN |
|

I

i

|

!

Source: 3ernhardt et al. 1980.
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Taple la. Total Consumption by Crops, Wadi Rima
(June 1975 - May 1976)

_lem Sotepre
KTV —— & A ~JErumiar_igete
hren Teted Anes Teaal - Teash Aren Yecai
imeted cien lascod gt Flmesd Comrsapcicn  Plasted Cenpumpeisn
Crow (bm) (o) (¢ 1] (rf (ha) men (ha) o0
Cogten. 1,008 9.07T0 o] 0.483 NS 1.8% L] 0.403
Sosgtum (1) 3,300 18.580% 190 1.262 1,702 8.320 1,29 3.943
Sorgham (1) 1,500 .31 7 1.8 1,40 s.302 3,00 14.482
Sonswe. (1) 300 1.698 nr.0 n.r. e 0.15% 133 0.332
Sorume (1) 300 1.21¢ nr. *r. 13 0.003 nr. n.P.
ratse- (1) bl 1,647 40 1.043 e 1.114 Lo r.2?.
Matee- (1) ¥3 1.338 1,000 1.291 430 4. 600 u.P. ar.
Yogetabieo (1) 173 .13 n.P. r. nr. 2.r. B.P. uw.r.
Yogstasles (2) 173 1.133 5P, w.?r. a.r. ar. nr. | &
dstevsmion 113 1.3 nr. ne 2. u.r. u.r. | B B
ac— —— om—— —— — ——— —— cm—
Tecals. 0,299 34,113 L9 12199 1,003 3.4 6,318 .78

%3:7. « fee Monare.

Source: al-Eryani. 1979.

Table lb. Computed Seasonal Effective Precipitation
and the Net Consumptive Uses by Crops in
Wadi Rima (June 13975 - May 1976)

L) _COLSRVY

- otar __ved) Jrrigrecl loei oo

Lexigeces {rregniar

Conmmmpet
e

Croving et re o . wo r, [ -3 r, s

crvp Senrw (wmd (omd (e (ed (o) (b () (o= (=)
Contm ng-feb 207.0 0.0 7.0 M.l 3I7.9 169.2  937.9 )3 158.3
sorpas (1) JamioT 5A7.3 7.8 $39.7 2.0 9.3 “.2 ) .2 82
Serghun (1) Toy~fop 149.0 0.0 149.0 378,31 3747 333.3 )33 168.3 J00.8
Sesuus (1) Ang-Rov 364.0 9.0 s86.0 4£.5.% WP 168.4  197.8 164.1 D80
Sessms (1) Dan—ttag 439.7 0.0 o39.7 AP, 0. 1n.9 2.8 Uk nr.
Maise (1) rug-Bov 743.6 0.0 743.6 2.6 MLO w0e.1 N9 19e.d M1
maise (1) Mar=Jus $03.0 9.0 803.9 1%9.9 129.1 T R, S 2 ».r.
(1} Tebeitwy .8 1.7 7.1 WP r.r. | B NP, a.r. 5P

Yogstaslee (1) Ang=tiav 8.0 9.0 “8.0 N.P. n.r. nr. .y, .r. a.r.
Oet=Jan .3 9.9 4.3 B.P. | B | B N 3.r. »r. nr.

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

Toeal Aseiviay Kemsiving
Aren Crepls Yistor Tlesd
Planced Pererancage of Canris Comals o
=4 Arva lrrigmeion Concmptive Toeai Crwp
Toar (ha) b 4 Area z Ares H Area (o) (man
1913 110 1.8 180 5t cat ) m.l 17.0
1973 .10 0.3 e,51.7 o 0.0 /3 e,00.7 ] T804 .76
197¢ 12,0713 70.3 0704 23 ity o 2.0 o 58,3 10.23
Sonemm
1973 11,130 1.4 19,1 3 8.3 o 0.0 .. ] 383.7 .20
197¢ 13,379 Lé 198.0 o 0.0 19 A3 o 4782 0.%
Mnise . »
1973 1.0 .0 153.8 Reds | W L] 318.? Li2
Yogatablen
1373 .1 1.1 4.7 29 3.7 ¢ 0.5 ”» ¢62.0 0.4
17e 12,013 2.1 Uy o ¢.0 13 198, 9 ”» 328.0 .8

“Vod 1n Loterricg A tey L
'!.L-hlmmmm——m

Source: al-Eryani. 1979.

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

Crep'e
ol Toxal
Toeal szom ":_- e
Plencod and $ | Porw e Cany Tetal Crep
Servesses {0} ___ Cropping of Vetex Uoe Concmption
Crew Yase (ha) 3 Aree 1 » (wm) (0
Coctom 1973 1,0% o 200 ' " mLy s.08
Sevgm 1979 1,05 10.9 114,38 0.3 [ ] 96,4 0.3y
1974 178 18.% 193.% .3 (L] 3.3 .48
L3 L3 1,09 1.4 12,3 [ % ] (L] a74.3 0.03
1278 1773 1.1 19.3 (¥ ] o 08,2 9.08

'-.u-mwmm—-—-—m

Source: al-Eryani. 1979.
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1978

Table 3a. Irrigation Practices and Patterns of Lané Use
in Wadi Mawr, Groundwater Irrigated Land,
1974 - 1977

i S

Type end Year Punpog comate Plantod xtd '::'::::'

of Servey (hm) on/yr) [§4] (k=) (ka) Reweirsment
Lasd oew, T (Rt 100 T L 1]
1974
1reiget \on 090" . .
m: s 1,09 12.82 100 1.030 1,00 [}
tred : o5 . 1
mp::; 1.59 7.9 100 I.SQ. 2,500 2]
Projestions, 1.779* 1.9 100 g 79® 1.718* )

®laterted {rom. pumpage.

lodetred: by compurisen vith 1973 ami 1977 dess.

Source: al=-Eryani. 1979.

Table 3b. Irrigation Practices and Patterns of Land Use

in wWadi Mawr, wadi Irrigated Land, 1974 - 1977

Toeal Toead Toesd
Ares Cropoing Aten Ares Perommtage
ree ed Tas ad f L cy iamted farvested of Vetor
ot Suzvey ) ye) [¢4] (va) (va) Sequireams
Lann wow, 180° (Bt} 100 n"e 40 [}
L978
Irrigeaton 1,000% 1. 100 .00 1,050 (]
oy, 1979
: 1,500 17.50 100 1,500 1,300 "
arem, 1977
Projeations. 1.ms* 1.0 100 1.m® 1.718° "
1978
taterved {res puwcoge.
'wmwe.-n—mmamlmu-.
Source: al-Eryani. 1979.

Table 3c. Irrigation Practices and Patterns of Land Use
in Wadi Mawr: Rainfed Land, 1974 - 1977
Totnd Tosad Yotal
Ares Cropving® sren prsey Pervencags
Tree sl Tz Smiadall L Y Flastad Rar of dngsw
of Surven () (b n (i) L " 1] Lowsirensst
Lamd- 12.493 - b} ] 4,313 3,008 0
1978
Urigeeten 13,008 " - 3.0 3.9 50
yotem, 1973
trrigeeten 17,000 - 1 5,9 s, 200" se
aren, 1977
Pretancionn, 15,500 . bt} 428 39 »
e
laterved from wntl Roms data Olakta, 1977).
Ytafarves trem 1974 doca.
gource: al-Zrvani.

1979.
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Table 4. Agricultural Technology to Yemen 1970 - 1976
Number of Number of agricult. Fertilizer Pesticides
Tear tractors water-pumps ‘tons) (tons)
1970 20 18 1,382 a " 3,183 1 138 n
197 80 " 1,208 2 4,048 168 A8 L)
1972 n 0N 3.928 15, 3 1,699 N kT %
1973 33 N 3,479 It 4,258 1% 7 108
1974 3 n 3.288 144 3,889 168 nT T2
1978 238 1% 4,233 i 3,383 173 1.8% 3%
1976 1.420 T 5.918 25\ 4471 158 1.004 218
1970-76 1,918 1008 | =.528 1004 24.887 008 | 370 oR
Scurce: Bernhardt et al. 1980.

155



Table 5.

Common Weeds in Yemen

Cozmen Sciantific . Demcmstraticn
Nama Plant Pemily Nazo Iocation
“Zoheyra® Q¥ Compositae Flaveria 148 xn/NW -
“Makhzaba® revanda Lag. Sana'a
"¥obel"” or Graminsae Cynedon Near Hoth -
"Zael” dactvlen 128 /M -
(Bernmda Grass) (L.) Pers. Sana'a
“Helqub” or Cruciferas Dinlotaxia Maf-Dan, 43 /XN -
“Shager” erucoides L. Sana'a
“Se'ed” Cypezacaag erus -~
’ - rotundus L,
"Edar” Scrophulariacoae St=iga -—
Bermonthica
Banth.
Source: University of Arizona. 1981.
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Table 6. Common Plant Pathogens of Grain Crops in Yemen

_ Host Cammon Name Sciantific Nama

Sorghum

(Sorghum vulgars) -
Leaf Blight Helminthosvorium turcicm
Laaf Blight Ramulispora sorghi
Leaf Blightn Ramuliscora sorghicola
Dowmy Mildow Scla.rosezl sorchi
Coversd Xarnal Smut Schacelothaca sorg) sorghi Link (Clint)
Hend Smpmut thm:nlothcca Ssuenta Kohn, Potter
Long Smue Tolyposro yoostorium eh.zenbgqg

Pseudomonas syringe (?)
Pscudom'xm andronogonis (?)

Yellow Stripae Virus
Millet
(Pennisetum glaucum)
“Gresn Ear”® Sclerospora graminicola, Sace.
Schrot
Whaeat
(Triticum aestivum)
leaf Rust Puccinia recondita, Rab. ex D ..
Stm Rust Puccinia graminig, Pers.
Barlaey
(Eordaumm vulcara)
Leaf Rust JPuccinia recondita, Rob. ex Desm.
Stem Rust Puccinia graminis Pers.
Stzipe Rust Puccinia striiformis West.
Loose Smut Ustilago nuda Jenscn Rostr.
Maize
{Zea mavs) .
Rust Puccinia sorchi
Leaf 8light He thosoorium turcicam Pass.
Yellow 3tripe Virus
Commen Weads
Suphorbia hveoericifolia L.
Ruew Malazpsora eurnhorbiae -
Carthamms tincrorius L.
Rust Pueccinia calcit=acvas DC
. V. cantzurcas (DC) Cimm.
(P. cartham Cda.)
Source: University of Arizona., 1981.
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A.

Table 7.

Major Insect Pests of Sorghum and Millet

Rhopalsiphum maidis Fitch

Sesamia cretica Led.

Microcerotermeas diversus

Podagrica spp.

Atkerigona varia scccata R.
Spodoptera exempota (Walker)

Schistocerca greqaria

Oligonychus (Reckiella) simus P. & .
Sitroga cerealella (Oliver)
Liposcelis diviniatorius (Mueller)
Tribolium ccnfusum (Duv.,)

Sitophilus granarius (L.)

Sitophilus orvza (L.)

Miscellaneous Crop Pests of 7eman

Alfalfa

Acyrthosiohon pisum (Harris)
Aphis crassivora Koch

Bruchophaqus roddi (Gussakovsky)

Chrysanthemum

Myzus persicae (Sulzer)

Insect Crop Pests

(corn leaf aphid)
(stalk borer)
(termites)

(flea beetles)
(sorghum shoot fly)
(African or nutgrass
armyworm)

(desert grasshopper)

(angoumois grain moth)
(cereal psocid)
(confused flour beetle)
(granary weevil)

(rice weevil)

(pea aphid)

(cowpea aphid)
(alfalfa seed chalcid)

(green peach aphid)

Cucurbits (muskmelons, watermelon, and cucumber)

Aphis gossvpii Glover

Asbecesta traversa
Dacus ciliatus or longistvlus Wied.
Epilachna chrvsomelina

Dates

Arenipses sabella

Batrachedra amydraula Meyr.

(melon or cotton aphid)
(spotted melon beetle)
(melon fruitfly)
(12-spotted lady beetlel

(date moth)
(date moth)



Parlatoria blancharidii
Targioni-Tozzetti)

ize
Chaetocnema sp.
Heliu:his armigera Hubner

Rhoaalosighum maidis Pitch
Sesamia cretica Lad.

Spodoptera exempta (Walker)
Potato

Chaetocnema sp.

Gryllotalpa spp.

Leptinotarsus decamineata

Myzus persicae (Sulzer)

wireworms sp.

Sesame

Antigaetra catalounalis
Spinach

Aphids sp.

Plea beetles sp.
Tobacco

Myzus persicae (Sulzer)
Tomato

Blister beetles sp.
Flea beetles sp.

Heliothis armigera Huber
Microcerotermes diversus

Mycus persicae (Sulzer)

Plusia sp.
Watermelon

Myzus versicae (Sulzer)
Wheat

Diuraphis noxia Mordvilko

C. Miscellaneocus Insects Collected
time of collection)

Adesmia interrupta

Chlorochroa sayi
159

(parlatoria date Scale)

(£lea beetla)

(corn earworm)
(corn leaf aphid)
(stalk borer)
(nutgrass armyworm)

(flea beetle)
(mole cricket)

(Colorado potato beetle)
(green peach aphid)

(sesame seed pod borer)

(green peach aphid)

(tomato fruitworm)
(subterranean ternite)
(green peach aphid)

(looper)

(green peach aphid)

(aphid)

(not associated with a plant at

(tenebrionid beetle)
(Say stink bug)



D.

Coccinella undecimpunctata
Gryllus bimaculatus DeGreer
Heliocopris gigas

Pachnoda histrio P.
Pockilocerus vittatus

Pontia glauconome

Spilogtethus pandurus militaris

Vanessa carduii (L.)
Xylocopa Aestuans

Anthocoridae

Orius spp.
Cheyletidae

Cheletcgenes ornatus (C. & P.)

Cheyletia spp.
Chrysopidae

Chrvsopa vulgaris Schn.
Coccinellidge

Coccinells spp.

Scymnus spp.
Phytoseiidae

Amblyseius gossypi

Amblyseius spp.

Typhlodromus spp.
Stigmaeidae

Agistemus exertus (Gonzales)
Tydeidae
Tydeus californicus Banks

Source: University of Arizona. 1981.

1le0

(lady beetle)

(black cricket)
(large scarab beetle)
(scarab beetle)
(lubber grasshopper)
(plerid butterfly)
(lygaeid bug)
(painted lady)
(carpenter bee)

Baneficial Insects and Mites (from miscellaneous plants)

(minute pirate bugs)

(cheyletid mite)
(cheyletid mites)

(lacewing)

(lady beetles)
(coccinellids)

(amblyseid mite)
(amblyseid mites)
(typhlodremid mites)

(stogmaeid mite)

(tydeid mite)
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Pigure 2: Dynamics of Vegetation Growth as Interpreted From Imagery of
Dry Season (Jan. 1973) and Waet Season (Sept. 1972)
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Source: Haefner, H. et al. 1978.
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Table 1: The Socio-ecological Plant Species Grour

in Rada’

?
-

Apius podiflorud
Apium graveolens
pulicaria arabica

T

Paspalun vagliacim
Jupcus oxycarpus

v

Nalva merciclilsca/parvilora

prucastrum aradicus
Convolvalus arvensis
Chanopodiue zurale
Sscura stramoolus

v

Asluropus .agopoides
Atriplex leucoclada

ve

Juncus heldrsichianus
Dicanchiym annulacum
ahoanzx dactylifera

o
Ce-

Peganum carmaie
Schangina hortens..s

r——
¢ e

Sporodolus orladap
Cancaursa pallascets

X

Pupnornia SCAINpEriADUDd
Xanehium Sploosum
ci=rillus colocyachis
Zupborbia insequilacara
Zeliocsopium baccifarus
rulicaria orisntalis
Lagnea nudicaulls
Laggeria garieppioa

X

Sporobolus spicacus
Pulicaria craspa
Synodan dactylon

x

TaBar:x aiiocica
Sporobolus consimilis
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xz2

Saccharum gpoataneus
?luchea dicecoriodas

oz

Zalozropis procard
Acacia pachycaras
Solapce iocanun

v

Neriandra danghalansis
Solanum schigparianc®
Wichania somoifers

xv

Solanum sepacola group
Pchinops spinossisimus
Zasgia italica

Ocimm serpyllifolium

2izipAus SplnA=CASIITI
ccecinea grandis
Jichanghium lnIcuLpTus
Pennisecoe divisus
silvadora persica
Jaczopha spinosa

hoe 4
dcacia caupopeila

Acacia laeta

pe o4 .
SoiaLam aldicauls goup
salsola spioescens
2upHorola SURGACS

centinued


http:qrand.Ls
http:aphyl.18

Lapntanu paciciags
Zibiscus aicran=hus

Sypervs cbeusifolius

XX
ACBCIa negrii
Dianthus uniflorus
Pelicis abyssinica
8ypoestes paniczlaca

xxX
Ensapogen schisperianua
Aadropogea £p. nov.

xxxz
Veronania spaculaca
Xlsinia cdora
Grewia cambensis

Source: Westings and ™alen. 1980>

Indigofera spincsa
Commicaryus sinuacis
Blephsrig ciliaris
Pagonia indica
Salichrysm somrlienpe
Canchrus cilisris
Otoscegia fructicosa
Exagrostis papposa
Lycion gshamas

XXXV

Leptothriun secegaleace
Stipagroscis bisida
Falygala subsphylla
Tridulus longipecalus
Stipagroscis ciliaca
Grass x

Setampogon concorsus
Aloe vaccilang
Kalanchoe crenacs

XXXV
Teliotropium rariZloram
Salscla dottae -
Polygela eriopcara
Ophiglogsus polypaylium

XXXV

Pingqeriuchis africana?
Tsucriua yemanse
Caralluna ? quadrangula
Ociiradenus baccutus

XXXVII

Setoloa grass

STagus racencous
Frlicia dancaca
Plantago spec.?
Sulbus monocotyl
Indigofars ? arabica
Asparagus afcicanus



Table 2. Vegetation Types in Rada' District
(cf. Pigure 3.19)

aAsl.

The Acacia caupoptila - Acacia nubica is characterized by having
many types of trees Acacia ca poptila, Delonisx elata and Commiphora
myrrha are specific for this slope vegetation type. Aczcia nubica and
Acacia mellifera is not only found here, but wlso is another slope type
AS2, which is also the case for the shrud sar;ostemma viminale and the
dwarfshrub Vernonia cinerascens, who both may occur also in Sl. The
plants of group XXI and Seddera secundiflora are found alse in asl and
AS2, but may occur in some other types (see Appendix D). Anagtatica
hierechuntica is only found here. Salvadora persica and Jatropha
spinosa ~re only found in this elope type and in the waditype W1, which
occurs .n the same araa as ASl. These types cccur only at low altitude

North of the district.

BZ'.

The Acacia mellifera - Aloe inermis type is characterized by these
two species. Acacia mellifera occurs only in this slope type and the
wadi type of lower altitudes. Acacia laeta, which very much resembles
Acacia mellifera occurs mainly in this type. Alce inermis is found
sometimes on other slope types. Acacia nubica and Acacia nilotica spp.
kraussiana are found in this type only in the transitional zones to ASl
and AS3 respectively. Group XXI is mainly occuring in this type and in
AS1L. Group XXIII mainly belonygs to AS2 (two Barleria species, two
Seddera species and one Hibiscus species).

ma.

The Acacia nilotica spp. kraussiana Barleria parviflora type is
actually a dwarfshrub type with shrubs and without trees. The Acacia
nilotica ssp. kraussiana is the main ahrub, next to Zuphorbia cuneata.
Typical for this type is that three Barlevia species occur here,
Barleria parviflocz in particulaz.

AS4.

The Hypoestes paniculata - Acacia negrii type occurs only at high
altitude above 2300 m. The slopes have a soft greenish zppearance of
the dominantly Hvpoestes paniculata and Gnidia somaliensis. Acacid
negrii is found here bordering agricultural fields and not gcattered of
the slopes as the Acacia trees im ASL and AS2 and acacia shrubs in AS3:
therefore it was counted with the groups uithout scattered treed.
specific plants for this slope type are Dianthus uniflorus, g\_z_l_g,cjz.if.
cf. petiolaris, Mipnarthia fulifolia, Alkanna orientalis, Salvia
merjamie, Antithrixia abyssinica. Loranthus reg ularig is found hete in
Acacia_oachyceras trees. Many wadl elements of lower altitudinal wadis
from group XIII, XIV &nd XV are found here on the slopes.
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81.

The Lantana petitiana - Hyparrhenia hirta is a dwarf shrubland
type with scattered shrubs like Adenium obesum, Ochradenus baccatus,
Euriops pinifolius, Lyciuvm shawei, some Acacia pachyceras and Aloe
inermis. The characteristic group for this type is group XV, with
Commicarpus boissieri, Hibiscus micranthus, Lantana petitians and

Hyparrhenia hirta.

s2.

The Buphorbia inarticulata - Caralluna spec. b type i3 a dwarf-
shrub vegetation with the mentioned characteristic shrubs. This type
occurs only at lower parts of the southwest plateau slopa.

83.

The Chrysopogon plumilosu = .epharis ciliaris ‘rich' type.
s4.

The Chrysopogon plumulosus - Blepharis ciliaris"poor' type.

S3 and S4 types are very poor and almost bare dwarf shrub lands.
Both types are mainly build up by the general groups XXXII and XXXIII,
while in S3 wadi elemsnts from group XV occur. The S4 type is
predominantly on the lava plateaus, virtually bare vulcanic hammada
hills and the sundstone plateau. On the more favourable places along
gullies, in lava flows and at higher altitudinal parts on the basalt
pPlateau the S3 type is precdominant.

m.

The Acacia pachyceras - Solanum incanum + Salvadora persica type
is characterized by group XVIII; Salvadora parsica and Jatropha spinosa
occur also in the slope type asl; Ziziphus spina-christi, Coccinea
grandis and Dichantium insculptum occur also in W3; Pennisetum divisum
is only found here. Acacia mellifera, typical for 2S2, is sometimes
found here. This wadl type occurs only in the northern lower part of
the district, together with the slope type ASl.

w2.

Tae Acacia pachvceras - Solanum incanum + Ephedra aphylla type is
characterized by the sociological groups XVI and XVII. Group XVI is
the mcre specific one of these two for this vegetation type; with
Achyranthes apsera and the two epiphytic plants Loranthus curviflorus
and Ephedra aphylla. Salvia agyptiaca and Lavendula coronooifolia from
group XVII are more common wacii species and occur also in high
altitudinal slope types: S3, S2 and AS4. This vegetation type is
common in the eastern gneiss and granite hills and mountains.
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m'

The Acacia pachyceras - Solanum incanum + Solanum sepicola type is
common in the whole area except for the northern part. Characteristic
for this type is group XV, which occur also in high altitudinal slope
types like S2, S3 and AS4 and soma species occasionally in the saline
flat ctype SP3. 2Ziziphus spina-christi is found in this type and in Wl.

".

The Acacia pachyceras - Solanum incanum + Withania sommifera type
occurs only in the hammada basalt hills and mountains. It is
characterized by Withania sommifera, Solanum gchimperianum, Lavendula
pubescens and Meriandra benghalensis (group XIV), which group also
occur in the highest attitudinal slope type AS4.

TRML .

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

TAM2.

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). Calotropis
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 walis and plains, Cynodon dactylon.

vi.

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

w-
Acacia pachyceras - Acacia nilotica ssp. kraussiana type is

occuring only on the eastern valleyflats. This type is a rubs
dwarfshrubland of Aerva javanica and Heliotrooium steudneri dwarfsh
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with Acacia pachyceras and Zcacia nilotica SSpP. kraussiana trees and
shrubs and with the conmon shrub Lycium shawei and grass Cynodon

dactylon.

SPl.

The Aeluropus lagopoides - Atriplex levcoclada type occurs on the
very salt, silty clay loam places. It is a very poor dwarfshrubland of

Atriplex leucoclada and Schanginia hortensis with Aeluropus lagopoides.
Schanginia hortensis can form at certain places some dominant hummocks.

”2.

The Juncus heldreichianus - Dichanthium annulatum type has much in
common with SP1 and SP3 but differs from both by the dominancy of the
rush Juncus heldreichianus. Meny species, especially all the salt
species (group V, VI, VII, VIII, X, XI) are found here in between the
rushes. Acacia pachyceras shrubs are found frequently. This type

occurs on the medium salt, silty loam places.

sP3.

The Sporobolus imclados - Centaurea pallescens type is the most
ctmmon of the three saltflat types. It has group VIII and X in common
with SP2. The fallowland species cccur also in these two types of
group IX and Acacia pachyceras shrubs. Sporobolus ioclados and
Sporobolus spicatus form the characteristic hummocks of these salt
plains.

Peganum harmale and Schanginia hortensis, more typical for SPl and
SP2 hava an erratic occurrence in this type. Dichanthium annulatum 2nd
Phoenix dactylifera more specific for SP2, occassionally occur in SP3.
The main diffarence with SP3 is the lacking of the highly dominant rush
in SP3 Juncus heldreichianug.

SP3 occur on the slightly salt places of the saltplains and
valleyflats.

PAL

The Xanthium spinosum - Laggeria garieppina type occurs on the
fallow agricultural fields. The characteristic species are from group
IX, 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 dactvlon, which occur also in the waditypes. Also
here rare Acacia pBachyceras shrub can be found.
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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 eduiis Qat. Most dominant is the Convolvulus arvensis with
somstimes odon dactylon and Malva verticillata/parviflora on the
irrigated fields. Group IV belongs specific to this vegetation type.
Soma other weeds, which were only found one time, are: Calendula

aegyptiaca, Solanum nigrum var. minutum, Buphorbia peplus, Lyccpsis
ocientalis, Reichardia tingitana.

The Apium nodiflorum = Agrcstis semiverticellata type is growing
along the irrigation channels. Group I is characteristic for this typs.

Group II grows on the draindge ways and in the wetter marshy parts
{M?) of the plains close to these drainage ways,

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

The Paspalum vaginatum - Juncus oxycarpus type grows on the marshy
plsces, close to drainage »ays and walls. The grass Paspalum vaginatum
is the dominant spacies, with on very wet parts: Typha domingensis,
Eleocharis paluszris and Cyperus laevigatus. Group II occurs here as
in DW. The naxt species were found only once and only in this type:
Plantago lanceolata, Pimbristylis feruginea, Taraxacum svec., Cichorium
bottae and Juncus oxcycarpus.

Source: Westinga and Thalen, 12807
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APPENDIX VII
Developrent Projects

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

Title Project Yo.  Bequn  Eimal
va'izz Water Rehabilitacicn 2790017 73 75
Yemen Sorghum Production 2790018 73 78
Poultry Davelopment 2790019 75 80
przining for YAR Development 2790020 73 78
Sana'a Emergency Water Supoly 2790021 73 78
Rural Water Supply 2790022 73 77
Tropical Fruit Improvement 2790024 76 81
Watar and Minaral Survey of North Yeman 2790025 74 79
Yeman-Talz Water and Scu;raqn Dasign 2790027 75 79
Sorghum and Millet Crop Improvemant 2790030 76 . 80
Al-Olofy Hospital-Yamen 2790034 76 79
Applied Health Nutricion~<RS 2790035 - 76 79
Ta'izz Water/Sewerage Constzuction 2790039 77 82
Developmont Tzaining II 2790040 78 86
Water Resource Plannirg Management 2790043 79 84
Agricultural Developmant Support 2790052 79 80

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

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

Midlands 10 wells
Al Baida 10 wells
Rida S wells
Khawlan 10 wells
Al Ganad S wells
Marib 10 wells
Al-Turba S wvalls
Mawza'a 5 walls
Surdud 10 wells
" Al=Jawf 10 wells
Szada 10 wells
Rest of Tihama 10 valls

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 S-year plan.
Estimated Cost YR 150,000,000.00.

b. Large Dams-three 3ites have been chosen for the
construction of large dams. One of these sites is Marib,
where there is a probability of re-congtructing the ancient
Marib Dam. Estimated Cost YR 105,000,000.00.

C. Irrigation

4. Water Storage Projects
(1) wWadi Mawr
(2) Wadi Rima'a

b. The Development of the Eastern Wadis
(1) wadi Al Rharid (est YR 101,000,000.00)
(2) Wadi Jawf (est YR 1,500,000.00)
(3) wadi Abied (est YR 50,000,000.00)
(4) Wadi Barib (est YR 3C,000,000.00)
(5} Wadi Bana (est 7R 100,000,000.00)
(6) Wedi La'ab (est YR 30,000,000.00)

C. Development of the Tihama
(1) Wadi Zabid (est YR 149,500,000.00)
(2) Wadi Mawr (est YR 250,000,000.00)
(3) Wadi Rima (est YR 175,00G,000.00)
(4) Wadi siham (est YR 200,000,000.00)
(5) Wadi Surdud (est YR 190,000,000.00)
(6) Wadi Rasyan (est YR 350,000,000.00)

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

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

British Ministry of Oversaas Developzent
Montaine Plain and Wadi Rima

Blectrowatt-Swiss Consultants
Marib Water Projects

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

Gibb (Sir Alexander Gibb and Partners) British Consultants
Wadis Bana, Rasyan, Kharid and Jawf

Halcrow (Sir william Halcrow & Partners) British Consultants
wadi Surdud

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

Ilaco-Netherlands Consultants
Wadis Rima, Banya

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

RKochs (F.H. Kochs [U) West German Consultants
Hodeida Water and Sewerage Systams

Montgemery (James M. Montgomery, Inc.) U.S. Consultants
Ta'jizz ‘jatar and Sewarage Systems

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

Saudi Arabia
Ruyral %ell-Drilling Projects-36 Wells

Tesec-Viziterv-Vituki, Bungarian Consultants
wadis Mawr and Zabid

Tihama Development Authority
Wadis Mawr and 2Zabid

Tipton & Kalmbach, U.S. Consultants
Wadis Mawr and 2abid

U.S. AID
Sana'a, Ta'izz and Yemen Rural Areas
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U.5.S.R.
Wadi Surdud, Al Kadan State Farm

West Germany
German Farm, Sana’'a

World Health Organization (UN)
Scattared climatic data

World Meteorlogical Organization (UN)
Meteorological Data-Sana'a, Ta'izz, Hodeida, Mocha, Al Baida
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Table 3: Functions prescribed by the CP0 for Its 5 Departments

Planning Department

Conduct economic studies for the preparation of the development planms.

Prepare plans tO achieve the general goals of economic and social

development, having regard to the available resources and potential-

{ties of the countTy.

Prepare economic and social policies and procedures which will help

to ' dasvelop the country and contribute to the achievement of the plaus.

Proijects Department

Study projects submitted by ministries, departm2nts and public
corporations, and determine project priorities in terms of the
general plan. :

Follow up on project {mplementation, according to agreed time-
tables. Prepare reports om projects and their stage of imple-
nentation.

Determine the reasons for good project execution, or for
shortfalls, and propose procedures for improved {mplementationr.

Foreigm Aid Departzent

Supervise the contracting of foreign loans and techaical aid,
and direct the utilization of loans according to the developtent
plan. Foroulate the necesssary procedures for the proper utili-
zation of loans, and provide for their repayment.

Coordinate, according to the provisions of the developzent plan,
the applicatiouns for technical assistanc2 gubmitted by the
sinistries, departzeats and public corporations.

Statistics Deoarttent

Conduct the censts, partial and coz=prahensive surveys. Collect
gratistical data, analvze and publish thez. his dezarczant S
the forzal source of all gtazistical data ia the countr¥.

Agsist the cianiscries and govern=zent bodies ia astablishing cheir
own statistical aac plaaaing w=ics.

Coordinate the worx oZ these scaciscical and planning wxnics, 50
as to facilicace the suzply oI daza for o-aaning 37 e CF2.

td=inigtrazicn & P:bliz Ttaznce Tazartzend

- o -

Ozganize che -aternal regulacicas, finance and accowmtiag procedurss

of the C2J. ~frepare te CP0’s vearly budszet.
sreserzve the CFO records and docuzantation.

Cndertake the sarsonnel fonczions for CZ0 statff.
S
Source: The World Bank. 1979.
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Table 4. Current Ministers of the Yamen Arab Republic
(Octcber 1980)

Head of state President Ali Abdullah Saheh
Pirst Vice-Prazident Abdel-Rarim al-Araghi
Sacond Vice~President Abdel-Aziz Abdel-Ghani

Cabinet Pormed on 15 Octobygr 1980

Prime Minister Abdel-Karim al-Iriani
Deputy Premier for Econcaic Affairs Hasan Makki
Deputy Premier for Internal Affairs Mujahid Abu-Shawarib
Poraign Affairs Ali Lutf al-Thour

Pinance Mohammad al-Aadhi

Awgqaf (Religiocas Endowasents) Ali Bin-ali al-Saman
Bealth Mohammed Ahmad al-Rabab

Education Ahmad Abdel-Malik al-Asbehi

Agriculture Ahmad al-Hamdani

fransport & Communicaticns Ahmad Mohammad al-Aanasi
Information & Culture Hasan al-Lawzi

Public Works ibdullah al-Rurushmi

Justice Mohsin al-Ulif4

Interior Ali Othrob

Development: Fuad Raid al-Aghbari

Economy Mohammad Hizam al-Shohati

Social Affairs, Lahour & Touth Ahmad Saleh al-Ruani
Civil Service & Adminisctrative Neform Ismail al-Wazir
Local Governxent Lutf al-Ralabi

Supply & PTrade Abdel-Rhaleq al-salal

Power, Watar & Sewerage Mohammad al-Junaid

Enerqgy & Mineral Rescurces Ahmad Ali al-Bahr

Minister of Stata Hussain Al{ al-Hubaishi
People's Assembly Ahmad al-Shigni

Source: Meed. 1981,
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B. Other Organizations

fritish Coumsii: P.0.B. 3237, Sisan Abu Lohum Building,
Sana‘a; ! 1974; lbrary of 3,247 vols., 40 pertodicals:
Rep. R. W. H. CHancrox: Reyional Librarian rvacant)
Sased in Sudant.
%o'm Mosque -of Ssns’a: Sanw’a: {. [923; the
col of t0.000 3SS. and printed vols. 13 oot at
accessibls to the public; Librarian Zap B
ALl EvaN.
SANA’A UNIVERSITY
P.0.B. 1247 SANA'A
Taiephone: 1443.
Fouaded 1570,

Stats control: Anancial suppert from Kuwait; Languages
of inscucton: Arabic and Eaglish; Academic year:
October to Junc
Preqidems: Dr. Asovt Kamin Eu-Fayast
Vice- Pressdens: Ur. MloHAXED MOTAHER,

Secretary-General: SALY3 ML AL-SAQQAF.

source: Europa Publications Ltd.
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Librarian: FATRI AL-SHAFEL

Number of teachers: 59.
Number of stucdents: 1.139.

Publications: L mirersits  Newms  monthly.,
Researen [:wrmai of tia ez artinent of Engtidn.

Arnoic',

Dzaos:
Faculity of Ares: Dr. M. \laxoour.
Facuily of Law and Skana: Dr. H. AL-MARSAFAWT.
Facuity of Commarce and Ezonamics: De. Sa3tA AN Surross.
Faculty of Scuncs: Dr. A, MUHSIN AL-ABBADY.
Facuity of Education: Dz. )L ABDO GHANEM.
Kulllst Assheri’s Ws Alganan (Facwily of [soms Lemi:
Saoa'a: L. 1970.
There are aiso six vocational schools, a Military Acad-

emy, a College of Aviation, a Collegs for Radio Teie
commumcanons

and an Agricuitural Scacol.

1979.
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