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EXECUTIVE SUMMARY

AN OVERVIEW QF IHE LAND CLASSIEICATICN AND
SOIL SURVEY OF THE YEMEN ARAB REPUBLIC
USAID CUNTRACT NO. ALD/NE-C-1665

INTRODUCTION

Without a dount, information about the nature and distribation of
soils ant tand use of Yemen is vital for development and improvements
in the countrye. Both general and detailed soil and land use mups are
essential for selecting and planning preojectse dany agricultural
projects of various sorts have been prcocposed or aundertaken by
international development agzencies and by the Yemen zovernment itself.
All of these projects can or could have benefitted from some kind of

soll and land use survey. A a first step, this project has produced
ceneralized soil and land use maps of the entire area of the Yemen
Arab Republic west of longitude 45 deygrees 30 minutes east, not

including Red Sea islands.

The soil map at 1:500,000 scale gives information on thrs: general

distribation of soils throughout all of the Yewmen Arab Republice. It
will be very useful in locating general areas of soils of high
potential for specific agricultural development pro jectse Once a

¢general area is located it will be necessary to undertake a more
detailed soil survey at a larger scale so that site-specific soil
information willt be availablee

Tnis soil survey will also serve another vary useful purpose.
Iaportant agronomic technologzy painstakingly develozed in other areas
¢f the world with similar soils and climates may be transferred to
areas in Yemen without repeating many years of expensive researche
This transferability is pcssible because map units in the survey are
classified =according to Soil Taxopnomye Soil Taxopnomy 1is a
quantitative, scientific means of clagsifying soilse. Bdecause of its
quantitative nature, it permits transfer of successful management
techniques from one area to similar scils in another.

The land use map reflects much of the information found in soil
surveys in many ways. In defining and classifying the land use/covern
for Yemen Arad Republic, a regional geographical analysis approach was
identified as being appropriatee. Yemen was divicded into four majur
regional units and eighteen specific elements of land use. The land
use elementsy viewed as subsets of a region, reflect thematically the
physical and cultural features and iccalized land use practices that
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can be systematically identifiede. Witnin the four regional units of
the Tihama Coastal Plaln, Western Highlendis, Central Highlands, and
Eastern Plateaua, the major agricultural land use elements or

categories identitied ere intensive agriculture, rainfed c¢ropland,
terrace and wadi cultivation, cultivated bighland plalns, and plateau
wadl azriculture.

Mapping was planned, coordinated, and carried out at the national
level to facilitate integration into other base data sets now exioting
or those that might be developed - in the futuree The spatial
information which has been prepared can be used for a range of
agricultural or natural resource development applicationse

CONTRACT OBJECTIVES

The contract called for the preparation of a general soil mapg ot
tre Yemen Arab Republlic at a scale of 1:500,000 and a land use aap at
a scale of 1:250,900. With the presentation of this report and naps,
the terms of the contract have been mete In certain respects, the
terns of the contract have been exceededes For example, for the soil
survey, in addition to having map units described as associations of
subgroups in the legend, the one handred individual soil profiles
described and sampled in the field have been classified to the family
level and some cases as phases of familiese Additional mineralogical
analyses were also performed to permit classification to this Levele.
Finally, & reconnalssance of the vegetation of the Yemen Arab Republic
has been made and 13 discussed in the main reporte

The orizinal intention was to provide land use maps on a
classification prepared for the US Geological Survey, known as Level I
Classification, from the USGS Professional Paper No. 964. The

techni gques used allow for the production of a much nore detaliled
classiftication of land usee. Minimum map units were reduced and higher
dezrees of accuracy were obtained than had pbeen originally projected.
Information on population as well as topography was incorporatei into
tre data base, providing correlative date wbich ccnsiderably expands
the affective utility of the mapped land use informatione
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BACKGROUND INFORMATION COLLECTION
EQK IHE SQIL SURVEY AND LAND USE SURVEY

SQIL SURVEY

The 1initial stages of the soil survey invelved collection of
background information in both Yemen and at Cornell on geological an
climatic 1ata and also on agricultural surveys and projects which hacg
been completed 1in Yemen, particularly those which had soils
componentse This information was needed to determine a soil survey
strategy and to determine in what areas it would be most practical to
concentrate survey effortse.

After information had been collected and digested on ceologyy
geomorphologzy, climate, and existing soils studies, a tlelda
metnodology was determinede In the determination of this field
methodology, soll genesis principles for Yemen were defined by several
reconnaissance studies in diverse areas of the countrye. Soil parent
materials were observed and definede Of particucar interest in this
regard was the predominant influence of calcareous windblown fine
material (loess) deposited over large areas of the country and, alsoy
the volcanic parernt rocks which are extensive throuzhout most of the

countrye. Also of interest was the great extent of human influence on
soil formation, through the construction of terraces in the
mountainous regions and extensive spate irrigation on the
intermountain plains and Tihamae As a result of these reconnaissance

studies soils/landscape relationships and the approximate areal size
of soil map units were defined.

Additional background iaformation important for
agricultural/ecological studies in Yemen is included in this reports,
A detailed vegetation study was made and is reported here for all of
Yemen (Chapter 3; main report text). This study details the
distribution of plant types by area as shown on accompanying mapse

LAND USE SURVEY

Statistical compilation for each 1U0km UTM referenced cell has

included the total cultivated land within each land wuse/cover
category, meen percentage of cultivated Land, and variance among land
class samplese Data have also been developed and geo-referenced on
the agricultural land use map as derived from topographic maps and on
the basis of population density/distributione The land use map
indicates a total estimated cultivated land area of 2.06 million
hectares for the Yemen Arab Republice. This estimate includes all

active ani fallow agricultural land and represents 17.2% of Yemen's
total land area within the project study area (west of 45 degrees 30
minutes 2ast longitudey, not including Red Sea isiands)e
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MAKING THE SOJL AND LAND USE 4aPS OF YEMEN ARAS REPUBLIC

SOIL MAP

After the reconnaissance stage of determining soil genetic
relationsnips, the actual field methodology involved selectiag
appropriatez "pilot" sites thought to be typical of the major soils of
a particular region. Typical pilot sites were apprcximately several
hundre! square kilometers in arcae. Within the pilct sites protile
sites were selected. Profiles were dug, described and samples taken
for laporatory analys=sese On the basls of the laboratory results and

the 4description of morphological features of the soil in the field,
the soil profilas were then classified to the subgroup level according
to the orincioles set forth in Sgil Taxgpomvye As profiles and gilot
Sites vere described and studied, Landsat false—-color infrared imagery
wa 3 studied and boundaries for pilot sites were drawn as were
boundaries for other areas which had features similar to the observed
pilot Sitese. These other sites which showed similarities on the
imagery were then usually checked in the field on a later visite

An important a2lement of the tield operations in Yemen was the
development and analysis of soil samples at the Taizz FAO research
laboratorye. Several critical pieces of equipment were bought, sz2nt to
the lab, and nade operational. Amnong other items, this equipment
inctuded a water distillation unit and a pipette system for detailed
particle-size analysise Similar lab analyses were performed at
Cornell on several of the same soll samples analyzed at Taizz for
quality control purposes. The soil chemistry laboratory at Talzz
provided all of the baslc data to «classify the soll profiles at the
subgroup level. Clay mineralogy was determined by Cornel! researchers
in order to classify the soil profiles to the family level.
Clagsifying the solils to the family level should aid in the transfer
of soils technolozy to the Yemen Arab Republic from other areas in the
world.

LAND USE 4APS

The Yemen land use classification, developed and used in Project

279-0042, contains several categories of agricultural lande. Some of
these include nearly 100% croplands Each agricultural Land use
category contains a relatively consistent percentazgze of actual

croplande.

Several sample sites representing each land usge category were
compiled throurh a stratified random selection processe A percentage
of cropland was calculated for each sample site using standard eerial
photographic interpretation and remote sensing techniques, and these
were averaged to yleld a meane
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In the Yemen land use inventory, land use and vegetative cover in
Yemen were mapped from satellite imagery, geographically referenced,
and statistically summarizede Multispectral inagery from the earth

resources satellite Landsat III was spectrally enhanced using masking
techniques, chromatic Diazo materials, and standardized photographic
and optical processese. The area west of 45 degrees 30 minutes east
longitude was mapped from these images at a scale of 1:250,000. The
minimum map unit was 25 hectarese. The Universal Transvers Mercator
(UTM) grid system was incorporated for geographic referencing,
statistical summary of land use measurements, and data Storaze and
retrieval, using a sStandard cell gsize of one hundred sSqguare
kilometerse.

HOW TO USE THE SOIL ANL LAND USE MAPS AND REPQRTS

SOIL MAP AND REPORT

The map and legend are intended to show the general distribution of
the different scils of the Yemen Arab Reputlice The map and legend
should permit agricultural planners to locate general areas suitable
for different ngricultural projectse. For exampley if a citrus farm or
experimental nursery is being proposed, tbe map will, firstly, help
planners to eliminate those areas which are definitely unsuitable.

From those areas left the most suitable may be selectede. The map
should not be used to actually site a specfic farm or fielde It does
not include enough detail to do this. For actual siting a more

detailed survey will have to be performed.

In deciding which areas are generally suited foi specific projects,
interpretations of map uni ts will have to ' 2 made. To make an
interpretation of a specific map unit for a certain cropy for example,
the soil and climatic requirements of that crop need to derined. An
experienced agronomist can 10 thise Once the crop!s reguirements are
Knowny then these can be compared to the requirements (or lack of
them) of the crop in questione In the main repocrt, interpretations
have been made for twelve important crops on seventy—-two different
soil groups (families) in Y2meno The crops are maize, sorghum,
cottony millety, citrus, dates, bananas, wheat, chick peas;, potatoes,
coffee,y, and alfalfae Fer example, suppose a planner is interested in
locating a possible site for citrus productione Scil groups
(families) with isothermic temperature regimes, deep and well drained,
with no aquic moisture regimes (higzh water tables) would be very
suitavle. Such a soil will be found in map unit number nine, which
contains Typic Ustorthents wi th isothermic temperature regimes (gee
the soil map legend printed on the map and in chapter S5). Soil groups
(fanilies) with isomesic ( fairly cool) temperature reglmes are
unsuitable for citrus productione This information is given in Zetail
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in the body of the report. Once the different soils, sui table or
unsui table, for the production of certain crops are Knowny, the planner
can refer to the legend on the map to see which aap units are
appropriate. By matching the color and designation symbol of the ma p
unit the planner can then determine those areas in Yemen which are
most appropriate and likewise those areas which are note

LAND USE ¥AP AND REPORT

Careful examination of the maps will give the reader a better
appreciation ot the complexity of Yemen's aygricultural lands and in
particular of the relationships between the agricultural lands,
popularion Hdistribution, and the physical environment.

The Llan:t use maps display the location and area of four regional
ini Ts: the Tibama Joastal Plain, Western Hi zhlancs, Central Highlands,
and Eastern Plateau. A total of elghteen land use clussification
units were identified. Major sagricul tural land use elements
identified are lnotensive, rainfed, terrace and wadi, cultivated
hiythland plains, and plateau wadi agriculture. The intensity of
agricuttural tand use, or amount of land used for variocus basic types
of agriculture carp be identitied, located, and measured from these
mapse Evaluation of the land use maps can demonstrate relationships
between the agricultural lands, population distribution, and the
physical environmente Planning fuanctions can use the information
etffectively to maxinize ause of or protection of the most productive
land use areas.

FULTURE 30I1LS AND LAND STUDIES

SQILS

The cost of producing this map has been estimavted to be
approximately 50.047 per hectare-. The AID project review team
considered this filgure to be very cost-efficiente. The economic

benetits to be made through efficient and effective planning, if the
map is used properly, will greatly outweigh the costs of the surveye

Aga stated previously, however, more detailed surveys need tc be
undertalken for project gsite location and feasibility studiese The
soil map produced under this contract should only be considered a
first step towards the development of a Yemen Arab Republic national

soil survey centera There is a great need for trained Yemenl soil
scientistse. The Yemen <overnment should not depend on expatriate soil
scientists to make and interpret all of its soil surveyse More

detailed soil surveys should ideally be carried cut by a trained cadre
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of Yemeni soll scientists reporting to a specific government officee.
This will permit a much greater degree of sound agricultural planniag
and efficient use of Yemen's most important natuaral resource: its

solls. A trained cadre of Yemeni soil scientists could produce the
needed detailed surveys upon request by government planners. In this
way the government could assure that the most suitable sites in Yemen
were being properly selected for all agricultural projectse. Also the

soil survey bureau could be used as a data reposi tory for all related
informatione.

LAND USE

The present land use map system was produced at a recogrized low
cost of $U.03 per hectare, Project review personnel fizured this
expense to be about one-half =to two—-thirds of the expected cost for
this quality of producte.

The land use project has bheen developed in concept as a anulti-
phased programe The work completed represent:3 Phase I. Phase T1I
should be carried out as a means of generating more detailed
information about a broader range of classifiable Land nza uni tSe The
minimum map unit would be reduced to one hectare or leus.

By generating mcre detailed land use gurvey information far greater
values may be gained for applications in the planning and management
of the country's produciive land resourcese: Aerial photographs
provide greatly increased amounts of information over what can be
prepared from satellite imagery, and they would be most useful to a
more detailed survey efforte.

Through the use of a more detailed land wuse inventory (whether
computerized or manually oprepared) planning gzZroups at all levels of
governuent could assure that the quality of the land-based resources
would match the productive use of the resourcee.
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IECHNOLOGY TRANSFER TRAINING PROGRAY

Institutionalization through technolosy transfer and adaptation is
one of the major objectives of the Yemen land classification and soil
survey projecte To facilitate this objective a specially designed
training program was integrated with the originally contracted project
work.s Two Yemen Ministry of Agriculture staff members were sponsored
for one year of academic study in the United States at Cornell
University. They took formal and informal courses in scoils, remote
sensingy, land use, and naturul resouarcese. In addition they received
instruction in the identificution of appropriate technologies
apolicable to their country—-—sgspecifically in respect to how a
particular technological development package intezrates into their
social, econowic, technical, and/or physical environment. With all
this a substantial base of Knowledge now exists for Yemene It is on
Tthis base that agricultural planning can begin to depend-—-providing
this type of information is maintailned, disseminated to usersg; and
kept updated through a resocource information officee.

MAIN REPOKTS

The soil survey main report is composed of one volume cn the soil
survey and interpretations including the maap in the back pockete The
soil report includes 8sections an soil genesig, classificatlony
vegetation, the map legend, and management and interpretations of
goils for agricultural uses.

The main report of the tand use survey includes three volumes: the
main body, appendices and bibliography, and map sets enclosed Iin three
portfoliose.



