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1.0 EXECUTIVE SUMMARY

Upon its independence in 1977, the Republic of Dijibouti
(Figure 1) found it necessary to have an independent
agricultural capability and entered into an agreement in 1979
with the United States of America to assess national agricultural
and water potential. A Soils and Water Laboratory was

established to identify, locate and evaluate suitable
agricultural areas.

An American specialist, Dr. Joseph E. Goebel of Resources
Development Associates, with Mr. Aboubaker Douale and Mr. Farah
Omar of Agricultural Service, Djibouti, established a soils and
water testing lanboratory in GENIE Rural of the Ministry of
Agriculture to inventory and evaluate the country's soils and
test for fertility and water quality. They also evaluated the
results of their studies from 1980 to 1982 to determine where and

which techniques would be applied to develop the agricultural
potential. L

ORI

A soil survey of the entire country resulted in 55 soils
identified and located on maps of 1:25,000 scale, 1:100,000
scale, 1:300,000 scale and 1:500,000 scale. These maps show the
location of soils suitable for irrigated agriculture, rainfed
agriculture, range and watershed. The Soils and Water Laboratory
has been installed with-atl the equipment necessary to conduct
tests for soil fertility and management as well as tests for
water quality.

The result of this effort is the identification of a
significant agricultural resource capable of supplying a large
portion of the country's agricultural needs. Suitable soils and
good quality water are associated with the wadis. Therefore,
farming will be widely distributed and rainfall dependent. The
information collected in this project should permit the Republic
of Djibouti to initiate and develop national agricultural
objective and policy to reach agricultural self~-sufficiency.

Photos #1 through #6 illustrate the present status of agriculture
in Djibouti.

l.1 Project Goals

The goal of this project 1is to expand Djiboutian
agricultural production through irrigated gardens to the level
that the country can realize import substitution, primarily in
vegetables and fruits. This goal probably cannot be achieved in
its entirety in less than twenty years.

At issue are the economics of developing an agricultural
base in Djibouti. This project will serve to provide a data base
for decision-makers. However, in the ultimate analysis, it is
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' Figure 1l: Location Map of Republic of Djibouti




Photo #1:

Dates are one of Djibouti's oldest and most
successful crops

Photo #2:

Photo #3:

Gardens like this show agriculture is already
established in Djibouti

This is the channel for the Houmbouli Wadi. It
moved to this location exposing this old irrigation
well. The water in this channel is low in salt,

and should be taken to the nearby Houmbouli gardens

L
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Photo #u4:

A N
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We see mangoes, dates, oranges, lemons, and guava
well established. The field will be planted to
tomatoes, okra and eggplant

that soaks up flood
Flow is retarded by the natural dam

BTN A - : 8
This is a typical wadi channel
water quickly.

in the center of the photograph

Photo #6:

Pictured is a well that has been developed in a wadi
channel to provide water for a new garden
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not soils nor necessarily even water, that will prove the
limiting factor, but rather the investment costs versus the

returns. Agriculture can be capital-intensive and presently the
return worldwide is low on that investment.

1.2 Project Purpose

The overall purpose of the Soils and Water
Laboratory project is to institutionalize the capacity to (1)
analyze ground and surface water quality as well as compile,
catalogue and disseminate hydrological information, and (2)
classify soils, prepare soils maps and provide evaluations
concerning the proper utilization of soils within the MADR.

In practical terms, farmers can be advised on soil
treatments to obtain sustainable yields. Achievement of this
project purpose should impact on the sector goal of developing an
information base for use by the GROD in national agricultural
planning and its dissemination to farmers through an agricultural
extension service.

Now, at the end of the project, the staff of the Water
and Soils Laboratory: :

possesses equipment and technical expertise to
independently analyze all water and soils types in
Djibouti; has necessary data upon which to Dbase
recommendations for water and soil use for crop
production and provide guidance for subsequent
soils and water resource analyses in the field:;
has undertaken a soil inventory and developed a
land classification system in selected priority
areas.

1.3 Beneficiaries

The immediate target is a Djiboutian infrastructure
capable of addressing the needs of present and future Djiboutian
farmers. While this project will not have a direct impact in and
of itself, it will, coupled with water data furnished by another
donor, provide a solid base upon which the Government of the
Republic of Djibouti can make rational and positive decisions
regarding diversification into the agricultural sector,. More
importantly, it will allow the government to reap maximum benefit
from any investment into the agricultural sector.

1.4 Project Schedule and Progress

The Government of the Republic of Djibouti requested
assistance from the U. S. in determining its long-term potential
for agricultural development. By analyzing data on soils and
water resources, Djiboutian officials are able to make rational



economic decisions regarding Djibouti's future development in
food production.

In January, 1979, the two governments entered into an
agreement. In April, the scope was limited to soil survey and
laboratory establishment. West Germany offered to evaluate the
hydrogeologic capabilities. In February, 1980, a building was

constructed by the Government of Djibouti to house the
laboratory. In March, the initial equipment arrived.  In July,
1980, technical assistance from Resources Development Associates
arrived and the Agricultural Service assigned a degree-trained
pedologist, Mr. Aboubaker Douale, for training as a counterpart.
In August, additional equipment and supplies were ordered and the

layout for the laboratory facilities were drawn up. During
construction, work began on the soil survey. In October, the
Agricultural Service assigned Mr. Farah Omar to assist with the
effort. Field work and map compilation continued until the

construction of the laboratory facilities were essentially
finished in January, 1982. The equipment was then installed and
training began on laboratory procedures in soil and water
analyses. Chemical supplies arrived in February, 1982. The
reconnaissance and semi-detailed soils mapping was completed 1in
March by helicopter where remote sites were not accessible by
vehicle. During the winter of 1981/82, the agricultural areas of
Houmbouli and Douda were monitored for electrical conductivity of

the irrigation water. At the same time, the property ownership
maps for these two areas were bequn. In June and July the soils
were interpreted and a report prepared. At this time, the

laboratory also received an institutional budget and autonomy
under the Ministry of Agriculture.

The laboratory will continue to receive technical
assistance for a few years from the U. S. Department of
Agriculture. Further, the laboratory technicians are scheduled
for formal training outside Djibouti. This will include one and
one-half years of graduate study in soil chemistry; six months of
USDA-NSSL and USGS laboratory training. The laboratory assistant
will receive two months training at USDA-NSSL, and each of the
two new employees will receive one year basic laboratory

training. The laboratory should then be fully functional and
operating on its own.

1.5 Project Results

In crossing the country and describing the soils at the
sample sites, the Project Team acquired first-hand knowledge of
each of the soils in the country. The Djiboutian technicians
were trained to describe, sample, <classify and map the soils.
The team made a 1:300,000 general soils map of Djibouti and
described and evaluated the major soils of the country. It also
made a 1:100,000 scale reconnaissance soils map of the country
and 1:25,000 scale soils maps of selected areas. Semi~detailed
soils maps of selected watersheds were produced using the
reconnaissance soils 1legend. The team located and identified
potential agricultural and range sites. It described,



classified, and interpreted the soils identified to date. To
help farmers and to give them scientific recommendations for
farming and ranching, laboratory facilities were established to
test the soil and water, and properly inform the land-user.

Other accomplishments included establishing a technical
reference 1library. Land ownership mapping was initiated at a
scale of 1:5,000. Watersheds were mapped at a scale of
1:100,000. Major land slope categories were mapped at a scale of
1:100,000. Both of these maps are necessary to evaluate water

availability. A soil climate map was constructed at a scale of
1:300,000. A general elevation map was constructed at the same
scale. A five percent (5%) one-square~kilometer random sample

was established for continuing resources evaluation and land-use
monitoring for better agricultural information.

Nearly all of the equipment and chemicals are in-
stalled and in place. The only equipment remaining to be
delivered are items for the Perkin-Elmer analytical apparatus and
the conductivity meter. These items have been shipped. Training
has been received on soil survey, laboratory techniques and
management. The laboratory has been established within MADR to
better serve its diverse users. A budget has also been
established to meet the operational needs of the laboratory.
Further training of present and future personnel has Dbeen
planned. The laboratory is operational. The following analyses
can be made: with the laboratory as it existed six months ago:
particle size, calcium, magnesium, total salts, sodium, SAR, pH
and phosphorous index. These are the determinations needed to
answer most of the questions dealing with agricultural
development. It needs time and practice to become efficient and
to achieve 1its potential. Additional tests needed +to answer
classification questions will be started this year as soon as the
last two pieces of analytical equipment are operational. These
tests include potassium, saturation extract, NO3, Carbonate

equivalence, CEC, base saturation, O0OC, Boron, gypsum, sulfate,
chloride, carbonate and bicarbonate.

1.6 Recommendations

l.6.1 Agricultural Recommendations

Water is unquestionably the most important
factor in agricultural production in Djibouti. Large quantities
are required over one to several months and the quality must be
very high to prevent rapid salt accumulation in the soils. As a
result, one must look sericusly at where the water occurs, the
quality of water available, and how to manage the water in
agricultural production.

The locations of accumulated water are
basically four in nature. One area is where the rainfall occurs
on mountains having elevations over 900 meters. Rains occur more
frequently throughout the year in these areas. Floods of these



areas replenish the water within the wadis of Weima, Sadai,
Gobaad, and Hanle. This area is the source of water for all the

wadis from Sublali, along the coast, all the way around the
Goubbhet.

The second place that can be considered is
the wadi channels in the interior of the country. Wadi channels
flood from time to time. The wadi water infiltrates rapidly into
the channel, and if the alluvium is thick enough, a temporary
reservoir 1is established which can be used for some period of
time to irrigate crops, depending on local wadi conditions.

A third position suitable for collecting
water 1is the foot slopes of the mountains and the hills where
sheet erosion and even gully erosion are presently active. This
water can be channeled and directed to accumulate on more level

areas, as a consequence, increasing the moisture availability for
crop production.

A fourth place is playa basins. Often, the
short slopes and the narrow watersheds around the playas supply
run-off water into the playas. 1If this is redirected and ponded,
it can be concentrated on select areas to increase water
availability and thus crop production.

It must be remembered that the water
available and stored by the present active system is about as
efficient as can be expected. When the rainfall is high and the
run-off is high, the water flows down the permeable channels and
infiltrates them, recharging the groundwater, and recharging
alluvium., It also permits the accumulation in playas, which have
a silt cover and are semi-impermeable to the water. As a result,
any kind of engineering would probably eventually inhibit this
recharge rather than improve it. Therefore, agriculture should

adapt itself to the natural flow and availability of water rather
than attempt to dominate it.

Throughout the country, highest quality water
occurs 1in the wadi channels where it is recharged regularly with

fresh clean rainwater. After leaving these channels, it
encounters bedrock and sedimentary rock, which are impregnated
with salts. The salt content rises and the toxicity of some

elements increase.

At this point, it seems that we can consider
the deep groundwater from deep aquifers to contain toxic levels
of boron, which inhibits full healthy plant development. As a
result one should 1look to utilize the water as soon after it
rains as is feasible.

1.6.2 Soils

Soils are the next significant factor in crop
development. The soils in Djibouti near the geomorphic positions

associated with water accumulation are normally suitable. Except



on the coastal plains, the soils are not salty, although they are
calcareous. Most soils are coarse texture and will have moderate
to high permeability. The soils suitable for agriculture occur
on the first and second terraces along the wadis. They also
occur on the colluvial deltas and on the footslopes and
pediments. The soils in the playas are also suitable for
cultivation. There are other areas which are suitable for
cultivation but don't have water available. Most of the other

areas with soil are suitable for range and also as watersheds for
accumulating water.

1.6.3 Soil and Water Development

Any agricultural system in Djibouti will
depend on rainfall. Rain is the only source of salt-free water.
Water 1is only available where the rainwater accumulates. Rain
occurs in short intense episodes. Because agriculture requires
water on an intermediate to long-term basis, two months to a
year, the water must be stored. It must be available at the time
of the <crop requirements. Water storage 1is a rate-of-time
function. Rainwater accumulates in the wadis during floods. It
infiltrates into the channel and flows along slowly inside the
channel sediment, Here, the rainmwater 1is protected from
evaporation by the channel sediments. It is available over
several months or several days in the channel by this retarded
movement. Several years later, it may reappear as groundwater in
deep aquifers.

Rainwater on the pediment slopes, that is,
water runnin off as sheet erosion, distributes water that
infiltrates 1n the soil where it is stored for one to two
months. Water may be stored in channel sediments, in groundwater
aquifers, or in the soil itself until it is used by the crop.
Therefore, it need not be stored in reservoirs. The main concept
of water availability in Djibouti is knowing how much water is
flowing through the system during a given period of time, so that
one can know when and how much water is available to the crop
during that period. This is related to the time between a rain
and the time the sediments have too 1little water for crop
production. Knowing this, one can calculate the kind of crop and
the type of water retrieval system needed to grow that crop.

The following is a strategy for crop
production. The longest-lived most valuable crops must have the
highest gquality and most dependable water source. The lowest
guality crop and the fastest growing should be relegated to the
most unreliable water source. Water from the high mountains
represents the most dependable, high-quality water supply. Tree,
bush, and vine crops are the most valuable, 1long-lived plants.
They should be planted in association with water from the high
mountains. This suggests that deltas and colluviums from
Tadjoura west around the Goubbhet should be planted in fruits.

Cereal grains and oil crops represent
intermediate growth <crops requiring extensive areas and water
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supplies from three to nine months. These crops should be
planted along any of the other wadis on the first and second
terraces anywhere in the country. They can be planted after the
rain has established how much water is available in the alluvium
to plant the crop. This means that the wadis of Weima, Hanle and
Gobaad are particularly suited to grain production. Fregquently,
other smaller watersheds near Eli Sabieh, Dorra, Khor Anghar,
etc., may have water available for grain production.

Finally, the short-lived forages should be
planted where the water has the least durability, the 1lowest-
quality, and the highest risk factor. That is, it should be
planted on extra land by the wadis or in the areas where the
water 1is concentrated along pediments, and in playas. They
should be short-lived cereals and grasses which are harvested as
soon as they show drought stress.

1.6.4 Environmental Impact

This strategy and these concepts will, of
course, have environmental impacts. These include the following:

1. There will be an increase in the number of
birds, insects, and wild animals due to the
increase in vegetation.

2, There will be an increase 1in domestic
livestock with added occupancy and grazing in
areas near to livestock concentrations. This
would tend to encourage over-grazing near
farmsites.

3. Due to the agricultural settlement, there
will be a general increase in the cutting of
bushes for fencing.

4. Since the raimwater is the source of ground-
water recharge, the use of water for
irrigation will directly affect the recharge
rates and lower water availability from the
deep wells. Water availability at some of
the permanent well sites will also be reduced
or eliminated as the water 1is withdrawn
upstream from the alluvium. The use of the
remaining water sites for 1longer periods
without flushing the water holes and also
bringing the livestock to permanent water
sources, will probably increase 1livestock
disease. Finally, because of water diversion
structures, natural erosion and gqully and
sheet erosion will be diverted and reduced.

1.6.5 Preliminary Needs

The Ministry of Agriculture and the
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Government of Djibouti have some initial requirements to meet
before agriculture can begin. One of the things that should be
initiated early is more active contact between the Ministry of
Agriculture and present farmers, principally to develop a program
for assisting the farmers when development is completed. There
should be a more active Agricultural Service which will function
in a direct association with the farmers and farmer organizations.

Djibouti also should establish clear land
ownership policies and laws and should develop procedures for
land users to acquire title. The country's land can be
considered as capital to repay the potential land-user for a
certain number of years of man-labor which could be performed in
public service to assist the country in achieving many of its
public works programs.

Further, the country needs now to begin to
establish legal rights to water, for the livestock, for industry,
for urban needs, as well as for agricultural needs so that
programs can be designed to meet those needs. In this way, a

farmer enters his project knowing he has the assurance of
continued water supply.

In order to continue with national
development of agriculture in Djibouti, additional technical
assistance 1is required. The following is a list of short-term

specialists that could make a meaningful contribution. These
would include:

Agricultural Economist

Cadastral Expert

Agricultural Engineer

Irrigation Engineer

Water Rights/Distribution Specialist

Cooperative Expert

Animal Husbandry Specialist

Agronomist/Horticulturist/Agricultural

Extensionist

Social Scientist (able to look at the impact
of the agricultural developments on the
attitude of the people and monitor the
change)

Djibouti is no longer a nomadic state; it has
farmers; it has agricultural production; it has agronomists; it
has governmental and private agricultural institutions, and it
has agricultural experience., It has identified more agricultural
resources than were previously known. If Djibouti dedicates its
effort to the established objectives, and is willing to commit
itself fully, it should be able to produce enough crops to feed
the current population or more.

1.6.6 Problems Encountered

Several factors affected the efficient
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completion of this project. If they had been rectified earlier,
the laboratory would have progressed further in meeting these
objectives.

In the initial agreement Dbetween the two
countries, no provision was made for an operational budget. This
resulted in spending a large segment of time and effort searching
for a solution, writing the required law to establish 1legal
status for the laboratory and subsequently authorizing personnel

positions and budget. Without this authority, it was often
impossible for the personnel assigned to the project to acquire
basic assistance and funds to meet the objectives. This problem

was successfully resolved by an act of the National Assembly and
the President of Djibouti.

Personnel management also presented
complications. All of the personnel were assigned from outside
institutions. None of them had internal authority to
specifically execute the responsibilities assigned. This

conflict was resolved by the goodwill and cooperative assistance
of everyone in the laboratory and everyone connected with it.
Particular thanks are due Mohamed Awali, Chief of Agricultural
Service, who supervised the men assigned to the project. His
cooperation and support was not only essential, but outstanding.

Construction presented another serious series

of delays. Without a budget materials could not be purchased.
Mr. Mohamed Waberi, Chief of Genie Rural, used funds from his
budget, where and whenever possible, He also assigned laborers
to the work. Nevertheless, the construction of the 1laboratory

facilities tock one and one-half years and required constant
supervision. Training for laboratory analysis of soils and water
was delayed such that some training will have to be done in
short intervals over the next few years. This also resulted in a
small extension to the project in order to complete the
reporting.

Yet another major delay was the acquisition

of material and equipment. It was over a year and one-half
between the time the necessary chemicals and other materials were
selected and their delivery effected. This had the same

detrimental effect on the project as the delayed construction.
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2.0 INTRODUCTION AND BACKGROUND

The purpose of this report is to outline the activities of
the Soils and Water Laboratory Project, to submit the findings of
the investigations conducted in this project, and to present the
recommendations concerning agricultural development in Djibouti
resulting from the effort of this project. The government
established a soil and water analysis laboratory for the analysis
and inventory of the soils and water resources and to provide
technical assistance to range and agricultural development.
Field information was transferred onto a 1:100,000 scale
topographic map and a more detailed soil map was generated.
Semi-detailed mapping was done at 1:25,000 scale for selected

areas. Land ownership mapping was done at 1:5,000 scale. The
building for the laboratory was constructed and equipment and
materials installed. Training was given on soil fertility and

water quality testing. The results of this project 1indicated
that Djibouti has an agricultural resource capable of meeting
most of its needs. The laboratory personnel will receive further
formal introduction on laboratory and soil survey methods and
procedur es. Photos #7 and #8 show traditional agricultural
practices in Djibouti.

2.1 Project History

2.1.1 Pre-Project Documentation

In October of 1977, a team of three
individuals surveyed the status of Djiboutian agricultural
development. This team, comprised of Madison Broadnax, James
McDermott and Claudio Sherftons, prepared a report for USAID
(Appendix A-1) which was to develop alternatives and
recaommendations for specific AID action in the newly-created
Republic of Djibouti, based on a reconnaissance of the country's
natural, human, and institutional resources. Regarding soils and
water, this team recommended that:

"The soil base is adequate to support a
significant agriculture.," "A study by a soils
expert is needed, and our judgments are that there
is enough good soil to justify such a study.”

"In the soils area, a survey is needed, but the
extent and nature is in question. The first task
that we see needed is to evaluate the soils in the
spots where there is currently some water
available for irrigation. The second priority need
is for surveys in those areas in which Djibouti is
interested 1in drilling more wells, or in helping
determine future well sites. Some study should be
made of the Gobaad and Hanle Plains."
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Photo #7: Traditional agriculture - at the beginning of this
project there were perhaps 400 hectares of such
farms as this in all of Djibouti

Photo #8:

Traditional marketing of agricultural produce.
These fat tailed sheep, along with goats, camels

and cattle supported the Djiboutian population for
12 centuries
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"We r ecommend providing some soil testing

laboratory equipment and supplies along with the
survey, but do not know what is needed."

"Water is the «critical element in any of
Djibouti's development alterntives."

"More information about the water supply 1is
needed, particularly with respect to the annual
yield capacity of the major aquifers and to water
quality, especially in those reservoirs in which
the danger of salt is recognized. The Pouchan
data would yield considerable information, but he
claims that adequate information will require more
test Dborings. The team's judgment is that the
water supply potential is adegquate to support some

agriculture and thus, it Jjustifies fur ther
attention. Water expertise is needed to help
determine both study needs and exploitation
needs."

In February of 1978, Dean Peterson,
Chief, SwM, DS/AGR, USAID and Professor Pouchan, Professor
of University of Bordeaux conferred with USAID/Djibouti
r egarding hydrological aspects of an AID agricultural
development project. They found that:

"There are 1limited groundwater resources that
could support some cropping in Djibouti."” "The
exploitation of the more important soil and water
r esources could proceed. There seems to be no
overwhelming reason to make a complete assessment
of resource potential immediately, but soil
reconnaissance in the most promising areas of
water supply potential should be checked out."

The complete report is to be found in Appendix A-2.

In March 1978, an agricultural economist,
Raymond Tremblay, in a report to USAID/Djibouti, recommended
support for a laboratory for water and soil surveys. He stated,

"Its (laboratory) cost-effectiveness is very high.
It 1is the logical step to follow in development.
Instead of going full-flight into agricultural
development in an area where 1little knowledge
exists, the needed knowledge will be obtained.
Personnel of the country will be trained to take
over and carry on. In alternative two the
existing laboratory, which is in the process of
further being developed, will be supported. This
is imperative as conjunctive soil and water
surveys are badly needed. A systematic
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organization and some sort of central availability
of data are high priority requirements. A little
information already exists but is found in various
places such as in France and different ministries
in Djibouti. There 1is a need for Djibouti to
properly assess its water and soil resources. The
country must know its water resouces to develop
its urban and possible industrial potential. Its
national policy gives the cities the first
priority for the use of water. Currently the
port, when servicing ships, sells them water at
four times the rate paid by the people of
Djibouti. There is certainly a need for water for
development of any kind. Some water records have
been carefully collected, but there has been no
central reporting and no central authority.

Little equipment is currently being used and
additional equipment is urgently needed for soil
and water analysis. Sending soil samples half-way
around the world to Hawaii for analysis is costly
and not the best use of funds. But of even
greater concern is the amount of time lost. Thus,
soil and water analyses ought to be done in
Djibouti as a basis for further development.

Training of local personnel is an excellent and
highly recommended use of funds. The USAID staff
should train the local personnel while doing the
soil and water inventory analysis."

The full Tremblay report is found in
Appendix A-3. It was the first document to specifically
r ecommend establishment of a soil and water laboratory.

In August 1978, Fr ederick Ber latt
prepared a report on "Potential Agricultural Studies" 1in

Djibouti. He too found a need for a laboratory in Djiboutl and
further went on to recommend that an inventory of Djiboutian soil
and water resources be begun. The text of his report is found
in Appendix A-4. T

2.1.2 USAID Project Paper

In January 1979, a USAID Project Paper
was developed@d to design a Water Resources and Soils Analysis
Project to "assist the Government of the Republic of Djibouti
(GROD) 1in establishing a research capacity in the Ministry of
Agriculture and Rural Development (MOA) capable of collecting and
analyzing water and soils samples." The Project Paper stated tht
the project will institutionalize, through training in the
Ministry of Agriculture and Rural Development (MOA), the capacity
to undertake studies supportive of long-term agricultural sector
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development, that is, the capacity to do basic applied research
which has immediate practical benefits to the Djiboutian farmer.

Over the two-year life of the project,
AID will provide resources to finance the long-term services of a
hydrogeologist who has had experience in soil sampling. This
advisor will work with and train Djiboutian counterparts in
exploring for aquifers, analyzing water samples, taking soil
samples, directing soils analyses and interpreting the results to
the farmers who work those soils. He will also assist in the
establishment of a water and soils analysis laboratory which is
being built and partially equpped by the GROD.

Supplementary equipment and supplies
will Dbe purchased for the laboratory, as well as a project
vehicle and camping equipment to assure maximum mobility for the
long and short-term technical advisors. Funds will also be
provided for aircraft rental, communications, vehicle operation

and maintenance, temporary lodging and miscellaneous operating
expenses.

In support of this project, the GROD is
prepared to provide complete access to and use of a water and
soils 1laboratory, including equipment and supplies, plus the
services of the following Djiboutian laboratory personnel: one
hydrologist, one water quality chemist, one or two soils
scientists, one librarian, one lab assistant and
nonprofessionals, as required. These technicians and facilities
will Dbackstop the 10-man agricultural extension service, which
will bring soils and water samples to the laboratory and take the
practical advice derived from laboratory findings to the farmers.

The full Project Paper is contained in
Appendix A-5, and the resultant PIO/T is contained in Appendix A-
6.

2.1.3 Technical Assistance Contract

In October of 1980, USAID contracted
with a California firm, Resources Development Associates (RDA) to
provide Technical Assistance services in support of the Water

Resources and Soils Analysis Project. This contract required
that RDA provide a contract team to:

a. Establish a water and soils data collection system
as well as a system for the data's dissemination
and use by other GROD, private and donor
institutions;

b. collate existing and past water and soils data and
to extent possible other donor data collection
activities;

c. provide training to GROD personnel in water guality
testing and soils data collections and analyses;
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satisfactorily

following:

undertake soils studies and analyses supportive to
ongoing donor studies and independent of other
donor efforts in several MOA-USAID targeted areas:

given data obtained, provide estimate of further
requirements needed to undertake a national
overview of soils research.

Indication that the contractor had
attained the above would be evidenced by the

Re soils: has developed field survey and testing
methods, such that the country or at least areas
showing greatest potential may be methodically
covered (duly classified) in the ensuing 5-6
years., Survey and analysis should follow normal

"ground truth" practices so that it will complement
existing or planned satellite or aerial imagery.
Further, has developed map units with appropriate
soils classifications, relying on field data, 1lab
reports and other information sources. Alsc, has
developed laboratory (equipped) to point that soil
testing requirements can be independently handled
therein.

Re water resources: coordinated equipping of
laboratory and established practices for water
quality testing and recording. (Certain

commodities deemed critical to functioning soils-
water lab are funded under this project; others
will be forthcoming from GROD and other donors):

A "user service" will be established which will
list institutions, GROD, and other Donors, which
are intimately involved and concerned with
Djibouti's land-use. A means and format for

dissemination will be tested and implemented:

A technical library established and stocked with
relevant texts, manuals and journal subscriptions,
(in French) in fields of soil science, hydrology,
geology and water resource, planning and 1land-use
management. All past and present information
(maps, studies, reports) re soils and water will be
catalogued;

on-the-job training provided:
l. A GROD-designated degree lab assistant will be
trained in water quality testing and soil

analysis procedures. He will be wunder the
direction of both the contract-assisted
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third

analyses,

water

£.
country

g.

2.1.4

quality,

Djiboutian pedologist and a trained Djiboutian
hydrologist who will be assisted/trained by
West German Technical Assistance team in well-
logging interpretation, aquifer reconnaissance,
stream gauging, meteorological and general
hydrogeological techniques and data management
to extent that he can fully assume and direct
ongoing activities at time West German
Technical Assistance team's departure.

A GROD-designated Djiboutian will receive on-
the-job training (o-j-t) in cataloguing and
data management.

A GROD-designated degree-trained Djiboutian
soil scientist will receive "o-j-t" in soil
sampling and analysis, mapping and reporting.

Identify two candidates for specialized U. S. or
short-term training in areas: related to soil

and water quality testing.

Based upon project soils and water activities and
other existing data:

l.

Develop compr ehensive soils reports. Geo-

graphical areas studied by other donors and
the Contractor/MOA 1lab personnel will be
analyzed in terms of soil depth, structure
(salinity), texture, infiltration and drainage
with subsequent recommendations r egarding
viability of various land-use options, i.e.;
intensive irrigated vs. run-off agriculture
for selected crops, cropping patterns,
pasturage potential. Water resource component
will address water quality, i.e.; chemical
composition and be supportive to other donors'
efforts to determine quantity of ground-
sur face water in order to develop
recommendations for its potential application
for human, animal and agriculture use.

To extent data available, recommend if further
investment in this sector is warranted based
upon project findings, as well as address the
question of further U.S.G. investment vis-a-
vis upgrading capabilities within the soils
and water laboratory. (Appendix A-7 contains
excerpts from the Resour ces Development
Associates' Technical Assistance Contract.)

Technical Assistance Progress

A laboratory for the purpose of determining
soil fertility and soil characteristics was

20



established in Djibouti with technical assistance from Resources
Development Associates a financial and equipment grant from the
United States Agency for International Development (USAID) and
with personnel and administrative assistance from the Ministry of
Agriculture of Djibouti. The successful completion of this

laboratory is a major contribution to the development of the
limited soil and water resources of this country.

During the two years assigned to establish
the 1laboratory, a rational conclusion has been made about the
quantity and quality of both the soil and water resources to meet
public, industrial and agricultural needs. It has been
determined that sufficient water and soil resources suitable for
agriculture exist to supply most of the country's needs.

The building for the laboratory has been
constructed; the necessary permanent installations are Dbeing
made. The testing equipment has been received, the chemicals and
field equipment are on hand. A soil scientist and a laboratory
technician have been assigned and are at work. Training 1is
complete on field characterization of soils, soil mapping and
cartography.

The laboratory 1is a joint venture- between
Djibouti and the U. S. under an agreement entered into in April
1979. Implementation of the project was delayed for various
r easons until July, 1980. Since that time, activity toward the
objective of a fully-functional soil and water laboratory has
increased significantly. Dr. Joseph Goebel arrived to direct the
laboratory and soil investigations. Aboubaker Douale, a degree-
trained pedologist was assigned to assume responsibility for the
laboratory. A laboratory technician, Farah Omar, has been
assigned to do the soil and water analysis. Final construction
of the permanent laboratory facilities continued until January,
1982, when the equipment was installed and training for specific
analysis began. In the meantime, assessment of the Djiboutian
soils and soil morphology, classification and cartography began.

2.1.5 Legal Status of the Soils and Water
Analysis Laboratory

On 29 April 1982, the President of the
Republic of Djibouti signed a law which established the Soils and
Water Analysis Laboratory as a relatively autonomous organization
reporting directly to the Ministry of Agriculture and Rural
Development. The law defines personnel positions, authority, and
budget. Appendix B contains a copy of that law.

2.2 Reporting

Reporting in this project has taken many forms.
Initial reporting requirements included Quarterly Reports, Annual
Work Plans and a Final Report. The Quarterly Reports are
contained in Appendix C-1l; the Annual Work Plans in Appendix C-2.
In addition, a Status Report was submitted to USAID during the
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course of the project. This report is contained in Appendix C-3.
A special Status Paper was submitted, upon request, to the
Minister of Agriculture. This report is contained in Appendix

C-4. The USAID Mid-Project Evaluation is contained in Appendix
C—s-

During the course of the project, the United Nations
requested a soll survey report on two special locations

identified as sites for refugee settlement. These reports are
contained 1in Appendix C-6. Reports were completed on the
1:100,000 and 1:25,000 soil survey investigations. A special

report was written on the water quality of the agricultural wells
in Houmbouli and Douda. A report was written on the areas of
land occuring in each of the seven major slope categories and the
areas of each of the watershed areas, A special report was also

written for the Minister of Agriculture to explain the
agricultural resources of Djibouti.
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3.0 WATER RESOURCES AND SOILS ANALYSIS PROJECT

Technical assistance for the Djiboutian "Water Resources and
Soils Analysis Project" has focused on two general areas of

effort. The first was the establishment of a chemical analysis
laboratory to appropriately analyze both soil and water samples
collected within Djibouti. This effort included the physical

set-up of the laboratory and the training of laboratory personnel

in proper laboratory procedures, testing methods and management
of the facility.

The second major area of effort was the mapping of the soils
of Djibouti. This effort included identification and
classification of these soils, mapping of their areal extent (at
several scales and in various levels of detail) and training in

the . appropriate techniques and procedures to accomplish the
above.

3.1 Approach and Summary of Activities

The Soils and Water Laboratory staff have:

a) the equipment and technical expertise to
independently analyze all water and soil types in
Djibouti,

b) the necessary data upon which to base

recommendations for the soil and water use in crop

production and provide guidance for subsequent soil
and water resource analyses in the field,

¢) undertaken a soil inventory and developed a land
classification system on a general scale and in
selected priority areas.

In order to accomplish the foregoing, the following was
necessary:

a) A soil and water data collection system was
established with an appropriate information form.

b) A system was established to disseminate the soils
and water data to other Djiboutian Government
agencies and private and donor institutions.

c) The existing and past soil and water data were
collated, placed in the library and applied during
the project and to the extent possible, data
collection activities of other agencies wer e
incorporated.

23



d)

e)

£)

g)

h)

i)

3)

The Djiboutian personnel were provided training in
soil chemical analyses, description, classi-
fication, mapping, interpretation, inventory and
reporting.

The Djiboutian personnel received training in water
quality analysis and reporting.

The project personnel and Djiboutian counterparts
have undertaken soil studies of the soils
conditions for rangeland and irrigated cropland on

both a general national inventory and in several
selected priority agricultural sites.

Since no 1:10,000 or 1:50,000 scale base maps exist
for Djibouti, and there are neither personnel, time
nor equipment to make base maps, the national soils
inventory was conducted on the best set of
topographic maps available at 1:100,000 scale.

Without a basic land survey to accurately 1locate
features found on an aerial photograph to the base
map (1:100,000), the large scale (1:25,000) maps of

high priority areas were made directly on aerial
photographs.

Because the combined soil and water potential for
possible agricultural sites were not established,
the high priority sites were evaluated later in the
project based on established agricultural
capability. In this way, valuable time was not
wasted on areas without either soil or water
resources.

Soil samples from the present agricultural projects
were tested as soon as the laboratory facilities
and procedures permitted accurate analyses.
Preliminary recommendations €for soil amendments
and practices were made to the fullest extent
practicable.

Indication that the foregoing was satisfactorily
attained was provided by the following:

a)

b)

Field survey and testing methods have been
developed such that a small-scale 1:100,000
national soils map was developed to be used in
selecting potential agricultural sites and
rangeland management capability.

A procedure was established to methodically cover

the areas of highest priority during the ensuing
five or six years.
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c) Soil survey and analyses followed practices which
permitted the use of existing or planned satellite
and aerial imagery for future evaluation and
monitoring of the land-use.

d) Satellite imagery and aerial photographs were used
to construct the national soils map so future
imagery of this type will be easily correlated to
the soils map and the multitude of detail
associated with such a report.

e) A random inventory based on a sample of 1,000 one-
square-kilometer plots was established to be used
as an agricultural and rangeland needs inventory so
specific sampling and detailed analyses could be
directed to specific areas which reflect relative
national impact. The data derived from these plots
would serve in satellite imagery interpretation,

resources inventory, - production estimates and
provide data for economic evaluation.

f) Map units were established with appropriate soil
classification, relying on field data, laboratory
reports and other information sources.

g) The 1laboratory was equipped and developed to the
point that soil testing requirements could be
independently handled therein.

3.1.1 Laboratory Reguirements

Djiboutian personnel were to conduct the
following soil fertility tests: nitrogen, phosphorous,
potassium, organic carbon, calcium, carbonate equivalence, pH,
boron and sodium and other necessary micronutrients. The more
specific analyuses would include cation exchange capacity, total
base saturation and electrical conductivity.

The soil physics tests which were to be
provided by the laboratory included bulk density, soil structure,
and particle size analyses. The equipment was not to be
furnished for testing water holding capacity, water infiltration,
plasticity index, or shear strength. These could be estimated
from other data acquired by the labortory.

» The needed equipment,  chemicals and
transportation were to be funded by the U. S. Other commodities
deemed critical for this project were to be forthcoming from the
Djiboutian Government and other donor agencies. This included
buildings, facilities, personnel and hydrologic field support.
The layout for the laboratory was to be drawn out and the
laboratory so constructed. ’

A user service was to be established to
include Genie Rural, Agriculture Service, ICERST, Public Works,

25



volunteer organizations and private individuals. These people
were to present soil and water samples directly to the laboratory
accompanied by a form giving relevant information about these
samples. The laboratory ws to collect the sample and relevant
information for the user. The user was then to receive the
results of the analyses and any appropriate and practical
interpretation. The results were to be stored and used in future
assessments of the status and uses of Djiboutian soils. It was
expected that users would furnish information on the practical
results of laboratory recommendations sO that fur ther
r ecommendations could be more refined. A system was to Dbe

designed to accommodate the flow of informtion to and from the
field.

A technical library was to be established and
stocked with relevant texts, manuals and journal subscriptions in
the fields of soil science, hydrology, geology, water resources,
planning and 1land-use management. All past and present
information, maps, studies and reports, specific to Djibouti were
to be catalogued. This was to be an ongoing effort, extending
beyond the project's lifetime.

3.1.2 Training Requirements

Several types of on-the-job training were to
be given by the technical advisor to the Djiboutian personnel.
They included the following:

a. A Djiboutian-designated laboratory assistant
(Farah Omar) was to be trained in water quality
testing for the following tests: sodium, calcium,
magnesium, manganese, 1iron, aluminum, silicon,
potassium, phosphorous, boron, chlorine, sulfates,
carbonates and nitrates and others that were
deemed necessary.

b. The West German Technical Assistance team would
train a Djiboutian hydrologist in well-logging
interpretation, aquifer reconnaissance, stream
gauging, meteorological and general hydrological
techniques and data management. This hydrologist
would supervise the laboratory assistants on water
quality testing.

C. A Djiboutian technician was to be trained in
cataloguing and data management, including
equipment and materials inventory as well as
technical correspondence and reports.

d. A Djiboutian~designated degree-trained soils
scientist was to receive on~the-~job training, in
soils description, morphology, classification,
car togr aphy, reporting, interpretation and
chemical analyses. He will assist the laboratory
assistant in soil analyses.
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e. There were to be two candidates identified for
training in the U.S. or a third country. While
most short-term training was presented as on-the-
job training, some further structured training was
advisable for the candidates. At least, six
months should be spent by the laboratory assistant
in a functioning laboratory such as the S.C.S.
laboratory in Lincoln, Nebraska, and the U.S.G.S.
Water Laboratory in Denver, Colorado. The
pedologist will need two years of post-graduate
training in soil chemistry to assure that he has
enough formal background to solve problems that
will arise after the completion of the project.

3.1.3 Soil Survey Requirements

Based upon project soils and water activities
and other existing data, this project was to develop compre-
hensive reports on the national soils inventory to be used in the

location of agricultural sites and the evaluation of rangeland
potential.

Geographic areas studied by this and other
projects were to be analyzed in terms of soil depth, structure,
salinity, texture and drainage with subsequent recommendations
regarding viability of wvarious land-use options to include
intensive irrigated row crops, irrigated pasture, rangeland and
brushland including cropping patterns, pasture and range
potential. This was to be accomplished with maps, tables,
dialogue and laboratory results.

The water resource component was to address
water quality based on chemical composition and conductivity.
This testing will be supportive of other donors' efforts to
determine the quality of ground and sur face water for human,
animal and agricultural use.

Recommendations concerning further investment
in the agricultural sector were to be based on the available
data. If further investment was warranted the question of
further U. S. cooperation by way of upgrading the capabilities in
the laboratory would be assessed. At the end of this project the
laboratory was to be able to perform all routine soil and water
analyses and soil investigations on its own recognizance.

3.1.4 Technical Assistance Activities

In order to implement this project, the
advisor pedologist was to accomplish the following:

He was to facilitate equipping the Soils and
Water Laboratory by doing the design, layout, equipment
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inventory, and installation of equipment, testing for
serviceability, determine sample flow, decide on testing
procedures and technigques and organize the laboratory into a
smooth flow of samples, test results and recommendations.

He was to develop an Annual Work Plan for the
laboratory with the assistance of the Djiboutian assistants.
Soil reports were to be provided.

The advisor pedologist was to conduct family
unit and detail scale surveys of potential or existing garden

areas where management, irrigation techniques, reclamation
procedures, crops and drainage have to be adapted to soil
conditions and water quality and availability. This was to

include a soil characterization and description for each site.
Since the 400 or so gardens average about 0.25 hectares, maps at
any scale would not be relevent, so a verbal description of the
soils and the geomorphology were to be made and recorded for each
farm. A large-scale map on aerial photos of the garden region
was to be made when the soils of the country are understcod and
their relationship to the garden area is understood. The order
of priority was to include Moulud, Douduballa, Forage Gran Bara,
Houmbouli, and Atar among others. Service at this scale was to
be considered a personal service to land-users.

Soil surveys were to be made at a medium-
scale of 1:25,000 (the scale of the aerial photos) because there
were not sufficient 1:50,000 scale base maps to provide proper
control in reporting the survey. It was too time-consuming and
costly to make impromptu base maps. The soils areas would be
more accurately recorded directly on aerial photographs which
could subsequently be referred to for land evaluaticn. This
scale of mapping was to be used on major plains and other areas
identified as having both a soil and water potential. These were
to include the Gobaad, Hanle, Tadjoura, Atar, Obock and places
scattered from Eli Sabieh to Dorra. A soils map was not to be
developed until an area was studied sufficiently to verify that
it had both quality soils and water, above the needs of the local
inhabitants and their 1livestock, to support irrigation
agriculture. Then, only that portion which could be identified
as productive would be surveyed to conserve efforts and to focus
attention on areas which could be productive. Because of the
scattered rainfall and the various drainage conditions and
configurations, agriculture will probably consist of many small

scattered plots throughout the country instead of one area of
concentrated effort.

A plan for a 1:100,000 scale survey was
developed to give Djibouti its first national soils inventory.
This inventory would serve as a basis for rationally determining
high priority areas for agriculture. This plan would also serve
for rangeland management. The map scale of 1:200,000 was
rejected because the topographic control was considerably better
at the larger scale. Further, there were too few maps available
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at 1:50,000 (one sheet only) to do a survey at the scale.
Therefore, a scale of 1:100,000 represented the best available
map. Enough could be represented at this scale to give all the
information needed in planning and soils inventory evaluation
until specific site maps were made at 1:25,000. This inventory
was begun while the laboratory was being completed. It also
provided soil samples and soil descriptions which were to be used
for practice in laboratory training. The survey was to provide
basic information on wuplands and stratify soil environments
according to their potential for grazing, carrying capacity, etc.

Reports on the above surveys were to be
prepared with accompanying land-use recommendations. This was to
include soil family level description of soils at the individual

garden level. It was to include the recognition soil subgroups
at the intermediary level of a scale of 1:25,000. -It was also to
incude soil Great Group subdivisions at the general soil

inventory on the national level.

Land-use recommendations for the foregoing
areas surveyed was to be developed relying principally upon field
estimates to determine permeability and infiltration in areas
where irrigation was planned, and also laboratory analysis  to
determine texture, pH, organic carbon, electric conductivity,
total base saturation, cation exchange capacity, bulk density,
boron and other relevant indicators.

It was to be determined, as early as
possible, that the extent to which the soils and water laboratory
could satisfy the above requirements, and where it was determined
that it is unable to do so, assistance would be developed outside
Djibouti which could perform the analyses. Assistance of this
type could be expected for clay minerology analyses, some Xx-ray
diffraction analyses for selected soil minerals, and certain rare
micronutrients. This assistance could probably be obtained from
the Overseas Technical School in France.

Work-related training for the Ministry of
Agriculure's Djiboutian degree~trained pedologist assigned as
Director of the Soils and Water Laboratory was to be provided.
This included training in soil description, classification and
cartography. It was to include soil chemical analyses and
procedures as well as soil reports. Training was also to be
given on managing the laboratory, maintaining quality control and
r ecommendations based on the analyses and the soils inventory.

Work-related training for the laboratory
assistant in soil chemical analyses to be provided was to include
nitrogen, phosphorous, potassium, organic carbonate equivalent,
total base saturation, cation exchange capacity, micronutrients,
sodium, boron, chlorine and electrical conductivity. There was
also to be training in bulk density, textural analyses and
mineral identification. The laboratory assistant was also to
learn to test water quality for sodium, potassium, calcium,
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magnesium, phosphorous, iron, aluminum, silicon, chloride,
sulfide, nitrate and carbonate and any other appropr iate
analyses. He was further to become acquainted with soil and
water field procedures.

A baseline of ground truth was to be
developed from 1,000 random samples. It was to be integrated
with present and planned satellite and aerial photographs to
develop a data base for comparison with future imagery for time-
lapse analyses.

Soil sample collection and analyses
activities were to be coordinated with other donors as desired by
Djiboutian Government-designated priorities. The Government of
Djibouti, the Ministry of Agriculture and USAID were to be
informed on the quarterly progress of project activities. It was
expected that the attention of the Djiboutian Government and
USAID to any problems or shortfalls as a result of possible
insufficient manpower, training complications, commodity
deficiencies, donor coordination, etc., would be sought.

Finally, the results of this project were to be synthesized in a
final report.

3.2 Soils and Water Laboratory - Progress and Results

The Soils and Water Laboratory is organized into four
sections with appropriate subsections as outlined on the
Organization Chart, Figure 2. At present, only two individuals
are assigned full-time to the lab. These individuals are Mr.
Aboubaker Douale, Chief of the Lab, and Mr. Farah Omar, Soil
Survey and Laboratory Technician.

To facilitate recognition of progress in the work for
the Djiboutian Soils and Water Laboratory Project, a list of work
categories that were explicitly or implicitly stated to
accamplish the goals and objectives of the project have been

included. The subsequent accomplishment of each assignment 1is
appropriately noted.

3.2.1 Facilities and Equipment

A. Building Construction

One of the first objectives of this project
was to build a facility to house and expedite the operation of
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the laboratory. By August, 1980, the building was constructed
and the four rooms requested initially were made available to the
project.

B. Construction of laboratory
facilities

As a first step, it was necessary to draw the
following plans (Figures 3 through 8), to install the benches,
shelves, and plumbing in a manner that would expedite work and
analysis. After several complications, the laboratory was fully
installed by the end of the project.

The 1laboratory is designed for samples to
arrive at the office in Room #7 and be logged in on a receiving
form. It is then placed on the shelves in the hall to go to
storage, drying and grinding, behind the building. When the
water and soil samples are ready for analysis, they are placed on
the shelves behind the door in Room #10. The sample is assessed
and labeled for the laboratory with internal lab numbers (all
samples are received by UTM coordinates for identification).

The so0il is immersed in liquid or the water
is processed on the center bench of Room #10. Soil physics is

performed on the next bench. Microanalysis is performed in Room
#11 where in-process calculations are per formed.

The results of the laboratory is passed for
final processing and dissemination in the office in Room #8,
which also houses the library. The sample is disposed of in the
pit behind the laboratory. Room #7 is used for soil survey needs
such as drafting and remote sensing. Overall, the layout was
executed as planned. It serves the needs of the personnel and
the output of this laboratory. Photos #9 through #15 show some
of the general layout of the completed laboratory.

C. Ordering and purchasing equipment,
materials and supplies

D. Equipment and materials inventory

Appendix D lists the property inventory for
the laboratory as of July 1982, It contains lists of chemical

r eagents, laboratory equipment, office and drafting equipment,
and field equipment.

E. Equipment and maintenance
(An electronics repairman has been
located locally.)

F. Restocking materials and supplies

(Catalogues are all available for equip-
ment and chemicals.)
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Photo #9: Mr. Aboubaker Douale and Dr. Joseph Goebel analyzing
soil and water in the laboratory
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Photo #11:

Aboubaker Douale
fully mapping the
the Tadjoura area

Photo #10: Aboubaker Douale, Laboratory
Chief, is working at his desk
directing laboratory and soil
investigation

is care-
soils in

Photo #12: Farah Omar, Soils Tech-
nician, measuring one of the
soils maps produced on this
project
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Photo #13: Farah Omar preparing a
sample for soils analysis

Photo #1k: Secretary typing a soil

description performed
during this study

Photo #15: Beverly Rollins, agronomy
volunteer, correcting dis-
tortion in photographs used
to map 1:5,000 scale land
ownership maps
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3.2.2 Laboratory Analyses

A.

Test soils for nitrogen, phosphorous,
potassium, micronutrients, salinity,
conductivity, carbonates, lime, texture,
structure, bulk density and others --

accomplished. Photos #16 and #17 show
soil test pits.

Following are test procedures for moisture
content and particle size analysis:

1.

Procedure for Moisture Content

To do a moisture content evaluation,
place approximately 200 grams (record
the exact weight) into a small container
that has been weighed. Put the sample
in the oven at 50 degrees C for at least
twelve hours and weigh immediately upon
removing from the oven. Subtract the
weight of the container. Subtract the
dry weight from the moist weight and
divide the remainder by the initial
weight and record.

Procedure for Particle Size Analysis

Prepare dispersing agent by dissolving
50 grams of Calgon in water and dilute
the solution to one liter by volume.

Weigh approximately 100 grams of soil
(record the exact weight, which has
passed through a 2 mm sieve, and add 125
milligrams of dilute Calgon solution and
let soak -- with occasional stirring --
overnight.

Place approximately 20 grams (record
exact weight) in the drying oven to
determine moisture content. After
obtaining the moisture content, correct
the weight of the sample by testing by
subtracting the weight of the water.
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Photo #16:

Photo #17: Maarigi Soil above 1200
meters. Laboratory con-
firms the organic content
of top layer

Photo #18: Water such as this

and boron

Photo

The laboratory tests soil
sample from soil like this
Balambal on plateaus between
600 - 900 meters elev.

s assessed for salt

#19: Waters unusually good for
drinking/irrigation.

content of water
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The following day pour the sample into
the mixer, rinsing the beaker, and add

water 1if necessary. Mix for three
minutes. Place the sample in a one-
liter straight-walled cylinder. Clean

the mixed container and add water to
make one liter.

Prepare a standard cylinder with 125 ml
of dispersing solution and water to make
one liter. This serves for temperature
and density correction for the
hydrometer. Also, the hydrometer can be
stored here between readings.

Begin the hydrometer test: Take the
stirring rod and stir for 30 seconds.
Note the time when the stirring is
stopped. Remove the stirring rod.
Carefully and promptly insert the
hydrometer. Record the reading at 30
seconds, one minute, followed later by
other desired times calculated to give
the particle size desired.

Repeat the process in the next
cylinder. Recommended readings are: 30
seconds, one minute, three minutes, 30

minutes, 1.5 hours, 4.5 hours and 24
hours.

Particles Larger Than 2mm Sieve Analysis

Begin by drying and grinding the soil
(weigh approximately 20 grams or less
than 2 mm soil sample for moisture

content). Weigh approximately one
kilogram of soil (record the exact
weight). Correct the weight for the
moisture content. Stack the following
sieves: 9.5 #4, #8, #20, #30, #60; pan
after weighing and recording. Pour the

soil in the top and shake well and weigh
each sieve. Subtrct the weight of the
sieve. Then, subtract the weight of the
moisture. Divide the results of each
sieve by total dry-weight of the sample.

This procedure gives the percent of the
total sample in each size class. If
this per centage is preferred for
particles less than 2 mm, then multiply
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the results of the hydrometer test by
the percentage of the one Xkilogram
sample passing the last (2 mm) sieve.

The repetitive nature of the particle size analysis was assessed.
The same soils were run four times. By compar ing the difference
of one evaluation to the other on the same sample, it was
possible to determine the reliability of both the procedure and
the technician. In this case, the 15-second reading varied
from 2% to 5%. This is always the least accurate reading due to
time constraints. The one minute reading varied between 0% and
3% in four repeats. The three-minute readings varied between 0%
and 2.5%. This is compared with up to 7% variation for other
established laboratories.

B. Test water for sodium, potassium,
calcium, magnesium, phosphorous,
manganese, iron, carbonate, sulfur,

nitrate, chloride and others.

The Laboratory tests and procedures for
salinity, pH, cloride and conductivity
were conducted on twelve samples of 25
grams dry weight diluted to 50
milliliters and evaluated by an
appropriate conductivity meter. The
meter failed in the middle of the test.
Therefore, no results are available.
Further work on these tests are being
conducted by the staff of the SCS-USDA.
Training will also be given in Lincoln,
Nebraska. Photos #18 and #19 show
typical water sources.

C. Independently analyze all soil and water
types in Djibouti -- accomplished. The
Laboratory Chief  has demonstrated

excellent training in soil 1laboratory
methods/procedures and he is able to do
them on his own.

D. ' Established proper laboratory techniques
-— accomplished.

E. Established proper laboratory procedures
-- accomplished.

F. Established sample flow -~ accomplished.

G. Compute results of analyses --
accomplished to the extent of training.

H. Record results -- accomplished.
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Appendix E contains copies of the
Laboratory reporting forms developed in
or recommended for use in this project.

Make recommendations -- accomplished for
those requested.

Arrange for outside analyses of clays
and trace elements ~- accomplished.
Relevant laboratories are listed in the
library.

Make farm visits

Eleven individual farm sites were
visited. Reports were made to document
each visit and to provide recom-
mendations. These Farm Visit Reports
are found in Appendix F. Photos #20
through #23 show typical farm sites.

3.2,2.1 Water Quality Analyses

Water quality analysis was delayed until arrival of the

110VAC 60Hz alternators

so that the analytical equipment would

function. Training has been arranged.

A.

B.

Test all samples received -- partially
accomplished, testing continues.

Receive all samples presented -
accomplished.

Test each specific analysis -- partially
accomplished, assistance is provided.

Record and report results of tests -—-
accomplished.

46



Photo /20: Aboubaker Douale, Chief

Soils & Water Testing
Analysis Lab w/Allen Hidlebaugh and
George Holmgren of USDA Soil Conser-
vation Service for soil survey and soil
laboratory divisions

Photo #21: Traditional well dug in
. wadi channel supplying

guallty water according to lab tests

in this project

e *"d.‘gwwmnm

-

Photo #22: Quality soils and quality Photo #23: Farm site location is
. waFer can produce one of responsibilities
variety of crops, i.e., cane, dates, of lab. This site was located on road
oranges, mangoe, tomatoes, eggplant to E1i Sabieh built w/hand labor
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. A special water investigation was
conducted in Houmbouli and Grand Douda
area. Salinity of well water was
analyzed in order to determine if unsafe
drawdown stress was being placed on the
main aquifer of the area as a
conseguence of a prolonged drought.
Appendix G contains the report produced
as a result of that investigation.

E. Coordinate the efforts with other
agencies, 1i.e., ISERST public water and

public works -- accomplished. All
agencies agree to cooperate with the
laboratory.

3.2.2.2 Soil Chemical Analyses

A. Collect soil fertility samples --
accomplished

B. Make appropriate tests for each user --
pending equipment functioning. Training
will be provided.

cC. Acquire a predictive capability for
recommendations based on laboratory
results. This will be done based on
general plant requirements until further

analysis 1is conducted to establish the
nutrient capability of the soils in

Djibouti.

D. Distribute the information -—
accomplished

E. Report results -- accomplished.

F. Make recommendations on soil amendments
and land-use options -- accomplished.

G. Cooperate with extension service --
accomplished.

3.3 Soil Surveys

The national soil inventory was undertaken to supply
Djibouti with suitable basic information to make decisions on
land use development. This includes water recharge, agricultural
development, rangeland development, resettlement and engineering
projects. This inventory also made it possible to prioritize the
better soils areas with the better water supplies for
agricultural development.
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The national soils map and its attached descriptions
and interpretations will permit more rational and informed
planning in development. It has enough information to make
preliminary decisions on development use and location. When more
detailed information is needed, a more detailed study can be

made. Development need no longer be delayed for lack of soils
information.

3.3.1 General Approach

At the beginning of the project, before any
field work, the team made a preliminary soils map based on the
1:200,000 scale geologic and topographic maps. This map assisted
in the determination of the soils in the field. Next, a half-
percent random sample was drawn to establish ground truth and
describe and sample the soils to define general soil resources.
Each sample site was one square kilometer established by the
Mercator grid system. Each sample site was visited and the major

soils were described and sampled. At the laboratory, each site
was located in the kilometer grid system on the 1:250,000 false
color composite Landsat images of the country. The soils were

named according to the information obtained by visually
interpreting the information on the Landsat images for each
sample site. This map was then combined with the topographic

information on the 1:100,000 scale topographic map to create a
r econnaissance soils map.

This reconnaissance soils map, in conjunction with
hydrological data from a collateral project, was used to select
appropr iate watersheds for semi-detailed soils mapping on aerial
photographs at a scale of 1:25,000. For semi-detailed mapping,
we used a random sample of five percent (5%) of the area to
collect the basic field data. Following this procedure specific
agricultural sites are determined in accordance with the limited
water potential of the area.

3.3.2 The Random Resource Sample

A set of 1,000 sites, each one square
kilometer, were taken at random across the country. This sample
represents approximately five percent (5%) of the land area of
Djibouti. It 1is the purpose of this sample to expedite the
collection and accur ate description of the natural
geographically-distributed resources. It is also intended to
facilitate the collection of data by various scientific
investigators with diverse interests.

The sample sites are organized in one list by
the order of occurence of the numbers when they were selected.
This is important for further subdividing the survey for
analyses. A second arrangement is based on their arrangement by
UTM coordinates to facilitate locating the sites on the map. It
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is further divided into groups related to the 1:100,000 scale
topographic map. The entire list of randomly-selected sample
coordinates is found in Appendix H.

The number 'universe' for the same lists all
of the UTM coordinates, wherein the designated site north and
east of the coordinate intersects, and lies wholly within
Djibouti and on land. The list is organized from west to east
followed by ordination by south to north.

It is the intent of this project to encourage
other investigations to use this sampling device to facilitate
the compounding of detailed information based on the same sampled
areas so that they may draw extensively on each other's expertise
in a specific manner. A 1:100,000 scale map of the distribution

of these 1,000 sites can be viewed at the soils and water
laboratory.

3.3.3 Mapping Procedure

This soil survey was conducted by first
selecting 100 randomly distributed sites throughout the country
as specific objectives to search out and describe. The first 100
samples of the 5% random sample were set aside specifically as a
1/2% coverage of the country for especially rapid assessment of
the resources. All of the sites were visited. The first attempt
was made by an all-terrain vehicle and the remainder by
helicopter.

A significant soil was picked within the one
square kilometer site and thoroughly described in profile and
geomorphic distribution. On site, the relationships between
soils was estimated and clarified. The UTM coordinate numbers
were used to identify the sites along with a local site name.
All of this information was acquired and recorded on the
1:100,000 topographic map. Figure 9 shows a characteristic soil
site description. Similar descriptions for all 100 soils are
found in Appendix H.

These sites were then located on 1:500,000
colored Landsat image and photographic characteristics identified
and mapped-out in similar areas. Figure 10 shows a portion of a
1:500,000 Landsat False Color Composite (FCC) of Djibouti. This
information was then enlarged and compared to the features of the
1:100,000 topographic maps and the slope maps. The final map is
registered to the 1:100,000 topographic map and drafted on mylar
to facilitate reproduction. Copies can be obtained from the
laboratory.
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12/80 A.D./J.G./F.O

ARTA
Site No. 57

Location: 267.1 E
1274.9 N

0-15 cm: All horizon; dark yellowish brown 7.5YR 3/4 (moist);
clay loam (very gravelly), very fine and weak
granular structure; soft and friable. pH=7.3 (pH
meter); strongly effervescent many fine roots;
thin film of CaCO03 on the rocks, it is covered
with 75% of cobbles, stones and boulders of 10 to
75 cm; clear and smooth boundary.

15-40 cm: Al2 horizon; dark yellowish brown 7.5YR 3/4 (moist);
silt loam (very gravelly): medium weak sub-angular
blocky breaking to weak fine granular structure;
pH=7.3 (pH meter); strongly effervescent; common
fine roots; 60% coarse gravels; soft friable soft

fine dissumulated powdery CaC03; gradual and wavy
boundary.

40-70 cm: ACca horizon; yellowish brown 7.5YR 5/4 very
gravelly clay loam fine granular structure; 60%
gravels; pH=7.1; strongly effervescent; gradual,
dif fused and irregular boundary.

70-200+ cm: C horizon; dark yellowish brown 7.5YR 3/4: volcanic
lava fractures; coarse gravels; many films of
CaCO3 on the gravels; mildly effervescent.

Inclusions: These soils occur on slopes of 25-50% which
represent about 35% of the area. 102 of the area
is occupied by the tops of the mountains with thin
soils, 10% with rock outcrop, 20% with slope
shoulders, 20% with steep valley slopes with thin
soils, 10% with vegetation cover (sogsog dominant,
guud rare, kulan 1% dhidin...)

Parent Material: steep mountains, 50 to 70% cover of large
volcanic bombs.

Comment: Location: 5 to 7 m from the road to Arta on the
west side and at 3 km from the junction of the
roads to Arta and Queah,

Classification: loamy skeletal mixed hyperthermic Aridic
Calciustoll. (Typic Torriorthent)

Figure 9
CHARACTERISTIC SOIL SITE DESCRIPTION
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Figure 10: Landsat 1:500,000 False Color Composite
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Mapping unit descriptions are illustrated 1in

Figure 11. Figure 12 describes the photogeologic appearance of
the major soils on the FCC images. Approximately 35 mapping
units were so described. Figures 13 and 14 show symbols and

areas of these mapping units.

The mapping units were then subdivided and
reported by soil series. Interpretations were then made for

each series member and the soil series was classified. Figure 15
shows the soil series names and their associated descriptive
sites. Figure 16 shows soil series by «classification and
compares Djiboutian to American (well described) soils.

4
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Symbol: Ba 16

Name of principal soil: Balambal - Derokoma
Location and distribution: all over the country west of the
mountain ranges, and the plateaus.
Climate: Warm and dry
Predominance in the country: one of the major soils in the
country.
Composition of Mapping Unit:
1) Name of the soil series: Balambal
Classification: fine loamy, mixed hyperthermic¢, Typic
Calciorthid.
Brief description: between 50-75 cm. thick, yellowish red

to dark reddish-brown, stony clay loam.

Percentage of the mapping unit: 40%

Geomorphic position: silt mantle on the lava plateau.

Parent Material: Eolian silt and sand
Slope: 1-3% sometimes up to 5%

Dominant uses: range

2) Name of the soil series: Derockoma
Classification: fine loamy, mixed hyperthermic Typic
Torriorthent.
Brief description: 75-125 cm. thick, dark brown, or brown

stony sandy clay loam B horizon.
Percentage of the mapping unit: 30%
Geomorphic Position: on the lava plateau
Parent Material: eolian mantle

Slope: 1-5% mostly 1-2%

Dominant uses: range

Minor inclusion of 10% Easa Do and 10% of Garrayto are

included in this mapping unit.

Figure 11
CHARACTERISTIC DESCRIPTION OF MAPPING UNIT
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Aalb -

AF 9 -

At 1 -

Baleo

Da%9 -

DAle -

DI 5 -

EG12 -

MAJOR SOILS OF DJIBOUTI

Playa basin with colluvial sand.
Appeared as long narrow bluish gray ares on Landsat
image.
Texture sand over silt; slope 0-2%; depth more than
200 cm; rock fragment free; 10% shrub cover.

Steep slopes of basaltic plateaus.
Appeared as 1long narrow dark brown areas streaked
with green on the Landsat image.
Texture gravelly sand; slope 40-70%; depth 50 cm;
rocks 90% cobbles and stones; vegetation 1% shrubs
and grass.

Recent marine sediment.
Appeared as moderate areas of bluish gray near the
sea.
Texture silt loam; slope 1-2%; depth more than 200
cm; few 2-7 meter sand dunes; vegetation 20% brush
and shrubs.

Thin silt sediment on lava flows.
Appeared as very dark brown with common green spots
on the Landsat images.
Texture clay loam; slope 2-5%; depth 50 cm; 75%
stones and boulders; vegetation 2-3% shrubs.

Steep ryolitic mountains.

Appeared as broad areas of very light brown mottled
with light green and brown on the Landsat images.

High lava plateaus.
Appeared as dark brown mottled with very dark brown
or bluish gray and fine light green spots on the
Landsat images.
Texture gravelly loam; slope long 1-8%; depth 50 cm;
90% cobbles and boulders; vegetation 15% brush,
shrubs and grass.

Wadi delta.
Appeared as long narrow areas of light bluish gray
on Landsat images.
Texture sand; slope 0-2% depth 75 cm; 3-4 meter sand
dunes; vegetation 5% grass.

Basin playa with sand dunes.

Appeared as broad areas of blue and 1light blue
mottled with dark blue and green on Landsat images.
Texture sand; slope 1-2%; depty 75 cm; 3-4 meter and
dunes, vegetation 5% grass.

Figure 12
Photo-Interpreted Soils Descriptions
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GB-12 ~ Basin Playa-barren.
Appeared as broad smooth areas of white and 1light

blue on Landsat images. Texture loam; slope 0-1%;
depth more than 200 cm; rock fragment free;
vegetation barren.

GM9 - Steep sandstone mountains.
Appeared as blue with verigated dark blue on Landsat
images.

Texture gravelly sandy loam; slope 24-35%; depth 50
cm; 80% gravel and cobbles; vegetation 1% shrubs.

HalO - Weathered granite basin floor.
Appeared as irregular areas of grayish blue on
Landsat images.
Texture sandy clay loam; slope 2-8%; depth 60 cm;
rock fragment free; vegetation 3% brush and shrubs.
HH27 - Steep slopes of lava flow.
Appeared as long narrow very dark brown and bluish
gray areas on Landsat images.
Texture bouldery loam; slopes 70%; depth 100 cm; 70%
boulders; vegetation 20% brush,
JAle - Thick silt mantle on lava.
Appeared as extensive broad areas of molted 1light
green and light greenish blue on Landsat images.
Texture silty clay loam; slope 0-2%; depth 150 cm;
50-80% cobbles and boulders; vegetation 10% shrubs.,
Ko 3 - Wadi channel.
Appeared as long narrow white or light gray areas on
Landsat images. Texture gravelly sandy clay loam;
slope 0-3%; depth more than 200 cm; 40-80% gravel;
vegetation 20% brush and shrubs. \
Mal2 - Basin playa delta.
Appeared as broad purple areas streaked with 1light
blue and brown on Landsat images. Texture loam;
slope 5-25%; depth 120 cm; 60% cobbles and stones;
vegetation 1-2% bushes.
Du 9 - Faulted lava flow mountains.
Appeared as dark brown broad areas mottled with very
dark brown onb Landsat images. Texture gravelly

loam; slope more than 65%; depth 75% cm; 70% stones
and boulders; vegetation 10% brush and shrubs.

Figure 12 (continued)
Photo-Interpreted Soils Descriptions
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RD12 -

WD17 -

22

25

28

29
30

Saturated basin playa.

Appeared as broad areas of green and brown on
Landsat images.

Te3xture clay loam; slope 0-1%; depth more than 80%
cm; rock fragment free; vegetation rare.

Basaltic plateau.

Appeared as broad areas of brownish green mottled
with very dark brown and light green on Landsat
images.

Texture silt loam; slope 5-25%; depth 25 cm; 80%
stones and boulders; vegetation 5% shrubs and grass.

Colluvial gravel.

Appeared as moderately wide long grayish blue areas
with small brown blotches on the Landsat images.
Texture silt loam; slope 5-25%; depth less than 100
cm; 70% cobbles and stones; vegetation 1% shrubs.

Salt.
Appeared as brilliant white on Landsat images.

Mud flat.

Appeared as broad areas mottled with light blue and
blue on Landsat images.

Lacustrine marl.
Appeared as white and light blue on Landsat images.

Coral islands.
Volcanic cones.

Appeared as small areas of very dark bDbrown on
Landsat images.

Figure 12 (continued)
Photo-Interpreted Soils Descriptions
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Map Symbol Series Name

Aalb Aada
AD9 Afnada Daba
AK33 Al Kibo - Easa Galaw
Ar9 Arta - Dagah Dere
Atl Atar - Eoulma
Awb Awdiea
Balé Balambal - Derokoma
DAl6 Daba Eabdalle
DG1 Dabagalaley
DD10O Dagah Dere - Goendale Madobe
Da9 Damerkaddae - Afnaba Daba
Di5 Didjan Der
DB33 Dimo Le Boda
Dt10 Dita
EG1l2 Eado Gafan
Ea3l Eangalalo
Eo4 Eoulma
Galeo Garrayto
GBl2 Grand Bara
HalO Hadkodley
HH27 Holl-Holl - Afmeeaytou
Jale Jaban Eas - Guistir
Kl4 Kallolou
Kn4 Kenannaba
LD9 Lahi Daddaeo - Afnaba Daba
Qu9 Oueah - Degamankal
RD12 Riffor Damoun
WD13 Wanni Daear - Malhadlou
17 Lava flow
19 Wadi channel
20 Beach
22 Salt
25 Mud flat
28 Marl
29 Coral slopes
Figure 13

SOIL MAPPING SYMBOLS
AND SERIES NAMES

(1:100,000 SOILS MAP)
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Symbol

Aals
AD9
AK33
Ar9
At 1
Aw6
Balé
DAlé6
DGl
DD10O

Da9

Di5
DB33
DtlO
EG12
Ea3l
Eo4
Galeé
GB12
Ha 10
HH27
JAl6
KI4
LD9
Malé6
Qu9
RD12
WD13
17
19
20
22
25
28
29

Figure 14

AREAS OF SOIL MAPPING UNITS
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Name Area (Square Kilometers)
Aada 483
Afnaba Daba 807
Alkibo - Easa Galaw 371
Arta - Daga Dere 1100
Atar - Eoulma 90
Awdiea 442
Balambal - Derokoma 2772
Daba Eabdalle 1381
Dabagalaley 277
Dagah Dere - Goendole
Madobe 66
Damerkaddae - Afnaba
Daba 1219
Didjan Der 298
Dimo le Boda 543
Dita 741
Eado Gafan 504
EFEangalalo 169
Eoulma 363
Garrayto 309
Grand Bara 1562
Hadkodley 156
Holl-holl - Afmeeayton 1108
Jabaneas - Guistiv 1099
Kallolou 582
Lahi Daddaeo-Afnabadaba 1108
Maarigi 144
Queah - Degamankal 1840
Riffor Damoun 517
Wanni Daear - Malhadlou 566
Lava flow 1030
Wadi channel 510
Beach 8
Salt 61
Mud flat 136
Marl 169
Coral Slopes 7



Map Symbol Series Name Description
Sites
AAlS Aada 100;83
Ay5 Adoyla 11
Af9 Afmeeaytou 48
AD9 Afnaba Daba 82;30:2
AG9 Easa Gelaw 7
AK33 Al Kibo 49
AQ9 Arraha Ommane 71
Ar9 Arta 57:47
Atl Atar 18
AW6 Awdiea 56:;6:84
Balé Balambal 19:78:74
DAl6 Daba Eabdalle 87:42:76
DG1 Dabagalaley 93
DD10 Daga Dere 95;75:40;17;36;
55
DL4 Da le Dola 51;39
Da9 Damerkaddae 66
Di5 Didjan Der 26:;61:81
DB33 Dimo Le Boda 9029
Delé6 Degamankal 43:3
Drlé Derok koma 70;37:69:;59:23
Dt1l0 Dita 14;13
ED9 Easa Do 92:;15
Egl2 Eado Gafan 91:;74:32:65
Ea3l Eangalalo 46
Eo4 Eoulma 89
Galé Garrayto 89;34:72
GE®6 Goray Eeeb 94
GB12 Grand Bara 8:27:31
Gule Guistir 20: 45
HaloO Hadkodley 24
HH27 Holl-Holl 67;80:38
Ho3 Houmbouli 86:54
JAl6 Jaban Eas 52
K14 Kallolou 85;60
Kn4 Kenannaba 98;62
LK9 Lahi Daddaeo 9:79
Malé6 Maarigi 1
Maé6 Malhadlou 21
Milé Minkille 28;96:;77
ou9 Oueah 68;33;63
Figure 15

SOIL SERIES SYMBOLS

AND RANDOM SAMPLE SITE INCLUSIONS
(1:100,000 SOILS MAP)

60



Map Symbol Series Name Description

Sites

RD12 Riffor-Damoun 4
WD13 Wanni Daear 53

9 Talus slope 44:88:35

17 Lava flow 16:;12;22;64;5

19 Wadi channel 50

20 Beach

25 Mud flat

28 Marl 10:73

32 Salt marsh 92

33 Rock outcrop 41;25

Figure 15 (Continued)
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Similar American Soils Djiboutain Soils

Aridisols
Calcorthids
sandy, mixed hyperthermic, Typic Calciorthid
Eastland Afmeeaytou
fine loamy, mixed hyperthermic, Typic Calciorthid
Lareen Atar
Wintersburg; Sotim Jaban Eas

loamy skeletal, mixed hyperthermic, Typic Calciorthid

Tonopah Easa Gelaw

Gunsight

Whitlock Goray Eeeb
coarse loamy, mixed hyperthermic, Typic Calciorthid

Masonfort Al Kibo

Masonfort Awdiea

Masonfort Malhadlou

loamy skeletal, mixed hyperthermic, Lithic Calciorthid
Hobog; Lozier Dita

fine loamy, mixed hyperthermic, Typic Camborthid

Lalande Grand Bara
Lalinda Guistir
Adelino Hadkodley
loamy, skeletal mixed hyperthermic, Lithic Camborthid
Laposa Arraha Ommane
Aridisols
Salorthids
fine loamy, mixed hyperthermic, Typic Salorthid
Bunker Hill Riffor Damoun
Figure 16

SOIL SERIES BY CLASSIFICATION
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Similar American Soils Djiboutian Soils

Natrargids
fine loamy, mixed hyperthermic, Typic Natrargid
Casa Grande Eangalalo
Inceptisols
Halaquepts
fine loamy, mixed hyperthermic, Aeric Halaquept
Hilmar Dabagalaley
Entisols i
Torriorthents

loamy skeletal, mixed hyperthermic, Typic Torriorthent

Laposa Easa Do

Arizo Maarigi
Oueah

Cottorwood Afnaba Daba

sandy skeletal, mixed hyperthermic, Typic Torriorthent

Kokan; Arden Da le Dola
loamy, mixed hyperthermic, Typic Torriorthent
Kimberlina; Seaman Wanni Daear

sandy, mixed hyperthermic, Typic Torriorthent
Aco; Yellowrock Eado Gafan

loamy skeletal, mixed hyperthermic, Lithic Torriorthent

Tecopa; Upspring Dagah Dere
Minlith Garrayto

sandy, mixed hyperthermic, Lithic Torriorthent
Cantua Degamankal

loamy, mixed hyperthermic, Lithic Torriorthent
Trigger; Delgado Lahi Daddaeo

Figure 16 (Continued)
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Similar American Soils Djiboutian Soils

Entisols

Torrifluvents

loamy, mixed hyperthermic, Typic Torrifluvent

Ireteba; Anthony Adoyla
sandy skeletal, mixed hyperthermic, Typic Torrifluvent
Momoli; Ripley Kallolou
Psamments '
mixed hyperthermic, Typic Torripsamment
Rositas; Yturbide Houmbouli
Mollisolls
Calciustolls

loamy skeletal, mixed hyperthermic, Aridic Calciustoll
Pozo Blanco Arta

loamy, mixed hyperthermic, Aridic Calciustoll

Engle; Sarnosa Daba Eabdalle
loamy, mixed hyperthermic, Pachic Calciustoll
Elfrida Minkille
Haplustolls

loamy, skeletal, mixed hyperthermic, Aridic Haplustoll
Wainee Dimo Le Boda

Miscellaneous Land Types

Talus slope
Lava flow
Wadi channel
Beach

Mud flat
Marl

Salt marsh
Rock outcrop

Figure 16 (Continued)
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Finally, interpretations were made for each soil
series. Figure 17 shows the key to the interpretations and
Figure 18 shows a typical interpreted soil series description.

Complete data for all the Djiboutian soils are
found in Appendix I, Report on the National Soil Survey. Fiqgure
19 shows a 1:100,000 scale base map utilized in the study and

Figure 20 gives an example of the 1:100,000 scale soils map of
the same area, the Sadai region.

During the course of the project, an opportunity
arose to present technical papers at the First Thematic
Conference on "Remote Sensing of Arid and Semi-Arid Lands" in
Cairo, Egypt. Two papers were presented. The first dealt with
identification of natural water containment sites in Djibouti and
the second dealt with the status of agricultural resource

assessment in Djibouti. Copies of these papers are to be found
in Appendix N.

During the course of the project, it became
apparent that a means of introducing visitors to the soils of
Djibouti was desirable. Toward this end, a field trip gquide was
developed to allow one to visit (via automobile) many of the
representative soils of the country. This guide, for a trip from
Djibouti to Atar, is presented in Appendix O.
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Land Capability Classification

The Soils are divided into 8 (I-VIII) categories
depending on the intensity of land use (see Buchman and Brandy) £rom
well tilled row crops to watershed and wildlife habitat. For all
categories, except I, there is a limitation to the use of that soil
for agriculture., All of Djibouti is too arid for class I land because
these soils require irrigation for agricultural production.
Therefore, the arid 1limitation is assumed for all soils of the
country. The following 1list of letters which follow the Roman

Numerals of this classification system indicate the important specific
restraint:

available water capacity

rooting zone depth in less than one meter
slope is greater than 5 percent

drainage for leaching salts
susceptibility to water overflow
alkalinity

- stoniness

wind erosion and blowing

erosion susceptibility

o<cApNQORE
i

Irrigation Suitability Classification

The code for irrigation suitability is the same for all
8 (I through VIII) categories of the land capability
classification without the aridity limitation as a
constraint. The same symbols of limitation are indicated as
they affect irrigation agriculture. Therefore, irrigation is
assumed for all these soils and no additional symbol is used.

Internal Drainage Classification
Here the land capability categories are:
I no limits to internal drainage practices
II moderate limits

IITI severe limits

The limits considered to affect internal drainage are:

permeability, texture and structure
depth to bedrock

depth to the water table

steepness of slope

ditch bank stability

flooding or ponding

salinity or alkalinity

available outlets

nwEywQOoOHER

Figure 17: Key to Soil Interpretation Symbols
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Terraces and Diversions Suitability Classifications

are:

The categories here are:

I no limits to building terraces
II moderate limits
I1I1 severe limits

The factors determining the suitability for

slope, steepness and length
depth to bed rock

stones and outcrops of bedrock
wind hazard

texture and permeability
channel siltation

outlet availability

flooding hazard

D 0t E mRT
wonwHonn

Embankments Suitability Classification

The major categories are:

I no limits to construct embankments
ITI moderate limits
IITI severe limits

The factors determing suitability are:
depth of the soil )
soil texture
Soil erosiveness
percent and length of slope
presence of gypsum or salt
stones

nuTo O R

nnnu

Pond Reservior Suitability Classification

The major categories are:

I no limits to pond construction
I1 moderate limits
II1 severe limits

The factors determing suitability are:

permeability

depth to the water table

depth to bedrock, less than 2 meters
slope ’
flooding hazard

®©'T N E

Figure 17 (Continued)
Key to Soil Interpretation Symbols
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Rangeland Classification, Estimated Production

I good production of 200-500 K per Ha
IT 1limited production of 50-200 K per Ha

III non-usable production 0-50 K per Ha

Figure 17 (Continued)
Key to Soil Interpretation Symbols
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14/20/80

~-5-0 cm:

0-2 cm:

35-45+cm:

Slope:

Position:

A.D./J.G./F.O.
BALAMBAL

Location: 251 E
1260 N

volcanic bombs of S to 30 cm. covering 75% of the area.

A horizon; 5YR 4/6 yellowish red (dry) 5YR 3/4 dark
reddish brown (wet):; strong clay loam; moderage medium
and fine subangular blocky structure; friable (dry and
moist); common pores (l1-2mm); thin discontinuous CaC03
layer on rock fragments below the soil surface;
sgrongly effervescent, fine disseminated CaCO03; pH 7.5;:
abrupt boundary;

B horizon; 5YR 4/6 yellowish red (dry), 5YR 3/4 dark

reddish brown (wet); stony clay loam; firm, friable,
nonsticky; strong medium and large subangular blocky
structure; strongly effervescent, finely disseminated
CaC03; ©pH 7.5; few coarse woody trees roots; clear and
wavy boundary:

Cca horizon; many continous white CaC0O3 coating on
gravel uncemented; loose. »

Slope of 2 to 3%

On a plateau, flat top

Vegetation: 2 to 3% cover; "bilcin", "ibateys"

Classification: fine loamy mixed hyperthermic Typic Calciothid

Soil Interpretation:

Land Capability Classification: VII r:g
Irrigation suitability classification: none
Range: III 5% bush

Internal drainage: III r

Terraces and diversions: III r;t
Embankments, dikes and levees; 1III r;c
Pond reservior: III r

Figure 18
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Figure  20: Example of the National Soils Map, Scale 1:100,000, Sadai Region
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3.3.4 Medium Scale Mapping

In addition to the small-scale mapping conducted
for the National Soils Inventory, the soils of several areas were
mapped 1in greater detail at a larger scale, 1:25,000. These
areas 1include Sabbalou and Chekheyti near Dikhil (see Figures 21

and 22, Location Maps), and the watershed of Dey Dey (See Figure
23).

3.3.4.1 Soils of Sabbalou and Chekheyti

The maps produced in this study have been
made specifically to serve as a guide for decision making on the
placement of dispossessed people residing in Djibouti and wunder
the responsibility of the United Nations. The objective is to
establish the feasibility of a resettlement project. If this
project 1is approved, the team will make a more detailed and

specific soil study of specific lots for development to assist
concerned technicians.

This so0il study is only a guide to the soil
conditions of the region. Eventually, more specific data will be
collected on the region, Due to the very short time alloted to
do the project, soil conditions have been estimated based on
soils in nearby areas, and soil availability is assumed,

Since it 1is still uncertain where and how

much water will be available, the descriptions and their
interpretations on site will not be accomplished until the
productive wells have been located and the project approved. At

that time, soils for each lot will be determined and specific
interpretation made.

The soils described here are those
encountered 1in Djibouti during the National Soil - Survey. Also
included 1is the name of an American soil which is 1identical to
that soil found in Djibouti based on their interpretation. More

specific interpretations will be furnished when the sites are

definitely selected. Photos #24 through #27 show some of the
soils of the area.

Figures 24 and 25 show some of the 1:25,000
scale maps prepared for this medium-scale mapping project. The
full report on the soils of these areas is found in Appendix J.
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Esquisse de Carte Pedologique
Region de Sabbalou

Octobre 1981

43¢

42°¢

Djibouti

Frontiere
errseeeese Chemin de fer
Route revetue
------ Route omelioree

G 10 20 Y Kilometers
| ————
0 0 20  3oMiles

Figure 21: Location Map, Sabbalou
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Esquisse de Carte Pedologique
Region de Chekheyti

Octobre 198]|

Djibouti

J;

43°E

42°c

Djibouti
Frontiere

Srreveeemsss Chemin de fer
Route revetue

------ Route omelioree

q ‘.° 29 *Kilowchn
0 10 20  30Miles
Figure 22: Location Map, Chekheyti
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'Esquisse de Carte Pedologigue
Region de Dey Dey et Damerjog

Juin 1982

Dey Dey

43°€

Djibouti
— Frontiere
srssserieese Chemin de fer

Route revetue
------ Route omelioree

0 1 zp 30 Kitometers
0 10 20  30Miles

Figure 23: Location Map, Dey Dey
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Photo #24: A garden on the Houmbouli .
soil along the Gobbaad Photo #25: Eado Gafan soil on

wadi near Eas Eyla road to Eas Eyla

Photo #27: Chekheyti wadi channel

Photo #26: Balambal soil north- west from recent flood
west of Eas Eyla Water is safe from
evaporation below the
surface.
76
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Soils Map of Sabbalou
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Esquisse de Carte Pe'dologique
, Region de Sabbalou

Octobre 198l
Feuile 2 de 4

Legende

Aal5 Aadoa(274ha)

Am3  Houmbouli (940 ho)
Bol6 Bolombol
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3.3.4.2 Soils of the Dey Dey and Damerjog Watersheds

A medium scale soils map was made of the Dey
Dey and Damerjog watersheds because of their proximity to the

city (see Figures 26 through 28). They were also chosen for
their size. It was important to learn more about the soils and
water near the city of Dijibouti to help answer development
guestions. The Houmbouli watershed was too large for this

project., The information will be helpful for water development
for the farms of Atar.

It is recommended that the soils mapping
proceed on the watershed basis because all development in
Djibouti 1is dependent upon water resources which are only
avalilable from rainfall. Since a watershed is the catchment
basin for rainfall runoff, it becomes the logical working basis.
Djibouti has no fences or other features to locate political
boundaries nor maps to substantiate these, but the crest of the
hill that divides the rain water between two valleys 1is real,
everyone can see it and it can be agreed upon in most cases.

There is room for some agricultural
development near Damer jog, based on excess flood water seeping
into the channel. A boulder back filled trench in the Dey Dey
Wadi would supply better water for the Atar Agricultural Project

and its neighbors. There is probably enough water for one square
kilometer of vegetables.

The following procedures were followed 1in
preparation of these watershed soils maps:

1. Make 1:100,000 scale map of the watershed for slopes,
contours. drainage network and national soils map to
serve as gquidance; also locate the 5% random sample
sites that occur in the watershed.

2. Acquire the 1973 aerial photographs that cover the
watershed (scale approximately 1:25,000).

3. Match the photos by establishing a common line on
alternate photos for the flight 1line and adjacent
photos between flight 1lines. Establish north and
indicate this on the photo. Write the number of the
matching photo.

4. Locate at least 3 UTM coordinates for each photo to be
used in mapping. Select those with the best certainty
of identifying the spot on both the photo and the map.
This will establish the UTM grid on the photographs and
provides ground control and orientation. Write the
grid coordinate numbers on the photo.
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lo.

11.

12.

13.

Take a large sheet of paper. Pick one photo near the
center of the watershed and place it in underneath the
center of the paper and trace the matching lines.
Write the number of the photo in the upper left corner
of this square. Trace the UTM coordinates on the map
and give them their proper number. Place the matching
photo on the matching line under the paper, after
removing the other photo. If possible, it is good to
have all the photos spread to make a rough mosaic.
Copy the same information, matching lines and
coordinate numbers, pencil on the paper. Do this for
all of the photos to the edge of the watershed. The
photos will not fit exactly.

Establish the scale of the map by measuring between 2
grid coordinates. The further apart the better. You

may check several photos for the scale in the same
manner.

Draw a UTM grid on the new map by passing through the
most UTM grid points possible with a east-west line
through the middle. Then establish perpendicular lines
near both east and west ends passing closest to the

same row of coordinate points., Armed with the scale
and orientation east-west and north-south, mark off one
kilometer units on all these 1lines. This requires

patience because when connecting the lines to make the
grid the intersection often will not coincide with
those associated with the photos. That's due to
distortion in the photos.

Locate the random sample sites on the map.

Punch register clear acetate to the photos and trace
the information on the photo. Now with the scaled grid
place the intersects on the sites identified Dbetween
the photo and the 1:100,000 map. Establish the

location of the random sample sites and ink them on the
acetate andlabel them.

Take the photos to the field and discribe and sample
the soils in the random sites. Map features as needed
Aerial support for field work is necessary.

Return to the office and proceed to map the remaining
photos and label the soil units.

Establish as many soil series as occur and develop
description and interpretation of the series.

Write up the mapping unit description.
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14. Use the wvertical sketchmaster to take out photo
distortion and put the soils map at exactly 1:;25,000
scale on a transfer sheet of paper. Be sure to
transfer the UTM grid coordinate intersects and their
number. Also trace the drainage channels, roads, and
watershed boundaries -- each in a different color. Be
sure the same areas match between photos.

15. Cut the 1:25,000 scale transfer sheets out and attach
them together. This map is placed over and registered
to a 100 square kilometer grid in clear acetate, Dby
matching as many coordinates to the grid as possible.

l6. Place a clean sheet of clear acetate over the paper
constructed map and trace the soils, drainage channels,
roads, watershed boundaries, and other important
information. The map is ready for reproduction.

17. Be sure the soils classifications are consistent
between adjoining watersheds.

18. Measure the watershed and each of the soil areas.

19. Complete the report including the site descriptions,
the soil series descriptions, the soils

interpretations, the mapping unit discriptions, list of
mapping units, 1list of soils series encountered and
their classification.

20. Make a reduced, convenient map for general
distribution and correct the national map accordingly.

Photos #28 through #31 illustrate some soils of the Dey
Dey region.

The full report on the soils of the Dey
Dey and Damerjog watersheds may be found in Appendix K
of this report.

3.3.5 Large Scale Land Ownership Mapping

Due to the small size of the agricultural
fields 1in Djibouti, it 1is necessary to establish a mapping
capability at 1:5,000 scale which is five times larger than the
largest scale photography available and twenty times larger than
the only serviceable topographic map.

Therefore, Beverly Rollins, a volunteer with
the Agricultural Services, 1learned how to locate detail from the
1:100,000 topographic map to the 1:25,000 aerial photos. She
then located the farm agricultural areas (See Figure 29). The
information of the Dblack-and-white photos were enlarged and
compared to some hand-held 35 mm color slides of the present
condition in these two areas (see Photos #32 and #33). The
distortion was removed and a 1:5,000 scale map was established
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Hills in foreground

Photo #28: The EEC's agricultural Photo #29: ) ]
are Dita soil

project of Atar on the
coastal soil called Atar

Photo #30: Guistir soil with Eulma Photo #31: Due to rock cover, we flew
soils where the'people and in with pilot to describe
trees are nonexistent the Guistir soil
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Figure 29: Location Map, Douda Weyn
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Photo #32: New Garden expansion in
1982

Photo #33: Two garden sites included
in Houmbouli inventory and
mapping of gardens

87

BEST AVAILABLE COPY



using the Universal Transverse Mercator (UTM) kilometer aorid as a
base for placing and locating. This presents a large enough
scale to begin to locate the agricultural inventory on the map.
It is expected that this procedure can be expanded to other areas
such as Asala, Hanle, Tadjorah, Obock, etc.

In making a map it is important to have a
base map which establishes the location of features to be
identified on the ground. Since Djibouti has few roads, fences
and channels as well as large-scale maps, the best maps available
are the 1:100,000 scale topographic map. Since there 1is no
large-scale that covers the country, this project has used the
UTM, one-kilometer grid base of the 1:100,000 map as the specific
base map. The intersection of the north-south lines with the
east-west ones need only then to be established for each larger
scale and a serviceable map can be made.

Therefore, 1in this project, we compared the
features of the 1:100,000 scale map to those of the 1:25,000,
1973, aerial photographs. Several UTM grid locations are placed
on an acetate overlay, punch registered to the aerial photo. The
scale 1is established and a full grid made Dby scratching the
acetate to avoid obliterating the photo.

At this time the selected features are traced
on separate overlays to facilite updating. This map 1is then
transferred, using vertical sketchmaster to grid at exactly
1:25,000. Figure 30 shows the resultant 1:25,000 base map.

We also took 35 mm slides of the present
agriculture in Houmbli and Bouda from about 500 meters elevation.

Care was taken in this step to hold the camera vertical to the
ground to acguire overlap on all sides.

At this point the 1:25,000 map of 1973
features are merged with the 1982 slides. The aerial photos
enable one to locate the features on the 1:100,000 scale map in
sufficient detail to recognize its placement on the 1:5,000 scale
map (in this case the color slides). To facilitate this transfer
a perpendicular is established between those points recognized on
both the 1:25,000 scale map and the color slide. The 1:25,000
scale map is then placed on a board and moved to/from the
projector to accomplish scale and it is filtered to compensate
for distortion. Then the new features are traced on a sheet of
paper placed over the 1:25,000 scale map.

The new map, with the placement of fences,
channels, roads and buildings is then enlarged to 1:5,000 scale.
The final map is comprised of a sheet for each square kilometer
of the UTM grid (10 cm X 10 cm). Figure 31 shows a
representative 1:5,000 scale map. The mylar sheets are punched
and the grid is divided into 100 parts. Each type of feature is
placed on a separate sheet of mylar.
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A single photocopy is made and taken to the field
for adjustment, verification and logging ownership. The fields
are measured with a planimeter and the size of the fields are
assigned to the appropriate proprietor.

The entire Land Ownership Mapping Report is
to be found in Appendix L.

3.3.6 Supplementary Mapping

An assortment of maps are needed to properly plan
and execute an agricultural development plan for Djibouti.
Knowledge about the extent of watersheds, slope conditions,
climate, elevation and physiography will permit computations to
determine how much water is available and where this water may be
deployed to suitable soils.

Numerous maps were prepared for this project.
They include modifications of topographic and base maps, slope
maps, physiography, watershed maps, detailed soils maps,
generalized soils maps, soil climate maps, zones of agriculture
classes, 1land capability maps, irrigation suitability maps, and
range suitability maps.

3.3.6.1 Base Maps

The topographic control used 1in this
study was based on the 1:100,000 scale maps of the Institut
Geographique National of France. The maps produced were also at
that scale and at a scale of 1:300,000 for the interpretive maps.
Figures 32 through 34 show portions of the 1:300,000 base maps
for the project and include UTM grid system and topography.

3.3.6.2 Slope Maps

Slope maps have been prepared for this

project. The slope classes used are those of the USDA. The
different classes of the slope are:

Class Slope
A' 0 - 1%
A 0 - 3%
B 5 - 8%
C 10-16%
D 20-30%
E 45-65%
F >65%

The first three classes of slope are
usually suitable for agriculture, The others constitute sites
which need further investigation concerning surface water run-
off. The stronger slopes also need particular care in selection

of equipment. Photos #34 through #37 show examples of these
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slopes. An example of a 1:100,000 scale slope map is

Figure 35. An example of the 1:300,000 scale
illustrated in Figure 36.

found in Figure 37.

found in
slope map 1is
An example of a physiographic map is
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hoto #3h: D-slopes on left and Photo #35: F-slope on left and B-slope
and F-slopes on right in the valley fill confined
and A-slope in the channel by distant constricture
shows how important slope

is on this Oueah soil

woto #36: Grass on Aada. A-slope Photo #37: A-slope of Dabagalale
in a Playa near Eas Eyla soil along the coast. This
soil is very salty
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igure 36:

Carte de Pente Topographique Réduction de L'Eschelle 1:100,000
Slope Map

T




Carte de Pente

Topographique
Réduction de L'Eschelle
1:100,000
EXPLICATION
Al pente de 0 - 1%
A pente de 0 - 3%
B pente de 5 - 8%
C pente de 10 - 16%
D pente de 20 - 30%
E pente de 45 - 65%
F pente de 65%

Figure 36: Continued
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List of Physiographic Zones in Djibouti

Coulée de Lave de Ouloueto
Badda Adwaea

Zone d' Coteau d' Balho
Plaine 4' Habsou

Plateau 4' Gaum Baro
Montagnes 4' Yoboki
Plaine d' Gaggade

Plaine d4' Hanlé

Plateau d' Dakka

Plaine d' Gobaead
Vallée de L'Assal
Plateau d4' Hahayla

Badda Weyn

Montagnes d' Dikhil
Badda Yar

Montagnes d' Ali Sabieh
Montagnes d' Boura
Plateau 4' Hol Hol
Montagnes d' Oueah
Coluvions d' Tadjoura
Montagnes d' Randa et Malba
Coluvions d' Sadai

Zone d4d' Marée de Degad
Plateau 4d' Deseyna
Montagnes d' Moydato
Montagnes d' Cokkogofto
Plateau d' Assa Gueyla
Montagne d4d' Alaili Dadda
Coluvions d' Moulhoule
Zzone d' Marée de Doumeira
Coluvions d' Khor Angar

Plaine 4' Loyada

FIGURE 37 (Continued)
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3.3.6.3 Watershed Mapping

The team identified 61 watersheds
and named them. The following Tables 1 through 12 give the name

of the watershed, the different classes of slope and the total
area of each for each map sheet. Table 13 agives the names of the
watersheds, the total for all classes for each slope class and
the total area for each watershed. Table 14 shows the

distribution of soil mapping units by watershed. Figure 38 and
Figure 39 show examples of watershed maps.
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TABLE 1:

NAME OF WATERSHED

Barisle
Houmboul i
Douda
Damerdjog
Deydey

Beyya Eadday
Beyya Dader

Total:

TABLE 2:

NAME OF WATERSHED

Ghoubbat al
Kharab

Mengala
Sangorti
Bada Yar
Houmbouli
Douda

Bada Weyn
Deydey
Beyya Eady
Beyya Dader
Hanle

Total:

TOTAL AREA FOR THE MAP SHEET OF LOYADA

10

39
13
39
29
30
162

TOTAL AREA FOR THE MAP

>|

5.3 55.

22

292.2

L.7 38.
20.6 146.

27

437.6 h21.

96
ko

L2
29
190
64
574

3.
55.8 33.

3

141.

42.

32.

L7.

163
39

140.

21.

494,

13

64

11

ik

115.

103.

25

160.
23.
11.

560.

26.

23

1122,

9 179.
L6.
2 194.

5 192.

9 814,

103

36.4

8.9

23.3

F TOTAL

108
56
54
55

171

219
9k

757

SHEET OF EALI SABIEH

F TOTAL

240
16
26

122

37k

739
1.5 155
671
b3
20

1.5 2784



TABLE 3:

NAME OF WATERSHED

Gobaead
Koutabbouyya
Wayielou
Hanle

Bada Weyn
Bada Yar
Mengala
Gaggade
Leeado

Abhe Bad

Total:

TABLE 4:
NAME OF WATERSHED
Bieida
Hanle
Wayielou
Leeado
Koutabbouyya
Abhe Bad
Jobaead

fotal :

TOTAL

|
o

168.4 Lk,

55 88

154,

262
60

1

100.6 161

646

TOTAL

>|
o

21.3
16

62.

22.5 88
50.8 6

29.4 107.

165.5

305.5 388.

L60.
63.

973.

73.
50.

AREA FOR THE MAP SHEET OF DIKHIL

B C D
9 34  40.3 6.
45 12,5 4.
1 62 20 1
6 220.5 136 81
4L 9.5 6.5 10.
24 1.8 22
0.3 L4.4 7.
.7 308.6 101.9 102.
7
6

7 726.9 323.4 237.

.9 13
.6 70.3

L 1.2

h.2

9 72.9

L 164.9

13.

k9

83.

AREA FOR THE MAP SHEET OF ABHE

B C D
9 55.5 36.9 1.
8 12.7 16.9 6.
5 40 6.6 8.

86.4 1.3 4
.2 8 3

3 81.8 54.6 20.
9.5 5.1 13

7 293.9 124.4 54,

104

E
9 21.8
8
Y
L.8

7 15.9

8 42.5

78.

BAD

TOTAL

308
208
251
1280
151
53
29
863

3156

TOTAL
233
143
19
207
68
312
206

1288



TABLE 5:

NAME OF MAP SHEET
Eambada
Houmboul i
Douda
Damerdjog
Deydey
Afadi
Dalleyi
Galato
Orobor
Tagarre
Arkaile
Sadai
Debergade
Alayla
Iles

Total

3|

10

35
58

186.

TOTAL AREA FOR THE

A
60
6 4
L 8.
.8
.8 0
5 2
1 21,
3 8.
9 4
1
5 110.

b1

15.5

4.2

9.7

1.9

72.3

20.

14

89.

MAP SHEET OF DJIBOUTI

13.

14,

10.

105

co

37.5
L. 4
3.7
22.3

6.8

74.7

F TOTAL
51
117
58

3.3 18
2.7 94
37
2.8 67
0.9 52
51
L2
17

22

9.7 638



TABLE 6: TOTAL AREA FOR THE MAP SHEET OF TADJOURA

NAME OF WATERSHED A A B C D E F TOTAL
Ghoubbat al Kharab 7 2 24,1 15 5.2 7.7 61
Sangorti 5.1 29.3 91.2 13.9 5.5 145
Houmboul i 24.4 30.1 10.5 75
Eambada L.7 18.8 4o 7.2 7.3 78
Afay 6.9 13.8 18.4 19.3 15.6 74
Easa Foeo 9.2 2.8 51.9 24,1 61 149
Leile 4.6 10.5 14.6 23.3 53
Easaleyi 4.4 18.7 6.9 28.7 87.3 156
Oylali 39.7 L.7 61.1 2.5 108
Earoyra 0.5 &4 0.5 5
Asalalal 26.6 5.5 2.9 35
Dariyyou 17 13 12 L2 105 "~ 189
Adweea 2.8 39.6 113.8 126.7 42.5 12.6 338
Madandayada 2.1 3.9 12.7 7.3 26
Weeima 2.6 25.9 53.8 23.8 64.9 171
Mengale 17.3 18.8 7.9 89.2 110.8 244
Sadai 12.7 73 65.3 151
Marsaki Ababollayi 5.5 54.9 © o 21.6 82
Afadi 10 29.2 32.9 18.3 81.8 2.8 175
Dalleyi 17 17
Total 12.6 115.1 242.1 519.3 619 789.1 43,5 2332
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TABLE 7:

NAME OF WATERSHED
Eounda Dobi
Hanle

Gaggade

Bada Yar

Ghoubbat al Kharab
Dereela

Kalou

Fanti Garrayto
Habsou

Earoya

Oylali

Easal

Harraloli
Asalalal

Iddile

Yawl i

Adwaea

Daba Babdri
Mengala

Total:

b

12.

79

50.

L8.

70.
Lo,
14,

17.

339.

P~

TOTAL AREA FOR THE MAP

A B
7 16.
37 23.
28.5 2.
7.6 13
36.1
2.7 69,
22.8 24,
13.3
14.2
7
36.

18.

169.2 220

38.
15.
16.

10.

202

21.

58.

86

24,

52

5L

21

69

Ly

26.

760.

107

SHEET OF EASAL

D

4 13
1 50
9 16.
9 3

71.
3 7
8 2

27.
5 34,
5 133.

106
.2 103.
1

89.
4 1
2 0.
3 663

47.
48.

17.
29.
24,

58.

251.

50

16.

104,

180.

31.
24,

492.

TOTAL
105
186
191
38

428
77
94

342
63
59

54k

194

178
84
56

187
1
49

2896



TABLE 8:

NAME OF WATERSHED
Bieida

Hanle

Eounda Dobi
Habsou

Total

TABLE 9:

NAME OF WATERSHED
Tagarre

Sadai

Debergade

Sorha

Alayla

Eaygou

Kabieli Sarig
Gorroyli

Kadda Hayyoukal i

Total:

TOTAL AREA FOR THE MAP SHEET OF GAMARRI

A A B C D E
2.9 13.9 2 9.2

68.5 35.8 26.4 k2.9 50.8 24

35.2 5.7 5.9 29.2  53.7 22.6

P

3.5 Lo.7 39.2 84. 3.6

103.7 47.9 86.9 111.3  190.9 59.4

TOTAL AREA FOR THE MAP SHEET OF KHOR ANGAR

A A B c D E
7.5 11.5
64.5 16 42 127.5  90.3 90.7
73 1
329.6 14 15.1 7.3
40 1
238 2.9 22.1 k6.9 53.1
388.8 40.6 63.5 89.4 71.7
54 33 35.3 60.3 62.9 42.5
341 1 L 1 19.9 3
1222 50 138.8  276.4 322 279.8

108

26.6

4.7
k2.6
73.9

TOTAL
28
275
157
214

674

TOTAL
19
431
7h
366
L4
363
654
288
63
2299



TABLE 10:

NAME OF WATERSHED
Adweea
Madandayada
Wabbeyta

Weeima

Kadda Hayyoukali
Gorroyli

Sadai

Total:

TABLE 11:
NAME OF WATERSHED
Yawl i
Daba Babdri
Harraloli
Adweea
Madandayada
Asalalal
Wabbeyta

Total:

>|

Ly.

15.

69.

>|

130.

18

19.
171.

TOTAL AREA FOR THE MAP SHEET OF DADDAETO

A B

9 369.5 89.

5 276 275.
1

1 6.

4o.1 36.

9 71k.6 k0.

TOTAL AREA FOR

A B

11

L 225.6 7h.
88 103.
.8 30.3 14,

1 3549

236.

¢ D
19

19.2  90.

3 32.9 31.
7 162.3 346
9 17
4 12 60
6 121.7 117

9 348.1 681

THE MAP SHEET OF
C D
48
2.6 3.
7.4 1k

3 155.7 56.

L 102.5 59

2 5.2 23.

b 431 b

3 387.9

109

197.

3
3
4
278.1
34,1
35.6
8 126.8
.2 474.6
DORRA
E
5
8 5
3
2 11.2
39.8
2 5.3
15.1
5 81.4

11

18.

15.

13

58.

TOTAL
19
147
570
1360
53
115
454
2718

TOTAL
53
64
27

699

418
94

163

1488



TABLE 12: TOTAL AREA FOR THE MAP SHEET OF DOUMERA

NAME OF WATERSHED A A B C D E F TOTAL
Kabieldo Sarig 5 2 7
Gorroyli 96 1 97
Kadda Hayyoukali 231 5.1 26.3 1.6 274
Sosawli Daear 167 4.8 b1 8.3 3.9 225
Weeima 51.3 12.8 20.3 19.6 104
Total: - 550.3 12.8 7.8 76.4 54.2 5.5 707
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wame OrF /A A b C L E 3 MAP SHEET TuTAL bBY TOTAL AREA
wWALLKRSHED NAMES NAMED FOR THE
MAP SHEET WATERSHED
~ Abhk BAD 9.4 107.3 87.8 S54.b 20.7 15.9 2.3 DIKHIL 6
i AbHE BAD 312 318
- EASAL
j TADJOURA
Y AuwbEEa LoU.4 225.6 113.9 313.5 291.7 53.7 64.2 DOURRA 187
DAVDAETO 338
3 66Y 1.213
AFAUL 4.6 14.6 29.2 37.4 19.3 81.8 6.1 DJIBOUTI 18
TADJUURA 175 193
19
l ArAY 6.9 13.8 1.4 19.3 15.6 TADJOURA 74 74
ALAYLA 59.1  Sv.l 3.9 DJIBOUTI 22
i KHOR ANGAR 41 63
AKRALLE 5.1 Z1l.b 7 LU.S 6.8 LI IbLUUTIL 51 51
I EASAL 178 307
AbALALAL 17 4445 14.2 26.4 153.4 1lu.8 40.7 TADJILUKA 35
I DORRA 94
BADA WEYN 392.2 63.4 1725 1llu.4 190.3 1.2 EALI SABIEH 739 890
DIKHIL 151
l EASAL 38 213
BAUA YAK ¢ 12.1 6Y.Y 56.8 45.7 6.5 DIKHIL 53
! EALI SABIEH 122
BAKI[SLE 1 Yb 1 i LOYADA 108 108
BEYYA EAD 49.6 336.7 14U.3 160.2 1Y4.3 8.9 LOYADA 219 890 .
EALI SABIEH 671
' BEYYA UADER 57 2Ub.2 Z1.2  23.5 19z.1 d LOYADA 94 507
EALI SABIEH 413
bBitlva 2l.3 76.8 69.4 36.9 3.9 31 21.7 ABHE BAD 233 261
l GAMARKI 28
VABA BABUKL 11 32.4 5 Y.8 19.8 EASAL 14 78
' DORRA 64
DALLEY] 5.4 8.2 4.2 205 15.5 54.4 2.7 LIIBOUTI 94 111
! TADJOURA 17
UAME RUJUG 16 42 DIJIBUUTI 3 58
1 LOYADA 55
DARKIYLU 17 I 1z 42 lus TADJOURA 189 189
] UEBEKGADE 82.9 4.3 3.4 KHOR ANGAR 74 91
DIIBOLUTI 17
Y UBKEELA SU.4 36.1 2u¢ 71.6 17.9 50 EASAL 428 428
TABLE 13: Slope Class by Watershed
1M ‘(
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wAME Vr
WALTEKSHED

LeYLEY

budpa

| ——

LAMbALA

EARUYKA

LASA rubkL

EasSAL

EASALEYT

EaYGUU

ﬁ?‘ e [ [ "1 [T

FANTI
GAKKAYIU

[ )
e

o GAGALULE

GALALTV

R

GRUUBBAL
AL sHARADB

GUBABAL

GURKUYLL

HABSULU

HANLE

-

[ [ o [~ ] [ ] [ ] [ ] L

HAKRALULL

, ROUMBUULL

45.7

947

14.7

70.7

238

BEUUNDA wuBI  4l.4

179.6

15.3

333.9

15U

48,7

3094

40.Y9

Yz2.4
TABLE 13

A b ¢ b g ¢ MAP SHEET TOLTAL sY TUTAL AREA

NAMES NAMED FOR ‘THE
MAP SHEET WATERSHED
LOUYADA 171 328
167.5 39 25 49.3 Led DJIBOUTI Y3

EALL SABIEH 151

LUYADA 54 120
16 7 LJIBOUTI 58
EALI SABIEH &
18.8 Bi T2 7.3 BJIBOUTI 51 129
TADJOURA 78
25 38.5 4.5  EASAL 63 68
TADJOURA 5
9.2 2.8 51.9 24.1 61 TADJOURA 149 149
2.8 24.2 54.5 133.4 b5b.2 180.2 EASAL 544 544 ;
14.4  18.7 6.9 26.7  87.3 TADJOURA 156 156 f
Z.Y 2¢.1 46.9 53.1 KHOR ANGAR 363 363
12.9 ¢e.4 67.6 67.6 22.6 27.7 GAMAKRI 157 262
EASAL 105
5.5 SH8.8 2.7 24.2 2.8 EASAL 94 94
190.2 3LU.7 118.8 1l1v.3 121 14.4 EASAL 191 1054
DIKHIL 863
14 13.8 4.4 BIIBOUTI 37 37 |
|
. TADJUURA 61 308 ?
2.5 44.5  93.1 41.6  4z.1 8.7 EASAL 7
EALLI SABIEH 240 |
4d.Y 43.5 45.5 19.5 26.8 DIKHIL 308 514 |
AbHE BAD 206 :
DUUME RA 97 500 :
34 41.7 735.3 122.9 78.1 KHUOR ANGAR 288
DADDATO 115
6.2 L1U.Y  125.2 112.3 6.2 146 .Y GAMAKKI 214 556
EASAL 342
DIKHIL 1280 1.904
EASAL 186
SB4.2 287.5 2¢¢ 193.9 lal.6 115.4 GAMARKI 275
R AbHE BAD 143
EALI SABIEH 20
13.3 7.4 120.3 2.4 36.7 EASAL 194 221
DORKA 27
EALI SABILEH 374 622
DJIBOUTI 117
113.3 97.6 159.1 139.2 LUYADA 56
TALJUURA 75
{Continued)
Slope Class by Watershed
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i

NAark ot ' /A A B C
WATERSHED
fuule 7 by
[LES 7
KABLlBELI
SAKIG 3v3.8 40.06 65.5
4
KADUA 265.1 1 5.9 1
HAY YOUKAL L
KALOLU 2.2 21.3
KOUULAB~
BUUYYA luS.8 Y4.2 53 15.5
E B
{ LEEALL 42.5 88 Y3.4 1.3
F
! LEILE 4.6 10.5
Y
I MADANDAYADA 24.5 1Y.1 L08.3 134.4
i
' MAGALE 17.3 18.98 7.9
! ;
L MAKSAKL
- ABUBULLAY L 5.5 54.9
MENGALA 33.2 41.6
[ UKUBUR i.8 U.5 9.7 14.8
[ UYLALI 91.7
[ SADAL 78.8 4.2 (V- 276.,7
[ SANGURTI 5.1 3z2.3
r . )
: SURHA 349.6 l4
) SUSAWL [
T DAEAK 167 4.8
)
TAGARKE 5.5 .8 6

TABLE 13 (Continued)
Slope Class by Watershed

) 113

89.4

52.0

14.6

156.6

89.2

284

114.6

"15.1

41

2

BESTAMAMABLECOPY

71.7

63.4

29.4

23.3

39.8

110.8

21.6

282.8

13.9

MAP SHEET
NAMES
EASAL

DJIBOUTI

KHOR ANGAR
DOUMERA

DADDLA TO

KHOR ANGAKR
DOUME RA

EASAL

DIHKIL
ABHE BAD

ABHE BAD
DIKHIL

TADJOURA
TADJOURA
DORRA

DADDAETO

TADJOURA

TALJOURA

EALI SABIEH

DIKHIL
EASAL
DJIBOUTI

EASAL
TADJOURA

TADJOURA
DJIBOUTI
DADDA TO
KHOR ANGAR

EALI SABIEH

TADJOURA

KHOR ANGAR

DOUMERA

KHOR ANGAR
DJIBOUTI

TOTAL BY TOTAL ARE2
NAMED FOR THE
MAP SHEET WATERSHED
84 84
7 7
654 661
53 390
63
274
77 77
208 276
68
207 214 !
’ |
53 53 !
i
26 591 !
418 ‘
147 |
244 244
83 82
16 94
29
49
67 67
59 167 .
108 |
151 1.078 1
42 i
454 :
431
26 171
145
" 366 366
255 255
19 71
52




t
[

L2 3 £ L7

3 L0

[

TABLE 14

AMOUNT OF EACH SOIL MAPPING UNIT BY W

MAPPING UNIT SYMBOL

NAME OF AZ AD AK AR AT AW BA DA DG DD DA DI DB DT EG EA EO GA GB HA
WATERSHED 15 9 33 9 1 6 16 16 1 10 9 5 9 10 12 31 L4 16 12 10
'ABHE BAD 90 18 6
ADWEEA 87 115 89 70 1 19 127 35 1
AFADI 47 53 9

AFAY 5 3 18 17
ALAYLA 16 16 31

ARKAILE b

ASALALAL 2 65 14 17 70 22
BADA WEYN 157 31 24 16 146 80 15 63 19 252
BADA YAR 13 66 35 14 46

| BARISLE . 2

BEYYA EADDEY 78 22 73 58 8 30 136 20 62
| BEYYA DADER 119 9 85

(BIEIDA 23 43 39 93

)DABA

BABDRI by 2 10
DALLEY| 1" 53

' DAMERDJOG 9 2 7

TOTAL: 286 262 115 204 35 16 533 363 41 30 406 56 220 4 16 31 -0- 18 371 79 4
‘ 114

BEST AVAILABLE COPY



BY WATERSHED

HA HH JA KL LD MA OU RD WD 17 19 20 25 28 TOTAL FOR
10 27 16 & 9 16 9 12 WATERSHED
19 6 30 51 98 318
168 39 48 13 401 1213
32 10 19 21 2 193
;7 5 10 2 74

63
26 11 10 51
19 6 36 32 10 14 307
64 15 8 890
Ty 23 10 2 213
6 100 108
62 52 294 25 32 890
78179 29 8 507
9 6 20 28 261
5 9 8 78
17 6 10 14 11
19 21 58
79 454 604 L1 55 58 192 67 18 502 66 8 83 98 5335

BEST AVAILABLE COPY
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TABLE 14 (Continued)

| S——

AMOUNT OF EACH SOIL MAPPING UNIT BY Wa
MAPPING UNIT SYMBOL

b

] NAME OF AZ AD AK AR AT AW BA DA DG DD DA DI DB DT EG EA EO GA GB HA
© WATERSHED 15 9 33 9 1 6 16 16 1 0 9 5 9 10 12 31 4 16 12 10
] . DARRIYOU 69 3 3
DEBERGADE 6 4 76
] | DEREELA 33 23 58 79 33 8 38 59
' DEY DEY 15 13 1 8 1 12
DOUDA 17 3 18 3
EAMBADA ‘ 1
EAROYRA 1 5 1
EASA FOEO 3% 5‘ 65
EASAL 58 136 33 69 3 53 27
EASALEY| 41 |
‘ EAYGOU 48 56 36 71 30 14 8
: EOUNDA DOB | 24 2 50 Ls 4 17
| FANTI GARRAYTO 4 2 3
GAGADDE 55 2 416 44 26 13 19 9 69
GALATO 6
GHOUBBAT :
AL KHARAB 91 46 3 2
TOTAL: 55 33 94 320 13 16.?.56]5 242 80 26 149 15 155 89 4 34 90 16 244 1

15

BEST AVAILABLE COPY




Y WATERSHED

HA HH JA KL LD MA OU RD WD 17 19 20 25 28 22 29 TOTAL FOR

10 27 16 4 9 16 9 12 13 WATERSHEL
5 17 18 74 189
5 91
- 13 23 55 L28
49 207 22 328
20 57 2 120
125 % 2 1 8 129
7 30 14 68
15 13 5 11 149
311 59 61 544
26 20 69 156
Ly 56 363
Le 24 47 3 262
3 8 25 14 28 10 94
10 199 43 104 39 6 1054
15 5 1 37
35 80 L Lk 308

1 224 356 60 -0- 23 600 201 236 146 44 -0- 8 19 61 -0- 4320
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TABLE 14 (Continued

AMOUNT OF EACH SOIL MAPPING UNIT B

MAPPING UNIT SYMBOL

NAME OF AZ AD AK AR AT AW BA DA DG DD DA DI DB DT EG EA EO GA GB
WATERSHED 15 9 33 9 1 6 16 16 1 10 9 5 9 10 12 31 4 16 12
GOBAEAD 10 100 9 108 201
GORROYL | 135 4 33 81 12 38 2
HABSOU 26 141 157 8 15 62
HANLE 4 28 19 313 120 10 103 89 340 84
HARRALOL | 98 1 7 9 20
HOUMBOULI 19 65 18 57 28 8 2 42 14 §
IDDILE 19 M2 1
ILES E
KABIELI SARIG L2 290 L5 77 11 67 16 10 10 !
KADDA :

HAYYOUKALI 94 49 6 16 43

KALOU L 6 10 3 1
KOUTABBOUYYA 29 2 29 161 |
LEEADO 3 166 30 |
LEILE 20 20 |
MADAND- |
AYADA 51 3 109 20 123 27
MENGALA 59 54 57 10 3 i
TOTAL: 146 275 126 388 18 347 969 305 106 10 322 176

116

158 167 477 71 -0- 48 636



-inued)

UNIT BY WATERSHED

oL

6 12 10 27 16 & 9 ous 9oz 0 KB BB e

200 5 7 30 9 35 514

8 2 124 40 2 29 500

62 19 89 39 556

84 30 29 197 63 264 25 1904

20 50 20 6 221

14 57 139 101 62 10 622

L 1 51 84

7 7

0 10 8o 13 661

179 3 330

1 3? 15 77

161 4 9 2 10 30 276

30 12 3 214

20 5 8 53

27 52 11 195 591

3 66 18 26 293

8 636 5 247 139 308 40 29 609 178 309 230 142 -0- 45 30 -0- 7 692;

BEST AVAILABLE COPY
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TABLE 14 (Continued)

AMOUNT OF EACH SOIL MAPPING UNIT BY WA

MAPPING UNIT SYMBOL

NAME OF AZ AD AK AR AT AW BA DA DG DD DA DI DB DT EG EA EO GA GB
WATERSHED 15 9 33 9 1 6 16 16 1 10 9 5 9 10 12 31 4 16 12
MARSAK 1 -

ABOBOLLAY | 19

MENGALA 4 by 10 3
OROBOR 5 6 12 i

OYLALI 23 2 4 L 4
SADAI 25 67 298 7 5 52
SANGORT | 5 43 2
SORHA L8 21 273

SOSAWL |

DAEAR 58 5 6
TAGARRE 2 24 2 3
WABBEYTA 36 24 349 163 69
WAYDIELOU 13 144 39 11 14
WEE IMA 177 123 107 226 211 51 6 183 218 57
YAWL | 8 43 45

TOTAL: -0- 237 36 188 24 13 655 471 50 -0- 442 51 10 481 7 33 273 227 305
GRAND

TOTAL 483 807 371 1100 90 442 2772 1381 277 66 1219 298 543 741 504 169 363 309 1562
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BEST AVAILABLE COPY



1)

 WATERSHED

| GB HA HH JA KL LD MA OU RD WD 17 19 20 25 28 22 29 TOTAL FCR
12 10 27 16 4 9 16 9 12 13 WATERSHED

27 8 9 19 82

3 b 3 26 94

- 2 2 6 34 67

4 5 3 Lk 58 20 167

| 52 193 25 280 124 2 1078

B 42 6 71 2 171

ﬁ 24 366

6 148 8 225

2 8 9 21 A

69 Ll Y L 733

114 25 24 370

57 71 34 9 39 123 1635

10 3 109

305 71 183 -0- 173 152 34 439 N 3 152 257 -0- -0~ 22 -0~ -0- 2918

1562

156 1108 1099 582 347 144 1840 517566 V30510 8 136

BEST AVAILABLE COPY

169 61 7 21786
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Figure 39: Carte des las Bassin Versant de Djibouti.Réduction
de L'Eschelle 1:100,000

Watershed Map o a/




3.3.6.4 Soils Mapping

Both detailed and generalized soils maps
were prepared for the project. Figures 40 and 41 show examples
of these maps reduced to a scale of 1:300,000.

3.3.6.5 Soil Climate Map

A soil climate map, an example of which
is seen in Figure 42, was also prepared. Ten climatic regions
were differentiated. The characteristics of these ten regions
are as follows:

Zone 1l: Lac Easal Climatic region

This zone occupies an inland basin over 100 meters
below sea level.

Average annual rainfall 123 mm/yr
Ranges 50-200 mm/yr
July relative humidity 6 AM 55-65%

12 PM 40-50%
January relative humidity 6 AM 80-85%

12 PM 65-70%
January Temperature Max. 40-42 Deg. C
July Temperature Max. 27-29 Deg. C

Min. 22-25 Deg. C

Rainwater run-off for storms of 20 mm: 3 mm = 3000 m3/Km2

Rainwater run-off for storms of SO mm: 11 mm 11,000 m3/Km2

Total average run-off for all storms: 15 mm

15,000 m3/Km2

Zone 2: Obock - Khor Angar Climatic region:

This zone occupies the northeast coastal plain below 100 meters
elevation.

Average annual rainfall 72 mm/yr
Ranges 30-200 mm/yr
July relative humidity 6 AM 50-60%

12 PM 35-45%

120



January relative humidity

July Temperature

January Temperature

Water run-off for storms of 20 mm:

Water run-off for storms of 50 mm:

Total average annual run-off for
all storms:

121

6 AM 80-85%
12 PM 35-45%

Max.
Min.

Max.
Min.

1l mm

3 mm

4 mm

39-40 Deg.
29-32 Deg.

27-29 Deg.
20-23 Deg.

Cc

Cc
Cc

1,000 m2/Km2

3,000 m3/Km2

4,000 m3/Km2



Zone 3: Djibouti-Tadjoura Climatic Region

This =zone occurs southeast of coastal mountains

coastal plains 100 meters above sea level.
Average annual rain
Range

July relative humidity

January relative humidity

July temperature

January temperature

Water run-off for storms of 20 mm
Water run-off for storms of 50 mm

Total average annual run-off for
all storms

165 mm/yr
100-350 mm/yr

6 AM B80-85%
12 PM 35-45%

6 AM 80-85%
12 PM 60-70%

Max. 27-29 Deg.
Min. 20-23 Deg.

3 mm/yr = 3,000

11 mm/yr

14 mm/yr

Zone 43 Chabelley - Bissidrou Climatic Region

This =zone occurs on coastal plains between 100

meters elevation.
Average annual rainfall
Range

July relative humidity

January relative humidity

July temperature

January temperature

122

175 mm/yr
100 - 250 mm/yr

6 AM 80-85%
12 PM 35-45%

6 AM 80-85%
12 PM 60-70%

Max. 38-40 Deg.
Min. 28-30 Deg.

Min. 20-22 Deg.

on

m3/Km2

11,000 m3/Km2

14,000 m3/Km2

and 350

a0 00



Water run-off for storms of 20 mm
is 4 mm =

Water run-off for storms of 50 mm
is 16 mm =

Average annual run-off for all
storms is 23 mm =

Zone 5: Dorra - Asa Eala Climatic Region

This zone occurs in interior basins and valleys between

and 350 meters elevation,
Average annual rainfall
Range

July relative humidity
January relative humidity
July temperature

January temperature

Water run-off for storms of 20 mm
is 4 mm =

E %
Water run-off for storms of 50 mm
is 16 mm =

4,000 m3/Km2

16,000 mm3/Km2

23,000 mm3/Km2

160 mm/yr
125 - 275 mm/yr

6 AM 50-60%
12 PM 35-45%

6 AM 80-90%
12 PM 65-75%

Max. 38-40 Deg. C

Max. 27-29 Deg. C
Min. 20-22 Deg. C

4,000 mm3/Km2

16,000 mm3/Km2

Average annual run-off for all storms

is 23 mm =

Zone 6: Dikhil - Paddgeto Climatic Region

This 2zone occurs in low interior mountains between 350

600 meters elevation.
Average annual rainfall
Range

July relative humidity

January relative humidity

123 e

23,000 mm3/Km2

150 mm/yr
95-245 mm/yr

6 AM 82-87%
12 PM 55-65%

6 AM 50-60%
12 PM 28-38%

0

and



July temperature Max. 38-40 Deg. C
Min. 27-29 Deg. C

January temperature Max. 26-28 Deg. C
Min. 18-21 Deg. C

Water run-off for storms of 20 mm

is 4 mm = 4,000 mm3/yr

Water run-off for storms of 55 mm

is 20 mm = 20,000 mm3/yr

Average annual run-off for storms

is 35 mm = 35,000 mm3/yr

Zone 7: Hol Hol - Arda Daba Climatic Region
This zone occurs on the coastal mountain slopes and
foothills between 350 and 600 meters elevation.

Average annual rainfall 210 mm

Range 130 - 500 mm/yr

July relative humidity 6 AM 50-60%
12 PM 37-43%

January relative humidity 6 AM 88-92%

- 12 PM 70-75%

July temperature Max. 37-39 Deg. C
Min. 25-27 Deg. C

January temperature Max. 23-25 Deg. C
Min. 18-20 Deg. C

Water run-off for storms of 20 mm
is 5 mm = 5,000 mm3/Km2

Water run-off for storms of 50 mm
is 25 mm = 25,000 mm3/Km2

Average annual run-off for all storms
is 35 mm = 35,000 mm3/Km2

Zone 8: Arta Climatic Region

This zone occurs on coastal mountains between 600 and 900
meters elevation.

Annual average rainfall 290 mm

Range 150 - 600 mm/yr

124



Zone 21

July relative humidity

January relative humidity

July temperature

January temperature

Water run-off for storms of 20 mm

is 6 mm =

Water run-off for storms of 50 mm
is 29 mm =

6 AM 50-60%
12 PM 28-35%

6 AM 90-99%
12 PM 65-75%

Max. 36-38 Deg.
Min. 24-26 Deg.

Max. 26-28 Deg.
Min. 14-16 Deg.

6,000 mm3/Km2

29,000 mm3/Km2

Average annual run-off for all storms

is 65 mm =

65,000 mm3/Km2

Assa Gueyla - Eli Sabieh Climatic Region

This zone occupies the interior mountains between

900 meters elevation.

Average annual rainfall
Range

July relative humidity

January relative humidity

July temperature

January temperature

Water run-off for storms of 20 mm

is 5 mm/yr =

Water run-off for storms of 50 mm
is 25 mm/yr =

Average annual run-off for all
storms is 53 mm/yr =

125

147 mm/yr
100 - 270 mm/yr

6 AM 50-60%
12 PM 30-40%

6 AM 90-95%
12 PM 65-75%

Max. 38-40 Degq.

Max. 25-27 Deg.
Min. 16-18 Deg.

5,000 mm3/Yr

25,000 mm3/Yr

53,000 mm3/Yr

NN Q0

600

and



Zone 10: Randa Climatic Region

This zone occupies mountains above 900 meters elevation.

Average annual rainfall 300 mm/yr
Range , 180 - 700 mm/yr
July relative humidity 6 AM 53%
12 pPM 27%
January relative humidity 6 AM 100%
‘ 12 PM 71%
July temperature 6 AM 35 Deg.

January temperature 6 AM 26 Deg.

c
12 PM 23 Deg. C
c
12 PM 13 Deg. C

Water run-off for storms of 20 mm
is 7 mm/year 7,000 mm3/Km2/yr

Water run-off for storms of 50 mm
is 34 mm/year 34,000 mm3/Km2/yr

Average annual run-off for all
storms is 84 mm/year 84,000 mm3/Km2/yr
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40; Carte des Sols de Djibouti Réduction de L'Echelle 1:100,000
Detailed Soils Map
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Figure 41: Carte des Sols en Plan de Djibouti 0/
Generalized Soils Map f}_‘:é
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Carte des Sols en Plan de Djibouti

EXPLICATION
1. Sol Dabagalaley
4. Sols Kallolou - Kenannaba
5. Sol Didjan Der et lit de Oued
9a. Sols Arta - Dagah Dere - Lahi Daddaeo - Afnaba Daba
9b. Sols Oueah - Degamenkal - Damerkaddae - Afnaba Daba
10. Sols Dita - Dagah Dere - Goendale Madobe
12. Sols Grand Bara - Riffor Damoun
15. Sols Ada - Wanni Daer - Malhadlow - Eado Gafan
1l6a. Sol Jaban As
l16b. Sol Balambal - Dero Koma
lé6c. Sols Daba Eabdalle - Garrayto
17. Lave
25. Boue
28. Boue Calcaire
31. Sol Eangalalo
32. Eboulis
33. Al Kibo - Esa Galow - Dimo le Boda

Figure 41 (Continued)
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Carte Pédo-Climatique

EXPLICATION
I. Région climatique du Lac Assal
I1. Région climatique d'Obock - Khor Angar
III. Région climatique de Djibouti - Tadjoura
IV. Région climatique de Chabelley - Bissidirou
V. Région climatique de Dorra - Asa Eala
VI. Région climatique de Dikhil - Paddgeto
VII. Région climatique de Hol Hol - Arda Daba

VIII, Région climatique de Arta
IX. Région climatique d'Assa Gueyla - Eli Sabieh

X. Région climatique de Randa

Figure 42 (Continued)
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3.3.6.6 Interpretive Maps

Various interpretations of the pr e-

ceeding map data allowed production of four additional maps.
These maps, examples of which are found in Figures 43 through 46,
illustrate recommendations regarding classes of agriculture, land
capability, zones of irrigation, and range suitability.
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II.

ITI.

Iv.

Carte des Zones Recommandé&es pour

Certaines Catégories de Cultures

Zones

Zones

Zones

Zones

EXPLICATION

disponsibles pour vergers

disponsibles pour legumes et céréales

disponsibles pour céréales et foin

disponsibles pour foin

Figure 43 (Continued)
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Carte de la Capacité de la Terre

EXPLICATION
I -11 Il n'y a pas de ces catégories dans Djibouti
III Il y a obstacles corrigibles pour l'agriculture
intensive
v Il y a obstacles corrigibles pour l'agriculture
géneral
\' Il ya obstacles difficilement corrigibles pour

l'agriculture génerale

VI C'est disponsible pour le paturage
VII C'est disponsible pour le pdturage ét le bassin
VIII C'est disponsible pour le bassin versant seulement

Figure 44 (Continued)
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Carte des Zones Appropriées Pour L'Irrigation

EXPLICATION
I. Pas de cette classe en Djibouti
IT. Sols avec peu de limites agricoles
III. Sols appropriés a l'irrigation mais nicessitant

des modifications

IV; Sols convenant & l'irrigation avec beaucoup de
modifications

Sans nombre. Les sols ne sont pas appropriés & l'irrigation

Figure 45 (Continued)
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II.

ITT.

Iv.

Carte des Zones de Paturage

EXPLICATION
Production Bonne 200 - 500 K/Ha/An.
Production Modéré 50 - 200 K/Ha/An.
Production Basse 0 - 50 K/Ha/An.

Dépouillé

Figure 46 (Continued)
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3.3.7 The Soils and Water Laboratory Library

Many books in both French and English have
been received by the laboratory thereby building up a repository
of reference material to serve as back-up for the technicians.
The titles have been selected carefully to include basic
information on more than just laboratory references.

- Since the Djiboutian technicians will have no
access to a major library, the subject matter of the library
deals will all facets of soils and agronomic investigations,
agricultural practices and implementation as well as related
fields in chemistry, geology, engineering, etc. (see Photos #38
through #41). Appendix M lists books and literature presently on
file at the laboratory library.

3.3.8 Specific Accomplishments

A complete listing of all specific
accomplishments of this phase of the project follows:

Soil Inventory

A. Identify the natural soil bodies.

B. Describe the soil characteristics.

cC. Classify the soils for comparison with similar
soils elsewhere.

D. Write official soils description.

E. Describe the soil mapping unit.

F. Map the extent of similar soils at small and
medium scales.

G. Write a report on the soils and include the map
descriptions and interpretations.

H. Interpret the soils for Agricultural uses for
land-use options, irrigation, and runoff

agriculture, selected crops, cropping practices
and production potential.

I. Make a national soils map at 1:100,000 scale.

J. Make a national slope map at 1:100,000.

K. Make a national watershed map at 1:100,000.

L. Make a regional watershed map at 1:25,000
accomplished (three regions).

M. Make land ownership map 1:5,000.

N. Make a national soils map 1:300,000.

Q. Make a general soils map at 1:500,000 scale.

P. Make appropriate interpretive maps.

Q. Make large-scale maps of potential agricultural
areas, 1i.e., Atar, Moulud, Doudubba, Grand Bara,
Gobaad, Tadjoura, Hanle, etc., -- accomplished for

areas in the Gobbad and Hanle, Dey Dey and
Damerjog watersheds.
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Photo #38: Irrigated garden in Photo #39:

Houmboul i

Vegetation of Arta Soil

The library has technical information on these

subjects and many more

oto #40:

Geology and geologic Photo #41:
processes of La Easal

and recent lava flow

in foreground with

salt in background
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Range and grazing will
always be important in
Djibouti. Adaptability
and productivity of
goats is extradordinary



S.

Make individual soils reports for cooperative
laboratory clientele to be used 1in 1land-use
decisions.

Provide guidance for subsequent soil and water
analyses in the field.

Land-Use Planning

A.

B.

c.
D.
E.
F.
G.
H.
I.

Make a random sample for National Resource
Inventory.

Describe all of the natural resources in detail
for each sample plot.

Summarize the results of the inventory.

Design the inventory for planning assistance.
Design the inventory for land-use monitoring.
Make rangeland interpretations.

Make irrigated agricultural land interpretations.
Contact farmers.

Assist individuals in planning.

Remote Sensing

A.
B.
Cl

D.
E.

Collect remote sensing imagery.

Teach remote sensing techniques.

Develop procedure for land-use monitoring.
Developed 1:5,000 land ownership maps in
cooperation with agricultural service.

Use remote sensing to make resources evaluation.
Establish ground truth for remote sensing.
Recommend future uses of remote sensing. A black
and white panchromatic or infrared 1:50,000 scale
aerial photograph should be obtained around 1987
for better resources inventories and agricultural
land update.

Training Functions

Provide training in the following fields:

A.
B.
c.
D.
E.
F.
G.
H.
I.
J.

Laboratory analyses of soil and water.

Laboratory management.

Laboratory reporting.

Soil survey and reporting.

Soil Interpretation.

Soil and water resource evaluation.

Remote sensing interpretation and application.
Cartography.

Library management.

Cataloguing and data management ~- pending the
receipt of computer materials. A programmer is
scheduled within a year.

Identify short-term training needs for two people.
Also two assistants will receive one year of
training each.
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L. Evaluation of laboratory personnel.
Technical Library
A. Establish a library of technical information on
soils, water, hydrology, geology and agronomy.
B. Order texts, books, journals and reports.
C. Establich catalogquing and checking procedures.
D. Catalogue past and present reports.
User Services
A. Determine who is intimately concerned with land-
use.
B. Establish communication with land users.
C. Establish servicing procedures for land users.
This is the assigned responsibility of
Agricultural Service.
D. Test a means and format for information
dissemination. Information 1is disseminated by

meeting farmer groups, word of mouth, from visits,
radio and television.
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4.0 PERSONNEL AND TRAINING REQUIREMENTS

The laboratory requires personnel to meet the following
minimum needs.

1. A pedologist for the soils inventory and survey, who
must also supervise the laboratory analyses and make
recommendations.

2. A laboratory technician who conducts the soil and water
analyses and maintains the laboratory facilities.

3. Two laboratory assistants who will expedite routine
procedures and related equipment maintenance.

4. A secretary who will be capable of some accounting,
have experience 1in general communications and materials

inventory and who will maintain the technical library.
5. Other services: a janitor, a chauffeur-mechanic and a

guardian. Two laborers are also required for digging of
profiles.

4.1 Evaluation of Present Staff

The pedologist, Aboubaker Douale, and the laboratory
technician, Farah Omar, were both assigned to the 1laboratory

early in the project. They have both responded well to training.
They are both capable of handling their respective

responsibilities. They will need regqular training and practice
to give them more self-assurance in their jobs.

No other personnel have been assigned or worked 1long
enough with the laboratory to warrant evaluation.
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4.2 Training

4.2.1 Training Provided

4.2.1.1 Pedologist

The pedologist received training in the
following areas during his course of work. He learned how to:

. describe the characteristics and morphology
of soils:

. classify soils according to the
comprehensive Soil Taxonomy of USDA:;

. make soil maps so that the location of
similar soils can be ascertained;

. conduct chemical analyses of soil and water;

. interpret soil characteristics to identify
their limitations for specific land-uses such as
irrigation, crops, pasture and construction:
and

. make technical soils reports and reports on
laboratory results.

4.2.1.2 Laboratory Technician

The laboratory technician received
training in the following areas during his course of work. He
learned:

. Procedures to analyze some of the
constituents of water 1listed under water
quality testing. Training will continue in
this area;

. procedures for some of the chemical tests of
soil listed under soil analyses. Training
will continue in this area;

. procedures for testing the physical
characteristics of soils listed earlier;

. proper laboratory methods and techniques;
. systematic procedures to insure the smooth

flow of water samples through the 1laboratory
during their analyses;
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methods for developing soil descriptions,
classification and cartography; and

methods for map measurement and measurement-
reporting.

Formal Training Requirements

Short-term training of 1 to 6 months,

Laboratory Assistant - Farah Omar

Approximately three months refresher
training in water and soils laboratories
in the U.S. (U.S. Geological Survey

Water Laboratory and National Soil
Survey Laboratory).

Water Chemist (not selected yet

Depends on candidate selected.
Graduate Study of 1 to 2 years.

Pedologist - Aboubaker Douale Waiss

Aboubaker is expected to pursue a
Master's program in soil chemistry with
academic work to begin approximately in
the fall of 1983 with work on thesis
project to commence about one year
later.

Hydrogeologist (not selected yet

Depends on the candidate selected.

Undergraduate Study of 4 to 5 years.
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Pedologist

Candidate should be selected within the
next two years so that academic training
can be completed within about five
years. The Soils and Water Laboratory
needs additional trained staff to be
prepared to work in the laboratory or
solil survey phases of the program.

Chemist
Same as above.

Hydrologist

Same as above.
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5.0 CONTINUATION OF TECHNICAL ASSISTANCE

5'1

Scenario
July 1982 -

Prepared and submitted Final Report - Summary Version.
This version of the Final Report was due July 31, 1982,
It consisted of approximately fifty pages excluding
exhibits. Dr. Goebel and Aboubaker Douale Waiss
jointly prepared this report.

August 1982 -

Phase-down of contractor involvement in project:; Dr.

Goebel departed on 30 July 1982. USDA TDY Soil
Scientist to Djibouti for six person-weeks (PW) with
two weeks to overlap with Dr. Goebel. This TDY was

essential to ensure a smoother transition phase-over to
USDA intervention and its short-term periodic technical
support.

July thru September 1982 -

Aboubaker Douale Waiss to the United States for USDA
short course (two months). During his trip to the
U.S., Aboubaker will select a university for his
graduate study. He will select his course of study in
consultation with major professors and determine what
his thesis project 1is to be. On his return to
Djibouti, it is expected that Aboubaker will begin wcrk
on his thesis project. It is expected that his thesis
project will be completed by the time he returns to the

U.S. for the academic protion of his Master's study
program.,

March, 1983 -

The expanded version of the Final Report from the
contractor is due 31 March 1983.

A USDA TDY Soil Scientist will concurrently arrive 1in
Djibouti in March 1983 to overlap with Dr. Goebel and
will remain for two additional weeks to complete the
final evaluation of the project.

April 1983 thru January 1985 -

Two weeks TDY of USDA Soil Scientist to Djibouti once
every four months. This 1is essential to provide
technical back-up for Djiboutian staff at the Soils and
Water Laboratory responsible for operation of the
laboratory and conducting the soil survey of Dijibouti.
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Summer 19&3 -

Farah Omar to U.S. for three months of refresher
training in U. S. Soils laboratories. The laboratories
will probably be the U.S. Geological Survey Water
Laboratory in Denver, Colorado and the Soil
Conservation Services National Soil Survey Laboratory
in Lincoln, Nebraska.

Fall 1983 -

Aboubaker Douale Waiss to United States to complete

Master's program. It is expected that this will take
about sixteen (16) months.

It is expected that the GROD will engage someone to

temporarily handle Mr. Farah's tasks as he assumes
those of Mr. Aboubaker.

5.2 Equipment

All the equipment and supplies needed for the
proper functioning of the laboratory have been furnished through
American assistance and has been received. Any further equipment
or material acquisitions will be made by the 1labcratory with
funds established in the budget resulting from the establishment
of the laboratory as a unit under the Minister of Agriculture.
An adequate budget for the maintenance and operation of the

laboratory has Dbeen approved by the National Assembly and the
President.

Catalogues and addresses have been supplied to
facilitate future acquisitions. French and American laboratories

have been recommended for expensive unique analyses that may be
required.
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6.0 SUMMARY - THE DEVELOPMENT OF AGRICULTURE IN THE REPUBLIC OF
DJIBOUTI

In Djibouti, a limited agricultural capability is confined
to specific parts of the terrain where water 1is available.
Ground water is not suitable for agriculture due to toxic levels
of boron and also toxic levels of other salts in many cases.
Ground water yield is too little for agricultural irrigation.
Therefore, the water source for Djibouti agricultural development
will be limited to rain-fed systems which occur where the water
naturally accumulates. These occur along the wadi channels, at
deltas of colluvial fans and on foot-slopes. In these areas,
water can be collected and crops grown. The soils in these areas
are not limiting factors for agricultural development. There are
adequate water and soil resources to produce enough foodstuffs
for the present population of Djibouti. Photos #42 through #49
illustrate some of the present agricultural practices in Djibouti
and the potential for agricultural development in the country.

6.1 Agricultural Needs

Let us begin with the probable or estimated requirement
for agricultural production in Djibouti. These figures are an
approximation based on the per capita American consumption for
these products, multiplied by the number of people in Djibouti.
They consider one crop production per hectare or per areas per
vear and do not include double cropping.

One can estimate that this population of 300,000 will
annually require in the neighborhood of 8,000 mt of poultry,
3,000 mt of cheese, 17,000 mt of processed vegetables, 2,500 mt
of fish, 8,000 mt of fat and oils, 21,000 mt of sugar, 22,000 mt
of meat, 15,000 mt of processed fruit, 10,000 mt of flour, 20,000
mt of fresh vegetables, 11,000 mt of frest fruit, 36,000 mt of
milk 3,000 mt of eggs and 1,000 mt of coffee.

For estimating the probable production in Djibouti of
these crops by crop item, we can convert these to the number of
hectares necessary for each crop. If all the meat reguirements
of Djibouti were to be met on irrigated land, it would require
11,000 hectares or about 110 square kilometers. If the meat were
to be produced on the range, considering about 100 kilos per
hectare forage production, we could expect a required 22,000
square kilometers of range. If the milk needed were produced on
irrigated land, it would require 41 square kilometers. If milk
were produced on the range, with the use of goats and camels, it
would require an additional 8,000 square kilometers.

In grain, the country can expect to use 73 square
kilometers for irrigated corn and 34 square kilometers for
irrigated wheat. The country needs about 43 square kilometers
dedicated to fruit. Fats and oils would require 42 square
kilometers. Fish can be considered a direct substitute for meat.
If all the crops were irrigated, including those needed for
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hoto #4z: This Houmbouli garden Photo #U43: Water in the Grand Bara

shows the kind of :
intensive agriculture Lie:a?ﬁeihand cogld be
possible in Djibouti eotls e nearby Aada

>to #hli:  Well at Esa Galow. It Photo #45: This forest in a playa
is located on a natural west of Dorra is being
dam. Didjan Der soil defoliated for livestock
in the terrace would feed. Trees are supported
support agriculture by flooding
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Photo #u6:

Vegetable gardens like
this can be located in
Houmboul i, Douda,

Subalou and Bissidirou

Photo #47: Range will always be
important to those
dedicated to animals
descendants of nomads

oto #48:

Fruit trees can be
grown on deltas and
terraces of streams
flowing from mountains
of Randa to the left

Photo #49: During floods this
channel will store
water for grain
production in the
gray Didjan Der soils
on the banks
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roughage production for milk and meat, 370 square kilometers can
be expected to produce the amount of food for the population of
approximately 300,000. If one eliminated the forage production,
219 square kilometers can supply the needs of the country.

According to the United Nations estimate for food
requirements for Djibouti (see Figure 47), the country would need
60,225 mt of cerals, 4,818 mt dairy products, 2,404 mt fruits,
4,818 mt vegetables, 6,022 mt meat and fish, and 2,409 mt edible

oil. This 1is the same as 220 square km of land for cereals; 40
square km for meat; 7 square km for fruit; 13 square km for
vegetables; 38 square km for edible oils. We can see the two

estimates are approximately the same for the total amount of land
needed. There is some question about diet and therefore emphasis
on one crop over another. Considering these food requirements

for the country it is now necessary to look at the potential for
their production.

6.2 Crops
First, 1let us consider the kinds of crops that are
required from an agricultural standpoint. We can consider fruit
and vegetables for high intensity crops, or the nutritional
crops. There are the fats, another kind of crop requiring a
distinct management. There are sugar and cereal grain. There is
the production of dry forages. There is also range production.

Each of these crops have to be reviewed for their specific soil
and water requirements.

As a general rule, fruits are produced on perennial
vegetation which requires a constant supply of high quality
water, since most fruit plants are adaptable to higher rainfall
areas. As a result, the fruit trees should be established in the
area with the most dependable water supply. Since they are deep
rooted it may not be necessary to have as fine a textured soil or
as level a terrain for their management.

Vegetables, 1in the same category, are usually annuals.
Once the <crop 1is established, it should have a reasonably
dependable water supply. A short period of drought would not
eliminate the normal production capability in vegetables as would
be the case with fruit. Twenty to thirty year o0ld trees may be
lost in a drought.

In the case of oil, most fat producing plants are
r ather drought tolerant. They can take a lower amount of water
and as a result, would be satisfactory in water plans where there

is a limited supply of water available or the water is available
for only short periods of time.

In the case of cereal grains, this is also wusually
true. Cereal grains are basically a semi-arid crop. They have
some tolerance for water that is a bit salty. These crops also
have some drought tolerance for short periods of time. They also
produce relatively quickly.
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+wriLD FOOD PROGRAMME oW deV L,

PROGRAMME ALIMENTAIRE MONDIAL PROGRAMA MUNDIAL DE ALIMENTOS

Telegramme UNDEVPRO DJIBOUTI .
Telex PNUD 5850 DU gﬂ"" Postal 2001
Tel: 3533M.72 Bureau de Representant ilbouti

¢ 021 0 AISATD

Dear Dr, [oahbels,

Subhiec* : Arwi1al Frod recuirements § 35 heya 5
Suhi ! ts in D 3.

Further o ~ur dismission of S May 1982 on the ahnve subiect, please fird
belnawr the estimated fand requirements 2nd cormercial ‘mport statistics,

Pleage note that the calculatiorn of the armual tornage renquired =2s5swrres a

nopulation of 330,000, and is hased on the recommendesd daily intake of 2,500
calnries per nerson,

Cormndity ame per day arnval reguirerent iﬁl)
Cereal 500 60,225
Dairy products 40 ) 4,8
FPruits 20 2,709
Vecetables 40 4,818
Meat Fish 50 6,022
Edible Oil . 20 2,409

4s compared to import statistics, it is evident that the average Diiboutian
Anes rot consnme the recormerded daily food intake, Based on local food habits,
the followirg estimate of averace daily intake can be made with regard *“n the
nrhan nopulationsg :

Commoditv Gm per day
Rice 150

Bread 250 (one loaf)
Vecetables 35

Meat a0

Edible Oil 20

The above dnes not anply to the nomadic groups, who basically consume dairy
products (coat and camel milk) produced by their herds and some cereals { sorzhom,
majze) obtained in trade with Ethiopia, It should be noted that as ruch as 1500

tons of these cereals are imported arrually by the nomads under urcontrolled con-
ditions,

lable Decument

;]
e
&

Trustinc that the above will be of some use to you,.
Yours sircerely,

Dr, J. Roebbéls 2 c /f/<

Adviger, TICAT ")/Ivﬁ.ni sty nf Acriculture

Best Ava

Thaltald AAT
Ficure 47: 155
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ANNUAL COMMERCIAL FOOD IMPORTS

COMMODITY . TONNAGE

A. Cereals
1) Wheat Flour 10,000
2) Rice 14,000
3) Coarse grains 5,000

* %

B. Dairy and Poultry prodgits 6,000

C. Fresh and dried fruits o 1,100

D. Fresh and Dried Vegetabiss 1,900

E. Meat and Fi§2 Products 600

F. Edible Oils 4,700

*

Scurce ONAC
* %

Source port statistics 1980, does not reflect imports fruits,
vegetables and meat from Ethiopia

-

Figure 47 (Continued)
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6.3 Water

Water 1is unquestionably the most important factor for
agricultural production 1in Djibouti. Large quantities are
required over few to several months and the gquality must be very
high to prevent rapid salt accumulation in the soils. As a
result one must look seriously at where the water occurs, the

quality of water available, and how to manage the water 1in
agricultural production.

The locations of accumulated water are basically four
in nature in the country. One area is where the rainfall occurs
on the mountains which have an elevation over 900 meters. The
rain occurs more frequently throughout the year in these areas.
Floods of these areas replenish the water within the wadies of
Weima Sadai, Gobbaad, and Hanle. This area is the source of
water for all the wadis from Sablali, along the coast all the way
around the Goubbhet to Khor Eambado.

The second place is the wadi channels in the interior
of the country. Wadi channels from time to time flood. The
wadi water infiltrates rapidly into the channel, and 1if the
alluvium 1is thick enough, a temporery reservoir is established
which can be used for some period of time to 1irrigate crops,
depending on local wadi conditions.

A third position suitable for collecting water is the
foot-slopes of the mountains and the hills where sheet erosion

and even gully erosion are presently active. This water can be
channeled and directed to accumulate on lesser areas, as a
consequence, increasing the moisture availability for crop
production.

A fourth place is the water that accumulates in playa
basins. Oftentimes the short slopes, and the narrow watersheds
around the playas do supply run-off water into the playas. If
this 1is redirected and ponded, it can be concentrated on select
areas to increase water availability and thus crop production.

It must be remembered that the water available and
stored by the present active system is about as efficient as can
be expected. When the rainfall is high and the run off is high,
the water flows down the channels which are extremely permeable
permitting the water to infiltrate the channels, recharge the
ground water, and recharge the aluvium. It also permits the
accumulation in playas, which have a silt cover and are semi-
impermeable to the water. As a result, very little water in the
channels evaporates after a rain, compared to the amount that
falls. At present, this system is generating the maximum amount
of ground water recharge and any Xind of engineering would
probably eventually inhibit this recharge rather than improve it.
Therefore, agriculture must adapt itself to the natural flow and
availability of water rather than attempting to dominate it.
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Throughout the country, highest quality water occurs
in the wadi channels where it is recharged regularly with fresh
clean rain water. After leaving these channels, it encounters
bedrock and sedimentary rock, which are impregnated with salts.
The salt content rises and the toxicity of some elements
increases. At this point, it seems that we can consider the deep
groundwater from deep aquifers to contain toxic levels of boron,
which inhibits full healthy plant development. As a result, one

should 1look to utilize the water as soon after it rains as 1is
feasible.

6.4 Soils

Soils are the next most significant factor in crop
development. The soils in Djibouti near the geomorphic pcsitions
associated with water accumulation and availability are normally
suitable. Except on the coastal plains near the sea, the soils
are not salty. All the soils though are calcareous. Must soils
are coarse textured and will have moderate to high permeability.
The soils suitable for agriculture occur on the first and second
terraces along the wadis. They also occur on the colluvial
deltas and second terraces along the wadis, and the footslopes
and pediments. The soils in the playas are also suitable for
cultivation. There are other areas which are suitable to
cultivation but which don't have water available. Most of the

other areas are suitable for range and also as watersheds for
accumulating water,

6.5 Strategies for the Development of Soils and Water

Any agricultural system in Djibouti will depend on
rainfall as rain is the only source of salt-free water. Because
agriculture requires water on an intermediate to long-term basis,
two months to a year, the rainwater must be stored. At least, it
must be available at the time of the crops' requirement. Water
storage 1is a rate of time function. The rain water accumulates
in the wadi during floods. It infiltrates into the channel and
flows along inside the channel sediment slowly. Here, the
rainwater is protected from evaporation by the channel sediments.
It 1is made available over several months or several days in the
channel by this retarded movement. Otherwise, several years
later, it may reappear as ground water in deep aquifers.

On the other hand, the rainwater on the pediment
slopes, running off as sheet erosion, distributes water that
infiltrates into the soil where it is stored for one to two
months. Water may be stored in channel sediments, 1in ground
water aquifers or in the soil itself until it is used by the
crop. It need not be stored in reservoirs. The concept of water
availability in Djibouti is knowing how much water 1is flowing
through the system during a given period of time, so that one
can know when and how much water is available to the crop at that
period. This is related to the time between a rain and the time
at which the sediment has too little water for crop production.
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Knowing this, one can calculate the kind of crop and type of
water retrieval system needed to grow that crop.

The following is a strategy for crop production. The
longest-lived most valuable crops must have the highest quality
and most dependable water source. The lowest-quality and the
fastest-growing crops should be relegated to the most wunreliable
water source. The water from the high mountains represents the
most dependable, high quality water supply. Tree, bush, and vine
crops are the most valuable, 1long 1lived plants. Thus, they
should be planted 1in association with water from the high
mountains. Deltas and colluviums from Tadjoura west around the
Goubbhet should be planted in fruits.

Vegetables, on the other hand, represent a high return

crop with 1lesser 1longevity. These should be planted in
association with dependable, high gquality water from the
mountains in an area where the source may be a bit more
intermittant. Thus, the water from the Sadai wadi is probably

the most suitable for commercial vegetable production.

Cereal grains and o0il crops represent intermediate
growth crops requiring extensive areas and water supplies from
three to nine months. These crops should be planted along any of
the other wadis on the first and second terraces anywhere in the
country. They can be planted after the rain has established how
much water is available in the alluvium to plant the crop. The
wadis of Weima, Hanle and Gobbaad are particularly suited to
grain production. Fr equently, other smaller watersheds near Eli
Sabieh, Dorra, Khor Anghar, etc. may have water available for
grain production.

Finally, the short-lived forages should be planted
where the water has the least durability, the lowest quality, and
thus, the highest risk factor. That is, it should be planted on
extra land by the wadis or in the areas where the water 1is
concentrated along pediments, and in playas. They should be
short-lived cereals and grasses which are harvested as soon as
they show drought stress.

6.6 Environmental Impact

This strategy and these concepts will, of course, have
some environmental impact. There will be an increase in the
number of birds and insects and wild animals due to the increase
in vegetation.There will be an increase in domestic livestock
with added occupancy and grazing in areas near to 1livestock

concentrations. This could tend to encourage overgrazing near
the farm site. Because of the agricultural settlement there will
be a general increase in the cutting of bushes for fencing.

Fur ther, since the rainwater 1is the source of
groundwater recharge, the wuse of water for irrigation will
directly effect the recharge rates and lower the water
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availability from the deep wells. Water availability at some

of the permanent well sites will be reduced or eliminated as the
water is used up stream in the alluvium.

The use of the remaining water sites for loncer periods
without flushing the water holes and also bringing the livestock
to permanent water sources will increase the diseases of the
livestock to some extent. Finally because of water diversion

structures, natural erosion and gully and sheet erosion, will be
diverted and reduced.

6.7 Preliminary Needs

The Ministry of Agriculture and the Government of
Djibouti have some 1initial requirements to meet before
agriculture can begin. One of the things that should be
initiated early is a more active contact and assistance by the
Ministry of Agriculture with present farmers, principally to
develop a program for assisting the farmers later when
development is completed. There also needs to be a more active
Agricultural Service functioning in a direct association with the
farmers and farmer organizations,

The country needs to establish clear land ownership
policies and 1laws with the legal statutes to acquire a deed by
the land user. The country's most valuable resource is its land.
Its land can be considered as capital to the potential land user
for certain number of years of man-~labor which could be per formed

in public service to assist the country in achieving many of its
public works programs.

Further, the country must now begin to establish legal
rights to water, for the livestock, for industry, for urban needs
as well as for agricultural needs. Then programs can be designed
to meet the water needs and allow the farmer to enter his project
knowing he has assurance of continued water supply.

Following is a list of short-term specialists that are
required: agricultural economists, a cadastral expert, an
agricultural engineer, an irrigation engineer, a water rights and
distribution specialist, a cooperative expert, an animal
husbandry specialist, agronomists and horticulturists, an
agricultural extentionist and a social scientist (who can look at
the impact of the agricultural developments on the attitude of
the people and monitor the change).

6.8 Development Policies

The gover nment should now begin to discuss the
priorities for the developmental sequence. This calls for long
involved discussion and the integration of the opinions of many
and various poeple. Some specific projects that can begin as
high priorities follow: First, providing wadi channel water to a

160



specific drainage for the Houmbouli, Douda and Atar projects
since these projects are already established and they will supply
fresh vegetables to the Djibouti market. Second, the Saadi river
water shed should be evaluated. The vegetable production from
this water should begin somewhere in the vicinity of Sublali.
Third, fruit production should be initiated on the many various
wadis along the Gulf of Tadjoura and the Goubbhet. Fourth,
cereal production can then be initiated, followed by
establishing family vegetable gardens and local market vegetable
production along the Goubbhad and Chekheti wadis as well as the

Weima wadi. Fifth, this can be followed by cereal production
along the lesser wadis on any small areas a man chooses to
develop. Sixth, assistance can be given to forage production in

the Dikhil and As Eala areas and the frontal plains from Obock to
Khor Angar and the Badda Weyn and the Badda Yar. Seventh, the
following crop assistance will be necessary: The government
needs to look for sources of nitrogen, potassium, and phosphorus.
Principally, it should look to producing its own nitrogen with
wind energy. Second, it needs to find a good source of
phosphorous since calcareous soils tend to firmly tie up the
phosphorous. Potassium, on the other hand, would be less
necessary and should have third priority in terms of
availability. Seeds and pesticides should be made available by
the Agricultural Service. Agricultural Service should have
responsibility for seed distribution to control varieties and
seed sources. Thus, they may limit the amount of seeds available
for a species so there are not overages in terms of acreages
planted to single crops. Thus, a balance can be established in
terms of vegetable and fruit production. Agricultural Service
should control pesticides due to the highly technical nature of
application of pesticides. Agricultural Service can train its
personnel properly in the identification of the needs and the
application of the pesticides., Finally, it might be remembered
that in Djibouti, the best farmers, the most productive farmers,
and the farms with the greatest longevity are located nearest the
wadis and take their water as much as possible directly from the
channel. Fur ther, where the family lives on the farm, the farms
are considerably better managed and have higher production rates
that those where there is adsentee ownership. This might be
taken into consideration in an agricultural, development plan.
The size of the unit should be commensurate with producing on
adequate 1living for the farmer. One should at least consider
that the people who establish themselves on the land will be able
to remain there for a long time.

6.9 Conclusions

Djibouti is no longer a nomadic state. It has farmers.
It has agricultural production. It has agronomists. It has
governmental and private agricultural institutions and it has
agricultural experience. It has more agricultural resources than
had previously been identified. If it dedicates its effort to
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the established objectives, and is willing to commit itself
fully, it should be able to produce enough crops to adequately
feed at least its present population.

Overall, there are four distinct developmental
strategies that the government can use to convert the land
resource into an agricultural resource. All of these systems can
not be applied at one time, at least not in one sector of the
agriculture but any one of them probably has as much chance of
success and will have about as many complications and
difficulties as the other.

First, it would be possible to write a pamphlet and
give 1instructions on the radio and television as to how to
identify the soil and water resource in the land. Those people
and organizations interested in beginning farming could ao 1in
search of their own parcel of 1land, establish their 1land
boundaries and initiate the agriculture on their own
r ecognizance. This would mean they would have no further
technical support and if their judgement was bad they, in fact,
would fail and would then choose to abandon the parcel or
relocate. This they would do on their own. In the meantime, the
technical capability in the country would go on developing its
data resource so that when settlement had subsided in four to
five years, they could Dbegin to work with those farmers who
appeared to be successful.

A second alternative would be to hire a contract firm
from a more developed country with agricultural experience who
would be interested in developing the resource. This would
include a contract which would permit a return of the developed
resource to Djibouti or to the landusers after a specified period
of time when the company had been paid back for its investment.
This might be more acceptable for fruit and vegetable
development, where food preservation, food quality and timing of
yields are very significant factors.

Third, the Djibouti government may decide to take
charge of all the agricultural development itself and hire the
people that are going to do the work and have an organized
agricultural system. It would Dbe under the control of the
agricultural experts and the planning policy of the state.

Four th, the government could establish a set of
priorities for development. It could pace development so one
thing begins first followed by another. This has to do with the
development of specific regions and specific crops so that
development continues squentially and therefore technical support
can enter before development and can follow along with the
development and can help people maximize the resource. In this
way, the technical capability of the country would be brought to
bear early in the development and would share in the
responsibility for negative consequences. This calls for more
restraint on the part of the governmment and individuals and
private enterprise. This is far more demanding on the technical
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expertise, but produces a far more systematic and controlled

development in the end. Given this review of the circumstances
in Djibouti, it should be possible for the Ministry of
Agriculture and other governmental agencies, including the legal

institutions, to initiate programs now so that their work is done
by the time that the needs of the agricultural community aqrow
large enough to demand support. This report will serve as
guidance toward the organizing of whatever agricultural
development program is decided upon.
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VOLUME II: PROJECT DOCUMENTATION

This wvolume of the report contains the documents which,
together, have formulated and shaped the design and executiocon of
the project. This 1inclusion will help those not intimately
involved with all that has happened to understand some of the
"where," "why," and "how," in order to better understand the
resulting Soils and Water Analyses Laboratory. It helps cnrne to
better assess the project and appreciate what it is ard what it
can be.

Of special note, the reports contained herein are not
reproduced 1in their entirety. They are excerpts from the
original reports. Certain material not relevant to this specific
project has been deleted from each of the reports.
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SUMMARY AND CONCLUSIONS

PurEose

Purpose of this trip was to develop alternatives and recommendations
for specific AID action in the newly-created Republic of Djibouti,

based on a reconnaissance of the country's natural, human, and
institutional resources.

This report will present a background and summary of the findings of
the team which will be followed by recommendations. After that will
come detailed findings and the itinerary of the trip along with an
identification of the persons contacted.

Conclusions

If agricultural development could be considered in isolation, our task
would be much simpler. Unfortunately, it cannot be. Such general
purpose capabilities as total water management, taxation and public
finance, and technical manpower, which currently do not exist, will be
essential for agricultural development, and they cannot be assumed
away 1in designing an AID strategy or project. NO source appears
likely for help in these areas other than AID.

Currently, water seems to be the most serious primary or first-order
limiting factor. Since money and people are important 1in solving
water problems, they too become 1limiting factors even if by
derivation. A logical development strategy must figure to economize
on the scarcest resouce. Inefficient use of relatively abundant
resources 1is not serious and may even be wise, as long as that
resource 1is not being destroyed. To be specific, yield per cubic
meter of water is a more important performance criterion than vyield
per acre of land (if the land is not being lost). However, the water
management problem is far more inclusive. A water management
capability will include such sophisticated elements as monitoring the
re-charge of underground reservoirs and the establishment and
enforcement of both rates of extraction and rights to water when it
becomes necessary. It will also include such mundane elements as
keeping pumps in operation, as well as such general elements as an
efficient procurement mechanism for essential imported supplies and
equipment, which currently are very costly.

There seems to be no way that agricultural development can be
initiated in Djibouti without subsidy, and for a country with few
financial resources, an uncertain tax mechanism, and lack of skills in
public financial management, this issue has to be faced. (The
budgeting of $600,000 for the development of a 15-hectare agricultural
development site dramatizes the financial management problem.) In the
short to 1intermediate run, it can be expected that there will be
external budget support assistance, but there 1is no basis for
expecting it to provide much investment capital over any long run.
Since it seems clear that the government will have to play a major
role in agricultural development, the questions of where financial
resources are found and the efficiency with which they are used become
critical. '



Neither the water problem nor the financial problem can be addressed
without both (1) a stock of well-trained people and (2) an
institutional framework that allows the people to be productive.

There are many indications that, given all the above, Djibouti stands
exposed to a situation in which donor activity can éo more harm than
good. The absence of a capability to plan, to understand what is
feasible; i.e., complete dependence on foreigners, exacerbates the
danger. The more harm than good could flow from three types of
eventualities. One is that donors will provide goods that either are
not worth their cost to the country or provide such a small return
that a capital starved country cannot afford them, This could come
from a desire of a donor country to export goods or from a beleaguered
bureaucrat under pressure to move money or forced to operate beyond
his area of competence. The impact on Djibouti would be the same.

The second problem, and Djibouti may be facing it, is that with only a
few external resources conditions would be created that would result
in new life styles dependent on the flow of external resources, and
thus highly vulnerable to an interruption of that flow over which the
country has 1little control. Djibouti is more vulnerable than most
countries because 1its resources in their natural states will not
sustain any more than the current level of activity, and perhaps not
as much. Further, the resource combination is such that it is
difficult to see how the growth process can sustain itself, once
initiated, in some sort of autonomous fashion. Agricultural growth is

going to be dependent on investment in wells that only the government
can be expected to make.

The upshot is that any significant agricultural development must
depend on a relatively sophisticated institutional structure to guide,
nurture, and finance it. That structure will take some time to
develop, and Djibouti will have to have assistance to accomplish it.
Slopiness 1in design and implementation of development projects could
result in serious consequences if the assistance or the process were
interrupted. If an economy depends on wells, the pumps have to be
kept working. They don't work naturally.

The third danger of harm exceeding good stems from the damage that
could come to the fragile econogy from development activities. The
team can only recognize the danger, not evaluate it. It is possible
that the Djibouti ecology has stabilized at such a low oproductive
state that further degradation is not likely.

RECOMMENDATIONS

Assumptions

Some clarification is necessary of the assumptions that are relevant
to the recommendations.

1. We assume that for perhaps as long as a decade, the international
community, mostly France, will provide budget support to the Djibouti
government. We assume that this support will not provide for



developmental activities and that it will not be accompanied with
significant technical assistance in efficient budgeting and
administration.

2. We assume that other donors will provide some financial assistance
that will be determined on the basis of a project analysis, not a
global or institutional analysis. Judging from observations of donors
in some other countries, we assume that at times there will be more
money available that can be efficiently used in Djibouti and  that
there will be short run improvisations in project management to
compensate for the lack of Djibouti institutional capability.

3. We assume that there will be projects and instances of interest in
specific technical areas on the part of other donors.

4. We assume that no other donor will be specifically interested in
the institutional and human resource development area on the
comprehensive scale that our analysis indicates to us is needed.

5. We assume that the government will not be able to maintain
adequate surveillance, let alone management, of the various donor
activities. Donor activity will, in effect, be out of control, but

donor competition for the attention of the scarce Djibouti manpower
will be substantial.

6. We assume there will be a severe shortage of resources of all
kinds over which the government has discretion.

7. We assume that the needs for economic efficiency may well be in
conflict with cultural traditions, but economic development 1is a
rigorous task master and it demands efficiency. Program desian must
reflect the conflict and seek a resolution.

8. We assume political stability but recognize the need to maintain
some protection against instability.

Recommendations

1. That AID develop a program for Djibouti that emphasizes helping
Djibouti %know and understand its natural resource situation and

helping develop the human and institutional resources. The program
should be guided by the following criteria.

a. We must face the Djiboutians with the facts of the difficult
development task that the country faces and guard carefully against
masking over the problem, either intentionally or inadvertently.

b. The program should attempt to keep recurrent financial
requirements as nearly as feasible in line with Djibouti's capacity to
produce financial resources (by economic activity) and to mobilize
them (by taxation or other anticipated means).



c. It should aim to conserve capital to the maximum extent
feasible.

d. It should look to non-financial forms of capital both in use
and formation. For example, if boulders can be removed from land by
use of the otherwise unemployed labor of those who will benefit,
scarce financial resources can be saved, and capital will be formed.

e. It should aim to achieve net cumulation of benefits as

opposed to relying on future (or continuing) investments to make past
investments productive.

f. It should seek efficiency in the use of all resources, either
internal or external, not just the inputs provided by AID.

2. That AID assign one office to Djibouti. At this time it is
difficult to justify more than one, either as a function of the
indicated program or of the availability of AID officers. On the
other hand, it is important that one be assigned. The Embassy is not
staffed to handle an AID effort.

3. That immediate steps be taken to procure a new well drilling rig
for Djibouti, according to criteria recommended by experts available
to AID/W. It is essential that appropriate spare parts accompany the

rig and that liberal training in operation, maintenance, and repair be
provided before the rig begins to operate. The need is urgent and AID
should seek the most expeditious means to provide the rig.

4, That the Djibouti program be implemented in the Title XII style,
given Title XII emphasis on knowledge, technology, human resource
development, and institutional development, which is precisely what is
most needed. The arrangement needs to be made immediately hecause of
the great need for technical expertise in program development, and the
advantages that would be gained from early involvement of the
university. The program should depend heavily on TDY help, with no
more than one person being in residence. Either the Consortium for
International Development or one of its member wuniversities is
indicated as the logical collaborator. A team consisting of one AID
officer and one contract person with TDY access to the resources of a
major university operating over a decade would stand a relatively good
chance of making an impact in Djibouti. If the twe-man team cost
$200,000 to $225,000 a year, and one assumed a million dollar annual
budget, ample funds would be left for TDY, training of Djibouti
personnel, and even some modest commodity procurement. One could
expect some technical input, not simply administrative services, from
the two-man team in residence. The Embassy plans four rooms for AID
in its new facilities. If two were used for this team and one for the
secretary, a room would be available for TDY personnel.

5. Three resource inventory and evaluation tasks need immediate
attention, dealing with water, soil, and environment. The Title XII

collaborator should be involved in this effort. We offer these
considerations.



Full advantage needs to be taken of the work of Pierre Pouchan,
University of Bordeaux hydrologist. His data and analysis on the
water situation may be adequate for immediate needs. It would be
useful in planning the inventory. Dealing as he does in geology, his
information may also be useful to the soils people. AID and/cr the
Title XII collaborator should procure his services on a consulting
basis to help determine what we know and what needs to be done to
develop further information.

In the soils area, a survey is needed, but the extent and nature is in
question. The first task that we see needed is to evaluate the soils
in the spots where there is currently some water available for
irrigation. The second priority need is for surveys in those areas in
which Djibouti is interested in drilling more wells, or 1in helping

determine future well sites. Some study should be made of the Gobaad
and Hanle Plains.

We recommend providing some soil testing laboratory equipment and
supplies along with the survey, but do not know what is needed.

We have no recommendation for specific action in the environmental
field -- only that our program not ignore it.

6. Given the urgent needs for efficient use of resources and the
nature of the culture, we recommend that both economic and social
expertise be made available by the university.

7. We recommend that every activity take all feasible steps to build
Djibouti capacity. For example, the soil survey should supply some
equipment and involve the native agronomist. Solving the water
drilling rig problem should immediately address the need fcr a
maintenance and repair capability, plus the need for an efficient
procurement mechanism. Stated in another way, we recommend that human
resource and institutional development constitute the central thrust
of the AID program, but that in every case the activities should be
oriented to real problems, strictly resisting any temptation to huild
institutions in the abstract.

8. We cannot be precise at this time on recommendations for
initiating the agricultural development program. Currently, the
French, with two 1line officers in high Ministry of Agriculture
positions dominate this activity. We do recommend a strategic
position; i.e., that activities be designed to achieve agricultural
development in a gradual, steady fashion. The alternative 1is to
attempt quantum jumps which would necessitate large capital
investments in ditch construction, and wells, and with 1little
experience, technology and knowledge on which to base decisions. The
gradual steady course would involve taking advantage of "surplus"
water at current wells or wells drilled to serve other needs, and
natural springs over the next three to five years. During this time,
technicians could be trained, farmers could be recruited and trained,
essential experimentation both in agronomy and in farm development
could be done, program experience on the part of the public officials
could be gained, and we would have many insights as well as cuestions
which we cannot foresee today. The capital costs would be relatively
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modest, and the inevitable errors would be small in conseguence.
Finally, at any time it were justified, the alternative strategy could
be adopted.

The alternative 1is to establish big projects. Prelimninary data
indicate that good water and good soil can both be found in the Gobaad
and Hanle Plains, and that is a temptation to move in immediately.
With no farmers, no public servants experienced, no technical training
or training facilities, and no indigenous technology, the large
project seems too great a risk. In Djibouti, it will not take a very
big project to be too large.

It is difficult for us to visualize the course of agricultural
development when the process starts at zero, but if 100 acres were
under crops on 20 going-concern farms in five year, it would probably
be a notable achievement. That could be done at four or five sites,
and experimental work could be handled at another four or five sites.

This presumes that the current site at Petit Bara would be developed
at a rate to be determined by the success in bringing costs under
control. It is not counted as a going-concern farm.

FINDINGS

Water

Water 1is the <critical element in any of Djibouti's development
alternatives. We did no detailed study of precipitation, but in
consultation with Pierre Pouchan, hydrologist from the University of
Bordeaux, we understand that average rainfall ranges from about ten
inches a year down. Timing of the rainfall is so variable that it
cannot be predicted. Shortly after completion of the field visit,
five inches fell on the capitol and parts of the interior, creating
near disaster conditions. There has been no experience with surface
water impoundment. The evidence is mixed regarding the ability of the
soil to contain surface impoundments. The earth's crust is leaky in
many spots, but there is also evidence that clay settling out of
runoff water will seal the soil.

Currently, aquifers about 100 meters deep are the important source of
water and are likely to be for the next several years. Fortunately,
considerable information on groundwater has been collected, all by
Pouchan who has been studying the country's water situation for some
15 years and has determined the locaion of the wells drilled until
now. This report depends completely on his studies in its discussion
of water. He also provided geologic input for the soil analysis and
general information on areas we did not see.

Our tentative conclusion is that the total supply of groundwater,
replenished from rain, is adequate for a substantially higher level of

economic activity, including agricultural development. The evidence
follows.
Djibouti has an unusual geology. It is formed largely by volcanic

action over long periods of time, and has undergone uplifting in some



areas and collapse and settling in others. There has been significant
geologic erosion and transfer of soil and its parent material in many
areas. Two important characteristics have resulted. One 1is that
there 1is a large area of soil along the coast north of Obock that is
formed by an uplift of coral from the sea. Some of this is covered
with wvolcanic outwash. The other characteristic is that some of the
watersheds have no drainage to the sea. Some are below sea level.
Water escapes by percolation and evaporation of this type is
associated with salinization.

1. More information about the water supply is needed, particularly
with respect to the annual yield capacity of the major aquifers and to
water quality, especially in those reservoirs in which the danger of
salt 1is recognized. The Pouchan data would yield considerable
information, but he claims that adequate information will reguire more
test borings. The team's judgment is that the water supply potential
is adequate to support some agriculture and thus it justifies further
attention. Water expertise 1is needed to help determine both study
needs and exploitation needs.
o

2. Temperature of the well water ranges from 39 to 50 Celsius (105 -
122 F.), and we do not know how to evaluate this phenomenon in either
its direct effects or its implications.

3. Major 1limiting factors are represented by the lack of +trained
manpower and the lack of an institutional framework to deal with the
water problem. One problem, for example, 1is the exceptionally high
cost of equipment and supplies associated with water, all of which are
imported, chiefly due to weakness in the importing institution.

Soils .
Little 1is known about Djibouti soils. Some non-technical briefing
material listed the soil as sand. In one of our interviews it was

indicated that there had been so little weathering that the parent
material has not been broken down to form a soil base adequate for
agriculture. Our observations did not square with either of these
bits of evidence.

Our Jjudgment is that the soil base 1is adequate to support a
significant agriculture. We base that judgment on the fact that
volcanic soils are usually relatively fertile and that soils under
arid conditions have not been extensively leached. In addition, the
soil is of a color normally associated with relatively good soils, and
the parent material is essentially basalt. Finally, our observations
were that the parent material has been weathered and that there is a
high clay content. In fact, in some areas a major problem may be
associated with a high clay content.

While we saw snow-white surface in only one area, and that from the
air, our hypothesis is that salinization has occurred on a major scale

and is the explanation of the so-called "sterile clays." We inspected
only one of these areas on the ground, that of the Grand Bara, but we
saw much more from the air. The "sterile clay" areas are almost

always found on the plains formed by alluvium which filled in the



collapsed faults associated with the aquifers. Our hypothesis is that
these sterile areas were formed in the low spots of the closed surface
drainage systems, that the heavier material had settled out before the
water reached these spots, that the clays settled out in the spots,
that the clays sealed off the surface so that there was almost no
percolation, and that the ensuing evaporation has allowed enough salt
to accumulate to prevent plant growth but still not enough to produce

the pure salt cover. Admittedly, this is layman reasoning, but it
does seem to fit observations made from the surface. We did not see
areas in which the entire plan was "sterile clay." Much of the

surface is covered with basalt rocks and boulders, but these "sterile

clay" areas were clean, as if the boulders had been covered by the
sedimentation.

At any rate, a study by soils experts is needed, and our judgments are
that there is enough good soil to justify such a study. We saw a wide
variety of crops growing at several well sites, but given the size of
the plots, and the 1lack of information on technology used, the
evidence of the care and attention they had received, we could draw
little conclusion from them.

We recognize these problems or possibilities of problems.

1. One 1is the lack of knowledge and understanding of the
soils. We do have from Pouchan some fairly good geologic maps. While
some soil survey is justified at present, the extent of the survey
must be cdetermined in consultation with experts.

2. Of special concern is the danger of salinization, as a
function of both water and soil quality.

-

3. Djibouti has only the beginnings of an institutional
structure to deal with this problem, but virtually all the expertise
is embodied 1in one person with a B.S. in agriculture, and he has

virtually no equipment and no library or literature facilities.
Climate

This 1is a harsh country. In addition to the ancient volcanic
activity, the faults and sinking of huge areas of land, the country is
still subject to earthquakes and floods that cannot be anticipated.
On the other hand, the sun and the wind are constant. Data on
evaporation was not available, but the sun shines on most days, and in
the month of July the mean high temperature is above 100 degrees
Farenheit in the capitol. It is claimed that the climate is humid,
but we saw no data on this. The wind was mentioned often as a
problem. In several of the areas, the growing of windbreaks was of as
much interest as the growing of crops. The wind and sun may also
constitute energy resources, but there has been no experience with
them in Djibouti, and we were not able to evaluate them.



APPENDIX A-2

TRIP REPORT

February 21, 1978

NAME : Dean F. Peterson, Chief, SWM, DS/AGR

PURPOSE: To confer with USAID Mission, REDSO
representatives, and Djibouti representatives
in company with Professor Pouchan,
Hydrogeologist, University of Bourdeaux

regarding hydrological aspects of an AID
Agricultural Development Project.

DISTRIBUTION: DS/AA, C. MCGRAW

DS/AG, L. Hesser, K. McDermott, Division
Chiefs (circulate) SWM Staff (circulate)
AAO/Djibouti, Karl Mahler

INTRODUCTION
This report consists of two parts. Part I is a Summary. Part II goes
into more technial details and is supplementary to the reference
material and to Prof. Pouchan's report, Attachment 4. This part will

be more meaningful if the reader has already read Reference 1 and
Attachment 4,

Part I1 contains the following sections:

. Dug Wells
. Drilled Wells
. Water Quality

. Other Possibilities

. Drilling

. Land Tenure

PART 1

NARRATIVE

The period January 31-February 6 was spent in Djibouti in company with
Prof. Pierre Pouchan of the University of Bourdeaux, a hydrogeologist,
who has some 15 years experience in Djibouti, Madison Broadnax of
REDSO and Karl Mahler, AID/Djibouti, along with representatives,
entirely French except for one Somali, of the Djibouti Republic's
Agricultural Department.



Because of the political situtation between the Issas and Afars, our
field visits did not extend into areas north of the Gulf of Tadioura.

Principal sites visited were Petit Bara, (6), Grand Bara (5), and
Henle (2), and Gobaad Plains (1) and in and around Dijibouti tcown
(Ambouli Basin) (7). These are decribed by Broadnax et al (Ref 1) p.

11-12 and by Pouchan, (Attach 1) p. 5-11. Numbers in parenthesis
refer to the map and description in Ref. 1. Three other general areas
are of interest but were not visited. These are Aibole-Magale Wadi,
Tadjoura area (8). Saddai Wadi, Obock Area and Eoulma (10), and Weima
Wadi, Bisidaurou Area (l1). Based on water quality inforwation and
considering geology, Obock/Eculma does not lock very promising: and
Ambouli is dedicated to water supply for Djibouti town. This reduces
the number of interesting aquifers for drilled well development to
Six. Water has not yet been proved at Petit Bara, and supvplies there
and at Grand Bara cannot be very extensive. Thus the need for further
groundwater studies for drilled well supplies seems to he focused
pretty much in the above areas and there are existing exploratory
wells which have been pump-tested in all except Petit Rara. Prof.
Pouchan also has considerable geophysical information based on
resistivity measurement. There is an Institute of Geology in Djibouti
maintained by the University of Bourdeaux. Geological maps have been
prepared on a scale of 1:200,000. These are being revised to a scale
of 1:100,000 and descriptive portfolios are being prepared.

Small gardens irrigated from dug wells were also inspected 1in the
Hanle and Gabood Plains areas and near Djibouti. These are limited in
extent. Each well may have from 0.1-0.5 hectare. Some are reascnably
well managed, but the potential for this type of developmrent is
thought to be low because of saline water underlying the shallow
groundwaters accessible to dug wells. Nevertheless, these could serve
for experimentation and training.

The Minister of Agriculture was visited twice. Once on our first day,
once on our last.

Discussion and Conclusions

There are 1limited groundwater resources that c¢ould support some

cropping in Djibouti. Salinity is a problem but appears manageable.
It will be a limiting factor in the use of these resources.

There is evidence that there are some satisfactory soils contiguous to
water supplies. The extent of soil and water resources is unknown and
indeed depends upon the mode and technology used in developing them.
Whether or not Djibouti people could become interested 1in cropped
agriculture is also unknown as is whether or not the activity would be
economical. It is doubtful if these questions can be answered except
through trial in the field.

Modest training programs pointed toward farming, concurrent with

limited new agricultural developments could begin to test the human

interest, the economics and cropping patterns. Concurrently the

exploration of the more important soil and water resources could

proceed. There seems to be no overwhelming reason to make a complete
2



assessment of resource potential immediately, but soil reconnaissance
in the most promising areas of water supply potential should be
checked out before a decision is made to proceed.

The implications of tribal 1land tenure customs and the Djibouti
Goverment's policies in relation to them needs to be checked out also.

Besides irrigated agriculture, livestock, which is already
established, 1is important, and there are possibilities for runoff
farming and water harvesting that might be looked at. If the U. 8.

gets 1involved, the venture should be tested intermittently, with a
commitment to withdraw if things do not work out.

One 1issue that should be settled early is whether or not there is
water at Petit Bara. This means extending the present boring
discontinued at depth 144 meters another 50 or 60 meters.

The government very much desires the U. 8. to provide them with a
well-drilling rig. This should be contingent on agreement to a
rational program based on the known hydrogeology and most promising
agricultural areas, and upon a plan for adequate training and
management of a drilling program with the potential for evolving a
general hydrographic and water development capacity.

All told, developing agriculture in Djibouti looks like a high risk,
expensive and slow activity. It will not involve a large segment of
the population nor have a major impact on the economy. On the other
hand, it is probably the most attractive development opportunity there

and even it will strain the capacity of the evolving Djibouti
Government. -

PART II - MORE DETAILED COMMENTS

Dug Wells and Gardens

All of the irrigated agriculture I saw, except within Djibouti town
where gardens may receive some municipal water from drilled wells, was
irrigated wusing dug wells. These were inspected at the following
locations: Taeou and Cheikile Wadi in and tributary to the Hanle
Plain, as Eyla in the Gabood Valley and Atar and Ambouli Wadis near
and in Djibouti Town. Similar gardens exist at other sites where
water tables are within 3 or 4 meters.

Wells are 3-4 meters in diameter and 4-6 meters deep. They appear to
irrigate from 0.1 to 0.5 ha each and probably can produce only 25 to

50 cubic meters per day or less. (1 cubic meter per day will irrigate
about 0.01 hectare.)

Usually the water is pumped using a centrifugal pump driven by a small
internal combustion engine but human or animal-powered 1lifts like
buckets on endless chains are also used.



I do not have informtion about how many such gardens there are, but
the total in southern Djibouti is probably numbered in dozens rather
than hundreds. So this agriculture is not extensive. It might be

useful to make an inventory of the number of wells in the country
using remote sensing imagery.

Crops 1include leafy vegetables, tomatoes, maize, sorghum, melon,
dates, and mangos. Crop quality is variable from marginal to good.

Shallow groundwaters in the Hendle and Gobaad Plains overly saline
water residual from Pliestocene/Holocene lakes. The upper surface,
which 1is replenished by rainfall is relatively fresh; but the dug
wells, were reported by Pouchan to become salty if they are pumped

very heavily or if drought prevails. A similar hazard but under
different circumstances exists in the gardens near Djibouti, which are
located in the residual soils overlying the coral conglomerates along
the coast. Here the conglomerates have not been leached so that
increasing salinity is associated with overdrafts and droughts. Dug
wells are located near wadis where the groundwater is fresher.

The Agricultural Department 1is giving its attention to gardens
irrigated by dug wells, but it does not seem that there is a large
potential for expanding this kind of agriculture though there may be
some. Gardens irrigated by dug wells could be useful for training and
adaptive experimentation, however, and this is anticiapted in the
program proposed by the PID.

Other Possibilities

A fairly substantial stand of phreatophytic shrubs occurs in the Henle
and Gobaad basins. These apparently tap the upper, fresher waters of
the aquifers. It might be possible to replace some of these with more
economic crops. For example, could alfalfa be maintained by the water
table if it could be started using irrigation? This could be checked
out on some of the gardens near Teaou or Es Eyla. This suggestion

needs to be checked with a crops specialist. There may be more
promising crops.

Forage crops might have a special appeal because of the nomadic
livestock activities in the country. This is something the Project
Paper team may wish to look into.

Other interesting potentials are runoff farming and water harvesting.
Runoff farming has been successful in areas having as little as 100 mm
annual rainfall. The rainwater from a larger catchment is
concentrated on a cultivated field to produce a crop. Rainfall
harvesting stores runoff water from catchment areas in tanks or
reservoirs for stock watering or other purposes. The red soils and
"topography between Djibouti and Arta appear favorable for runoff
farming. This might be competitive for runoff now replenishing
Djibouti's aquifer, but 1limited activity would probably not be
serious.



There 1likely are many potential sites for runoff farming and this
seems like a possibility deserving experimentation. Rainfall
harvesting should be considered for livestock supplies. This would be
more economical than drilling wells in many parts of the country.
(See "More Water for Arid Lands" National Academy of Sciences chapters

1 and 2 for detailed information on rainfall harvesting and runoff
farming.)



Hydrogeology of Djibouti

By Professor Pierre Pouchan

February 6, 1978

CLIMATE

The climate is of arid type. In Djibouti, the average air temperature
is 29.7 beg. C. Rainfall 1is very irregular, and maximum continuous
rainfall 1is not mcre than six days. Dry periods can exist of more
than six consecutive months.

In Djibouti airport (2 = + 8m) average rainfall on 20 years is 151 mm
and 210 mm in Arta (Z = + 700m).

In winter time, east winds are dominant and cold fronts descend along
the Red Sea. Exceptionally, hurricanes and tropical depressions
coming from Indian Ocean arrive in Tadjoura Gulf. Winter rains are
generally located at the east of a line passing from Ali Sabieh to
Assa-Gayla.

In the summer time, storms produce rain along western margins of the
Republic.

METEOROLOGICAL RECORDS

Rainfall and temperature were recorded in Djibouti town since more
than 50 years. Later in the airport, a meteorological station gives
complete information since more than twenty years.

Second order stations were created in some other places in the country
by National Meteorology Service. The Plan 1is given in Annex.
Duration of records is variable, and there are gaps for some stations.

The meteorological net seems in fact good but the records are not
always representative due to numerous effects of relief. Data is in
Annex.

Evaporation 1is continuously recorded in Djibouti airport using
Colorado tanks and other kinds of evaporometers. Average evaporation
rate is in order of 0.8 cm/day.

Short-time evaporation measurements were made in some other places.



They show rates from 0.8 cm/day to 1.5 cm/day in lake Assal area (2 =

156 m) which is considered as the hotest point of the country. At
this place, maximum day temperatures were measured up to 40o C.

Wind is common in the Republic. Continuous measurements are made at
the airport station and at scme localities as Ali Sabieh and Dikhil.
Main winds are coming from E/S.E. 1in winter time and from N.W. in
summer time. The last wind commonly called "Khamsing" in the country
is continual. It is dry and hot with dust affecting the visibility.

Air humidity is also recorded in Djibouti station. In fact, it seems
humidity 1s high in autumn especially in Djibouti and coastal areas.
Inland, humidity decreased with altitude and distance of the sea.

GENERAL HYDROLOGY

There 1is no perennial stream in the Republic of Djibouti. All the
rivers are "Wadi." Defining the importance of a Wadi as related to
its drainage basin, we can infer there are six important wadis in the
total area of the Republic. According to the tectonic scheme, some of
them are flowing into or to closed basins (endoreic systems). The
others run to the sea (open systems).

- Open systems:

- Ambouli wadi - Djibouti area

- Alboli-Magale wadi - Tadjoura area
- Saddai wadi - Obock area

- Weima wadi - Bisidirou area

- Endoreic systems:

- Hanle (or Henleh) wadi - Dikhil area
- Gobaad wadi - As Eyla area

Lakes

There are two main lakes. First one is Lake Assal. Lake water is a
sodium chloride brine at ~156m below the sea level. By evaporation,
the brine genertes halite as a white flat bank, in the N. W. corner of
the depression. The halite bank is sub-horizontal at some tenth
centimeters above water. Halite bank is fed by overflowing brine of

the lake, in a very irregular manner. Inside the lake, we can observe
gypsum crystals banks.

The balance of the lake is supplied by inflowing underground sea water
coming from Gubbet-Al-Kharab through faults and fractures which affect
intensively this volcanic area. Surface of open lake is approximately
50 Km2, surface of halite is 60 Km2.

Second lake is Lake Abbe. Lake water is sodium carbonate and chloride
brine at 234m above sea level. Lake Abbe is the evaporative terminus
of Awash river coming from highlands of Ethiopia and Gobaad Wadi
coming also from Ethiopian mountains. The last course of Cobaad Wadi
occurs in Gobaad Plain.




PALEOHYDROLOGY

These two large lakes are in fact the relics of a large lake system,
well-developea 1in all the closed basins of the southern front of the
country, during the holocene time, with a paraxysmic phase at 8,000-
9,000 years B.P. as shown by C.l4 datations on molluscs shells. At
this time, it is inferred a high Rainfall/Evaporation ratio and we can
Oobserve o0ld lakes extensions in several depressions:

0l1d Lake Levels:

+ 400 m in Gobaad (Lake Abbe)
+ 300 m in Hanle Plain

+ 150 m in

+ 150 m in Assal depression

Climatic inversion seems to begin about 4,000 years B.P. tending to
lower the Rainfall/Evaporation ratio and to lower progressively lake
levels with increasing salinity of the waters by evaporation. Present
aspect <correspond generally to playa systems in closed basins with
corresponding paragenesis and salinity gradients in the soils. In a
such way, salinity is increasing from the border to the lower point of
the playa. This scheme is evident in Gobaad and Hanle Plains. In
fact, this general rule is disturbed by leaching and spreading effect
related to the wadi flows. It has some important consequences 1in
Hydrogeology and Pedology.

RUN-OFF

The analysis of the drainage net shows that the whole system is not in
equilibrium with present arid conditins but with the ancient
(holocene) conditions. This adaptation to high ancient rainfall
intensities is important in the study of run-ff hydrographs which show
generally high peak discharge with short duration of flow, high solid
transportation, and run-off coefficients for such a country.

Some available run-off measurements made in Ambouli basin tend to
confirm this general view (see detailed hydrology)

DETAILED HYDROLOGY

Measurements in surface hydrology have been made only in Ambouli
basin. Difficulties appeared in getting observers and/or automatic
records for non-perennial streams measurements in other main basins.

SPECIFIC RECOMMENDATIONS

On Hydrology

Surface hydrology measurements are to be developed 1in places.

Perhaps Hanle-Cheikoitti Wadi floods and Gobaad floods could be used
at time.

1. Gauging places must be chosen on the stream courses and
quicky equipped.




2. Necessary equipment must be quite convenient for desert
measurements.

It would be interesting to find a compromise between best theoretical

place for measures and possibility in getting observers (villages or
military posts). For Hanle Wadi, Gourabous would be such a place. A

short survey on the Wadi bed can reveal an available cross section.

Equipment mut be simple: scale of heights on wadi wall. Velocity
measurements are more difficult and the simplest way 1is to use
floaters, like fluorescent painted bottles for night observations.

Training of observers 1is necessary in some office in Djibouti
(C.E.G.D.)(Teal Institute)

3. Good places for Gobaad wadi measurements are not frequent. They
will be found in the upper course up to Saballou. So it will be a
problem for observers. We have to find a solutiuon.

4. Accurate hydroclimatic stations must be installed in:
- Mouloud Area
- Gobaad Area
- Gourabous Area
This is not a restrictive list.
Are to be measured:
- Evaporation by tanks
- Rainfall
- Temperature
- Wind and Humidity

Installations and measurements are to be in place as soon as possible.

Ground Water Hydrology

Ground water studies must be made especially in:

- Grand Bara
- Gobaad Plain

- Hanle Plain

Plans must be made in geophysical prospecting (resistivity) to
complete existing data.

In second time, exploration wells must be drilled and pumping tests
made with water analysis.

Scheme concerning aquifer boundaries, transmissivities, storage, water
table contours, relations with surface water must be the final purpose
in sub-surface ground water investigations.



If possible, deep exploration is to be tried by two or three drills
in:

- Grand Bara Area
- Gobaad Area

Objective could be sedimentary reservoirs probably lying at depth.

On Drilling

Present rigs are quite insufficient for determining ground and P.E.B.
will provide an available equipment in some areas, or recommended to
the P.E.B. specialist some main characteristics:

- Rotary and hammerdrill capacitors

- Possibility drilling 0 12"1/4 until 400 m and 5" until
1,000 m.

- Education and training of a couple of young drillers,
not only in drilling techniques but also in manage-
ment and maintenance.

GENERAL RECOMMENDATINS

We Keep in mind there 1is an immediate necessity to Dbegin some
agricultural experimentation. The alone possibility is to wuse at
first ground water. In this way, first agricultural soils must be
chosen taking account of water quality and not reverse. We are not in
favor in autonom garden system with one well for each agriculturer.
Water supply system must be collective and managed by authority.

. Surfaces must be adapted to discharge and climate
and not reverse. '

. During this experimental time, we can hope for a
better progressive knowledge of surface flow and
whole ground water.

At this time, development extension could be envisaged ... Inch'Allah
. Good places of first experimentation are in our
advice
. Atar zone: some hectares irrigated by approp-

riated bore~-holes. This clear for education and/or
demonstration. Intensive development is supply.

. Grand Bara margins: some wells sixty to eighty
meters deep.

. Hanle basin: specially between Lilly Ya Bourri
and Cheikeitti.

‘10



Gobaad: wusing ground water from Sabhalou zone.

Petit Bara has to proof ground water possibilities.

Djibouti, February 6, 1978

Pierre Pouchan
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APPENDIX A-3

Report on the Visit to Djibouti

Raymond H. Tremblay, Agricultural Economist
March 3, 1978

II. Conclusions

There are several alternatives for USAID projects in Djibouti.
One should consider the greatest economic benefit for the least cost.
Three alternatives which can be considered are:

1. Have no project and do nothing

2. Support a laboratory for a water and soil survey

3. Develop a full-scale agricultural project. This would
include demonstration farms, an agricultural

perimeter, agricultural extension agtents, marketing,
credit, and needed support for a viable agriculture.

The first alternative 1is rejected as there appears to be
potential for agricultural development. There exists a number of
small gardens in various parts of the country. Currently three
percent (3%) of the food requirements is being produced within the
country. The major crops grown include tomatoes, melons, canteloupes,

egg plants, and a variety of other vegetables. Food prices are
extremely high. There 1is a tremendous amount of unemployment and
underemployment., There 1is no industry other than a few service-
oriented businesses. Practically no grain is grown so nearly the

entire amount consumed is imported. The livestock industry is carried
on by nomads. The estimated 600,000 goats and sheep provide milk for
the nomads and a little meat. Other livestock include approximately
20,000 camels and nearly as many cattle of the zebu breed. However,
imports of 1live animals are at least three times the number of
domestically grown ones. In addition, there is a large amount of
imported prepared meats.

It 1is obvious that this country of 250,000 inhabitants needs
help. This 1is an undeveloped country and just giving them food and
money is not the recommended way to help them get started. It was
estimated by the "Caisse Centrale de Cooperation Economique" that one
half of the GDP is earned by the 10,000 Europeans and the other half
by the people of the country. On a per capita basis, this would bhe
less than 100 for most of the people. Obviously, they do not have the

resources, with few exceptions, to get started in farming and credit
to them is not available.



Alternative three 1is premature. Before agriculture is

developed to any great extent, water must be available. The soil
quality mut also be known. Very little is known of the chemical
qualities of the soil, drainage, fertility and if it can be used
profitably for agriculture. It would appear that in most areas the
soil quality could be improved for agricultural purposes if the water
available was of reasonably satisfactory chemical quality. There is
one salt deposit. Salinity has been reported in some shallow wells.

The salt content, if any, in the soil of various areas is now known.

In other words, it would appear that the third alternative
might be premature. The most promising areas of water supply must be
determined and the general capacity of soil resources for agriculture
and their geographic location must be determined. Much of the little
agriculture currently found is government-owned and maintained. The
terrain 1is hilly with some mountains and much faulting especially in
the northwest. There is a substantial number of refugees from the
Ogaden war. The number at present is approximately 25,000 and
increasing gradually. A few of these refugees do have an agricultural
tradition even though it is in a more humid region. The continuing

war 1in Ethiopia has disrupted rail service and food deliveries into
Djibouti.

Alternative two is high endorsed. Its cost-effectiveness is
very high. It is the logical step to follow in development. Instead
of going full flight into agricultural development in an area where
little knowledge exists, the needed knowledge will be obtained.
Personnel of the country will be trained to take over and carry on.
In alternative two the existing laboratory, which is in the process of
further being developed, will be supported. This is imperative as
conjunctive soil and water surveys are badly needed. A systematic
organization ‘and some sort of central availability of data are high
priority requirements. A little information already exists but 1is
found 1in various places such as in France and different ministries in
Dijibouti. There 1is a need for Djibouti to properly assess its water
and soil resources. The country must know its water resources to
develop it urban and possible industrial potential. Its national
policy gives the cities the first priority for the use of water.
Currently the port, when servicing ships, sells them water at four
times the rate paid by the people of Djibouti. There is certainly a
need for water for development of any kind. Some water records have

been carefully collected, but there has been no central reporting and
no central authority.

Little equipment 1is currently being used and additional

equipment is urgently needed for soil and water analysis. Sending
soil samples half-way around the world to Hawaii for analysis 1is
costly and not the best use of funds. But of even greater concern is
the amount of time lost. Thus, soil and water analyses ought to be

done in Djibouti as a basis for further development.

Training of 1local personnel 1is an excellent and highly
recommended use of funds. The USAID staff should train the 1local
personnel while doing the soil and water inventory and analysis.



In short, alternative two should be done before alternative
three. Full flight agriculture, although needed, must wait until
knowledge has been gained. There are many other components such as
teaching people how to farm, providing them with tools and equipment,
know-how, etc., but these will come in a later phase.

As for research, and teaching, the return will be a
"hundredfold." Any development can then be in line with the water and
soil resources of the country. It certainly is the least expensive

alternative with the greatest potential for economic benefit.

This alternative can be accomplished in the short-term (18-24
months) and would reinforce other agricultural programs.

II. The Agricultural Situation - Problems

1. Statistical information - very poor with great range
in estimates from various sources.

2. Food imports account for 97% of consumption.

3. Little agricultural tradition as the rural people are
nomads. About 100 hectares have been or are in
agriculture.

4, Little if any range management. Even though sheep and

goats eat very close to the ground, soil erosion does
not appear to be a problem.

5. Practically no fertilizer ued -~ some manure
especially by the Yemeni farmers.

6. Inadequate transportation will hinder agricultural
development especially in the north.

7. High temperatures especially in the summer 1limits
variety of crops that can be grown.

8. Credit -- a lack of institutions to provide low-cost
credit for farmers.

9. Shortage of readily available water and of future
sources as well as the high cost of obtaining it.

10. Little knowledge of the soil resources.

11. Land tenure changes could cause problems in the 1long
run. Appears unclear at present.



III.

Iv.

Possible Approaches to Improve the Agricultural Sector in the

10.

11.

12.

Future
Development of skilled farmers.
Training of a local staff of agricultural advisors.
Establishment of an agricultural credit agency.
Establishment of agricultural cooperatives.

Better utilization of present water supplies and
garden plots.

Better utilization of available manpower.

Rehabilitation of former garden plots within existing
perimeters.

Creation of new perimeters, where water exists, for
example at Garrasou.

Introduction of improved varieties of crops currently
grown and the introduction of new crops.

As population increases, an attempt should be made to
at least maintain the present proportion of food
production which is three percent (3%) of consumption.

Decrease unemployment.
Bring in experienced personnel and develop agriculture

in an area of at least 100 hectares inclusing the
marketing of the agricultural products in Djibouti.

Suggested Approaches for the Future

l.

2.

Send some promising young students to agricultural
schools in the southwestern part of the U. S.

Establish an AID agricultural advisor to work as a
"country agricultural agent" with the farmers of
Djibouti.

Conduct ‘"short-course" training programs to develop a
local staff of agricultural advisors. A first

priority should Dbe the training of local people to
take over,

Help the Djibouti Government establish an agricultural
bank to provide low-cost loans to farmers.,

Make available to farmers, on a trial basis, some
improved seed varieties from the U.S. and also



fertilizer, spray materials, and new crops not now
being grown but which could be grown.

Help the Djibouti Government establish a farmers'

cooperative to get supplies and market produce on an
orderly basis.

Provide an agricultural engineer to help the farmers
design better and more efficient irrigation systems
and teach them the recommended care and repair of
engines, pumps, and equipment.

Support a laboratory for a water and soil survey.

Deve lop a full-scale agricultural project of
sufficient size to make an impact.

Observations

1.

Agricultural production at current prices is profit-

able. Even with the reopening of the railroad,
efficient producers should be able to compete with the
imports from Ethiopia, Somalia and Kenya.

One reason for agriculture in mountain valleys is that
cooler climate allows a greater range of crops
especially during the summer when prices are high.
Consideration should be given to developing gardens in
the northern half of the country.

Soil base, 1in many areas, appears to sustain a
reasonable level of agricultural activity. Without

water and improved human resources it is likely being
used at its optimum level now.

Towns have first priority for water in the 1long run

but sufficient water exists for limited agricultural
development.

Land 1is owned by the tribe. There is no problem if
land is rented. Tribal custom permits the continuous

holding of land by individuals but does not permit its
tranfer outside of the tribe or family. Also there
are customary rights to access by nomadic herdsmen.
Government also claims ownership.

There is a need for well-trained people for
agricultural development, as traditionally a man's
livestock is his heritage and food supply.

Wells are 3 to 4 meters in diameter, and 4 to 6 meters
deep. They appear to 1irrigate from 0.1 to 0.5
hectares each and probably can produce only 25 to 50
cubic meters of water per day.



8. A constraint to greatly increased agricultural
production in coastal areas might Dbe increased
salinity.

9. Without additional water and soil information, one
cannot identify the areas with the greatest
agricultural potential. However, the most promising
areas appear to include the Hanle Plain, the Gobaad
Plain, and Mouloud.

10. The two wells at Mouloud at present have sufficient
water for the needs of Ali Sabieh and to irrigate 300
hectares. Several thousand acres in the plain around
Mouloud appear suitable for agricultural development.
The exXisting garden would indicate so. Additional
wells in the area are a possibility. Hydrologists
need to make an evaluation. Pedologists should check
the soil.

VI. The Country

The Republic of Djibouti is about the size of Vermont and has
no permanent rivers. Rainfall is low with the most in the highlands
and the least on the coast. One report states that the average is

only about 128mm per year with lows of 58mm and highs of 171lmm. There
are two lakes. Lake Assal, which consists of sodium chloride brine at
156m below sea level and neighboring to a salt flat. Lake Abbe is
sodium carbonate and chloride brine at 234m above sea level,. It 1is

the evaporative terminus of the Awash river and Gobaad Wadi, both from
Ethiopia.

. few hundred hectares have been cultivated at times.
Djibouti has very 1little agricultural tradition and much of that
resulted from the activities of expatriate Yemeni farmers.
Agriculture consists of scatter gardens and some date plantations.
These are usually at shallow wells or at the few springs. In the
winter, it 1is estimated that between 50 and 60 hectares are in
cultivation but in summer less than 5 percent (5%) of this small area
1s cultivated. For the most part, these gardens are government
operated by salaried employees. The cultivated perimeters are
primarily in the Djibouti town region and at As Eyla. There has been
a small steady increase 1in agricultural output. However, the
production proportion has remained constant over the past dozen years
at about three percent (3%). During the winter tomatoes are the
leading crop with production of 75 tons. Turnips follow with 60 tons
and egg plants with 50 tons. Date production is 15 tons. Summer

production’ is mostly melons and cateloupes of which 55 tons are
produced.* (*Source: Bulletin Statistique.)

For years most agricultural imports were from Ethiopia by way
of railroad. When the Ogaden war stopped the railroad operation, food
prices greatly increased.



Food imports in 1975 consisted of approximately 12,000 tons of
fruit and vegetables, 4,000 tons of rice, 1,500 tons of sorghum, and
136 tons of miscellaneocus cereals. In addition in recent vyears
between 7,000 and 8,000 tons of flour has been imported annually.

The FED reports that of the 280,000 inhabitants in the
Republic, between 150,000 and 180,000 live in Djibouti town and the
rest in the country. With the exception of the people in the small
administrative centres of Dikhil, Ali Sabieh, Goboki, Tadjoura, and
Obock, these 100,000 people are nomads traveling not only within the
country but also in neighboring countries as it is a tribal right.
Among the nomads there is no harvesting and storage of forage. They
essentially live from the milk production of their animals. There is
no distinct rainy season. However, they tend to receive the most
precipitation from June to September. The vegetation on the
pastureland is represented by the foliage and bunches of small thorny

shrubs to which are added, following the rains, small grass-like
plants.

The herds move from one grazing area to another according to
the rainfall and seasons regardless of borders.

The rural sector certainly lives at the subsistence level
being without doubt among the "poorest of the poor." Those in the
urban sector are, for the most part, either unemployed or

underemployed being sustained and supported by a strong extended
family system.

VII. Livestock
Livestock numbers vary as they move in and out of the country

and also through +the <¢ountry. Estimates as to numbers vary
considerably.

Estimate Ag. Minist.* FED 1977 FAO in
by 1977 French 1974-75 Annual
Mr. Gasc Report Estimate Report
Goats 300,000 150,000 350,000 95,000
Sheep 275,000 50,000 250,000 561,000
C 1 25,000 8,000 20,000 23,000
cattle 10,000 10,000  =m—m—- 18,000
Donkeys =---=--- = =———-- 50,000 3,000

The estimated milk production is:

120 liters per cow
60 liters per goat
30 liters per sheep

180 liters per camel

*Service de L'Elevage et des Peches (1977)



During 1976 the slaughter houses reported the following figures:

Cattle
Goats
Sheep
Camels

7,289
76,966
93,719

133

During the first six months of 1977 the following number of

were dressed:

Cattle
Goats
Sheep

Of cattle imported, 80% are from Ethiopia,

3,354
43,889

26,695

and 20% are from Somalia.

1976 Number of Livestock Reported at Slaughter Houses

Cattle

Goats
Sheep

Camels

From 1955

7,289
76,966
93,719

133

Domestic Production in

Cattle
Sheep
Goats
Camels

Number

1,200
15,000

45,000

720

1976

TONS
Carcass

132
210
540
115

Offal* Total

35 167
31 241
81 621
17 132

TOTAL 1,161

animals

*0Offal: Heart, liver, tongue, and organ meat.

Imports of Live Animals in 1976

TONS (dressed)’

Carcass Offal Total
Cattle 789 197 986
Sheep 1,174 176 1,350
Goats 667 100 - 767
TOTAL , 103
Source: F.E.D. Diagnostique Economigque et Perspectives

Developpement a moyen et plus long terme.



Total Meat Consumption

Tons
Domestic Production 1,161
Live Imports 3,103
Imports/Prepared Meats 386

TOTAL 4,650

Meat consumption per capita for all
Meat consumption per capita excluding Europeans

22.1 Kg
21.3 Kg

Domestic Milk Production in 1976

Cows 400
Goats 5,100
Sheep 870
Camels 750

TOTAL 7,120
Imports 1,880
Total Consumed 9,000 tons

Consumption per capita 42,8 liters, or 120g per day per capita.
Imported canned milk = 380 tons

Average Retail Meat Prices in 1977 per kilo

Beef 500 FD
Goat and Sheep 700 FD
Camel 500 FD

Visit at abattoir (slaughter house) in Djibouti on 7/30/78.
manager reported the following statistics:

Slaughtered Per Day at Present

Sheep 300 per day
Goats 200 per day

Camels 2 per week
Cattle 15 per day

The



The fee to kill a goat or sheep is 100 F each. The abattoir was built
in 1950 and is too small. It runs a deficit financially. None of the

three cold rooms are operating due to breakdown of refrigerators. It
is opened 365 days per year, but by 10 AM all activity for the day is
over., It was built for a 1,000 ton capacity but 1is currently
operating at 4,500 tons per year. The hides are exported to Italy.
This 1is one of the few exports or re-exports from the country. The
abattoir should be replaced by a new modern, larger facility outside
the city. The present location is not satisfactory. Sanitation is

extremely poor.

VII. Croppin

Labor requirements for the growing of vegetables during winter
are as follows:

Hrs. per hectare

TOMALOCS ¢ esvessonnonssscsonsscnseans 1,900
ONiONS +ecveveeenoecccsnosnossssnsacanss 1,30¢C
Carrots ..ic.ieeeeeeceerocsassnaccsnss 900
POtatoes ..eeverevecesesosnosocscnsanns 650
Pimentos, peppers, and egg plants .. 1,260

This gives an average of 1,300 hours of man labor of 160 days of
eight hours. Labor requirements for vegetables grown during summer
(melons and cateloupes) are 700 hours per hectare or 90 days of work.

For grains and forage labor requirements are:

Corn and sorghum cut green for livestock takes 650 hours per hectare

of man labor or 70 days. Sorghum grains require 4.5 days of labor for
hand harvesting.

FED has estimated that sufficient water probably is available for the
production of:

20,000 to 30,000 tons of winter vegetables
2,500 tons of grain, and 6,400,000 forage units or 15,000
tons of summer vegetables instead of forage crops.

The above estimates are provided that 2,000 hectares of good soil is
available with sufficient water and 2,000 workers under skilled
management.

Potential crop yields are as follows:

Winter Crops Tons per hectare
Tomatoes 35
Pimentos, peppers, egg plants 15
Onion 20
Carrots 17
Potatoes 20

10



Summer Crops Tons per hectare

Canteloupes 22
Melons 12

Grain and Forage

Sorghum grain 2.5
Sorghum or corn forage 6,400 forage units

According to M. Gasc, one hectare of irrigated land in the Djibouti
town area produces:

12,000 Kg of tomatoes in S5 months @ 100 F = 1,200,000
2,000 Kg of sorghum in 3 months @ 50 F = 100,000
30,000 Kg of canteloupes in summer @ 30 F = 900, 000
Returns 2,200,000 FD
Cost of Water 128,275 FD
Seeds and Misc. 71,725 FD
NET 2,000,000 FD

or 11,838 per hectare for
labor at present prices.

Electricity costs about 10 cents per kilowatt in town. That
is, lKw of electricity costs 20 DF for large users and 25 DF for small
users. The actual cost of production is 18 DF. Seven for fuel and 11
for all other costs plus 2-7 DF.

One liter of diesel fuel costs 40-45 DF. Other costs include
the cost of water which is about four times higher than in the U.S.
In U.S. one uses about 36" to grow one crop and in Djibouti one uses
39" to grow three crops. The cost of 3Hp pumps is 130,000 DF with an
output of 30-35 cubic meters per hours. The output of water per well
limits the size of the garden. In the Djibouti area, 1if pumped too
much, the water becomes salty. Seeds per kilo cost 4,000 DF, and per
hectare costs are 25,000 DF.

11



IX.

Prices at the nearby supermarket (Prisunic) were about twice as
For example, most fruit was 750 F per kilo (oranges, bananas,

Note:

Imports
Imports 1972

Animals on the hoof
Fruit and vegetables
Frozen meat and fish
Dairy products and eggs
Flour and derivative products
Rice

Sorghum

Sugar

Salt

Non-alcoholic beverages
Wine

Beer

Whiskey

Khat

649
9,409

538
2,445
5,522
3,359
3,104
3,534

227
3,188
2,755
1,027

736
1,293

Retail Prices at the Local Market on 7/28/78

Meat (goat) 600 F/Kilo
Fish 300
Potatoes (Ethiopia) 200
Onions 200
Oranges (Somalia) 300
Tomatoes (Somalia) 400
Canteloupes (Djibouti) 150
Bananas (Somalia) 300
Carrots 350
Mangoes 300

Imports 1976 and other data

Rice, sorghums 9,552
Flour and derivatives 7,050
Meat 1,059
Dairy Products 4,334
Alcoholic beverages 4,031
Canned goods 1,719
Sugar and salt 6,521

12

tons
tons
tons
tons
tons
tons
tons

salt is imported from Yemen for the most part.

tons
tons
tons
tons
tons
tons
tons
tons
tons
tons
tons
tons
tons
tons

etc.)

high.



Re-Exports 1976

Rice and sorghums 774 tons
Flour and derivatives 1,000 tons
Meat 20 tons
Dairy Products 20 tons
Alcoholic beverages 2,82 tons
Canned goods 17 tons

Source: Bulletin Statistique.

Note: Apparently there has been a substantial increase in
reported imports from 1972 to 1976.

Employment 1976

Number Percent

Production Sector (Agriculture,

fisheries, industry, etc.) 991 5.5
Energy, construction, armed forces 2,991 16.8
Transportation and distribution 5,576 31.3
Commerce and services (private

administration) 3,853 21.6
Public Administration 4,421 24.8
(from page 284) 17,832 100

Djibouti water consumption is 20,200-21,000 cubic meters/day

Cubic meters per month cost per cubic meter

Less than 60 45 DF
60 - 120 60 DF
More than 120 70 DF

Note: 70DF is equivalent to 40 cents per cubic meter.

The use of windmills for pumping at shallow wells seems to Dbe
an alternative as the country has almost constant winds. However,
there is no one trained to maintain and repair them. Both windmills
in the country have broken down.

Wages now (during 1979) paid to workers at the gardens range
from 15,000 to 20,000 DF (average $100 per month}).

13



Budget per hectare for a 100 hectare project:

Costs

Water cost per hectare 1,000

Labor cost (domestic) 625

Seeds and all other 375
TOTAL 2,000

Returns

Tomatoes 30 T @ 500 15,000

Sorghum 2 T @ 200 400

Canteloupes and melons

20T @ 100 2,000
TOTAL 17,400

Marketing Expenses 400

Returns above costs per hectare 15,000

At present the number of employed wage earners is only a small
fraction of the total available. Unemployment is estimated at 80-90
percent. Practically none of the refugees are working. Wages are
low. Food prices are high. Even the most conservative budget shows a
large profit.

Irrigated agriculture can compete with food imports. The
Government claims control fo the land. So with available land,
sufficient water, good soil, ample labor, a market for total output,
one can conclude that farming will be profitable. USAID ought to help
Djibouti evaluate its resources (water, soil) so as to then be able to
develop its human resources.

Sources of Many of the Statistics

Diagnostic Economique et Perspectives de Developpement a moyen
et plus long terme.

Etude preparatoire a la planification commission des
communautes Europeennes F.E.D.
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APPENDIX A-4

POTENTIAL AGRICULTURAL STUDIES IN DJIBOUTI

By
Frederick E. Beckett, P.E.Ph.D.

13 August 1978

I. Recommendations for Djiboutian Agriculture

Existing farms prove that agriculture is possible in Djibouti.
Optimistic assessments of potential based on not enough information
predict that the country might someday be self-sufficient in food.
The true potential cannot be determined until the extent of soil and

water resources is known. Based on our study, I make the following
recommendations:

1. Develop personnel and a laboratory with the ability to
inventory soil and water resources in the country.

2. Begin the inventory by studying soils and water in and
around areas being cultivated now.

3. As soon as salt, drainage, soil texture and plant
nutrient conditions are known, assist the monitours in
the Ministry of Agriculture to work out optimum
cropping and soil treatment sequences for each garden
area and give this information to present farmers.

4. Plan for and encourage expansion of agriculture around
the present gardens based on the inventory.

5. Develop a catchment basin cropping experiment in two
locations. Perhaps Arta and Day.

6. Locate, translate and publish information on
agricultural resources and farming procedures for

Djibouti. This could become a handbook for Djiboutian

agriculture.
7. Develop plans for exploiting all of Djiboutian
agricultural resources.
IT. - Summary
A profitable agriculture appears to be physically and
economically possible in Djibouti. Nine areas were examined through
visitation, study of written information or both. It appears that

from 100,000 to 200,000 hectares of land are reasonably level, have

native vegetation growing and have some hope for at least a small
amount of groundwater for irrigation.



Water will be the limiting factor in all 1locations. Even
rough estimates of water are more difficult but a "wild" guess is that
there might be enough groundwater to irrigate between 200 and 10,000
hectares.

There appears to be some potential for conserving water with
dams and groundwater recharge through spreading water from the Wadis
during runoff.

Catchment basin agriculture may be possible and if it is the
potential could be 1in the range of 20,000 to 50,000 hectares of
cultivated area.

The best chance for success appears to be during the winter
season and then there will be chances for crop failure because of
drought. I concur in the recommendation to inventory soil and water
as a beginning point.

I recommend that this inventory begin at current garden
locations and that this information be immediately made available to
present farmers.

The most feasible method of pumping water appears to be with
diesel engine prime movers. If the cost of windmills could be reduced
they could be used in the same area. Information about Djiboutian
agriculture 1is found 1in different places and is written mostly in
French. I recommend that this information be assembled, edited and
translated into English. This information should be made widely
available through some kind of publication, it might be eventually
assembled into a handbook of Djiboutian agriculture. It would contain
information about what crops might be grown as well as how to grow
them in addition to information on soil, water and human resources.

I1T. Procedure and Sequence for Developing Farms in Djibouti
A. Alternative I - use conventional extension to:
1. Improve present farms
2. Expand present farms
3. Develop new farms near present farms using
present pattern
4. Develop irrigation projects based on drilled
wells
5. Develop project at Mouloud
6. Develop project near Loyada
7. At all other points possible.
' B. Alternative II - a contract organization:
1. Hire an organization, group, or person who is
experienced 1in desert agriculture to develop
designated areas. Pay would be based on

agricultural production and knowledge native
farmers gain.



C. Alternative III - a land and water concession:

1. Give an experienced outside organization a
land and water concession for 20 years with
the proviso that this organization would
develop agriculture in specified areas and
then gradually sell their development to their

laborers - farmers over a finite period -- say
15 to 25 years.

D. Catchment Basin Agriculture:

1. Study and experimentation determine the
feasibility of catchment basin agriculture.

2. Expand this type of agriculture to its limits.

On the previous page three alternatives are listed for the development
of farms in Djibouti. I recommend the first one, although the second
or third might produce faster results, the first one probably fits
more easily into the thinking of most agricultural workers who came
from the U.S. and also the officials in Djibouti. This alternative
can be accomplished in steps.,

1. The first step would be to provide technical information to
the people who are now farming. They need to know:

a. How to manage their water and soil to reduce salt
problems and maximize profit.

b. What crops or varieties to plant for the best yield.

c. The fertilizer, insect and disease control procedures to
follow for the most profitable agriculture.

d. Harvesting and handling procedures which will result in a
quality product being delivered to market.

In addition to information, a government subsidized and operated
market cooperative which guaranteed a market and minimum price would
be very desirable. As the farmers gain experience they could take
over the operation of the cooperative. Hopefully, the subsidy and
price supports provided initially by the government could be removed
as the farmers became more skilled in agricultural production and
marketing procedure.

All of the above objectives cannot be attained within the budget of
$500,000 envisioned for a Djibouti project. Therefore, I recommend
the following steps:

a) Have the soil and water laboratory analyze the soil and water of
the present gardens.



b)

c)

Based on the salt content of the water and soil, needs of the
plant, and the abilities of the farmer, develop a program of
crops, irrigation frequency and amount, planting procedures,

leaching and drainage which would allow the farmer to make the
most money.

This activity program would be developed and carried to the
farmers by the soil and water team along with the agricultural

extension {(moniteur system in the Ministry of Agrioculture). TDY
personnel could help here.

Because there is a garden at Mouloud now, it will be included in
steps one and two. At the same time this is being done the soil
in the uncultivated part of the fenced area at Mouloud should be

analyzed in preparation for the development of an irrigation
project there.

Perhaps another donor might finance a farming project here.
Although M. Gasc suggeted tht the Ministry of Agriculture felt
that a new well and new diesel electric power unit should be
provided to irrigate the four hectares now under fence at
Mouloud, it appears to me that the present wells can easily
provide the water and still meet the water needs of Ali Sabieh.
Repair of the two electric generators which are out of order

would provide needed back-up power in case the generator now in
use should fail.

At the time soil and water quality are being studied at all of
the garden 1locations, the water producing capacity of the
aquifers being used should be determined with as much precision
as possible. For example, the well at Mouloud has been pumped
for 5 years. Measurement of present static water level along
with a pumping test could give some information about how much
water the aquifer can produce over the long term.

Based on the so0oil and water tests of land adjacent to present
farms, the Ministry of Agriculture should suggest that those
farmers who have unused labor resources expand their farms.
Water will Dbe critical. More water can be obtained in many
locations by using present power units to pump from more than one
well, Family labor may be used to dig additional wells and these
keep cost down. The small diesel pumps now being used could be
used for pumping because, except at As Sela the productivity of
the well is the limiting factor rather than the pump.

Fencing might be stone or thorn bush. See the write-up on
fencing. The water distribution system could be the stone flumes
which are used at most gardens now, or plastic pipe whichever is
cheaper. The stone flume requires the purchase of cement for
making mortar whereas pipe distribution requires the purchase of
plastic pipe.



3. Develop new farms near present farms

This part of the effort would be a follow-on project beginning
after the first or second year of the efforts listed in parts a)
and b). '

Elsewhere 1in the report there is a table with the cost for pumping
water, with diesel fuel, and another with the costs for pumping water
with windmills. These costs should be checked, but they indicate that
for a dug well with a yield of 8.66 m3/hr will produce water to
irrigate one hectare year-round at a cost of FD 174,000 (approximatley
$1,000). A diesel engine pump on the same well will produce the same
water at a cost of FD 148,000 (approximately $846).

Well and pump cost were taken from Ministry of Agriculture data.
Windmill costs were derived from 1976 published costs by adding
inflation and transportation. All cost data should be checked again.
The well costs seem high to me. A well, 2 meters in diameter and 10
meters deep required removal of 32 m3 of dirt, building tanks to hold
10-15 m3 of water and lining part of the well with stone. The cost

figure given Dby the Ministry of Agriculture 1is FD 1,583,000 or
$9,046.00,

For drilled wells of various depths and yields the cost per hectare
per year for water ranges from $298.00 to $1,538.00.

These numbers indicate that dug wells are probably the most economical
source of water if the yield is good. To reduce cost of dug well watr
when yield 1is poor, 4 wells may be connected to a single pump.
Providing information will be the extent of USAID activity on
expansion activity during the initial project.

If information developed during the initial period is favorable, then
a follow-on project could be developed to provide credit and technical
expertise to encourage expansion.

4. Develop Irrigation Project Based on Drilled Wells

Wells drilled into deeper aquifers are likely to provide a more
reliable water supply than shallow dug wells. These aquifers are
resources which can be developed in addition to the shallow
aquifers.

The wells at Mouloud are in place along with a fenced area, it
should Dbe easy to develop this area. If water can be dedicated
to agriculture near Djibouti, transportation difficulties would
be much less.

5. During the initial 6 to 18 months of the project, develop a

follow-on plan for more complete development of Djiboutian
agricultural resources,



6. Catchment Basin Agriculture

There 1is not nearly enough water in Djibouti to irrigate all the
land having suitable terrain and soil. No doubt most of this
land will continue to be used for grazing but there may be the
potential for a considerable increase in agriculture through
catchment basin agriculture.

The U.S. national academy of sciences has published a book "More
Water for Arid Lands," which describes the procedure. Peterson,
in his report suggested that this procedure might be applicable
to Djibouti. I agree with this suggestion. In catchment basin
agriculture, land 1is separated into plots by levees. On the
downhill side of each plot a basin is dug. The water from the
remainder of the plot runs off and collects in the basin and 1in

effect multiplies the rainfall for that area. An ideal soil
would be deep and have a large field capacity (water holding
ability). Crops to be grown will depend on the amount and
distribution of rainfall. If rainfall 1is well-distributed
through the year, tree crops such as mangoes and dates may be
grown. If it is concentrated in a short time period, crops such
as tomatoes or dura must be grown. Some Djibouti rainfall data

is attached to this paper.

IV. Potential Areas and Procedures for Agricultural Development

A. Petit Bara

The central part of the Petit Bara is a level plain and has
topography which is ideal for agricultural operations. There are some
stones on the land but the removal problem will not be great. Judging
from the topographic map I estimate that between 5,000 and 10,000
hectares of 1land 1is 1ideally suited for cultivation and that an
additional 4,000 to 8,000 hectares of land is available on the fringes
which 1is steeper and more rocky but could be cultivated. There is
vegetation on all of this plain which indicates that some kind of
agriculture is possible as far as soil is concerned.

Furthermore, this plan 1is on a paved road leading to
Djibouti approximately 60-70 kilometers away. Before any large
agricultural development is started soil test should be made in order
to determine salt and plant nutrient content.

The elevation of the Petit Bara is 575 m.a.s.l. and thus

should have somewhat cooler temperatures than those recorded in the
city of Djibouti. If water were available this plain would have great
agricultural potential.

The dry holes found in the search for water are discouraging
but the search should be continued under the direction of an expert.
I would place this area third in priority for development.



If irrigated agriculture is not possible for any part of the
plain, catchment basin agriculture might be possible. In fact, if
exploration for groundwater is to be delayed for a few years, I would
suggest that the 15 hectare plot which has been cleared of stones be
used as an area for catchment basin experiment. If the whole plain
were used as a catchment basin area and if the cultivated area runoff
area were 1-8, the cropping area would be 1,7000 hectares. If yields
were 10 tons of tomatoes per hectare, the food tonnage available to

the Djibouti market would be 17,000 tons. Of course, other fruits and
vegetables might be grown.

The limiting factor for developing irrigated agriculture on
the Petit Bara is water. If satisfactory groundwater supplies can be
located and developed, the Petit Bara can make large contributions to
the agriculture of Dijibouti. If irrigation agriculture is not
possible, then the contributions made by catchment basin agriculture
will not be inconsequential.

Development Procedure - Irrigated Agriculture

1. Find and evaluate quantity and quality of water.

2. Test the soil.

3. Plan the system and determine costs.

4. Detgrmine the land tenure system and procedure for governing the
project.

5. Determine training procedures.

6. Recruit farmers.

7. Install the project.

Development Procedure for Catchment Basin Agriculture

1. Run a 2-3 year experiment that begins with .1 hectare of cropped
land the first year and increases to 1 hectare in third year.

2. As soon as possible set up a small weather station to record
temperature, rainfall, wind speed and humidity.

3. When data is available compare the benefits of catchment basin
agriculture with grazing by animals. If the benefits favor
catchment basin agriculture, expand to cover the entire plan.

Summary

Possible area for irrigated agriculture 14,000 hectares if water can
be located. If there is no groundwater, the cultivated area under
catchment basin agriculture would be 1,700.



Cautions

1. Areas were estimated by driving across the basin and a rough

measurement of distances on a topographic map. The scale of the
map was 1-200,000,.

2. Discovery of fossil water could allow irrigation of the whole
basin, however, this is unlikely. Aquifers replenished by rain
would support a much smaller irrigated area on a perpetual basis.

3. The feasibility of catchment basin agriculture will be determined
by the amount and time distribution of rainfall, depth and

moisture holding capacity of the soil as well as human factors
and market conditions.

Human Benefits

Allowing 2 hectares of land for each family, run-off agriculture could
benefit 800 to 1,000 families. If a very large water supply were
discovered and developed irrigated agriculture in this basin could

benefit 8,000 to 10,000 families if they were allowed 1 hectare each.
Statements about the Petit Bara made by Pouchon, Broadnax and Peterson
should be studied in relation to this area.

B. Grand Bara

The central part of the Grand Bara is covered by what the
French call a sterile clay. No vegetation grows here. This clay
covers an area of from 15 to 20 kilometers by 3 to 5 kilometers. This
means that 45 to 100 square kilometerhas no vegetation. Because land
is not a limiting factor in agriculture one would not normally
consider doing anything to this sterile area. However, because this
area collects water on its surface from the rest of the basin after
each run-off producing rain it is a natural water harvest area. If

some inexpensive treatment could make this land grow crops it could be
used for producing food. For this reason the soil here should be

analyzed with the thought that some treatment might reclaim it for
agriculture.

Pouchon stated that the Grand Bara basin encompasses a total
of 800 square kilometer I estimate that the area between the sterile
clay and the mountains to be 100 to 200 square kilometer. This land

could be cultivated with fairly easy land preparation if water were
available.’

The Grand Bara which is about 100 kilometers from Dijibouti
is unlike the Petit Bara in that significant amounts of water have
been discovered. There are 2 wells about 15 meters apart. Depth
given Dby government data is 80 meters with static level of 55 meters
below ground surface. Pouchon says the specific discharge is 50 cubic
meters per hour per meter of drawdown. This indicates a possible
yield of 1,000 cubic meters/hr with a 20 meter drawdown.



These wells furnish water to Ali Sabieh. Evidently, the
amount furnished is about 700 to 1,000 m3/day. If this aquifer could
stand continuous pumping, the remaining water could irrigate about 300
hectares. It would seem that the potential of this aquifer should be
studied with a high priority because of the agricultural potential.

The land around the well is fairly level and could be easily
prepared for agriculture. In fact, some land (4 hectares according to
the man doing the farming) is already under fence and about 1/4
hectare was farmed last year and is in water melons now.

The farmer said he grew tomatoes and egg plants during the
winter. He also was growing a few trees consisting of oranges, lemons
and a legume which produced edible beans. He had been farming 2
years. At one time he had been on the police force in Djibouti and
had learned to farm by watching the gardeners there.

The land and water was free for this operation and he got to

keep all the money collected. He said that there would be 400 water
melons on the plot this year. I estimated that he had .16 hectares in
cultivation. If the water melons weighed 3 kilos each he would get

1,200 kilos. He said he received FD 70 (18 cents per pound) per kilo.
His melon income would be FD 8,400 ($480). As I understand it the
most lucrative crop is tomatoes. He said that he grew tomatoes and
egg plant in winter. All the above weights and areas are estimates
and could be 1in error in either direction but 1illustrate that an
inexperienced person with a profit motive can learn to farm in some

manner and make fair crops. With proper guidance and experience he
will very likely improve his skills. This man had a very possessive
feeling toward the land he was working. With a profit motive many

people in Djibouti might become farmers.

It was stated above that under the most optimistic set of
circumstances that the wells at Mouloud might irrigate 300 hectares in
addition to furnishing water to Ali Sabieh. The number of acres could
be far less. These wells have been pumped since 1973. Measurement of
static 1level and drawdown now would give a better idea of well
potential. Additional drilling at nearby sites would give a Dbetter

estimate of the aquifer potential. The production potential of this
aquifehould be evaluated as soon as possible,

M. Gasc of the Minister of Agriculture's Office said the
government would allow a 4 hectare experimental irrigation plot to be
developed at Mouloud. Judging from the above information there may be
enough water to irrigate far more in this location. Because of the
proximity to the road, the availability of 1land, and previous
successes the exploration of the Grand Bara for water should continue

under the guidance of experts knowledgeable in groundwater
development.

The land which is not irrigated might be farmed with
catchment basin agriculture if the procedure should prove to be
feasible. The cultivated area under catchment basin agriculture would
be in the range of 1,000 to 2,000 hectares.



Development Procedure - Irrigated Agriculture

1.

Set up an irrigation project at Mouloud using 7 families (let the
present farmer keep 1/2 hectare). This would take care of the 4
hectares now under fence.

Have a competent expert study the present wells and, based on his
study, plan an expansion of Mouloud farming area.

Drill additional exploratory wells.
Test the soil.
Plan the irrigation system and determine costs.

Determine 1land tenure system and how the project will Dbe
governed.

Install the project.

Development Procedure for Catchment Basin Agriculture

1. Set up a small weather station to record maximum and minimum
temperature daily, rainfall, wind speed and humidity. Operate
this station continuously.

2. Await the results of the Petit Bara catchment basin study.

3. If these results are positive, begin to develop catchment basin
agriculture in the Grand Bara and expand it until all suitable
land is utilized. This could range from 1,000 to 3,000 hectares
of cultivated area.

Summary

Possible area for irrigated agriculture is 10,000 to 20,000 hectares.
Possible cropped area under catchment basin agriculture 1,000 to 2,000
hectares.

Cautions

See cautions under Petit Bara. All these cautions apply here.

Human Benefits

Allowing 2 hectares of cultivated land under run-off agriculture 500
to 1,500 families could benefit.

If water were available, 10 to 20 thousand families could benefit by
allowing one hectare of land per family.

Statements about the Grand Bara made by Pouchon, Peterson and Broadnax
should be studied.
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C. Hanle Plain and Cheikeitti Basin

Much of this plain was covered by bushes which were 1 to 2
meters high, and they were spaced a few meters apart. The bushes had

collected blowing soil and sand and thus were on mounds. It had
rained the night before we visited the plain and one of our vehicles
was stuck as it tried to cross a small wadi. We did not reach the

garden which was our objective but it was reported to be successfully
producing fruits and vegetables. Wind may be a problem here.

Pouchon reports the plain as having an area of 400 square
kilimetersand the total basin as 1,700 square kilometers. The
Cheikeitti basin wadi flows into the Hanle plain. Pouchon reports the
total area for the Cheikeitti basin as 1,100 sguare ilometers. On
the map the level area in the Cheikeitti appears to be much smaller
than the 1level area in the Hanle. Perhaps the area is 50 to 100
square kilometers.

The center of the Hanle plain is approximately 200
kilometers from the city of Djibouti. Much of the road is not paved.
For this reason it seems advisable to grow crops which are easy to
transport. Peterson suggests that the shallow water table here might
be reached by plant roots. This procedure would involve irrigation
until the crop was established then when the plant roots reached the
water table irrigation would no longer be needed. If alfalfa could be
used, livestock production in the area could be increased.

Another crop that might be managed in the same way is dates.
Dates servive in dry areas with brackish water better than other

crops. Dates would have the advantage of being easily transported to
market.

The amount of flat land in these plains is estimated to Dbe
400 to 600 square kilometers or 40,000 to 60,000 hectares. According
to Pouchon, there is very shallow groundwater along the3 wadi. He
also gives data from one well at Lilli va Bourri. This well produced
40 cubic meters/hr of water with 2 meters of drawdown. Static level
of the water 1is 8.2 meters below ground level with 60 meters of
saturated aquifer below static level. Pouchon said the storage
capacity of the aquifer seemed to be high.

Development Procedure - Irrigated and Run-off Agriculture

See this same topic under Petit Bara. The same procedure 1is
recommended except Peterson's suggestion for trying to get plants
which will tap groundwater without irrigation should be tried.

Summarx

There appears to be 400 to 600 square kilometers of land which might
be irrigated (see Pouchon's comments on salt content). If enough
water were available this basin would have 40,000 to 60,000 hectares

which could be cropped. Under run-off agriculture this number would be
4,000 to 10,000 hectares,

11



Cautions

See this topic under Petit Bara. Also, wind may be more of a problem.
The same is true for transportation.

Human Benefits

Allowing 2 hectares of cultivated land per family catchment basin
agriculture in this area could benefit 2,000 to 3,000 families. If an
unlimited water supply were available irrigated agriculture could
benefit 40,000 to 60,000 families if they had one hectare each.
Comments by Pouchon, Broadnax and Peterson should be studied.

D. Gobaad Plain

As with the other areas flat lands were estimated from a

topographic map. The area appeared to be in the 20,000 to 40,000
hectare range.

Pouchon has indicated that there is potential for good

groundwater 1in this plain. Some of it has been proven. He also
states that approximately 20 million cubic meters of water flows out
of this plain into Lake Abbe. If this water could be saved through

groundwater recharge almost 1,000 hectares could be irrigated with it.

Pouchon gives the results of a bore hole in the Saballou

area of this plain. Static level was 9.5 meters below the soil
surface. There was 90 meters of saturated bed. Discharge was 75
cubic meters/hr with 11 meters drawdown. This well might irrigate

between 100 and 200 hectares if it could sustain continuous pumping.

It 1is sufficient to say that there is enough flat land in
this basin to allow use of all of the water supply which might be
found. If catchment basin agriculture were practical, there is a
potential for 2,000 to 4,000 hectares of cultivated land.

Development Procedure

See this same topic under Petit Bara. The 1limiting factor in
developing will be as in all other locations, water.

Cautions

See this same topic under Petit Bara.

Human Benefits

Allowing 2 hectares of cultivated land per family catchment basin
agriculture could benefit 1,000 to 2,000 families. If unlimited water
supply were available, the number would be 20,000 to 40, 000.

12



E. Ambouli Basin

This basin is adjacent to Djibouti. It contains a number of
gardens of .1 to 1 hectare, each in the area of Atat, Ambouli and
other places. We visited 4 of these gardens, Three were privately
owned, Two were cultivated by the owners who reported that they were

making a profit. The groundwater basin has been explored here in more
detail than in other places in the country.

The city of Djibouti is using 20,000 cubic meters of water
from this basin each day. The estimated maximum yield is 28,000 cubic

meters per day. Leo Heindl, the hydrologist on the team, thinks that
this estimate is on the low side.

There are several options open to the city. One would be to
dedicate the remaining 8,000 cubic meters/day to agriculture. This
would irrigate about 115 hectares of land. With this option it would
be necessary to reduce per capita consumption of water as the city
grows or get water from other sources. Measures for reducing water
consumptions might include increasing the price of water and/or
requiring all new and replacement water using appliances to be of the
water conservation type. Another option would be to build a dam

across the Ambouli wadi near the Arta road and save water that would
run into the sea.

It is probable that this reservoir would be filled up fairly
rapidly with rocks and other material brought in by the flowing water.
Even if this happened 30 to 40 percent of the volume behind the dam
would be available for storage in the pore spaces of the detritus.
This filling would reduce evaporation. Of course, the system would
have to be designed to release the water from the detritus. Perhaps
water from this dam could be delivered to Djibouti by gravity through
a pipeline.

Another option would be to use water from the city's sewage
treatment system. We were informed that most of the water coming into
the sewer system 1is lost through leaks. There are many trees in
Dijibouti. Perhaps some are watered by the leaky sewer system. Some
are irrigated by the owners and around Ambouli some palms are
evidently using water from the water table. A public effort to
replace these trees with date palms would increase the food supply if
the campaign were successful. Such an effort might be initiated by
planting date palms at the Presidential Palace and the American
Embassy with full media coverage. Giving date palms to those who
wished to plant them would probably increase the chance of success.

Run-off agriculture might be successful in this area. Study
of the rainfall records in the Hauguin thesis indicates that crops
might be produced in the winter during some years.

There appears to be 10,000 to 20,000 hectares of level land
in this area. Land is available for any irrigation water that might
be dedicated to agriculture. From 1,000 to 2,000 acres will be
available for run-off agriculture.

13



Develcpment Procedure - Irrigated Agriculture

1. Decide to dedicate part of the available water to agriculture.

2. Offer part of this water to those who are already farming. Let
them use it to expand their production.

3. Plan for additional irrigated acres.

4. Follow 4 through 7 under this topic for the Petit Bara.

Development of Catchment Basin Agriculture

1. Study weather records carefully.

2. If the prospects look promising follow the procedure under this
topic for the Petit Bara.

Summarx

The amount of level land available is estimated to be 10,000 to 20,000
hectares. There will probably not be water available for irrigated
agriculture for very long unless water is imported from other areas,
or a dam is built, or water consumption in Djibouti is reduced.

Cautions

1. See caution 1 under the Petit Bara.

Human Benefits

If water were available for 100 irrigated hectares, 200 families could
be benefited.

Comments by Peterson, Pouchon and Broadnax should be studied.

F. Aibole and Magale Wadis

This land 1is 1located north of the Gulf of Tadjourah.
Judging from the topographic map the amount of land available for
irrigated agriculture in this area would be from 10 to 20 sqguare
kilometers, or 1,000 to 2,000 hectares.

The wells around Tadjourah are numbers 68, 71 and 75. These

wells appear to be very productive. Specific yields range from 14 to
36 m3/hour per meter of drawdown. Pumpting lifts generally are less
than 40 meters. Possible water supply from these wells could be from

7,000 to 10,000 m3/day. This would irrigate from 100 to 125 hectares.
There is some doubt that these wells could stand heavy pumping without
salt water intrusion. See the comments by Pouchon and Peterson.
Heindl felt that large quantities of water might be available here.

Water transportation to Djibouti is possible therefore this

area should be considered as having considerable agricultural
potential. According to Peterson, inland from Tadjourah pumping costs
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would be high because of pumping lifts which are at least 100 meters.
This would reguire about 6,000 liters of diesel fuel per hectare at a
cost of FD 40 per liter. This would be FD 240,000 per hectare per year
at the well head. High value vegetable crops could probably djustify

this energy cost. Hopefully further investigation will find useable
water with less pumping lift.

Catchment basin agriculture could be considered for this
area also.

Development of Agriculture and Summary

1. Follow the steps outlined under Petit Bara.

Cautions

See Petit Bara.

Human Benefits

If irrigated agriculture were developed on all land the number of
families which could be helped would be 2,000 to 4,000 range. This is
assuming that there would be enough water to irrigate all available
land. If catchment basin agriculture were developed the «cultivated
ara would be from 50 to 100 hectares, and the number of families
helped would range from 25 to 50,

Statements about this area by Pouchon and Peterson should be studied.

G. Saddai Basin

This wadi is in the vicinity of Obock. We did not visit the

area. It 1is relatively remote and available water appears to be
somewhat salty. It probably could be used for growing dates and
Pouchon 1is optimistic about the guantity of water available. Dates

would be relatively easy to transport. Judging from the map the
amount of level land is between 40 and 80 Km2. Lack of information on

rainfall makes statements about catchment basin makes already
speculative statements even more speculative.

If rainfall is available, then 400 to 800 hectres might be
developed for catchment basin agriculture. If water supply were not

limiting 4,000 to 8,000 hectares might be developed for irrigated
agriculture.

Development Procedure -- Summary -- Cautions

See Petit Bara.

Human Benefits

Allowing 1 hectare of dates per family irrigated agriculture could

help 4,000 to 8,000 families. For catchment basin agriculture these
numbers would be 400 to 800.
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H. Weima Wadi (Bisidouro Area)

The wadi is in the north part of the country near Ethiopia.

We did not visit it, Pouchon said the drainage area was 2,000 Km2.
Estimating from the map there appears to be 30,000 to 40,000 hectares
of 1land 1level enough to cultivate easily. The Weima wadi 1is the

boundary Dbetween Ethiopia and Djibouti for a considerable distance.
It 1is Dbeyond a mountain range from Djibouti City and 1is thus very
remote. Pouchon said that a well drilled in Bisidouro had a large
storage capacity and contained good fresh water.

Although this area appears to have considerable agricultural

promise it probably will not be developed until transportation
facilities are provided to the area.

I. High Land Areas Having Soil, Water and a Cool Climate

These areas are very productive and will produce almost any
crop year-round. Such areas are not plentiful but those which can be
developed will improve the diet of the local population when they are

remote from roads. When they are near roads the produce may be taken
to market.

The outstanding example of such areas is Randa where several
gardens are in production. Another is Bankoouale. There appeared to

be enough water in the Bankoouale area for considerable agricultural
expansion.

We saw another area at Garrousou. It was difficult to see
all the land, but that available to agriculture might be in the range
of 2 to 20 hectares., There was water on the surface. After seeing

the dry desert for many miles this was truly a beautiful place. We
were told that we were the first white men to visit this location.

Leo Heindl the hydrologist, said the amount of water might
be less than you think although he did not estimate how much. He said
the best collection system would be galleries as far downstream as
possible. There were large palm and other trees growing here. Many of
the trees did not have small limbs because they had been removed for
firewood. The tools the people have cannot cut large timber. At this
place we heard and saw some blond baboons on a cliff about 200 yards
away. The land could be used for both tree crops and vegetables.

Because transportation in and out will be very difficult,
food should probably be grown for local consumption and the source of
power might be windmills.

It 1is probable that the results would be very similar to
those at Randa. Water is probably available in other areas also.
Although the amount of water available in the aquifers found at high
altitudes 1is likely to be less than one would want, quality of water

and c¢limate will Jjustify higher than normal investments in these
areas.
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J. Information and Personnel

A. American Agricultural Advisor

The 1ideal person for the U.S. work in Djibouti
agriculture would have agricultural experience in the
southwestern part of the U.S. The climate, soil and
water conditions there are most like those in Dijibouti.
At least one person who has had production agriculture
experience in irrigated desert agriculture and who 1is
familiar with the information and research system in
the U. S. should be obtained to work with Djibouti
ministry personnel and farmers. This should be Adone
for the second project. Before coming to Djibouti he
should wvisit the Salinity laboratory in Riverside,
California, meet the people, get their publications and
look at their research.

It 1is unlikely that someone who speaks French can be

found for this job. Providing an interpreter or
teaching the individual French would be the sclution to
this problem. During the first project, the

experiments on fencing, catchment basin agriculture,
and initial work with crop production in Djibouti could
be done by TDY personnel or by the soils man, or both.

B. Compilation and Publication of Information

The work of everyone concer ned with Diibouti
agriculture would be easier if all material were
available in one place and in English. All germane
information should be easily available to teams working
here. This same information should be available to all

concerned -- other donors, ministry personnel, marmetc,
etc. Such information would reduce duplication of
effort and save a great deal of time in the search for
information.

I recommend that all available information on soils,
water, crops, present farms production imports and
markets be gathered, translated into English, and made
freely available to all libraries, information centres,
Agriculture Ministry, AID team personnel, TDY
consultants and back-up people in Washington.

C. Outline of Publications

HISTORY

Gather as much history as possible from FED reports and
French reports. Interview Michell Ferry on his efforts

and experience. If possible locate the French army
people who founded here in 1930's and 1940's. Find out
more about the Yemeni efforts of the past.
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PRESENT AGRICULTURE

Inventory the present gardens by visits, interviews and
over-flights. Get statistics and information for FED
reports and other documents.

WATER RESOURCES

Translate the French work on water and abstract that
germane to agriculture. Add any material developed by
the American team.

SOILS

Translate and abstract material from French. Include
material developed by U. S. team.

CROPPING PROCEDURES, PRESENT AND NEEDED

Observe and interview present farmers. Read team and
French reports. Study agriculture of other areas of
similar climate. Compile technical information on how

to grow crops, use windmills, build fences, etc.

MARKETING PRACTICES

Analyze agricultural marketing practices and needs in
Djibouti.

ANNOTATED BIBLIOGRAPHY

Sources containing technical information relevant to
Djibouti should be listed and described.

V. PUMPING METHODS AND COSTS

These costs are for direct connected diesel engines and for
windmills. Wells with 7.8 1lift are dug wells. The others are
drilled. Costs are based on data collected in Djibouti, published

windmill costs, and estimates based on U. S. experience.

A. Discussion of Power Sources

The costs of water pumping is a substantial part of any
irrigation' project. As pumping lifts increase, the pumping costs
become larger until at some point the enterprise 1is no longer
economical. Costs for pumping water from dug wells and drilled wells
are given here. Pumps for the dug wells are small diesel engine-
driven pumps. For drilled wells diesel generators driving submerged
pumps were used. Yield of the well and pumping lifts are crucial in
all cases. Generally speaking, these costs indicate that pumping from
dug wells will cost less than pumping from drilled wells.
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Windmill pumping costs are also given. It may be practical
to pump water from dug wells with windmills. Costs for diesel pumping
range from DF 65,000 per hectare (25,000 m3) for a dug well vyielding
24 m3/hr to DF 2,230,000 per hectare for a 300 meter 1lift from a
drilled well yielding 24 m3/hr.

Presently available windmills appear to be practical only
for shallow wells. Windmill-powered pumping costs range from DF
174,000/hectare for a well yielding 8.66 m3/hr and having 7.8 meter
pumping lift to DF 525,000/hectare for a pumping lift of 26.8 feet and
a yield of 3.25 m3/hr. These windmill costs are based on the
operating 80% of the time, 365 days per year, 24 hours per day. This
may be overly optimistic based on wind records available, at any rate,
pumping water with windmills is higher than pumping with diesel
engines. If the purchase and installation costs of windmills could be
reduced to one-half of the costs used in the paper, they would be an
attractive alternative for power at some locations in Djibouti. Many
small engines are already in use here and the technology is understood
by a fair number of people.

Source and Reliability of Cost Figures

Well costs used were taken directly from or extrapolated from Ministry
of Agriculture figures. It appears to me that these costs may be too
high. This 1is particularly true for dug wells. If an opportunity
arises this cost should be checked. Power unit and pump costs were
taken from or estimated from Ministry figures. Fuel costs were taken
as DF 43/liter of diesel fuel and fuel consumption was estimated based
on tyupical engines. ’

Windmill costs were taken from 1976 quoted prices in the U.S. and
increased for inflation, transport and Djibouti installation.
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B. TABLE

COSTS FOR PUMPING WATER WITH WINDMILLS IN DJIBOUTI
(costs are 1000's of Djibouti francs)

. — v — — — A — . — - = D = S et R T R W R TS A D N S A T R e TEE S R e i M S e v R M A D e D o . e S S e e e —

Windmill 8' Baker 12' Raker 12' Baker
40' Tower 40' Tower 40' Tower
Yield -
m3/hr 3.25 8.66 3.25

- — " — —— —— — T —— o —— e S ML S mp T T N = S TR - i S W S D G MR S S . T = . S W T W T R S A e e e . T -

m 7.8 7.8 26.8
Cost of Plant
Well + Tank 1,583 1,583 2,175
*Tower & Pump
+ Windmill 1,068 1,750 1, 750
100
TOTAL 2,651 3,333 3,925

- ——— — — — ——— ——————— ——— —————————— — ——— — —— — -—— — — ————————— - ——— ————— — - ———— —— ——

D — — — ——— — —— — ——— ——— —— — ——————— ———— ——— —_——————————————— ———————— — —————————— - — —

Annual Fixed Charges

Int. @ 10% 133 167 196
Taxes 0] 0 0
Mill Deprec. 5% 53 88 88
Well + Tank 5% 79 79 133
TOTAL 265 334 398

. —— ——— — — —— —— —— —  ————— —————— - —— —— —— ——— ——————— ————— ———————————— —— ————— —— — ———

- —— — ——— — ——— — — — — - —— — ——— — T n — —— — —— — — ——— ——— ——— - — —— — —— — —— — - — — — = . . = — - —— -

Annual Operating Cost

Lubricating 01l 9 9 9
Repairs 32 52 52
Labor-1/hr/day 40 40 40
TOTAL 81 101 101

- — — —— ——— — — - —— —— — —— — — — —— — - —— — - — — —— — —— — . — - — — T - —— . — — — T — ——— ———— - — - - ———— — -

- — — — - — ——— ————— - . — — —— . — — - D - — . — . — - — —— — - - - —— - — - ——— — — - — -

Fixed + Operating

Costs 346 435 499

Cost m3 1,015 1,007 10,021

Cost/hc/yr 364 174 525

Area Irrigated .95 hect. 2.5 hect. .95 hect
20



*Tower pump and windmill costs were taken from the 1976 edition of
Energy for Rural Development. These costs were increased by 5% for
sales taxes, by 40% for inflation since 1976, by 40% for shipping from
U.S.A., by 25% for tariff into Djibouti, and by 40% for installation.

These 1increases were compounded. Baker mill and pumps were used and

aero motor towers. Tower, pump and windmill are depreciated over a
20-year period.
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V1. INFORMATION ON DJIBOUTIAN AGRICULTURE

A. Comparison of Djibouti Agriculture With California
Agriculture

The cost of water delivered to farmers in the central vally
of California ranges from $40 to $90 per acre/foot. This 1is
equivalent to FD 156,000 to FD 334,000 for 25,000 m3, the amount of
water the Ministry fo Agriculture assumes will be needed to irrigate
one hectare for one year. Even with water prices 1like this,
California farmers are able to grow and ship fruit and vegetable crops
2,000 miles in competition with rain-fed agriculture in the eastern
part of the U. S.

Some Djibouti waters are as chemically desirable as
California water. If a Djibouti farmer is able to produce 2 vegetable
crops per year per hectare of 10 tons each and sell them at FD 75 (a
guarter current retail market value) his gross income will be FDl.5
million. This yield estimate si very low. The FED report estimates
yields of tomatoes to be 35 tons per hectare and water melons at 20
tons per hectare. Perhaps the 10 ton estimate should be doubled.

B. Motivation

How power and income is distributed will have a profound
effect on the outcome of any effort to establish agriculture in
Djibouti. There are many models for agricultural effort in the world.
The feudal system of some countries, the Chinese commune, the Israeli
Kibbutz, the American and European independent land-holder, the Soviet
Collective and the American Corporation Farm -- it appears to me that
to be most successful any system should have as many of the following
features as possible:

l. There should be a direct relationship between the income
of the farmer and the goods which he produces. And he
should be responsible for the inputs and outputs of the
enterprise. If the farm is productive he should have a

high income. If it is not productive he should have a
low or no income.

2. The farmer should run his own land. He should be able
to sell or keep the land or buy other land.

3. He should have reliable markets for the goods which he
produces.

4. Agricultural information should be easily available and
free.

5. Farming wunits should be 1large enough 1initially to
potentially provide the farmer and his family a higher
income than they could earn elsewhere.
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Looking over world agriculture it appears to me that some
reward systems are consistently less effective than others. Among
these are government ownership and management of farm enterprises,
corporate ownership and management and absentee landowner systems.
Although viable farms using these systems exist, it appears to me that
owner-operated farms are in general most productive. For example, I
was 1in agricultural education at the college level many years. Most
colleges owned farms. I know many people over the U.S. involved with
thse college farms, and I never heard of one which was operated at a
profit.

In my community there are both absentee-owned farms and
owner-operated farms. The owner-operated farms are nearly always more
productive than absentee-owned farms. Djibouti might follow the
homestead procedure which was used in the U.S. beginning with the
administration of Abraham Lincoln. Farmers were allowed to move on a
tract of land. They were given full title of the land after they had
lived on it for the required number of years and made reguired

improvements. In later years when there were more homesteaders than
land, people were chosen by lot.

It would seem wise to study land-tenure-reward systems over
the world, and select the one which offers the most promise of meeting
the Republic's objectives.

c. Pumping Water vs Hauling Vegetables

There is a proposed project to pump water from the Hanle and
Gobaad plains to the Djibouti area. The hypothesis is that it 1is
cheaper to pump the water and irrigate land near Djibouti than it
would be to haul vegetables. Cost data is not available but this
hypothesis seems to me to be false. Most of the water for agriculture
appear to be in the Hanle and Gobaad plains. There is a proposal to
pump the water to areas near Djibouti and to use part of it for
agriculture. There is a hypothesis that it is cheaper to pump water
120 kilometers than to haul vegetables produced by that water the same
distance.

One set of numbers than I saw placed the cost of the
pipeline and pumping stations at $15.2 million. Amortized over a 20-
year period this would be $1.4 million per year for interest (at 6-
1/2%), and depreciation without considering energy, repair and labor
costs for pumping water.

The amortization costs per cubic meter would be §$.075 per
cubic meter. It requires about 1,000 cubic meters of water to produce
a ton of vegetables. This would put the amortization costs at $75 per
ton. Added to this would be the other costs listed above which would
probably more than double the §75 number.

In the U.S. the cost of hauling on good roads with trucks of
20 tons capacity is $.06 per metric ton mile.
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The distance the vegetables need to be hauled is about 85
miles. The cost of hauling a ton of vegetables 85 miles in the U.S.

would be about $5. The cost in Djibouti would be 2.5 times U.S. costs
for the same equipment and roads.

Because perhaps 5 ton trucks must be used here, the costs
would be doubled to 5 times U.S. costs and perhaps because of poor

roads, the costs should be doubled again. This would bring the cost

of hauling to $50 per metric ton which is about one third the cost of
pumping water to Djibouti.

D. Fencing

Because herds have the right to roam free in this country,
it is necessary to fence cultivated areas to keep out animals. Fences

can be constructed with imported wire and posts, native thorn bushes,

and stones. Sometimes native thorn bushes must be transported a
considerable distance. I do not know how long such fences will last
in this dry climate. Perhaps they would be effective for 2-5 years.

If this is the case, this is perhaps the most economical fence in the
country when the material is available nearby.

l. Stone Fences

The other native material is stone and there is an over-

abundance of this in most places. The nomads use stone
to build small houses and corrals for their animals.
The 1local AID Mission thinks goats can climb such
fences. I suggest an experiment in which a rock fence
is built vertical by using a moveable plywood guide.
The vertical fence would be inside the experimental area
and goats would be placed inside the corral and allowed
to climb out if they could. The second experimental
corral would have the vertical wall filled with mud.

The cost of a 5-foot tall wire fence would probably be
between DF 3,000 and DF 7,000 per meter installed in
Djibouti. The minimum wage here is DF 15,000 per month.
Most of the cost for a stone fence would be labor.
Obviously one man can build more than 3 meters of stone
fence in one month.

2. Area Fenced - Variation in Cost

The 1larger the area fenced, the less fencing costs are
per unit area. If one hectare is fenced, 400 meters of

fencing is needed, at DF 6,000 per meter, the cost would
be DF 2,400,000 per hectare.

Of 100 hectares to be fenced, 4,000 meters of fencing is
needed. In this case, the cost per hectare will only be

one tenth that for an area of one hectare fenced or DF
240,000 per hectare,. ‘
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I estimate where stone is readily available that fencing
with stone will cost only one quarter to one fifth the
cost for imported wire. Obviously regardless of the
kind of materials used, fencing one large area is more
economical than fencing many small ones.

E. Animal Control

At several locations water melons have been partially eaten.
We were told that the "porc-u-peek" had done this. Evidently this is
a porcupine. In two places the gardeners had set traps. We heard of
rabbits eating gardens at other places.

Control of these animals is a problem. Possible alterna-
tives are:

l. Relatively small mesh wire fence anchored in concrete.

2. Stone fences which have the spaces between rocks filled
with adobe.

3. Keeping a dog inside the garden.

4. Hunting the animals with a gun and light at night.

5. Poison bait. (Strichnine or other material.)

6. A trapping program developed by a biologist trained in

trapping.
All of these alternatives have some disadvantages. For
example, many people and perhaps all who would farm have a religious
taboo against dogs. Well-built wire fences would solve the problem

but this uses imported materials and is expenbsive.

Stone fences might be the solution. It is not known whether
or not the animals could climb these fences.

This problem should be considered 1in fence design and
construction. Other procedures should be investigated for control
inside brush fence enclosures.
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WIND IN DJIBOUTI

In considering wind power historical data on velocity of wind, hours
of wind and periods of calm are essential.

I understand that such data has been kept for 20 years or more for the

Djibouti Airport. I was able to get a few months data from the
Minister of Agriculture. Observations are made four times daily at

the Djibouti Airport and three times at other locations. They are
summarized here:

SOME WIND VELOCITY OBSERVATIONS IN DJIBOUTI
JULY 1977 AUGUST 1977

—— e ———— —— ———————————————— =" " —————————— T M S . - . —— — S—e S — - - G T - —————————

Djibouti Air. O 1 45 39 39 0

Arta 11 24 4 17 e o 7

Diknil Average wind speed less than im/s

obock Average about Sm/s

SEPTEMBER 1977 OCTOBER 1977

Velocity m/s  C 0-1 2-4 5-6 7-14 Over C 0-1 2-4 5-6 7-14 Over

Djibouti Air. 8 14 75 27 4 12 21 75 26 2 0

Arta - 7 27 se 71 o 9 34 55 4 0 o0

pikhil Av 2 mfs  mmmemem AV 4 mfs  —mmmeeeem

obock Av 4 m/s  —mmmeem AV 4 m/s  cmmmmmme

''''''''''''' NOVEMBER 1977 DECEMBER 1977
Velocity = C 0-1 2-4 5-6 7-14 Over C 0-1 2-4 5-6 7-14 Over
Djib. Air. 17 31 65 24 O O O 4 € 37 5 0
Arta 15 23 44 19 4 o0 0 O 55 36 2 0
Dikhil AV 3 m/S cmmmmmmm—mm AV 3 m)S  —mmmmmmmmmmmm
obock e

Four observations per day at Djibouti airport. Three observations per
day at other places. One meter per second = 2.2 miles per hour.
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F. Wells in Djibouti

Information from diagrams furnished by "Sce Genie Rural"

NAME CERCLE D'OBOCK
Draw- Dynamic Static Total
Yield Down Level Level Depth
3
m /hr m m m m
Soublali No. 1 1-71 21 8 46 38 120
Soublali No. 2 2-74
Oulma 74 16 2 64 62 90
Orobor 74 20 1 17 16 25
Lahassa 74 1.3 68 108 40 120
Ras-sian 1.3 9 27 19 33
Assa-Guinetta 65 0.5 35 60 25 66
CERCLE TADJOURAH
Tadjourah 68 36 1 22 21 34
Tadjourah 71 44 2 25 23 34
Tadjourah 75 28 2 31 29 37
Magale 76 25 11 79 68 101
Adaillou 77 6 2 10 8 25
PK 9-73 28 92
Dorra No. 1 64 2.8 156
Dorra No. 2 68 7
Dorra No. 3 69 5 6 117 111 155
Assa-Gueyla
No. 1 68 3.5 71 80 9 80
Assa-Gueyla
No. 1 68 3.3 44 63 19 80
Andaba 73 3.6 15 188 173 188
Madgoul No. 1 67 (0] 138
Madgoul No. 2 68 0 138
Adoila 77 0 60
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Irrigation Costs (Ministry of Agriculture - Djibouti)

The costs were taken from a budget made by Michelle Ferry and then
corrected in pencil by M. Gasc. Gasc generally raised Ferry's
estimate for dug wells and lowered them for drilled wells.

I suspect the costs are somewhere in-between,

Costs for Irrigation in Djibouti (Costs in Djibouti francs)

These costs were taken from material furnished by M. Gasc from the
Ministry of Agriculture. The dug well is proposed for 1.5 hectares
and 3 families. The drilled well is for 10 hectares and 30 families.

- ———— ——————— S T e M G e T e — . — — - — T s —— — — —— A ST M T . — D GAS A - A R Gmb - D G ——

Wells, tanks, housing, water distribution, 3,473,000 33,604,000
pump, power, etc.

Cost per family 1,158,000 1,121,000

Annual costs (irrigation costs)
Amortization (mostly 10-20 years but

pump in one year) 3,000,000
Per family (annual amortization) 95,000 100,000
Operating costs annual
Operating costs per family 70,000
Other charges per family (tractors,
work, tools, fertilizer, hauling, etc.) 170,000 361,000
TOTAL PER FAMILY - DF 575,000 DF 531,000
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Costs for Irrigation in Djibouti

These costs were for projects proposed by the Ministry of Agriculture

(They appear to be high to me.)

Costs are in DF.

INVESTMENT DUG WELL DRILLED WELL

Well 1,583,000 5,600,000

Pump and Power Unit, tanks, etc, 220,000 18,000,000
Water distribution system,

fencing, etc. 1,670,000 10,004,000

TOTAL - DF 3,473,000 33,604,000

Cost per farm family 1,158,000 1,121,000

{10 hectares and 30 families
for the drilled well and 1.5

hectares and 3 families for the
well)
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APPENDIX A-5

ACTION MEMORANDUM
12 January 1979

To: Mr. Karl H. Mahler, A.I.D. Affairs Officer,
Djibouti

Subject: Project Paper - Djibouti - Water Resources and Soils
Analysis Project (603-001)

T i . — - D D — - ————— - — S G —— T A S S e e R M — - ——

A. RECOMMENDATIONS

Based on the approval by AID/W of the Project Identification
Document (PID) and a source and origin waiver for a project vehicle,
authorization of this project is recommended:

-FY 1979 Grant $497, 000
Total New AID Obligation $497,000
B. Summary Description of the Project

The Government of the Republic of Djibouti (GROD) has requested
AID assistance in determining the long-term potential of agricultural
development. By analyzing data on soils and water resources, GROD
officials will be able to make rational economic decisions regarding
Dijibouti's future development in food production and water and soil
conservation.

A paucity of accurate and detailed information for providing a
sound data base is a primary justification for AID assistance to the
GROD at this time. The nature and timing of AID assistance is
predicated on the Dbelief that agricultural potential exists in
Djibouti and that U. S. technical assistance, even if modest, can have
a significant impact if concentrated on the most basic resource needs,
i.e., water and soils.

The project will institutiocnalize, through training in the
Ministry of Agriculture and Rural Development (MOA), the capacity to
undertake studies supportive of long-term agricultural sector
development, that is, the capacity to do basic applied research which
has immediate practical benefits to the Djiboutian farmer. The key
assumption is that initial results will indicate the agricultural
inputs (seeds, fertilizers, etc.) in which farmers should invest and
the extent to which that investment is economically and socially
justifiable.



Over the two-year life of the project, AID will provide resources
totalling $497, 000, to finance the 1long-term services of a
hydrogeologist who has had experience in soil sampling. This advisor
will work with and train Djiboutian counterparts in exploring for
aquifers, analyzing water samples, taking soil samples, directina
soils analyses and interpreting the results to the farmers who work
those soils. He will also assist in the establishment of a water and
soils analyses laboratory which is being built and partially equipped
by the GROD. Short-term consultant services in soils ' and water
resources planning will also be provided to assist the long-term
advisor 1in preparing soils and water inventories. Both long-term U,
S. and short-term Third Country participant training will be offered
to Djiboutian staff of the water/soils laboratory. This staff will
make available applied research to the existing agricultural extension
service, and 1its agents, giving information of practical value and
benefit to the farmers. In addition, supplementary eguipment and
supplies will be purchased for the laboratory, as well as a project
vehicle and camping equipment to assure maximum mobility for the 1long
and short-term technical advisors. Funds will also be provided for
aircraft rental, communications, vehicle operation and maintenance,
temporary lodging and miscellaneous operating expenses.

In support of this project, the GROD is prepared to finance the
equivalent of $198,000, to provide complete access to and use of a
water and soils laboratory, including equipment and supplies, plus the

services of the following Djiboutian laboratory personnel: one
hydrologist, one water quality chemist, one or two soils scientists,
one librarian, one lab assistant and non-professionals, as required.

These technicians and facilities will backstop the 10-man agricultural
extension service, which will bring soils and water samples to the

laboratory and take the practical advice derived from laboratory
findings to the farmers.

The estimated total cost of the project is $695,000, of which AID
will contribute $497,000 and the GROD will contribute $198, 000. AID
life-of-project financing will be provided in FY 1979.

This project will be the first of several projects in a modest,
bilateral assistance program in Djibouti. The GROD 1is keenly
interested in implementing this project as soon as possible to
coincide with completion of the water and soils analysis laboratory in

August 1979. The GROD official request for assistance is attached as
Annex A.

C. The Project Paper (PP) Design Team

The team responsible for the preparation of this Project Paper
included two soil scientists, a hydrologist, an irrigation engineer,
an agricultural economist, a rural sociologist, and a design
consultant. The team was thoroughly briefed by the AID Affairs
Officer in Djibouti (AAO/Djibouti) and at meetings arranged with the
U. S. Charge d'Affaires and various local agricultural experts and
GROD officials. Site wvisits were undertaken in three of the four
administrative regions (Cercles) of the country. The fourth region
could not be visited due to limitations of time and transport.

n
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Members of the team were taken on a chartered air flight for an aerial
over-view of the country at low altitude. Numerous discussions and
interviews were held with Djiboutians at all levels of society, from
nomadic herdsmen to government ministers.

As the work of the PP team progressed, two facts become clear.
On the one hand, team investigation established that certain small
areas of the country (quasi-oases) appeared to have the necessary soil
and water requirements for successful agriculture. On the other hand,
the amount of time available to the team and their need to make
judgments based only on observation rather than thorough accepted
laboratory procedures combined to make the determination of specific
interventions difficult. The physical characteristics of the country
and the financial and organizational difficulties to be expected in a
newly independent nation suggested that agricultural sector
development should be approached with caution to prevent AID and CGROD
commitment to unwieldy, expensive programs. This approach has been
agreed to by the MOA. The lack of necessary data concerning the
agricultural situation and the resulting lack of a coherent national
policy with clear goals suggested that an intensive effort to promote
agricultural extension would be premature, and, if poorly prepared,
potentially detrimental to future agricultural development.

With the above in mind, the search began for a practical
initiative that would build on the positive information collected by
the team. During this process, the team learned that the GROD had
committed funds for the construction and the establishment of a water
and soils laboratory for investigation of Djibouti's agricultural
production potential. Discussions between team members and government
officials indicated two conditions:

(1) The equipment already ordered for the laboratory was
inadequate for the preparation of the necessary water and
soil inventories, and

(2) while some local expertise existed, there was a need for

professional technical assistance in support of the
laboratory. GROD officials concurred in this assessment,
but there were 1insufficient funds available for a

significant expansion of their project. It was the judgment
of the team that the laboratory effort was an appropriate
response to the situation and worthy of support, as it would
lay a necessary foundation of information for future
activities in the agricultural sector and would permit a
step-by-step practical extension of agricultural support
services to existing farmers.

Each member of the PP team prepared a technical report, including
analyses of sources of data on water and soils resources, observations
and recommendations for AID assistance. The technical reports are
available on file in REDSO/EA and AAO/Djibouti.



ITI. BACKGROUND AND DETAILED DESCRIPTION

A. Background

1. Project Setting

The former Territory of the Afars and Issas only recently became
the Republic of Djibouti, gaining its independence from France 1in
1977. No AID relationship had previously existed with the Territory.
Other than the distribution of P.L. 480 foods and other assistance to
the refugee communities resulting from the war in the Ogaden,
AID/Djibouti projects and activities are presently in the planning and
development stages.

With an estimated population of 300,000, Djibouti is a small
country in one of the world's driest inhabited areas. Rainfall
averages about 200 mm per year. A large proportion of Dijibouti's
population is active in nomadic husbandry, herding primarily goats and
sheep, with smaller numbers of cattle and camels. Djibouti's present
center of economic activity and the primary reason for the original
French colonization are found in the operation of the port located at
the capital city. This port and the railroad connecting it to

Ethiopia provide the population's major source of employment and
income.

Ninety-seven percent of Djibouti's food is imported, including
all of its food grains. Traditionally, the majority of this food was
imported by rail from neighboring Ethiopia. However, the recent
fignting in the Ogaden has severely disrupted rail service and
resulted in increased food imports from Kenya and France. The
additional expense involved in this importation has 1led to steep
increases in food prices and shortages. The disruption of rail
service has also created unemployment for a large segment of
Djibouti's salaried labor force. The drop in income, rise in prices
and influx of refugees have combined to <create severe economic
difficulties. Although occasional day-time rail service has resumed,
the long-term prognosis remains unclear.

The lack of agricultural growth in the local economy may be
attributed to insufficient expertise among the 1local nomadic
inhabitants and a scarcity of known sources of suitable soil and
water. Since the early 1940's, the French have undertaken
agricultural schemes, but with limited success. Yemeni farmers had
established gardens 1in recent years, but were generally unble to
obtain sufficient income to continue farming. While adequate soil and
water for agriculture are thought to exist in parts of Djibouti, there
is no systematic, centralized collection of scientifically acceptable
water and soil information currently available for agricultural
planning and for dissemination to farmers through the agricultural
extension service.



2. The Importance of Water Resources and Soils for
Development

a) Water Resources

As 1is true of all nations, water 1is essential to the
physical well-being of the people of Djibouti and to the future
economic development of the nation. The highest priority for water
use is for domestic consumption. The rapid increase in recent years
of Djibouti's population (average annual growth rate, including
refugees, is estimated at close to 5%) has severely increased national
requirements for water in an area that is one of the world's most arid
and where water has traditionally been at a premium. Beyond domestic
purposes, water will also be needed in the event of increased
agricultural and/or industrial development which will bring even
greater strains to bear upon existing and presently foreseeable water
supplies. Proper planning will be required for the efficient use of
water in the future. A clear understanding, insofar as this is

possible, of total water resources, both sur face and groundwater, will
be essential to this planning.

Present information regarding Djibouti's water resources is
insufficient to determine acceptable initiatives for AID's
consideration in the area of large-scale increased agricultural
production. Prior to the proposal of water-related projects, it is
essential that a full water resources inventory be undertaken in
Djibouti under the direction of technically competent individuals and
supported with the necessary equipment and labortory facilities. Such
an inventory would also provide significant benefits to the GROD in
its concern with the problems associated with population growth and
industrial development.

b) Soils

It is not feasible, at this time, to state definitely the
relationship of Djibouti’'s soils to the potential for national

agricultural development. As Djibouti 1lacks a tradition of farm
cultivation, this relationship cannot be determined by past
exper ience. For the present, the influence of soils on future
production can only be estimated. Howevere, it can bhe said, based on

the analysis of the limited data available and following discussions
with 1local experts and officials, that it appears that arable soils
exist in sufficient quantity in various regions of Djibouti to justify
professional interest and certainly to Jjustify laboratory and
extension facilities to inventory those soils which are being worked

in order to identify what treatment they require to yield optimum,
sustainable crops.

Both the immediate and the eventual development of arable
land could be of significant economic and social benefit to Djibouti.
The present diet of many Djiboutians, particularly in rural areas, is
comprised in large part of milk, boiled sorghum and some meat from one
or more of various livestock sources: goats, sheep, cattle, and/or

camels. This diet does provide sufficient nutrients, assuming a
sufficient guantity is consumed. Observations of the current
5



situation and investigation of the literature suggests that, whereas
nutritional deficiencies do exist as might be expected in a low-income
developing nation, the general nutritional status of the population is
not alarming. However, as the estimated population growth rate is in
excess of 4% annually, it is doubtful that (a) the herds of livestock
can also increase sufficiently in the coming years to meet future
needs, and/or (b) Djibouti's ecology can support such an increase
without danger of over-grazing. This is particularly a problem for
the rapidly growing urban center of Djibouti city. If the serious gap
persists Dbetween food requirements and food supplies (as represented
by livestock), a gap presently overcome by French subsidies, then an
alternative source of protein/vitamins/minerals will be required.
This alternative source could include grains, vegetables, and fruits
grown locally for local consumption. Further, Djibouti presently
imports an estimated 97% of its food requirements. Thee importations
from areas as distant as France and Kenya represent a major expense to
the country, requiring the use of a large proportion of Djibouti's
limited (and externally supplied) financial resources and thus denying
their use for other vitally important development projects. Thus, it
is ccncluded that the investigation of Djibouti's soil resources and
their potential wuse for cultivation is a concern warranting the
attention and support of the Government of Djibouti and AID.

c) Basis for Intervention

The GROD Ministry of Agriculture and Rural Development (MOA)
is responsible for all agricultural matters. The Ministry employs an
average of 400 people during the course of the vyear, of whom
approximately 100 hold professional positions at varying levels.
Within the Ministry, there are three "Services”: Agriculture and
Forestry, Rural Engineering, and Livestock and Fisheries (see attached
organization plan, Annex B). The determination of the quality of
soils and water and the provision and promotion of their wuse for
cultivation are primarily the concerns of the first two Services.
BApproximately 50% of the Ministry's employees work under the Rural

Engineering Service, which 1is particularly concerned with the
provision of water supplies.

Although recognizing the needs presented above, it would be
premature for AID and GROD to initiate financing for large-scale
cultivation programs at this time. Much more specific data on soils
and water resources must be accumulated before such efforts should be
under taken. The collection of this data will require considerably
more time than 1is available to short-term teams. Furthermore,

adequate laboratory facilities are not currently available in
Djibouti.

The MOA has begun the construction of a variety of offices
and a laboratory. The primary purpose of the laboratory will be to
support the investigation of water resources, soils research and land
classification. The effectiveness of water and so0ils research,
however, will be greatly enhanced and the results of that research
will be of greater benefit to future activities, particularly in terms
of agricultural production. Specifically, additional inputs,
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particularly in terms of additional equipment and technical
assistance, will greatly increase the benefits to be derived from the
work of the laboratory.

Construction of the laboratory is expected to begin in late
1978, with completion expected by mid-1979. Within the MOA, the
laboratory will be administered by a special and newly-created
Laboratecry Section of the Rural Engineering Service, under the general
administrative overview of the Technical Advisor to the Minister
(French) and, ultimately, the Minister. In order to coordinate
activities with agricultural planning, the laboratory will cooperate
closely with the Studies Section of the MOA Agriculture and Forestry
Service. It will also, for practical purposes, be linked with the MOA
Agricultural Extension Service.



B. Detailed Description

I. Sector Goal and Project Purpose

The purpose of the project is to institutiuonalize within
the MOA Rural Engineering Service the capacity to (a) analyze around
and sur face water quantity and quality, as well as to compile,
catalogue and disseminate hydrological information, and (b) classify
soils, prepare soils maps and provide evaluation concerning the proper
utilization of soils. In practical terms, farmers can be advised on
soil treatments to obtain optimum sustainable yields. Achievement of
this project purpose should impact on the sector goal of developing an
information base for use by the GROD in (a) national agricultural
planning, and (b) its dessmination to farmers through the agricultural
extension service.

Assumption for achieving the sector goal are that (a) data
of sufficient importance and scientific validity can be accumulated,
and (b) the GROD has (or can obtain) the necessary technical
expertise to evaluate and make use of the data and to communicate its
practical Application to farmers.

By the end of the project, the laboratory staff fo the Rural
Engineering Service will have begun work on an considerable portion of
a national water resource inventory, with at least preliminary
specific recommendations on the potential for water and soil use for
crop production in the more favorable areas of Djibouti, e.g., Plan de
Goubet. The laboratory will also have undertaken a soils inventory
and developed a land classifications system in those areas:

2. Project Outputs

The following outputs provide a direct linkage to and are
necessary for the accomplishment of the project purpose:

(a) a water and soils analysis laboratory fully
equipped and in full opration;

(b) a data collection system established and available

for the use of other GROD, private and donor
institutions:

(c) systemization of existing water data and
information:;

{d) documentation of soils and land classification;
and

(e) GROD personnel trained and staffing the water and
soils analysis laboratory.

Based on the above, the magnitude or quantifiable indicators
of the outputs by the end of the project include:
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(a) a 150m laboratory/office complex equipped with
supplies and instrumentation provided by both the
GROD and AID;

(b) a technical library established and stocked with
relevant texts, manuals and journal subscriptions
(in French) in the fields of soils science,
hydrology, water resource planning and development
and management of land:

(c) reports (approximately 3) prepared on water
resources surveys using stream gauging, well-
logging and meteorological methods;

(d) selected small-scale water and soil studies
(approximately 3) undertaken in areas which have
the most agro-potential based on soils samples:

(e) on-the-job training completed for a hydrologist in
stream gauging, well-logging interpretation and
data management, for a librarian in cataloguing
and data management, and for lab assistants in
soils sampling and testing; and

(f) a hydrologist and water quality chemist trained to
continue work on the water resources inventory.

3. Project Inputs

AID 1inputs will be provided over the two-year life of the
project. They will consist of the following:

(a) Technical Services: The long-term services of a
hydrogeologist will be provided for two years. The primary duties of
this advisor will be to develop and maintain the water and soils
anlysis laboratory, train local technicians, operate the laboratory
and analyze samples for water and soil surveys. A position
description 1is attached as Annex C. Required prior experience for
this position includes soil sampling. Although his technical training
rests 1in exploring for aquifers, the advisor will also take soil
samples, direct soils analyses and interpret the results which will be
available to the agricultural extension service and other GROD and
donor organizations. Short-term consultant services will also be
provided for a total of five person-months. Specialists in water
resources planning and soil science will periodically assist in the
laboratory, train Djiboutian lab staff in soil sampling and generally
direct the soils inventory and land classification effort between
visits.

(b) Participant Training: Funds will be provided for
the training in the U. S. of a Djiboutian in hydrology. Upon his/ber
return, he/she will join the staff of the laboratory in continuing
research for the water resources inventory.  One Djiboutian will also
receive short-term, specialized training (up to two months) in water




chemistry and quality. Suitable training programs may be available in
West Africa.

(c) Commodities: Equipment will be provided to
supplement the work of the laboratory in regard to water inventories,
soils classifications and field investigations, including necessary
sounding equipment, conductivity meters, pH-meters, a colorimeter, a
nitrogen analyzer and balances. An illustrative equipment 1list is
attached (Annex D). To provide mobility on field trips throughout the
rugged country a project vehicle will be procured. The vehicle must
have four-wheel-drive, be capable of carrying 4-6 persons and field
gear and have a self-rescue capability (front-end winch, sand tracks,
etc.). A Toyota Land Cruiser is recommended. Camping equipment will
also be purchased to permit lengthy field trips by the advisor, short-
term consultants and Djiboutian technicians on the laboratory staff.

A procur ement source and origin waiver for the project vehicle is
attached as Annex E.

(a) Other Costs: Funds will be provided for aircraft
rental for aerial reconnaissance and transportation to relatively
inaccessible regions of the country, communications (including the
mailing of soil samples to international research centers and U. S.
experimental stations), vehicle operation and maintenance, temporary
lodging and subscriptions to professional journals and periodicals for
the technical 1library, housing and furnishings for the American
technician.

Government of Djibouti

The GROD 1is prepared to provide the following inputs 1in
support of the project:

(a) Technical Services: The full-time services of a
hydrologist, a librarian and at least two laboratory assistants will
be provided to work with the U. S. advisor. Candidates will be made
available for 1long-and short-term training in hydrology and water
chemistry. In addition, the GROD will provide the services of a
typist, accountant, driver and office cleaner.

(b) Construction: The GROD will construct a water and
soils analysis laboratory/office complex, including 150m2 of floor
space, chemistry benches with access to distilled and tap water and a
stable electrical power source, four sinks and a wall bench with
cabinets for the storage of glassware and supplies. Other facilities
will include three offices, a sample preparation room, a supply and
storage’ room and an 1instrument room. The building complex is
scheduled for completion in late 1979.

(c) Commodities: Basic equipment for the new lab.

(a) Other Costs: Utilities and maintenance of the
laboratory and offices will be financed by the GROD. In addition,
temporary laboratory and office facilities will be furnished by the
MOA, 1if the MOA-financed building is not completed prior to the
arrival of the long-term USAID Advisor.
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II1. PROJECT ANALYSES

A. Technical Analysis

There are a number of reasons for the 1low state of
agriculture in Djibouti, including: (1) extreme aridity, (2) high
summer temperatures, (3) shortage of readily available water, (4) an
inadequate transportation system, (5) uncertain demand for farm
products, (6) scarcity of skilled farmers, and (7) unwillingness of
nomads to undertake farming. These factors makke the prospect of food
self-sufficiency extremely doubtful. Yet the GROD is very interested
in reducing the country's dependency on imports through support of
economically-viable agricultural programs. However, preparation of a
national agricultural development plan is hindered by the lack of
adequate soil and water resource inventories. This deficiency results
in expression of opinions about agricultural development which range
from deep-seated pessimism to moderate optimism. In no case are
opinions or reports based on reliable, documented information.

Profitable agriculture may be -- and this project should
help to provide an indication -- both physically and economically
possible in Djibouti. Nine areas were examined by the PP team through
visitation, study of written information or both., It appears that
upwards of 50,000 hectares of land are reasonably level, have native
vegatation growing and may have some possible supplies, albeit
limited, of groundwater. Water clearly will be the limiting factor in
all locations. Even rough estimates of water quantities are difficult
to project, but very preliminary estimates indicate that there might
be enough groundwater to irrigate between 100 and 2,000 hectares.

There appears to be some potential for conserving water with
dams and groundwater recharge through spreading water from the wadis

dur ing runoff. Thus, basin agriculture may be possible. This would
increase the potentially cultivteable area.

With respect to its soils, Djibouti has no adeguate soil
resources inventory. This is needed to plan proper agricultural
development. Also, crop production in the immediate future will only
be possible where irrigation water, pumped from deep wells, will be
available. Soils and water quality are extremely variable. The high
cost of irrigation agriculture infrastructure requires careful
selection of sites in order to make optimum use of scarce water
r esources.

The Government of Djibouti does not have the capacity to
carry out a critical evaluation of the potential of the soils and
water resources for crop production. In the past, some surveys have
been under taken by the French technicians on a short assignment basis.
Only two govewrnment officers have training in soil science but little
experience. One hydrologist has been trained in Romania, and one
hydrologist 1is now in training in France and will return within a
year.
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Djibouti has recognized the need to develop the agricultural
sector. Present-day agricultural activities consist of small garden
plots (approximately 1,000 sq. meters) that surround existing wells.
It 1is reported that a total of only 20 to 40 irrigated hectares 1is
under cultivation. Most of this 1is 1in <citrus and vegetables.
However, water resource surveys and previous experience indicate that
the agricultural area could be markedly increased, provided crops,
water and soils are well-managed.

Irrigation agriculture is not the only activity which 1lacks
basic information for planning. The large majority of the population
in the country 1is nomadic and lives from the products of herds of
goats and sheep. Many areas around wells have been over-grazed, and
hunger, not thirst, has devastated a considerable number of
communities in the past. Land and water evaluation and mapping at
appropr iate scale could assist in determining the carrying capacity of
the soil, the selection of sites and the spacing of drilled and hand-

dug wells, and thereby maintain a balance between amount of range and
sizes of herds.

There are three major objectives which the water and soils
analysis laboratory will serve:

(1) Immediate needs of existing garden areas wher e
management, irrigation techniques, reclamation
procedures, crops, and drainage will be adapted to soil
conditions and water quality;

(2) Medium scale (1:50,000) surveys of major plains and

valleys, in order to plan further development of
irrigation areas; and

(3) A large-scale survey (1:200,000) of the country, which
would provide basic information on uplands and stratify
soil environments according to their potential for
grazing, carrying capacity, etc.

The three objectives are listed in sequence, adapted to
local circumstances and development needs.

The field work undertaken during the project will focus on
the collection of ground and sur face water samples and soil samples
from wadis, well-sites, present spring sites and potential "run-off"
agricultural sites, Samples will be analyzed 1in the laboratory.
Soils samples which cannot be analyzed in the lab will be mailed to
international research centers or U. S. agricultural stations (at
Cornell University and the University of Hawaii, for example) for
interpretatin. In-depth field studies will be published as a result
of the accumulation of data on particular areas. The area focus of
these studies will be at sites selected by the GROD and other donor
agencies. For example, German aid agencies are considering some
assistance to the Plan de Goubet area, and water and soils analyses
will be wused 1in determining the extent of such assistance. In
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addition, the technical reports of the hydrologist, irrigation

engineer and soils scientists on the PP team recommend specific
locations for study.

B. Social Analysis

The principal beneficiaries of the project are the portion
of the population which makes its living off the land. The data base
generated through the project and the complementary and follow-on
extension activities will provide the scope for a more rational,
efficient use of soil and water by both farmer s and herders. Regular
communication between laboratory staff and other MOA personnel,
especially agricultural extension agents, should enable farmers to
benefit by providing them with information to make decisions on using
their scarce soil and water r esour ces mor e scientifically.
Identification and use of water resources may also significantly
decrease the time and energy expended by both herders and their
animals in the search for good grazing and water.

Systematic knowledge of productive soils and water supplies
will be especially important to rural people in the event of drought
and/or other disasters, such as locusts. It will also be important as
the GROD increases 1its attempts to intervene in the ongoing
traditional subsistence systems. A systematic knowledge of reliable
soil and water resources is imperative to avoid serious negative
effects in the mid-and long-term.

There are two issues related to the success of the project
in social terms which must be monitor ed. One is the departure of
trained Djiboutians from their positions once they have been trained.
The provision of well-equipped laboratory facilities, high-level
technical assistance and participant training opportunities is
expected to improve the professional opportunities available in
Djibouti for nationals interested in soil and water-related sciences

and will thus serve as an incentive to their continued presence 1in
Djibouti.

The second issue is the degree to which project linkages
between MOA personnel, such as extension agents, and related
instituitions, such as the pmoposed Commission for Planning (see
Section III.E.), can be firmly established. This will guar antee a
continued flow of information vertically -- down to the farmer and
herder and up to the level of national planning -- as well as
horizontally to other GROD ministries. The short timefr ame of the
project must be recognized, and linkages must be established quickly
so that the goal of the project can be achieved in the mid-and long-
term. A facilitating factor which merits emphasis in this regard is
the relatively small-scale nature of the environment in which the
project will be implemented. Djibouti is a very small country, and
the MOA and other ministries are comparably small. In such an
environment, frequent interaction among interested parties 1is the
norm, not the exception.

Additional information on the cultural mores of the Afars

and Issas, the principal tribal groups in Djibouti, is included in the
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report of the rural sociologist member of the PP team.

C. Cost-Effectiveness Analysis

The "product" of this project will be information on soils
and water which is necessary in the design of subsequent farmer and

nomad-or iented projects. This information is a pr econdition to such
projects. In this case, economic analysis focuses on the cost-
effectiveness of alternative means to produce soil and water
information. Cost-benefit and internal rate of retuwn approaches are

unsuitable as no direct, discrete, quantifiable flow of benefits will
be forthcoming.

The alternative to an indigenous soil testing capability is
dependence upon expatriate technical assistance in every instance.
Such a dependence will mean Djibouti will either have to use foreign
exchange to hire skils or secure donor assistance whenever soils
studies are required. This is clearly a less-effective and more
costly approach than using compar atively low-cost indigenous soils
anslysts in a national laboratory.

In the case of water resources inventories, the alternative
are to (l) continue existing practices of drilling in likely sites in
an ad hoc manner, and to exploit the resulting new wells with 1little
regard to the effect upon aquifers, and/or (2) depend upon expatriate
assistance along the 1lines discussed above for soils analysts.
Focussing drilling efforts in specific areas on the basis of
accumulated and analyzed water data should allow for an increase 1in
the number of successful drillings. Pr evention of over-pumping,
estimations of the costs of water and allocation of scarce water
r esouwr ces among var ious claimants will be less expensive in social and
financial costs than has been the case in recent history.

The project costs, including the GROD contribution are
clear. The flow of benefits to the beneficiaries is much less clear
and depends upon many assumptions and variables. Additional other
donor m@ojects will have to be implemented before the economic
benefits of this project can impact directly on the poor majority. No

projects however, can do this effectively without adequate knowledge
of water and soils.

D. Financial Analysis and Plan

1. Project Funding Summary

As shown below, the estimated total cost of the project 1is
$695,000. It is proposed that AID will provide $497,000. The GROD
will contribute the equivalent of $198,000 over the two-year period of
the moject.
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TABLE 1: PROJECT FUNDING SUMMARY

SOURCE FOREIGN EXCHANGE LOCAL CURRENCY TOTAL
AID $432,000 $ 65,000 $497,000
GROD 59,000 139,000 198, 000
TOTAL: $491,000 $204, 000 $695, 000
15



2. Summary Cost and Financial Plan

The project costs and financial plan are summarized in the

table below. All of the foreign exchange r equir ements are to be met
by AID. Of the AID contribution, 95% represents dollar costs, and the
equivalent of 5% represents local costs. The latter consists mainly

of administrative support costs.

TABLE 2: SUMMARY COST ESTIMATES AND FINANCIAL PLAN

(1000)
SOURCES AID GROD TOTAL TOTAL
USE FX LC FX LC FX LC
Techncial
Services 250 - -—- 84 250 84 334
Participant
Tr aining 14 -—— ——— ~-—- 14 -_—— 14
Commodities 96 —_—— 12 —_— 96 12 108
Construction =-- -—- 37 27 37 27 64
Other Costs -——— 55 - 6 —-—— 61 61
Inflation
(10%) 36 5 5 11 41 16 57
Contingency
(10%) 36 5 5 11 41 16 57
TOTAL 432 65 59 139 491 204 695
16



TABLE 3: AID OBLIGATION BY COMPONENT

(U.s. §)
Component Amount Totals
Technical Services $250, 000
Long-Term
Hydr ogeologist (24 pm) $200, 000
Short-Term
Soils Scientist (3) 30,000
Water Resour ces Planner (2) 20,000
Par ticipant Training 13,500
U. S -
Hydrology (6) 8, 500
Shor t-Term
Water Chemistry (2 pm) 5,000
Commodities 96,000
Equipment for water and ‘
soils analysis laboratory 80, 000
Vehicles (1) 15,000
Camping equipment 1,000
Other Costs 55,500
Aircraft rental 2,000
Communications, incl. external
analyses of soils samples 3,000
Vehicle oper ation & maintenance 5,000
Tempor ary lodging _ 6,000
Subscr iptions for technical library 3,000
Housing and fur nishings 36, 500
SUB-TOTAL 415,000 415,000
Inflation (10%) 41,000 41,000
Contingency (10%) 41,000 41,000
GRAND TOTAL $497,000 $497,000

17



4. Cost Analysis

The cost of the 1long-term technician's services are
estimated at §$100,000 per man-year, including base salary and
benefits, allowances, transportatin of effects, round-trip
tr anspor tation, etc. This assumes a contract with some firm or

institution. $6,000 has been included in the budget for temprary
lodging in case the housing is not available upon the technician's
arrival in Djibouti. Short-term consultant services have been
budgeted at §10,000 per man-month, including salary, per diem and
round-trip transpor tation.

Par ticipant training costs have been estimated at $8,500 for
six months of academic training in the U.S., and $2,500 per month for

shor t-term technical training in Africa. Estimates are based on the
following budgets:

(a) Training In U.S. - Six Months

$ 600 OIT costs
612 Misc. (books, typing, etc.)
238 U. S. travel
2,050 Maintenance and per diem
3,000 Tuition
6,500
2,000 Round-trip international air fare
$8,500 TOTAL
(b) Short-term Technical - Africa - Per Month
$ 400 Tuition
1,050 Per diem ($35.00 per day)
50 Misc. (books, etc.)
$1,500
1,000 Round-trip international air fare
$2,500 TOTAL

The §80,000 estimate for equipment for the water and soils
analysis laboratory was included in the technical reports of the
hydrologist and soils science members of the PP team. The
illustrative equipment list is found in Annex D.
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5. Project Expenditures

The table below indicates estimated annual expenditures for
AID and GROD:

TABLE 4: ESTIMATED ANNUAL EXPENDITURES AND PROJECT COSTS

(U.S. $000)
1979 1980 1981 TOTAL
AID
Technical Services 34 106 110 250
Par ticipant Training ———— 12 2 14
Commodities 26 60 10 26
Other Costs 26 18 11 55
SUB-TOTAL 86 196 135 417
Inflation (10%) 8 19 13 40
Contingency (108%) 8 19 13 40
TOTAL 102 234 161 497
GROD
Technical Services 21 42 21 84
Commodities 12 -_——— —_——— 12
Construction 64 -_—— —_—— 64
Other Costs 2 2 2 6
SUB-TOTAL 101 44 21 168
Inflation (10%) 9 4 2 15
Contingency (10%) 9 4 2 15
TOTAL 119 52 27 198
COMBINED TOTAL 221 286 188 695

It is assumed that the long-term U.S. advisor will arrive no
later than August 1979. The Djiboutian candidate for U, S. long-term
training should be scheduled to begin the academic year in September
1980.

E. Administrative Feasibility

The Djiboutian hydrologist in the MOA Rural Engineering
Service and the French technical advisor in the MOA are somewhat
concerned about the existing, fragmented and random approach to soils
analyses and water resources development. To correct this situation,
a Commission for Planning will be established within the coming
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months. The Commission will include ministerial representation and
will have its own planning staff. Sub-commissions will be established
for water, power and renewable energies. This mechanism will provide
for 1liaison and guidance to water-using agencies, such as the MOA
Rural Engineering Service. Also under this proposed organization
plan, the French-supported Center for Geological Studies and
Development will be integrated into the plannint structure, while
maintaining iontacts with the University of Bordeaux and other

European research institutions. This arrangement will strengthen the
capability of the water and soils analysis laboratory to relate
academic hydrological studies to applied water and soils

investigations. The outlook, then, is hopeful that the outputs of the
project will be beneficial to the GROD's overall agricultural planning
efforts.

F. Environmental Concerns

An initial Environmental Examination is attached as Annex F.
The following statement discussing the environmental impacts of water
development is taken from the report of the hydrologist member of the
PP team.

At present, the level of water use in Djibouti has had
practically no impact on what might be considered 1its natural
hydrological regimes. Even the intensive development of the city of
Djibouti has not had any visible impact. Of course, one might look at
a place like Randa, with its intensive small-scale agriculture in a
narrow canyon, and say that the microclimate has been affected. This
is probably true, but is extremely minor.

The key 1s the extent to which the existing regime is
modified. If local areas along channels are over-pumped, some of the
scant vegetation will die. However, in most areas, the amount of
arable 1land 1is so 1limited that the amount of water pumped for
agricultural purposes will have little or no effect on the 1local
environment. Continuously increasing pumpage in the urban areas will
no doubt tend to raise the salt water level; but at the same time, as
the salt water concentration rises, the well becomes less useful and

pumpage is slowed. Gradually, the salt water level drops back to near
its former elevation.

In general, the small-scale agricultural developments that
are under discussion should have little impact on the water tables.
However, large-scale diversions of water, such as that proposed to
move water' from near Dikhil to Djibouti, may have localized effects on
vegetation, result in minor subsidence, and possibly drop the water
level below the bottom of some dug wells.

Until 1large-scale developments are affected, the impact of

agricultural and municipal development will have 1little more than
minimal impact on local and regional environments.
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Iv. IMPLEMENTATION ARRANGEMENTS

A. Administrative Arrangements

I. AID

Upon approval of this Project Paper, a Project Agreement will be
negotiated with the GROD Ministry of Foreign Affairs. Upon signature,
a sub-obligating PIOT/T will be issued by REDSO/EA authorizing AID/W
to contract for the 1long-term technical services. Possible
contractors include water resources engineering firms or, under a
PASA, the U. S. Soil Conservtion Service of the U. S. Geological
Service. If necessary, a second sub-obligation PIO/T will be issued
for the short-term consultant services in water resources planning and
soils science. Once the U. S. hydrogeologist is identified, he/she
can finalize the required equipment lists for the water and soils
analyses laboratory and camping equipment. A subobligation PIO/C(s)
will be issued by REDSO/EA for this procur ement. Project monitor ing
and administrative support for the project will be provided by the
AAO/Djibouti. REDSO/EA services will be provided as required,
thr oughout the 30-month project period.

2. GROD

The Ministry of Agriculture will be the GROD implementing
agency. The U. S. hydrogeologist and short-term consultants will work
under the general direction of the Director of the MOA Rural
Engineering Service. The MOA will be responsible for identifying
Djiboutian candidates for 1long- and short-term training and for
providing the services of other trained water and soils technicians
and laboratory assistants. The GROD will also provide suitable h
ousing in the city of Djibouti for the technician and his/her family.
In the event that the MOA-provided laboratory is not completed prior
to the arrival of the technician, suitable office space will be
provided by the MOA.
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Implementation Plan

Month

January
January

January
February
June
June
July
July
August
August
September
September
September
November

January
Mar ch

July
July
September

January

Apr il
May/June
June
June

June

June

Action Responsibility
PP appr oved ARO/D; REDSO/EA
Signature of proj. agreement AAO/D; REDSO/EA;

AID/W

PIO/T issued; contracting
begins AID/W; REDSO/EA
Country clearances obtn'd AAO/D; GROD
Housing for tech. obtn'd GROD
(temporary contract)
Contr act technician arrives AID/W; Contr 'tr

Equipment arrives, instal-
lation begins

Lab layout completed

Equip. arrives,

Contractor Work Plan fin-
alized & approved

Lab begins oper ation

Field work begins

Library functioning

Progress report

Small-scale, in-depth
field studies begin

Mid-term evaluation

Progress report
Djiboutian departs for
long-term training

Special evaluation

Survey, tests, OJT
completed

Maps completed; r eports
dr afted

Djiboutian return from
Int. training

Final progr ess report

Data, maps, final reports
finished w/copies sub-
mitted to AID & GROD

Technician departs
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staff on site

GROD; Contr 'tr
GROD

GROD:; Contr 'tr
Contr actor,
AAO/D; GROD

GROD; Contr 'tr
GROD; Contr 'tr
GROD

Contr actor

GROD; Contr 'tr
GROD: AAO/D7
REDSO/EA

Contr actor

GROD; AAO/D;

AID/W

Contr 'tr; USAID
GROD; AID/W;
REDSO/EA

Contr actor

Contr actor

Contr actor
Contr actor;
AAO/D; GROD

Contr actor:
AAO/D; GROD



C. Evaluation Arr angements

A formative evaluation 1is scheduled for July 1980,
apoximately one year after the arrival of the U. S. hydrogeoloaist.
The purpose of this evaluation will be to (a) provide an indication of
progress achieved towards the project outputs, (b) determine any need
for m@oject redirection and (c) establish the timing and frame of
r eference for a "special evaluation," which should follow six months
later. A "special evaluation" (January 198l1) will be made 6-8 months
prior to completion of the project to determine if there is sufficient
justification for AID consideration of a follow-on effort. As has
been x eviously mentioned, it is not anticipated that a complete water
r esouwr ces inventory and soils classification will be accomplished
within the 30-month period of the project. If, in the judgment of the
"special evaluation" team, continued assistance 1is warranted, a
r ationale will be presented 1in the evaluation report for AID
consideration (an inclusion in a follow-on PID). Members of the
evaluation team should include a hydrogeologist, a water resources
planner and a soils scientist, as well as the REDSO/EA Evaluation
Officer. Given the in-depth analyses which will be conducted dur ing
the "special evaluation,” the summative evaluation, scheduled for July
1981 prior to the departwre of the U. S. hydrogeologist, can be
under taken by REDSO/EA and AAO/D, in collaboration with the GROD.
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APPENDIX A-6’

ATTACHMENT NO. 3

WATER AND SOILS PROJECT

STATEMENT OF WORK

PIO/T
A. OBJECTIVE

To institutionalize within the MOA Rural Engineering Service the
capacity to (1) analyze ground and surface water gquality as well as to
compile, catalogue and disseminate hydrological information, and (2)

classify soils, prepare soils maps and provide evaluation concerning
the proper utilization of soils.

In practical terms, farmers can be advised on soil treatments to
obtain sustainable yields. Achievement of this project purpose should
impact on the sector goal of developing an information base for use by
the GROD in national agricultural planning, and its dissemination to
farmers through the agricultural extension service.

By +the end of the project, +the laboratory staff of the Rural
Engineering Service will:

- possess equipment and technical expertise to independently
analyze all water and soils types in Djibouti:

- have necessary data upon which to base recommendations for
water/soil use for crop production and provide guidance for
subsequent soils/water resource analyses in the field;

~ have undertaken a soil inventory and developed a land
classifications system in selected priority areas.

B. STATEMENT OF WORK

1. Specifically to accomplish the above, the contractor will:

a) Establish a water and soils data collection system as well as
a system for the data's dissemination and use by other GROD,
private and donor institutions; '

b) collate existing and past water and soils data and to extent
possible other donor data collection activities;

c) provide training to GROD personnel in water quality testing
and soils data collection and analyses:

d) undertake soils studies and analyses supportive to ongoing
donor studies and independent of other donor efforts in



several MOA-USAID targeted areas;

e) given data obtained, provide estimate of further requirements
needed to undertake a national overview of soils resources.

2, Indication that the contractor has satisfactorily attained the
above will be evidenced by the following:

a) Re soils: has developed field survey and testing methods,
such that the country or at least areas showing greatest
potential may be methodically covered (duly classified) in the
ensuing 5-6 years. Survey and analysis should follow normal
"ground truth" practices so that it will complement existing
or planned satellite or aerial imagery. Fur ther, has
developed map units with appropriate soils classifications,
relying on field data, 1lab reports and other information

sour ces. Also, has developed laboratory (equiped) to point
that soil testing requirements can be independently handled
therein.

b) Re water resources: coordinates equipping of laboratory and
established practices for water guality testing and recordina.
(Certain commodities deemed critical to functioning

soils/water lab are funded under this project, others will be
forthcoming from GROD and other donors):

c) A "user service" will be established which will list
institutions, GROD, and other donors, which are intimately
involved and concerned with Djibouti's land-use. - A means and

format for dissemination will be tested and implemented:;

d) A technical 1library established and stocked with relevant
texts, manuals and Jjournal subscriptions, (in French) in
fields of soil science, hydrology, geology and water resource,
planning and land-use management. All past and present
information (maps, studies, reports) re soils and water will
be catalogued;

e) "On-the-job” training provided:

1) A GROD~-designated degree 1lab assistant will be
trained in water quality testing soil analyses
procedur es. He will be under the direction of both
the contract assisted Djiboutian pedologist and a
trained Djiboutian hydrologist who will be
assisted/trained by West German technical assistance
team in well-logging interpretation aqui fer
r econnaissance, stream gauging, meteorological and
general hydrogeological techniqgues and data
management to extent that he can fully assume and
direct ongoing activities at time West German
technical assistance team's departure,

2) A GROD-designated Djiboutian will receive "OJT" in
cataloguing and data management.
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£)

g)

3) A GROD-contr actor designated degree-trained
Djiboutian soil scientist will receive "OJT" in soil
sampling and analysis, mapping and reporting.

Identified two candidates for specialized U. S. or Third
Country short-term training in areas: related to soil
analyses, and water quality testing. (Eight person-months of
training is funded under the project):

Based upon project soils and water activities and other
existing data, developed compr ehensive soils reports.
Geographical areas studies by other donors and the
Contractor/MOA lab personnel will be analyzed in terms of soil
depth, structure (salinity), texture, infiltration and
drainage with subsequent recommendations regarding wviability
of various land-use options, i.e., intensive irrigated vs run-
off agriculture for selected crops, cropping patterns,
pasturage potential. Water resource component will address
water quality, i.e., chemical composition and be supportive to
other donors efforts to determine quantity of ground-sur face
water in order to develop recommendations for 1its potential
application for human, animal and agriculture use.

2) To extent data available, r ecommend if fur ther
investment in this sector is warranted based upon
project findings, as well as address the question of
fur ther U.S.G. investment vis-a-vis upgrading
capabilities within the soils and water laboratory.



C. PERSONNEL

1. In order to implement the above tasks, the contractor will be
required to supply the following long-term resident services.

Twenty-four person-months of an experienced BS degree-trained
soils scientist. It is expected that this individual will be
responsible for attaining project "soils" objectives stated earlier.

In summary he will:

- facilitate equipping soils laboratory, using project,
GROD, and other dcnor funds;

- develop initial annual work plan for GROD-USAID approval
within one month arrival and subsequent plans within one
year thereof and one month prior to his departure;

- conduct field surveys in following order of priority:

a) family unit and detail scale (1:100,000) surveys of
existing or potential garden areas where management,
irrigation techniques, reclammation procedures,
crops and drainage have to be adapted to soil
conditions and water quality/availability. Areas by
order of priority and magnitude are tentatively
first year:

- Moulud (100 ha)
- Doudubbala "
- Forrage Grand Bara (200 ha)

b) In medium-scale (1:50,000) surveys of major plains
and valleys, in order to plan further development of

potential irrigation areas. Areas by order of
priority and magnitude are tentatively second year:

~ Gobaad (10,000 ha)
- Hanle ( 5,000 ha)

- Tadjourah ( 5,000 ha)

c) For both a) and b) above see attached map and
proposed keyed implementation phases.

d) developed plan for small-scale survey (1:200,000) of
country, which would provide basic information on
uplands and stratify soil environments according to
their potential for grazing, carrying capacity, etc.

- ©prepare reports on above surveys with accompanying land-
use recommendations. Also included will be following
field maps:



a) large-scale mapping of gardens (existing or
potential) at a scale less than 1:100,000.
Terminology should be in agreement with USDA system
and will need to be at the family level.

b) Reconnaissance mapping at 1:50,000 in valleys and
plains. Phases of sub-group will probably be the
units to be recognized during mapping.

c) Developing plan for eventual exploratory survey of
whole country at 1:200,000. Units will be mostly
natural regions, in which great soil groups would be
described.

develop 1land-use recommendations vis-a-vis above areas
surveyed relying principally upon: field tests to
determine permeability, infiltration 1in areas where
irrigation is planned, lab analyses to determine texture,
pPH, organic carbon, electric conductivity, cations,
cation exchange, water availability, bulk density,
boron;

as early as possible, determine extent to which MOA soils
lab can satisfy above requirements, and, where determined
unable, to develop system/relationship for analysis
outside Djibouti;

- provide "OJT" for one MOA degree-trained Djiboutian
pedologist assigned as Director of Rural Engineering
Soils section and one lab assistant charged with 1lab
analyses:

- provide "OJT" training to lab assistant in soils
analyses and reporting:

- given existent or planned satellite or aerial photos

to develop information such that it will serve as
baseline ‘'ground truth" data, upon which time-lapse
analysis may ultimately be developed;

- be wultimately responsible for establishing within
MOA/Rural Engineering Service, a technical library
and user service;

- be tasked to coordinate soils collection analyses
activities with other donors or per GROD designated
priorities whichever takes precedence:;

- as Chief of Party be charged with informing GROD,
MOA, and USAID on quarterly progress of project
activities and bringing to GROD-USAID attention any
problems/shortfalls, expected as result of, for
example, insufficient manpower, training,
commodities, donor coordination, etc.



Moreover, will be responsible for coordinating TDY visits,
synthesizing contractor's results. In the absence of hydrologist, he
will be expected to provide guidance to water chemist. Hence, it is
desirable to fill this position with someone who has had some water
quality testing experience.

2, Short-term contractor services, 8 person months will be required
as follows:

a) five person months of an experienced MS degree-trained
hydrologist. It is expected that this individual will be

responsible for attaining project water resource objectives
stated above.

In summary he will:

- facilitate equipping laboratory using project, GROD, and
other donor funds;

- be charged with providing "OJT" to MOA hydroceologist
and/or lab assistant counterpart in water quality testing
and reporting.

It is expected hydrologist will make three two-month TDY's. Two
in the first year, one in the second year of project to monitor and
provide direction for activities previously scheduled during his stay
here. The last trip will require his/her preparing final reports;

b) Remote sensing expert (1 person month) who will make
recommendations concerning satellite/aerial reconnaissance as
supplementary effort to this project;

c¢) To be identified (2 person months), possibly water resources
planner or senior hydrogeologist who will arrive at beginning
of third year and be specifically charged with assisting 1in
final development of reports especially with respect to
summarizing long-term GROD agricultural development potential
and policies based upon other donor activities/results in
water sector. It should be noted that a different technical
service mix might be required other than that described above.
Subsequent contractor reports and evaluation will serve as
source for identifying such requirements, e.qg., agronomist.

D. TIMING

It 1is requested that the contractor's designated soils scientist
and hydrologist arrive in October. Upon arrival the resident team
will undertake general field/air reconnaissance; develop detailed
annual work plan to be submitted by November 1979. Given that USAID
intends to order bulk of project equipment, no later than May, 1979,
it 1s reasonable to assume that majority of lab and field commodities,
including vehicle will be on-site by November, 1979. Hence it will be
expected that resident team will spend majority of time, November-
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December, 1in equipping laboratory, and familiarizing itself with
existing material on water and soils in Djibouti. Hydrologists will
depart in CY 1979,

First quarter of CY 1980 soils scientist will continue to provide

instruction to designated lab assistant(s) in water quality testing
and soils lab analyses.

Contractor will set in motion establishment of 1library, system

for cataloguing past, present and future data and developing "user
service."

Second quarter will see soils scientist continue lab "OJT" and
begin field analysis in major prioritized areas: e.g., Moulud, Grand
Bara.

Third/fourth quarters will have soil scientist continuing above
and to extent feasible initiating larger scale survey of plain sites
where GROD, other donors agricultural projects are planned, e.qa.,
Gobaad. Toward end CY, soil scientist will develop second annual work
plan, which will include additional TDY assistance foreseen. Dur ing
this period remote sensing expert will arrive make recommendations
regarding satellite/aerial recon requirements, and hydrologist for two
months TDY assistance in support of lab operations.

During early CY 1981 a joint USAID/AID/W annual evaluation will
be undertaken. Primary purpose of this evaluation will be to
ascertain project contractor's progress toward meeting specified
objectives and based upon findings to possibly recommend additional
follow-on activity. Fur thermore, during this period, the hydrologist
will return to do follow-up work in water quality testing procedures.
Soils scientist will have finalized reports on Moulud, Grand Bara
areas.

Second quarter of 1981 will see soils scientist finalizing soil
reports based wupon follow=-up gardens, plain/mountain studies

undertaken in Gobaad and initiating further studies in opriority

plain/mountain areas, e.g., Hanle and Tadjourah.

This quarter will be devoted to completing field work and

drafting reports on Hanle, Tadjourah as well as developing plan for
national soils survey.

Fourth quarter soils scientist will depart.

In early 1982, soil scientist and senior hydrogeologist (water
resource planner) will return for one person-month each to observe
ongoing activities, update studies/reports. To extent possible, USAID
final evaluation will be conducted concurrent with their visit. Final
reports will be submitted to USAID, GROD and AID/W no later than two
and one-half (2-1/2) years from the time of contract team's arrival.

The above represents USAID expected contractor scenario which,
however, is subject to amendment based upon USAID approval/review of
contractor recommendations and/or USAID/AID/W formal evaluation.



It should be noted that the contractor is expected to provide
continuing "OJT" throughout resident tenure and subseguent TDY's. For
that reason, the contractor will be expected to periodically report on
counterpart and staff's progress toward grasping instruction/guidance
provided and hence, institutionalization of project activities.

It 1is hoped that USAID will be able to identify and send water
chemist for training so that he will have returned by time resident
team arrives. To extent USAID is unable to fulfill this objective, it
will be expected that the contractor will do so.

E. REPORTS

1. Annual Work Plan.

2. Quarterly progress regarding lab activities, outputs in support
institutionalization.

3. Specific area reports (to be determined) which discuss objective
of study, methods used, results and recommendations. In case of

soils work this should be accompanied by maps referred to
earlier.

4, Final report, synthesizing comprehensive soils analyses and water
quality testing reports which would cover all areas addressed
during 1life of project and provide preliminary recommendations
regarding future U.S.G. assistance in this area.



F. ADMINISTRATIVE & OTHER DONOR COORDINATION

(Contractor Working Relationships)

It is understood that GROD presently perceives the Rural
Engineering Service within MOA as the institution responsible for
surveying, analyzing Djibouti's soil/water potential and recommending
preferable land~use options, as well as providing for utilization of
water in rural areas.

1. In support of the above objectives, the Rural
Engineering Service is organized into the following sections under the
present Chief of Service Mr. Mohamed Wabari.

a) Administration/Accounting

b) Maintenance - charged to provide support and
maintenance to all facets of services operation

c) Public Works/Drilling - charged to:

1) develop identified water sources in rural areas
for agriculture/human use, i.e., water points,
barrages, etc.

2) provide test drilling using Saudi-Arabian well

rigs (2) in order to identify possible water
sour ces.

d) Research comprised:

1. Water analyses - charged to:

a) undertake well-logging, well net monitoring to
determine quantity of groundwater.

b) (provisional) do stream (wadi) gauging to
determine run-off for purposes 1identifying
sur face water potential.

c) Use indigenous 1lab facility for testing
quality of water for human/agricultural use
and furnishing technical reports concerning
results.

d) develop comprehensive plan, synthesize above
for making specific recommendations for water
potential/usage.

2) Soils analyses - charged to:

a) undertake field analysis, develop
classification system and maps in order to
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determine agricultural potential for irrigated
versus run-off agriculture.

develop lab into unit capable of independently
conducting necessary soils type analysis and
furnishing technical reports on analyses.

develop compr ehensive plan for effecting
analyses in potential agricultural areas,
i.e., plains, maountains and national in that

order of priority.

3) Library - charged with compiling, collating data,
reports, maps, photos, all material produced
supportiive to Rural Engineering Service.

2. At present GROD staffing requirements remain to be further
defined with respect to the Soils and Water section:; however, it is
tentatively planned that the water secion will have as 1its head a
degree-trained hydrogeologist assisted by a water chemist in the
laboratory, who will most probably double as the soils lab analyst.
It 1is expected that within a year additional hydrologist positions
will be added. The soils section will have as its head a degree-
trained pedologist, specializing in arid/saline soils and assisted by
one lab assistant (see preceding sentence).

A library will be staffed by a clerk who will receive
subsequent training in cataloguing and will have a secretary who will
support soils and water, plus libary section tasks. All sections will
be housed in a new laboratory/office complex, which includes 150 m2 of
floor space, chemistry benches, with access to distilled and tap water
and a stable electrical power source, four sinks and a wall bench with
cabinets for the storage of glassware and supplies. Other facilities
will include three offices, a sample preparation room, a supply and

storage and an instrument room. Estimated completion date is November
1979.

3. Other donor assistance will be supportive in following
manner :

a) French technical assistance 1in hydraulics-general
engineering (2 persons) will be expected to assist
Public Works section in carrying out its objectives and
specifically provide operational support for rigs, "OJT"
and special training to selected drill crews.
Assistance expected before end CY 1979.

b) West German technical assistance (2-year project
beginning in CY 1979 providing 48 full-time person
months of hydrogeologist and technician) who will
develop plan for intensive hydrological survey of
Djibouti. Attached to the water section, they will be
initially expected to do well-logging, and stream
gauging; to determine water quantity via pump testing,
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c)

gauging static, dynamic charge in already agreed upon
priority areas, e.g., Grand Bara, Gobaad, Hanle and
Tadjour ah. They will provide TDY assistance to assist
in identifying prospective sites for Public Works
section test drilling. They will establish well nets to
determine aquifer volume, precise locations and as part
of all above provide "OJT" to section chief
hydrogeologist, provisional hydrologist and to drill
crews 1in logging procedures. They will provide field
samples to the water lab chemist who will be expected to
test its quality. Based upon field and lab results, the
hydrogeologist will pr epare reports with
recommendations.

French expertise (nature undefined) will be provided to
the Chief of Service. It is expected that assistance in
administration and land-use science will be provided
full-time beginning in late 1979. The land-use
scientist will be principally charged with synthesizing
results from water (W. German assisted) and soils (U.S.
assisted) sections in terms of agricultural potential of
areas jointly studied, and developing, 1in coordination
with those sections and their advisors, a National
Resource inventory plan for subsequent implementation.

4. As previously stated and further detailed in organigram the
contractor will be responsible for:

a) developing the laboratories of the water/soils sections;
b) providing operational and advisory support to the soils
section in toto:
c) confine activities in water section to training water
quality chemist;
d) developing library and training librarian.
5. Given that the contractor will work across organizational
lines he will be expected to report to the Chief of Service only, but
also coordinate field tasks closely with head of West German

hydrological assistance team (English speaking).
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ARTICLE I - STATEMENT OF WORK

A. Objective

The purpose of this contract is to institutionalize within the
Ministry of Agriculture (MOA) Rural Engineering Service the capabity
to (1) analyze ground and sur face water quality as well as to compile,
catalogue and disseminate hydrological information, and (2) classify

soils, prepare soils maps and provide evaluation concerning the proper
utilization of soils.

In practical terms, farmers can be advised on soil treatments to
obtain sustainable yields,. Achievement of this contract purpose
should impact the sector goal of developing an information base for
use by the Government of the Republic of Djibouti (GROD) in national

agricultural planning, and its dissemination to farmers through the
agricultural extension service,

By the end of the contract, the laboratory staff of the Rural
Engineering Service will:

- possess equipment and technical expertise to 1independently
analyze all water and soils types in Djibouti;

- have necessary data upon which to base recommendations for
water/soil use for crop production and provide guidance for
subsequent soils/water resource analyses in the field;

- have under taken a soil inventory and developed a 1land
classifications system in selected priority areas.

B. Statement 9£ Work

1. Specifically to accomplish the above, the contractor will:

a. Establish a water and soils data collection system as

well as a system for the data's dissemination and use by other GROD,
private and donor institutions;

b. Collate existing and past water and soils data and to
extent possible other donor data collection activities;

c. Provide training to GROD personnel in water quality
testing and soils data collection and analyses;

d. Undertake soils studies and analyses supportive to
ongoing donor studies and independent of other donor efforts in
several MOA-USAID targeted areas;

e. Given data obtained, provide estimate of further

requirements needed to undertake a national overview of soils
resources.



2. Indication that the contractor has satisfactorily attained
the above will be evidenced by the following:

a. Re soils: has developed field survey and testing
methods, such that the country or at least areas showing greatest
potential may be methodically covered (dually classified) in the
ensuing 5-6 years. Survey and analysis should follow normal "ground
truth" practices so that it will complement existing or planned

satellite or aerial imagery. Further, has developed map units with
appropriate soils classifications, relying on field data, lab reports

and other information sources. Also, has developed laboratory
(equipped) to point that soil testing requirements can be
independently handled therein.

b. Re water resources: coordinates equipping of
laboratory and established practices for water quality testing and
recording. (Certain commodities deemed «critical to functioning
soils/water 1lab are funded under this project; others will be
forthcoming from GROD and other donors):

c. A "user service" will be established which will list

institutions, GROD, and other donors, which are intimately involved
and concerned with Djibouti's land-use.

A means and format for dissemination will be tested and
implemented.

d. A technical library established and stocked with
relevant texts, manuals and journal subscriptions, (in French) in
fields of soil science, hydrology, geology and water resource,
planning and land-use management, All past and present information
(maps, studies, reports) re soils and water will be catalogued;

e. "On-the-job" training provided:
1. A GROD-designated degree lab assistant will be
trained in water quality testing soil analyses procedures. He will bhe
under the direction of both the contract assisted Djiboutian

pedologist and a trained Djiboutian hydrologist who will be
assisted/trained by West Geraman technical Assistance team in well-
logging interpretation, aquifer reconnaissance, stream gauging,
meteorological and general hydrogeological techniques and data
management to extent that he can fully assume and direct ongoing
activities at time West German technical assistance team's departure.

2, A GROD designated Djiboutian will receive on-the-
job training (OJT) in cataloguing and data management.

3. A GROD-contractor designated degree-trained
Djiboutian soil scientist will receive "OJT" in soil sampling and
analysis, mapping and reporting.



f. Identified two candidates for specialized U. S. or
third country short-term training in areas: related to soil analyses,
and water gquality testing.

g. Based upon project soils and water activities and other
existing data:

1. Developed comprehensive soils reports.
Geographical areas studied by other donors and the Contractor/MOA lab
personnel will be analyzed in terms of soil depth, structure
(salinity), texture, infiltration and drainage with subsequent

recommendations regarding viability of various land-use options, i.e.,
intensive irrigated vs. run-off agriculture for selected «crops,
cropping patterns, pasturage potential. Water resource component will
address water quality, i.e., chemical composition and be supportive to
other donor's efforts to determine quatity of ground-surface water in
order to develop recommendations for its potential application for
human, animal and agricultural use.

2. To extent data available, recommended if further
investment in this sector is warranted based upon project findings, as
well as address the question of further U.S.G. investment vis-a-vis
upgrading capabilities within the soils and water laboratory.

C. PERSONNEL

1. In order to implement the above tasks, the contractor will
supply the following long-term resident services:

Twenty-four person months of an‘experienced BS degree-trained soils
scientist. It 1s expected that this individual will be responsible
for attaining project "soils" objectives stated earlier.

In summary he will:

- facilitate equipping soils laboratory, using project, GROD,
and other donor funds;

- develop initial annual work plan for GROD-USAID approval
within one month of final arrival and subsequent plans
within one vyear thereof and one month prior to his
departure;

- conduct field surveys in following order of priority:

a. family wunit and detail scale (1:10,000) surveys of
existing or potential garden areas where management, irrigation
techniques, reclamation procedures, crops and drainage have to be
adapted to soil conditions and water quality/availability. Areas by
order of priority and magnitude are tentatively first year:

- Moulud (100 ha)

- Doudubbala (100 ha)

- Forrage Grand Bara (200 ha)
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b. in medium scale (1:50,000) surveys of major plains and
vALleys, in order to plan further development of potential irrigation

areas. Areas by order of priority and magnitude are tentatively
second year:

- Gobaad (10,000 ha)

- Hanle ( 5,000 ha)

- Tad jourah ( 5,000 ha)

c. developed plan for small-scale survey (1:200,000) of
country, which would provide basic information on uplands and stratify
soil environments according to their potential for grazing, carrying

capacity, etc.

- prepare reports on above surveys with accompanying land-

use recommendations. Also included will be the following field maps:
a. large-scale mapping of gardens (existina or potential)
at scale less than 1:10,000. Terminolody should be in agreement with

USDA system and will need to be at the family level.

b. Reconnaissance mapping at 1:50,000 in valleys and
plains. Phases of sub-group will probably be the units to be
recognized during mapping.

C. Developing plan for eventual exploratory survey of

whole country at 1:200,000. Units will be mostly natural regions, in
which great soil groups would be described.

- develop land-use recommendations vis-a-vis above areas
surveyed relying principally upon: field tests to determine
permeability, infiltration in areas where irrigation is planned, lab
analyses to determine texture, pH, organic carbon, electric
conductivity, cations, cation exchange, water availability, bulk
density, boron;

- as early as possible, determine extent to which MOA soils
lab can satisfy above requirements, and, where determined unable, to

develop system/relationship for anlysis outside Djibouti9;

- provide "OJT" for one MOA degree-trained Djiboutian
pedologist assigned as Director of Rural Engineering Soils section and
one lab assistant charged with lab analyses;

- provide "OJT" to lab assistant in soils analyses and
reporting;’

- given extent or planned satellite or aerial photos to
develop information such that it will serve as baseline/"ground truth"
data, upon which time-lapse analysis may ultimately be developed:

- Dbe ultimately responsible for establishing within
MOA/Rural Engineering Service, a technical library and user service;



- Dbe tasked to «coordinate soils collection analyses

activities with other donors or per GROD designated priorities
whichever takes precedence;

- as Chief of Party, be charged with informing GROD, MOA,
and USAID on quarterly progress of project activities and bringing to
GROD~USAID attention any problems/shortfalls expected as result of,

for example, insufficient manpower, training, commodities, donor
coordination, etc.

Moreover, will be responsible for coordinating TDY visits and
synthesizing contractor's results. In the absence of hydrologist, he
will be expected to provide guidance to water chemist. Hence, it is

desirable to fill this position with someone who has had some water
quality testing experience.

2. Short-term contractor services up to eight (8) person-months
will be required.

D. TIMING

It is requested that the contractor's designated soils scientist
and hydrologist arrive in July, 1980. Upon arrival the resident team
will undertake general field-air reconnaissance; develop detailed
annual work plan to be submitted by August, 1980. Given that USAID
intends to order bulk of project equipment no later than May, 1979, it
1s reasonable to assume that majority of lab and field commodities,
including vehicle will be on site by November, 1979. It will Dbe
expected that resident team will spend majority of time, September-
October, 1980, in equipping laboratory, and familiarizing itself with
existing material on water and soils in Djibouti. Hydrologist will
depart in CY 1980.

Fourth quarter of CY 1980 soils scientist will continue to
provide instruction to designated lab assistant(s) in water quality
testing and soils lab analyses.

Contractor will set in motion establishment of library, system

for cataloguing past, present and future data and developing "user
service."

First quarter of CY 1981 will see soils scientist continue 1lab
"OJT" and begin field analysis in major prioritized areas; e. g.,
Moulud, Grand Bara.

Second/third quarters of CY 1981 will have soil scientist
continuing above and to extent feasible initiating larger-scale survey
of plain sites where GROD, other donors agricultural projects are
planned, e. g., Gobaad. Toward middle/end CY soil scientist will
develop second annual work plan, which will include additional TDY

assistance foreseen. During this period remote sensing expert will
arrive and make recommendations regarding satellite/aerial recon
requir ements, and hydrologist will arrive for two months TDY

assistance in support lab operations.



Dur ing fourth quarter CY 1981 a Jjoint USAID/AID/W annual
evaluation will be undertaken. Primary purpose of this evaluation
will be to ascertain project contractor's progress toward meeting
specified objectives and based upon findings to possibly recommend

additional follow-on activity. Fur thermore, during this period, the
hydrologist will return to do follow-up work in water quality testing
procedur es. Soils scientist will have finalized reports on Moulud,

Grand Bara areas.

First quarter of CY 1982 will see soils scientist finalizing soil
reports based upon follow-up in gardens, plain/mountain studies
undertaken in Gobaad and initiating further studies in priority
plain/mountain areas, e.g., Hanle and Tadjourah.

This quarter will be devoted to completing field work and
drafting reports on Hanle, Tadjourah as well as developing plan for
national soils survey.

Third quarter CY 1982 soils scientist will depart.

In late 1982, soil scientist will return for one person month
each to observe ongoing activities update studies/reports. To extent
possible, USAID final evaluation will be conducted concurrent with his
visit. Final reports will be submitted to USAID, GROD and AID/W no

later than two and one-half (2-1/2) years from time of contract team's
arrival.

The above represents USAID expected contractor scenario which,
however, 1is subject to amendment based upon USAID approval/review of
contractor recommendations and/or USAID/AID/W formal evaluation.

It should be noted the the contractor is expected to . provide
continuing "OJT" throughout resident tenure and subsequent TDY's. For
that reason the contractor will be expected to periodically report on
counterpart and staff's progress towards grasping instruction/guidance
provided and hence institutionalization of project activities.

It 1is hoped that USAID will be able to identify and send water
chemist for training so that he will have returned by time resident
team arrives. To extent USAID is unable to fulfill this objective, it
will be expected that the contractor do so.

E. REPORTS

Thé Contractor shall submit the following reports:

1. Annual Work Plan.

2. Quarterly progress reports regarding lab activities, outputs
in support institutionalization.

3. Specific area reports (to be determined) which discuss
objective of study, methods used, results and
8



r ecommendation. In case of soils work this should be
accompanied by maps referred to earlier.

4. Final report, synthesizing comprehensive soils analyses and
water quality testing reports which would cover all areas
addressed during life of project and provide preliminary
recommendations regarding future U.S.G. Assistance in this
area.

All reports, including annual work plans, shall be in French and

English. The Contractor is required to submit quarterly reports as
well as end-of-project report to the USAID Director and to the
Minister of Agriculture. The reports to the former must be in French

(3 copies) and English (3 copies):; the reports to the latter in French
only (3 copies). In addition, ten (10) copies in English of the end-
of-project report should be sent to the Djibouti Project Officer,
AFR,DR/EAP, Depar tment of State, Washington, D.C. 20523.

F. ADMINISTRATIVE & OTHER DONOR COORDINATION (Contractor Working
Relationships)

It 1is wunderstood that GROD presently perceives the Rur al
Engineering Service within MOA as the institution responsible for
surveying, analyzing Djibouti's soil/water potential and recommending

preferable land-use options, as well as providing for utilization of
water in rural waters.

1. In support of the above objectives, the Rural Engineering
Service 1is organized into the following sections under the
present Chief of Service, Mr. Mohamed Wabari:

a. Administration/Accounting.

b. Maintenance - charged to provide support and maintenance
to all facets of services operation.

c. Public Works/Drilling - charged to:
1) Develop identified water sources in rural areas for

Agricultur e/human use, i.e., water points, barrages,
etc.

2) Provide test drilling using Saudi-Arabian well rigs
(2) in order to identify possible sources.

d. Research comprised:
1) Water analyses-charged to:

a) undertake well-logging, well net monitoring to
determine gquantity of groundwater,

b) (provisional) do stream (wadi) gauging to
determine run-off for purposes identifying
sur face water potential,



c) wuse indigenous lab facility for testing quality
of water for human/agricultural use and
furnishing technical reports concerning results,

d) develop comprehensive plan, synthesize above for

making specific recommendations for water
potential/usage.

2) Soils analyses-Charges:

a) undertake field analysis, develop classification
system and maps in order to determine
agricultural potential for irrigated vs. run-off
agriculture,

b) develop 1lab into unit capable of independently
conducting necessary soils type analysis and
furnishing technical reports on analyses,

c) develop compr ehensive plan for effecting
analyses 1in potential agricultural area, 1i.e.,
plains, mountains and national in that order of
priority,

3) Library-charged with compiling, collating data
reports, maps, photos, all material produced
supportive to Rural Engineering Service.

2. At present GROD staffing requirements remain to be further
defined with respect to the Soils and Water section; however, it 1is
tentatively planned that the Water section will have at its head a
degr ee~trained hydrogeoclogist assisted by a water <chemist in the
laboratory, who will most probably double as the soils lab analyst.
It 1is expected that within a year an additional hydrologist position
will be added. The soils section will have at its head a degree-
trained pedologist, specializing in arid/saline soils and assisted by
one lab assistant (see preceding sentence). A library will be staffed
by a «clerk who will receive subsequent training in cataloguing and
will have a secretary who will support soils and water and library
section tasks. All sections will be housed in a new laboratory/office
complex, which includes 150 cubie meters of floor space, chemistry
benches, with access to distilled and tap water and a stable
electrical power source, four sinks and a wall bench with cabinets for
the storage of glassware and supplies. Other facilities will include
three office, a sample preparation room, a supply and storage and an
instrument room. Estimated completion date is November 1979.

3. Other donor assistance will be supportive in the following
manner :

a. French technical assistance in hydraulics-general
engineering (2 persons) will be expected to assist
Public Works section in carrying out its objectives and
specifically provide operational support for rigs, "OJT"
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and special training to selected drill Ccrews.
Assistance expected before end CY 1979.

b. West German technical assistance (2-year project
beginning in CY 1979 providing 48 full-time person
months of hydrogeologist and technician) who will
develop plan for intensive hydrological survey of
Djibouti. Attached to the water section, they will
initially be expected to do well-logging and stream
gauging; to determine water guantity via pump testing,
gauging static, dynamic charge in already upon priority
areas, e.g., Grand Bara, Gobaad, Hanle and Tadjour ah.
They will provide TDY assistance to assit in identifying
prospective sites for Public Works Section test
drilling. They will establish well nets to determine
aquifer wvolume precise locations and as part of all
above "OJT" to section chief hydrogeologist, provisional
hydrologist and to drill crews in 1logging procedures.
They will provide field samples to the water lab chemist
who will be expected to test its quality. Based upon
field and lab results, the hydrogeologist will prepare
reports with recommendations.

c. French expertise (nature undefined) will be provided to
the Chief of Service. It is expected that assistance in
administration and land-use science will be provided
full-time beginning in 1late 1979. The land-use
scientist will be principally charged with synthesizing
results from water (West German assisted) and soils (U.
S. assisted) sections in terms of agricultural potential

of ar eas jointly studied, and developing, in
coordination with those sections and their advisors, a
National Resource inventory plan for subseauent

implementation.

4, As previously stated and further detailed in organigram the
contractor will be responsible for:

a. developing the laboratories of the water/soils sections;

b. providing operational and advisory support to the soils
section in toto;

c¢. confine activities in water section to training water
quality chemist;

d. developing library and training librarian.

5. Given that the contractor will work across organizational
lines he will be expected to report to the Chief of Service only, but
also coordinate field tasks «closely with head of West German

hydrological assistance team (English speaking).

11
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ARTICLE II - KEY PERSONNEL

A. The key personnel which the contractor shall furnish for the
performance of this contract are as follows:

Key Personnel - Dr. Joseph Goebel-- Soils Scientist

B. The personnel specified above are considered to be essential
to the work being per formed her eunder. Prior to diverting any of the
specified individuals to other programs, the Contractor shall notify
the Contracting Officer reasonably in advance and shall submit
justification (including proposed substitutions) in sufficient detail
to permit evaluation of the impact on the program. No diversion shall
be made by the Contractor without the written consent of the
Contracting Officer; provided, that the Contracting Officer may ratify
in writing such diversion and such ratification shall constitute the
consent of the Contracting Officer required by this clause. The
listing of key personnel may, with the consent of the contracting
parties, be amended from time to time during the course of the
contract to either add or delete personnel, as appropriate.

ARTICLE III - LEVEL OF EFFORT

The Contractor shall furnish the following technicians over a two-year
period for the duration listed below in performance of the work under
this contract:

Number Specialized Field Duration

1 Soils Scientist 24 person-months

In addition, 4 person-months of home office professional services will
be furnished.

ARTICLE IV - PERIOD OF CONTRACT

The effective date of this contract is June 24, 1980, and the
completion date is September 30, 1982.

ARTICLE V - ESTIMATED COST AND FIXED FEE

The total estimated cost of this contract exclusive of fixed fee 1is
$306,338.00. The fixed fee is .

12



ARTICLE VII - LOGISTIC SUPPORT TO CONTRACTOR

1. USAID/Djibouti will furnish the Contractor the followina
logistic support:
a. Housing and utilities
b. Furniture
c. Household equipment (i.e., stove, refrigerator, etc.)

d. Transportation within Djibouti

2. The cooperating country will furnish the Contractor the
following logistic support:

a. Office space
b. Official vehicle(s)

3. USAID/Embassy will assist the Contractor in clearing duty-
free effects and consummables.

4. The Contractor shall arrange for the following logistic
support using contract funds:

a. Transportation to and from country

b. Shipment of household effects (not to exceed 2,500 lbs)
for long-term technician by combination surface/air

from technician's U.S. residence to Djibouti and
return.

c. Shipment by sur face of consummables not to exceed 1,500
lbs. net.

d. Shipment to post and return of privately-owned vehicle

(POV) for long-term technician.
e. Other shipping allowances as applicable.

f. Materials/supplies.

g. Vehicle operation and maintenance.

h. Laborers (approximately four) for soil survey.

i. Language training for soils chemist (up to 5 weeks)
13
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THE LAW ESTABLISHING THE SOILS AND WATER

ANALYSIS LABORATORY

The following document was prepared for the President of the
Republic of Djibouti and the National Congress to establish the
autonomy of the Laboratory of Analysis of Soil and Water from

Genie Rural to operate directly under the Ministry of Agriculture
and Rural Development.

It establishes its existence, personnel positions, authority
and budget. In January 1983, funding should begin for the
laboratory based on this document.



REPUBLI!I QUE 3] 3 D JiBOUT
UNITE - EGALITE - PAIX

PRESIDENCE DE LA REPUBLIQUE

LO) N° 241/AN/82

FORTANT création d’un Laboratoire
d’Analyse des SOLS et des EAUX.

L’ASSEMBLEE NATIONALE A ADOPTE
LE PRESIDENT DE LA REPUBLIQUE PROMULGUE
LA LOI DONT LA TENEUR SUIT :

VU les léis constitutionnelles n®s LR777-001 et 77-002 du 27 Juin 197
VU |’Ordonnance n°® LR/77-008 en date du 30 Juin 1977,

VU le Décret n® 82-076/PR du 7 Juillet 1983 portant nomination des

membres du Gouvernement,

VU 1’Accord signé entre la République de DJIBOUTI et les ETATS-UNIS
d’Amérique en date du 14 Aveil 1979, )

VU I’Avis de |’Agence des Etats-Unis pour le Développement Interna-

tional,

ARTICLE ler : - Il est créé un Laborateire d’Analyse des Sols
et des Eaux au sein du Ministére de |’AGRICULTURE et du Développe~

ment Rural.

ARTICLE 2 : - Il constitue |’embryon du futur centre des recherches
agronomiques du Ministére de |’Agmiculture et du Développement

Rural.

ARTICLE 3 : - Il a pour attributions : la prospection, |’inven-

taire, la recherche et la cartographie des sols et l’analyse des
sols et des eaux. || assure |’étude de tous les problémes

techniques découlant de ces attributions, procéde 3 la pﬁépara- n,

D
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En particulier il est chargé

1. Des études de pédologie générale,

2. Des études et des recherhes des ressources édaphiques,

3. De I'établissement des programmes annuels et pluriannuel

d?études détaillées des sites & vocatren—-agricole,

4. Des études spécifiques concernant |’usage des sols,

5. Du contrdle de |’évolution de la qualité des sols et des
caux des puits et des forages,

6. De 1’analyse des constituants chimigques des eaux
souterraines et de surface pour les besoins humains,
des animaux, industriels et urbains,

7. DE |’analyse des éléments nut.ri®ifs et autres consti-
tuants minéraux et chimigques importants & la croissance
des plantes,

8. De |’'étude descompottement de la plante en fonction des
qualités des eaux et des sols,

9. De |’'élaboration de toutes les cartes des bassins

10.

11.

12.

13.
14.

15,

16.

versants, des pentes, de la climatolojie, desﬁdps

a [’échelle appropriée et les cartes d’occupation

des sols

De |’interprétation de chaque sol et échantillon d’eau
et de leurs usages futurs (agricoles, industriels,

urbains...) ;

De l’évaluation des ressources en sols de toute la
République de Djibouti ;

De |’assistance technique nécessaire & la vulgarisation
des techniciens agricoles ;

De la lutte contre |‘érosion

De la détermination des sites menacés par la désertifi~

cation et des moyens de lutte ;
Du suivi des populations phytosociologiques ;
D’apporter son conours technique et actif

- au service de |’ALgricultare et des Forpets dans le
cadre des politiques de conservation des sols et du
choix des types et doses d’irrigation aussi bien
que dans les enquétes auprés des Jardins administratif

et privés ; e M
nd



- au dervice de | "tievage et des Peches en ce
qui concerne |’assistance technique & la gestion

des paturages, des zones a mettre en défense ;

- au Service du Génie Rural dans le cadre de

| “hydraul ique pastorale et des analyses des eaux ;

- & |’'Institut Supérieur d’'Etudes et des Recherches
Scientifiques et Techniques pour les analyses de

ses échantillons d’eau et de sol ;

- au Service d Hygiéne et d’'Epidémiologie, & la
Direction des Travaux Publics, & la Régie des Eaux
aux agriculteursprivés et & tous les propriétaire:

fonciers qui en font la demande.

ARTICLE & :~ || dispose d’une bibliotéque technique et d’une

collection d’articles techniques sur les ressources naturelles

du Pays.

ARTICLE 5 : - Le laboratoire est placé sous la tuteile du HMinistre

de |’Agriculture et du Développement Rural et est dirigé par
un ingénieur agropédologue assisté de personnel administratif

et technique dans la limite de ses inscriptions budgétaires.

ARTICLE 6 :- Le personnel west régi par le STATUT de la Fonction

Publique et les textes subséquents pour son application ou par

e code du travail.

ARTICLE 7 : = || est créé au titre du laboratoire dans |le Budget

Naticnal 3 la rubrique Ministére de |’Agriculture et du
Développement Rural ane ligne intitulée “Budget de fonctionne-

ment du Laboratoire d’Analyse des Bols et des Eaux”.



ARTICLE 8 : =~ Pour la réalisation de ces ti8ches, il dispose
de scs propres crédits dans le cadre du 3udget National ainsi
que les subventions éventuelles et les dons octroyés par

les Pays amis.

ARTICLE 9 : - ~.contrdles des dépenses sont soumis au Ministére

des Finances et de |’Economie Nationale.

ARTICLE 10 : - Le Laboratoire facture les services qu’il rend

aux autres établissements gouvcrnementaux desposant d’un

budget de fonctionnement, aux agences privées et aux organismes
étrangers. || établit des tarifs préférenticls aux agriculteurs
nationaux. La fixation des tarifs des prestations sera arrétée

ultéricurement en Conseil des Ministres.

ARTICLE 11.: - Le recouvrement des recettes sera assuré par le
Trésorier Fayeur National sur présentation de quittance déli-~
vrée par le comptable et inscrit &8 la Section Recettes du

Laboratoire d’Analyse des Sols et des Eaux du 3udget National.

v

ARTICLE 12. : - La laboratoire d'Analyse des Sols et des Eaux

est organisé&.en deux sections

- une section administrative et comptable ;
- une section technique relevant directement du
Chef du Laboratoire.

ARTICLE 13 : - Le Ministére de |’Agriculture et du Développement

Rural et le Ministére des Finances et de |’Economie Nationale
sont chargés de |’application de la présente LOIl qui sera
publiée au Journal Officiel de la République de DJIBOUTI,

dés sa promulgation.

FAIT & DJIBOUTI, le 29 AVRIL 1982.

Par le Président de la République
HASSAN GOULED APTIDON




BULGET PREVISIONNEL DE L'ANY"“ 1083

Liminaire:

L.: Laboratoire d'Analyse des Sols et des Eaux dont la leoi portant création
fut promuliuée le 29 avril 1982 est né a la suite de 1l'accord américano=djiboutien
du 14 avri.. 1979 et est entré en fonction en juillet 1980.I1 se propose d'entrepren=
dre tous 1l ¢ *ravaux d'enquéte,de description et cde cartographie du milieu en
général.

Se. agents passent le tiers de leur temps sur le terrain.

Le contrat prendra fin en juillet 1982 et il appartient au gouvernement de la
République de Djibouti de prévoir d'ores et déja la reléve sur le plan technigue aussi
bien que sur le plan administratife.

Comme moyens de déplacement,le laboratoire dispose d'une Land Rover Station
wagon(10 places)et d'une Daihatsu Jeep(6 places)qui fonctionnent toutes les deux
d l'essence urdinaire et constituent par conséjquent de vrais gouffres A essencesla
land Rover qui a parcouru toute la brousse néccssite de plus en plus d'entretien et
nous prévoyons: (é3ja une Toyota Land Cruiser a Ch;ssis Court{Diesel)sComme tous les site.
ne sont pas .-cussibles,nsus faisons appel parfois aux services de 1'.4licoptdre de
1'Armée Nationales

" Piur avancer régaliérement et assez vite en description des sols,en analyses
et par con: équent en cartographie,autre le perionnel technique,il dis;osera de deux
manoeuvres permanents qui assureront le travail de fongage des »rofils pédologiaues.

Ncus désirons sur les crédits des dépenses commur.es noais abonner aux
publicatiors de la "Natioi" et du Journal Officiel Nationzl de la République de
D_'boutie

Te Dépen=e: de Personn:1

.e1e Postes existants

Tl existe a-tuellement le poste d'ingénieur agronome(indice 1250)et
ce ui de cenducteur des travaux agricoles(indice 700).Ces deux'postes appartiennent
er ore au lervice de ''Agriculture et des JorBts dont les titulaires sont détachés

et portent respectivenent les numéros suivants: 28 et 16,
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1¢2¢ Création d'e; ploi

Le laloratoire entreprend des trav..ux de recherche et doit obligatoi-
rement disposer d'u personnel qualifié pour donner des recommandations fructueuses
basées sur des résu. tats précis et fiableseAinsi pour qu'il y ait une Sonne division
du travail,il faudr: créer les emplois suivants:

- 1 poite de che® de la section administrative et comptablz(indice 900C)

- 1 po:te de technicien de laboracoire(indice 850)71i assurera la

boine conduice des analyses et le contrfle du ratsriel,

- 2 po:tes de laborantins hautement qualifiés (i ~"--e 700)qui assureron’

le travail quotidien du laberatoire,

- 1 poste de secrétaire comptable(indice 700) qui sera chargée écalemen

de la bi>sliothéque,

- 1 po:te de chauffeur mécanicien(catégor?e 3A) qui assurera 1'entretier

du parc iwutciobile et la conduite en brousse,

~ 1 emploi d: fille de salle(catéqorie 1B) qui garantira la propreté

de:s locaux et le la age journ:lier des ver-eriec,

- 2 emplois ife gurdiens:catégorie 1A) qui s'occuperont de la sécuri+é

de tout le l.iboratoire, ‘
-~ 2 emplois le mAnoeuvres(catégorie 1A) qui creuseront les profils
pédologiques,
= 1 emploi ce plunton(c:tégorie 1A) qui assurera la 1féison avec les

autres (tablissemen:s publics et privés

1¢3¢ Frais de déplacement

Plus haut nous avons vu que le persommel du laboratoire s'occunera en
grande partie de la description et de la cartographie du miliei rural.Il jouera
également le r8le d'internédiaire entre le service de 1'Agriculture et des ForBts
et les agriculteurs,C'est pourquoi il est demandé un crédit forfaitaire de 50C 000 FD

justifié entr'autres par la demande des services de 1l'hélicoptér:.

1e4s Heures supplémentair :s
(Voir le Tableau ci -joint).Conforménm:=nt A ce tableau,il est cemandé 307 F*5 FD

pour couvrir les heures st pplémentairesePour ce qui est du chef du laboratoire il
est demandé une indemnité le responsabilité de 350 points d'indice(45 250 FD). Il
est demandé un sursalaire fe 10 000 FD aux -rardiens qui assureront la surveillance et

la sécurité du laboratoir 24 heures sur 24 A tour de r8le.
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-3 -

Dépenses de Mat¢riel (Fonctionnement)

2e1e Ventilation

2e1e1e Paraaraphe 1. F urnitures de bureau et entretien des loc uxe

Le laboratoire utilise trop de papiers et de filis spéciauxeVu les
prix exhorbitants de ce matériel,il est demandé un crédit de 50 OCOFD,

Bien que 'ec bitiment soit neuf le toit et le plafond laissent passer
1'eau s'il pleut beaucoupeEgalement la paillasse des salles n® 3 et 10 nécessite des
travaux de réfectionele montant total de ces travaux justifié par les devis ci=inclus
s'éléve a 1 362 227 FD.

Ainsi pour ce paragraphe il est demandé un crédit cde 1 862 227 D

2e1e2¢ Para-ivaphe ‘'3 Téléphone

A ]

J1 st demandé an crédit de 500 000 FD fustifié » o 1l'installation de
la nouvelle ligne 1éléphonique et l'accroissement des prix des cormunicatione et
les nombreux contac ts avec les établiscoments scientifiques é&trancerss

2e1e3e Paragraphe ¢ : Habillemcnt

Le personnel du laboratoire doit porter obligatoirerent des blouses
blanches pour éviter tout contact avec 'es réactifs chimiqueseEt & raison d'une
blouse par persomne et par trimestre,on a besoin de vingt huit blodées dans 1'année
(5 techniciens + 1 fille de salle + 1 secrétaire).

Le chauffeur mécanicien et les gardiens doivent avoir 6 temues

kakisAinsi il est demandé un créd:t de 78 400 FD justifié par le devis ci=joint.

2e1e4e Paragraphe 5: Moyens de transport

Etant donné que nous devons nous déplacer sans cesse pour avoir le
maximum ¢' nseignement sur nos sols,disposant de deux véhicules(Za»? Rover Station
Wagon et 1 Jeep Daihatsu) et ayant demandé 1 Jeep Toyota chfssic z-urt,il es*
501licité un crédit de 500 000 FD.Nous demandons 15 600 litres d'essence ordinaire

et 6 000 litres de gas=0il comme indiqué par le tableau ci=incluse

2+1e5« Paragraphe 6: Matériel et Mobilier non renouvelables

le laboratoire étant le nouveau né de nos services,en dehors du
matériel en surplus fourni par 1'USAID,il nécessite:
- 5 chaises et fauteuils

= 5 bureaux R 150X 75 2 coffres
= 2 tabourets

- 3 armoires métalliques FH 100 avec 4 é&tagéres
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- 4-

= 1 machi... & écrire électrique ADIER 46 cn
1 machine & calculer Adler 120 P

= 1 photucopieuse RR 5080

= 1 duplicateur RR 750

Ainsi i1 est demandé ur crédit de 2 253 500 FD justifié par la facture
proforma ci=inclus et 130 000 FD pour l'achat au planton d'une mobylette Yamaha

Tassola,soit 2 333 500 FD ju:tifié égalemer - paf la facture ci=jointes

2e1e6e Paragraph: 7 : Achat ces réactifs chin..ques

C.: paragraphe et les suivants sont spécifiques au laboratoire,lec
réactifs chimiqu:s constituert la colenne vertébrale du laboratoire.LlL'année derniére
1'USAID a pu com:ander des produits dont le montant s'éléve & 25 000 % USA.Aussi,
vu 1'inflation & laquelle ils sont soumis,il est demandé un crédit forfaitaire de
un million Je £r :ncs Djibouti(1 000 000 FD).

»

2¢1e7+ Pacagrap' 2 8 ¢ Acquisition des verreries et appareils usue’s et entretien

du matéricl
Le laboratoire est équi * d'vn matériel moderne erf cher dont une
partie peut s' vérer imtilisable ou d -passt au bout d'un an de fonctionnement,
la pédologie é ant une jeune cience ¢ d re. it de plus.en pl s d'audiences et de
performances,o assiste actuellement | un bc un du matér’el dcat:pirettes,tariéres,
cylindres grad és,appareils portatifs tels ¢ ie pHmdtres,termo, étres,clysimétresees
Donc pour que notre t8 he aille de pair avec les nouveautés_scienti-
fiques,il est 01llicité un crédit forfaitaire de un million de francs Djibouti

(1 000 000 FD) .

2e1e8e Paragra he 9: Icquisition des livres et des revues scientifiques

Un laboratoire efficace doit Btre au courant d~s progrés réalisés
dans son domai iee.C'es: pourquoi,il est indispensable de s'abor..2r A plusieurs
périodiques sc. entifiques étrangers e. acheter tous les ans les ouvriges interessant

qui pafaissenthour cela,il est sollicité un crédit forfaitaire de 2100 00O FDe
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Scrivice 1t Laboratoire d'inalyse des Sols et des Baux

TABLEA-T 1¢ 1

FOIMCTIONN: ' AS ( En Place )

Exercice 1983

O

>
Nors Grade et Fonctions[f48ituation Indice d;{Solde [ PoFe | - Total Réservé 3 la Directiwn
de famillg solde Net des Finances
Aboubaker Douale | Ingénieur Agroncme [Célibataire{ 1250 . [145 782 145 782
Farah Hadji Omar Laborantin Marié 700 84 114 2 000 86 114
TOTAL 229 896 2 000 231 896

»3e Ces deux pcstes appartiennent encore au Service de 1'Agriculture et des For@ts dont les titulaires é&taient initialerent

détachés et il y a lieu de procéder A leur transfert,
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Service ¢ laboratoire d'Analyse des Sols et des Eaux Exercice 1963

TABIEAU N° 1 Bis
FOG rLONNATIRES ( Criaticn d'Enploi )

P4
T * '
“ T, Ncnms Grade et Fonctions Sitdation de {Inli~c¢ dg Solde PeFe Total Réservé A 1la
Famille ' Solde Net ) Direction des
! ‘ ) \ Finances
Technicien de laboratoirg 850
Laborantin ) 700
Laborantin 700
Ll
Secrétaire Comptable 700
Cici Gc 1a Section
dministrative et
comptable 900
TOTAL .
| L | | l I
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Scrvice @

Latoratoire d'Aralyse des Sols et dcs Eaux

TARIEAU N° 2 Dis

Perscnnels Relevant de 14 Convertion Collective du 28 Juin 1973

( CREAUILY D'EMPLCI)

Exercice 1983

+Be Nl Clas ;e | Situation de | Salaire Net Sursalaire Indennités | Total Réservé a la Dirccticor
-ment | famille Conventiormal Divcrses des Finances
5 Chauffeur mécanicien 3A ’
5 Fille de salle 1B :
7 Gardien 1A
3 8 Gardien 1A
9 {Manoceuvre 1A
10 Manoeuvre 1A
11 Planton 1A
- <
TOTAL .
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Service 2

Laboratoire d'Analyse des Sols et des Eaux

TABLEAT N° 5 A

HEURES SUPPLEMEN.-1RES

Exercice 1983

réservé A la Direction

des Finances

- Sal-ire de |Nombre d'H K [ Collt A:nQEl
Nc s Basze an 25% 504 75%
— } SIS NOSNNEDIPUN I B

16 |Farah Hadji Omar .90 542 300 ’ 66 788
1 Technicien de Labor, 109 917 300 80 788
2 laboratoire 90 542 300 66 788
‘3 Laboratoire 90 542 300 66 788
5 {Chauffeur mécanicien 59 400 3oo 23 783 2 680 26 463

Sous Total Coflt € icl PUML oo ocsvave pous v
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Service : Laboratoire d'Ahalyse des Sols et des Eaux

TABIEAU N° 6

Dépenses de Foncticnnement ( MATERIETL )

Exercice 1983

~LATURE

i
-

Exercice en
cours

Propositions

JUSTIFICATIONS

Finances

Réservé & la Direction des

. iture de bureaiix et

z  retien des locaux

500 000

Le laboratoire est un service
qui utilise trop de papiers et

de films spéciaux.la proprcté des

locaux contribue & la fiabilité
des résultats,les verreries sont
entretenues par de 1l'eau distil-

"lée ou de l'acidesCeci justifie

nos propositions susmentionnéess

Téléphone

-

500 000

L'installation d'un intercom et
les nombreux contac.s avec les
organismes scientifiques étran-
gers et l'augmentation des prix
des communications justifient
largement nos propositionse

Habillement

78 400

L'ensemble du gersonncl *- la-
boratoire doit nemter - T TAye
ses pour éviter tout contact
avec les réactifs.les gardiens
et les manoeuvres et les méca-

niciens doivent avoir des bleus
Ae traviil,Cezi ect juatifié

#ar la facture proforma ci-inclus

<1.5 de transport et

Indemnités kilométriques

BEST AVAILABLE COPY

500 00Q

Les véhicules du laboratoire
sont tout le temps en tournée

en brousse et demandent des
révisions et un entretien conti-
mis.Parfois nous faisons appel




Service ¢ Laboratoire d'Analyse des Sols

et des Eaux

TARILEAU N°® 6 (suite)

Dépenses de Fonctiornement (MATERIEL)

Exercice 1983

ENCLATURE

JUSTIFICATIONS

Réservé A la Direction
des Finances

aux services de 1'iaélicoptére de
1'Armfc Nationale pour les sites
inaccessibles par Land-Rover.C'est
pourquoi nous demandons ce montante

fatériel et mobilier

acn renouvelable

TOTAL

Exercice en | Propositions
cours
2 253 500
+ 130 000
2 383 500
3 961 900

Comme le laboratoire est un nouveau
service il doit 8tre équipé en
bureaux,armoires,machine a écrire et

- A calculer,en photocopieuse,en

duplicateur,en chaise:,e¢la facture
proforma ci-jointe justifie ce
montante.A cela il faudra ajouter
130 000 FeDe pour l'achat d'un
cyclomoteur au planton(voir facture
proforma ci-=jointe

BEST AVAILABLE COPY



Service : Laboratoire d'Analyse des Sols et des Eaux Exercice 1983

N\

TABL=AU N° 8
CARBIMRANTS

>4
Conscmmation aux KILCMETRAGE B?iOINb Abf‘LﬂJELS (1itres) Réservé A 1a Direction des
NOMBRE 100 XM ANUEL ] ESSENCE GAS-OTL i
Finances
~ TOVER 1 25 1, 25 000 8400
ZEP

DAZIZATSU 1 25 1. - 20 000 7200

Total des besoins 15 600

[}
'y
BEST AVAILABLE COPY o\(\



Service ¢ Laboratoire d'Analyse des Sols et des Eaux

TABLEAU N°©

9

Exercice 1983

Travaux d'entretien et Réparaticis des Bitiments

Travaux (Justifications)

CoQlt

Réservé & la Direction des Finances

N° B et 9

Féfection de la paillasse:le carrelage des

paillasses est mal posé et la moitié des
carreaux s'enlévent ou se cassent sous le
poids des appareilseles appareils devant
reposer sur une paillasse bien horizontale
pour avoir des résultats fiables nous
demandons la réfection de toutes les pail--.
lasses dont le montant justifié par le
devis ci~joint s'éléve & 735 777 FJDe

735 777

>its et Plafond

s

25 4 salles du

aboratoire

les toits et les plafonds laissent passer
1'cau lorsqu'il pleut en présence de vent,
.Jnous avons constaté ceci loss aes fortes
pluies de mars dernier qui ont endommagé
une partie des cartes que nous avons
élaborées<.Pour mettre le matériel & 1l'abri
des intempéries il nous est urgent
F'entreprendre les travaux de ré&fection
le plus tdt possibleesle montant est
justifié par le devis ci-incluse

626 450

TOTAL .

1 362 227




Service : Laboratoire d'Analyse des Sols et des Eaux

TABLEAU N° 11 A

ACQUISITIONS DE MATERIELS

Exercice 1983

I+ VEHICULES
- PUISSANCE PRIX AFFECTATION R ou § Réservé A la Direction
des Finances
+ Jezp Toyota <
Tand Cruiser -
Chas .Court 2 550 uwu Tournées.en brou§se s
Diesel p?ospectlon pédolio—-
.giques,
Toyota Corolla 1 470 000 Services en wville [
: DX
TOTAT. 4 020 000
- <
BEST AVAILABLE COPY



Service : Laboratoire d'Analyse des Sols et des Eaux

Exercice 1983

TAELEAT N° 11 B -
.B -=_
ACQUISITICN DE MATERIELS
MATERIEL SPECIFIQUE DES SERVICES
.1 deasandé Nombre Coflt Justifications Réservé A la Direction
des Finances
civimétre portatif WIW LF Cet appareil portatif résiste
. ssenschaftlich Technische 1 beau~oup aux chocs,il est simple
- atZueew U 8120 Weillizin doras:e des résultats précis sur la
avec 50 000 FD qualité de 1l'eausll est durable,
lectrode LFB 101/8 1
erreries dont fioles,tubes, Cette somme est arr&tée d'une
reusets,ballons,calcimétre manidre un peu arbitraire car la
ernard, thermométres,Erlenmeyer, plupart de ces matériels sont
Uchner,et petit matériel dont 950 000 FD trés fragiles et deviennent hors
hroqométre,agitdLeurs,papier d'usage avec le temps ou se
iltre,papier Joseph,pipettes, cassent facilementeEn plus de ga,
essicateursees de nouveaux matériels plus
’ simples et plus fiables
paraissent tous les ans,
TOTAL 1 000 000 FD
BEST AVAILABLE COPY Q
)



Service 3 Laboratoire d'Analyse des Sols et des Eaux

TABLEAU N° 12

VEHICULES EN SERVICE

Exercice 1933

J
‘ralegique MARQUE PUISSANCE ATTE DYACHAT AFFECTATION ETAT Réservé A la Direction
inistratif FISCALE des Finances

1138 B Land—-Rover 1980 Travail de Assez Bon

. terrain
1146 B Jeep Daihatsu _ 1981 Conseiller Bon
Technique
BESTAVA/LABLE COPY



Service ¢ laboratoire d'Analyse des Sols et des Eaux

TABLEAU N° 14

ABOIWEHMENTS

.

Exercice 1983

‘e la Revue,Journal,Document Adresse de 1'Editeus Montant Réservé a la Direction des
Annuel Finances
atin FAO d'Irrigation et de Publications de la FAO
~a_nage Via Delle Terme Di Caracala 6 000
00100 Reme. Ttalie,
thiers OeReSeT-MalMe Série Pédolngie Editions de 1'ORSTOM
70 <74 Route d'Aulnay 6 C00
93 140 Bondy -~ Frances
thiers OsReSeTeOsMe Série Hydrologie Editions de 1'ORSTOM
70 =74 Route d'aAulnay 6 000
93 140 Bondy = Frances
ronomie Tropicale Institut de Recherches Agronomi-—
ques Tropicales et de Cultures
Vivriéres, 7 000
110, Rue de 1'Université
75 340 Paris - Frascee
TOTAL 25 000

BEST AVAILABLE COPY

e
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APPENDIX C-1

Quarterly Progress Reports

To: Ellsworth Amundson, USAID/Djibouti
From: Joseph E. Goebel, RDA
Subject: Progress Report, Djibouti Soils/Water Project

July 1980 - January 1981 (Contract C-1673)

Date: January 20, 1981
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This 1is the first progress report for the Soils and Water
Laboratory project in Djibouti, Africa, and covers the period of July

2z, 1980 to January 22, 1981. Subsequent reports will be prepared on
a quarterly basis.

I. Work Originally Scheduled for the First Two Quarters

It was anticipated that, in the first quarter, the project would
start with the arrival of the senior technical advisor. Plans were to
be drawn to complete the construction of the laboratory facilities.
The equipment, which had already arrived, was to be 1inventoried.
Chemicals, materials, field equipment, and remote sensing imagery were
to be selected and ordered through the services of USAID or RDA as
appropriate. Construction was to be completed in September .
Materials were to be located and ordered for the library. Field
reconnaissance of the soils and agricultural resources of Djibouti was
to be made to place the project into perspective.

During the second quarter, training was to begin in soil
description and classification if the laboratory facilities were not
completed. An "Annual Work Plan" was to be prepared. Training was to
be given in soil cartography via preparation of a slope map and a
watershed map. A preliminary soils map was to be prepared and a
random soil sample drawn to establish a data base to permit evaluation
of the agricultural resources and to assist in monitoring land-use
change.

II. Work Accomplished

All of the objectives were effectively met with the exception of
completion of the laboratory facilities. The senior technical
advisor, Joseph Goebel, was mobilized to Djibouti on July 14, 1980,

within two weeks of the company receipt of contract and notification
to proceed.

On arrival, a Djiboutian degree-trained pedologist, Mr. Aboubaker
Douale, was presented to the project TDY from the Agricultural
Service. He is a capable and well-trained young man.



The first task was to prepare an inventory of the equipment which

had already arrived some months earlier. Following this, detailed
plans for the laboratory facilities layout were prepared. These
plans were used to plan the work, purchase materials and contract

technical services.

Next, a list was prepared of chemicals, materials, field
equipment and remote sensing imagery needed to achieve the project's
objectives. Some library materials were also required. Between RDA
and AID/Djibouti, all of the orders were placed by November. No
caonmodities or materials have yet arrived. Part of this delay is due
to the nature of much of the commodities and materials. Chemicals
defined as "hazardous" must Dbe shipped sea freight, which 1is
considerably slower than air shipment.

In November, it was determined that a second small, four-wheel-
drive vehicle was necessary to complete the objectives of the project.
Its purchase has been approved, but the vehicle is not yet in service.
It was also decided that film positive color separates of the twelve
sheets of the 1:100,000 series topographic maps should be purchased to
assure accurate map construction and location of mapped features.
This purchase has been approved, but the maps have not been received.

In September, the laboratory assistant, Farah Omar, was assigned
to the project TDY from the Agricultural Service without a permanent
appointment, He 1is eager and capable of learning the 1laboratory
procedur es, but he will need supervision in cases of unusual

occurrences and demands.

In October, this three-man team made a reconnaissance of the
country by vehicle and air. This was particularly useful in putting
the soil and : agricultural resources 1into perspective. It also
clarified the logistics of field operations.

Soils training was initiated in the second quarter. Most of this
training time was spent in describing and <classifying soils to
familiarize the team with soil conditions in Djibouti and how these
soils occur in their natural environment. Both men responded well to
training. They work well together as a team and should well
understand the description and classification of soils by the end of
the project. Fifteen soil series were recognized during the training.
These descriptions will be used in training for soil analyses. The
results of these analyses will establish the background chemistry of
the soils in Djibouti.

Next, training was given in cartography. Mr . Douale was taught
to make slope maps which are essential in land-use planning. Slopes
are also an important soil characteristic. Mr. Omar was taught to
make watershed maps. These are necessary to determine the surface
water potential and will be used in conjunction with the soils maps
and the slope map to determine the areas of combined soil and water
potential for agriculture.



The senior advisor, Dr. Goebel, drew a random sample of 1,000
plots, each a square kilometer in size, to be used in natural resource
assessment and land-use monitoring. The soil survey will sample and
test these sites while characterizing and classifying the soils of
Djibouti. The data base will then be used to statistically test the
natural resource production as desired in the future.

III. Modifications in the Plan and Their Consequences

The most outstanding "modification" in the plan was that the
laboratory facilities were not completed in September. They are now
projected to be completed in March, 1981. As a consequence,
priorities have been restructured and effort redirected from
laboratory training to soil survey training. This should produce

better background information for both the 1laboratory and the
personnel.

As noted earlier, it was decided in November that a second four-
wheel-drive vehicle was necessary to complete the objectives of the
project. This vehicle will allow the laboratory and field work to

continue as planned and will also facilitate servicing the laboratory
clientele.

Similarly, it was decided that the film positive color separates
of the twelve sheets of the 1:100,000 topographic map series should be
purchased. When they arrive, these maps will facilitate accurate
production and reproduction of soils maps and other auxiliary maps.

IV. Obstacles to Reaching Objectives

It 1is now anticipated that the laboratory facilities will be
completely installed in March. If all construction has not Dbeen
completed by then, the work plan will definitely be altered. One
month is required for setting up the equipment after the laboratory is
completed. It is imperative that maps, equipment, chemicals and
imagery be here by April. At present, there are not enough of any of

these to do an adequate job for any of the project objectives, with
the exception of training in soil survey.

The laboratory personnel have been receiving mixed directives
concerning the administrative position of the laboratory between the
Ministry of Agriculture and Rural Engineering Service. Their TDY
status leaves doubt as to whom they work for or report to. What 1is
more, Mr. Omar was assigned to the laboratory in September, but did
not receive his job appointment or salary until January 15,
Understandably, this affected his ability to concentrate on training.
TDY assignment leaves the men without the authority or responsibility
to achieve the project objectives. The project would benefit from a
clear statement on the issue of TDY status. The 1laboratory can
function effectively either as a department in the Rural Engineering
Service or as a service directly under the Ministry of Agriculture.
Because the laboratory will service many agencies and individuals, it
may be more effective directly under the Ministry of Agriculture.

30
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The laboratory assistant has received neither short-term nor
formal training in laboratory procedures and techniques for either
soil or water anlysis. He will receive on-the-job training sufficient
to per form routine analyses. After this project, he will need some
further .work and training in a long-established laboratory.

Working without equipment or materials has been difficult.
Working without office space and in the middle of construction for six
months has made it almost impossible to maintain a sense of order and
achievement, especially in a project where there are high demands on
expertise, quality and speed.



QUARTERLY REPORT

To: Ellsworth Amundson, USAID/DJIBOUTI Date: April 25, 1981
From: Dr. Joseph Goebel, Project Manager, RDA
Subject: Quarterly Report, Djibouti Soil/Water Project
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This is the second progress report and it covers the period of January
23, 1981 to April 25, 1981,

I. Work Originally Scheduled for the Third Quarter

Thirty soils were to be described during this period. This data
would provide baseline information for the country's soils and would
allow grouping the soils based on similar characteristics in order to
evaluate soil test results done in the laboratory.

The 1:100,000 scale (12 sheet series) slope maps and watershed
maps were to be drawn. These will be used to assess the so0il and
water capabilities of Djibouti in conjunction with a preliminary soils

map based on the known geology, climatic indicators, topographic maps,
and satellite imagery.

A random sample of 1,000 locations of one square kilometer was to

be taken to represent 5% of the natural resources area. This sample
will allow correlation of detailed investigations in soils, hydology,
range, agriculture, and rural economics. It will also serve to

monitor resources changes and to establish ground truth for future
remote sensing evaluations of the conditions in Djibouti.

Training was to be given in remote sensing covering both
satellite imagery and aerial photography as they are related to soils

and soils investigations. These techniques can expedite the accurate
identification and location of soil types.

Construction work on the laboratory was to be completed and the
laboratory equipment properly installed in preparation for training in
water analyses. Materials and supplies previously requested were to
be delivered by the end of this quarter.

II. Work Accomplished

Sample collection, soils identification, <classification and
description proceeded effectively for the soils of southern Djibouti.
The staff characterized and separated the major soil areas and
established a framework to distinguish the various soils. Forty soil
profiles were sampled and described. The samples are stored at the
laboratory for later chemical and physical testing.

0



One hundred random inventory sample sites were chosen from which
to collect basic data for the general soils map. The forty soil
profiles described were associated with forty inventory sample sites,
thus beginning the detailed technical descriptions of these sites.

The staff collected data on soils, vegetation, slope and
geomorphology.

Training was given on remote sensing. A review was made of the
basic elements of remote sensing using as a text the ASP "Manual of
Remote Sensing” and other references. Specific training was given in
recognizing, on satellite imagery, the features of Djibouti. Aerial
photographic interpretation training was concentrated in the Mouloud
areas' ground. Both counterparts have responded well to the training
and are applying their new knowledge to the project.

Construction on the laboratory facilities has proceeded
throughout the quarter. Work still remains to be done. The equipment

has not been placed 1in the laboratory due to the construction
activity.

The slope and watershed maps at the 1:100,000 scale, the
preliminary soils map and the soils climate map are essentially
completed. We have also received the film positives of the three
color plates for the 12 sheets of the 1:100,000 scale topographic map.

In response to a special request by the Minister of Agriculture,
the staff of the laboratory prepared a status report for the Ministry.
This status report contained, not only a description of the work
per formed to date, but a detailed budget for operating the laboratory
and some administrative recommendations on the ©position of the
laboratory within the government and servicing responsibilities, vis-
a-vis potential end-users.

The four-wheel-drive Daihatsu vehicle arrived during the guarter.
In addition, field equipment, more Landsat imagery and diazo color
separations off Landsat imagery arrived.

IITI. Modifications in the Plan and Their Consequences

The construction on the laboratory was not completed. It is
essential all construction be complete before setting up the
laboratory since construction activities will disrupt training and
endanger the equipment, materials, and supplies. Some cabinets,
painting, and electrical work are the primary jobs remaining. These

are minor matters but appear to be very time-consuming due to the
detailed nature of the work.

Training on the 1laboratory techniques cannot begin until the
equipment, materials and supplies are properly installed and
functional. More than a year is needed to give proper training in the
procedures for the many analyses to be performed by the laboratory.
Thus, construction must be completed as soon as possible. It 1is
telieved possible for construction to be completed within six weeks.



The status and budget report prepared for the Minister of
Agriculture was necessary but unexpected. It delayed entry into the
field to collect samples by three weeks. Later, there was a three-
week interruption in field work due to heavy rain which severely
damaged the trails used to travel to the sample sites. As a
consequence, fourteen sites remain to be described in order to
complete the soils work in the southern half of the country. These
will take about a week to camplete.

The Dbulk of the materials and supplies have not yet arrived and
may not be available until the end of the year. The chemicals needed
for water analyses were ordered separately by RDA and were due to be
shipped April 15, 1981 and require 6-8 weeks by surface freight.
Training will be restricted in scope until these supplies and
materials arrive since the available supplies and materials will serve
to do only basic water analyses.

V. Plans for the Coming Quarter

It 1is expected the construction on the laboratory will be
completed shortly so that the supplies, materials and equipment can be

installed as quickly as possible. Immediately training will begin in
water quality testing procedures. In the meantime, semi-detailed soil
mapping will begin in Domerjog and Deydey watersheds. By the end of

the coming quarter, the next Annual Work Plan will be written.



QUARTERLY REPORT

To: Ellsworth Amundson, USAID/Djibouti Date: June 25, 1981
From: Dr. Joseph Goebel, Project Manager, RDA
Subject: Quarterly Report, Djibouti Soil/Water Project
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This progress report covers the period of April 25, 1981 to June 26,
1981.

I. Work Originally Scheduled for the Fourth Quarter

The overdue construction of the laboratory facilities was to be
completed and laboratory equipment installed during this quarter so
laboratory analyses training could begin. Training and mapping for a
semi-detailed soil survey, scale 1:27,000, was to be initiated for the
Domer ajog and Deydey wadis watersheds.

II. Work Accomplished

Semi-detailed, scale 1:27,000 soil mapping and training was begun
by locating the photographs, matching them correctly to each other,
making a composite base map, locating kilometer grid coordinates on
each photo, and establishing the rescurces random inventory sites in

the study area. Further field progress awaits the arrival of the
ster eoscope.

All of the 53 resources random sites were described except the
five inaccessible ones. These sites have all been described, and
classified in English and French and soil samples preserved. This

information was used as ground truth to identify the soil types on the
1:250,000 scale colored Landsat photographs.

The soils of the southern half of Djibouti have now been
established and mapped at the 1:250,000 scale and work was begun on
the 1:100,000 scale soils map.

Final drafting of the watershed and slope maps with the

completion of the Djibouti and Loyada 1:100,000 scale topographic
maps.

Remote sensing training advanced with the preparation of aerial
photographs for detailed soils mapping and for soils interpretation of
the 1:250,000 colored Landsat photographs.

The international Desert Forest Control Organization's meeting in
Djibouti and subsequent meeting in Uganda required an unexpected use
of two weeks time of the principal counterpart's time.

AN\



III. Modifications in the Plan and their Consequences

Completion of the laboratory facilities are now scheduled for
September, six months after scheduled completion. This calls for
delaying implementation and training on laboratory procedur es.
Consequently effort was directed towards final drafts of the watershed
and slope maps and applying more effort toward completing the

1:100,000 soils map and initiate semi~-detailed mapping of Deydey and
Domer ajog.

Delay in the arrival of chemicals and equipment has also resulted
in directing efforts to the work which is not dependent on them, such
as drafting maps and matching photographs.

IV. Obstacles to Reaching the Objectives

The delay in completion of the 1laboratory facilities until
September, six months behind schedule, will seriously limit training
on laboratory analyses.

Aboubaker Douale was temporarily reassigned to assist the DLCO's
international meeting in Djibouti and a management meeting in Uganda.
He, therefore, was not available for two weeks of training and work.
On-the-job training means the personnel must both learn and produce

effectively. It 1is important that the trainee is available for work
and working satisfactorily, as well as, studying and understanding the
subject matter. Such a situation requires twice the effort on the
part of the participant to take advantage of the program in the
project. Reassignment elsewhere confuses the training and the Work
Plan.

Mr. Douale has found it very difficult to attend to work and
training during the past quarter due to the uncertainties concerning
the organizational position of the laboratory and the resources he has
been given to exercise his responsibilities. He has even suggested he
may return to France for further schooling. The status and budget of
the laboratory needs to be clarified so that men may understand how
they are going to contribute to the 1long-term success of the
laboratory. Mr. Duale has demonstrated the capability to handle both
the technical and administrative requirements of the laboratory. He
must be given the facilities to do both so he can accomplish the
responsibilities of the laboratory.

The chemicals and equipment ordered last year have not vyet
arrived. Some are scheduled in a few weeks and the rest in September.
Ther efore, the laboratory should be able to begin training in
September.



V. Plans for the Coming Quarter

Dur ing the coming quarter we expect to complete the 1:100,000 and
1:250,000 scale soil maps of the southern half of Djibouti.

The 1:100,000 watershed maps and slope maps should be completely
drafted.

The Domerajog and Deydey watersheds should be mapped.

The laboratory egquipment should be set up to begin training.

10



QUARTERLY REPORT

To: Ellsworth Amundson, USAID/Djibouti Date: October 25, 1981
From: Dr. Joseph Goebel, Project Manager RDA

Subject: Quarterly Report, Djibouti Soil/Water Project

This report covers the period June 26, 1281 to October 26, 1981.

I. Work Originally Scheduled for the Fourth Quarter

During this quarter it was expected that the 1:125,000 scale
soils map of the southern half of Djibouti would be completed; the
1:100,000 scale watershed and slope maps were to be completely
drafted; the Domerajog and Deyudey watersheds were to be mapped; the
laboratory equipment was to be set up so laboratory training could
begin; the laboratory construction was to be monitored/finished; and

the equipment was to be inventoried, and a list of publications for
the library completed.

II. Work Accomplished

During this quarter the soils maps at the 1:100,000 and 1:250,000
scale were largely interpreted and final checking and drafting was
initiated. However, a special project for the United Nation's High
Commission on Refugees requesting technical assistance on resettling
refugees and the homeless on an agricultural project intervened.
Nevertheless, the 1:100,000 scale watershed map and slop map and
U.T.M. kilometer grid maps were completed. The watershed map and the
contour maps were sent to Germany to be reduced to 1:300,000 scale to
provide a more-manageable size. This base (1:300,000) map will be
used to report general resource information about Djibouti. Mapping

of the Deydey and Damer ajog watersheds was postponed temporarily due
to other work.

The equipment available was installed in the laboratory. More
equipment is due next quarter. Some of the equipment received (AC's)
is not functional due to deficient electrical supply. In fact, one of
the AC's burned out. Laboratory training, therefore, has not been
given. = The inventory of current equipment is complete. The list of
books to be purchased has been completed. Aboubaker Douale attended
three weeks training in remote sensing at FAO in Rome. I spent two
weeks on vacation. Farah Omar learned to use the planimeter and
measured the slope areas and watersheds on the 1:100,000 scale maps.
We attended the Ministry of Agriculture's weekly technical meeting
which proved to be helpfull regarding resolving many stagnant
problems. We continued to supervise the slow rehabilitation of the
laboratory. We wrote the Annual Work Plan. We prepared the
laboratory budget for 1982.

11

2\



Two papers were developed and accepted for presentation in Cairo,
Egypt, at the 1International Remote Sensing Symposium concerning
natural water containment sites in Djibouti and remote sensing as it
applies to soils resource assessment. We presented a display of the
work of the laboratory at the World Food Day event. Cooperative
assistance has been given the German Mission on surface water
location, availability, recognition and methods of acquisition.
Assistance was given to the Catholic Relief Services on selection of
Soils and Water for Food for Work project in Ali Sabieh and the Petit
Bara.

We assisted the Minister of Agriculture in giving a technical
report to the UNHCR on two sites to resettle refugees and the
homeless. Both sites were mapped at 1:25,000 scale and the irrigation
potential determined for the different soils classified. Various
people sought advice and information from the laboratory. Besides the
German Mission's regular requests, the Arab League of Nations'
representative, (a horticulturist) received technical advice. The
European Economic Community representative received a day of
consultation/orientation of the facility. The Atar project received
routine backstopping consultation. The Minister of Agriculture
received technical advice and reports as requested. We made a field
visit with him to the Dikhil region and supplied him with the
requested soils report for the UNHCR.

III. Modifications in the Plan and Their Consequences

Minor construction on the laboratory still has not been

accomplished. Therefore, the office has not been organized and
equipment installed. Consequently, the team has been working under
very confined circumstances which have not been conducive to good
productivity. This and the 1loss of the air conditioners and an

improper supply of electricity has prevented the operational
implementation of the laboratory equipment and, therefore, training in
laboratory procedures has not begun. Without the electricity and
office, the laboratory has not been completed for occupancy now over a
yvear from initial construction.

Outside requests such as special studies or meetings or reports
consumed time and/or redirected the efforts of the laboratory

personnel. Often these cannot be avoided or foreseen such as the
refugee resettlement or meeting with the MOA or preparation of the
budget, and supporting training and meetings. As- a result the soils

maps are not complete.

IVv. Obstacles to Meeting the Objectives

The main obstacle to meeting the objective is the deficiency of
equipment all of which are on order and expected to arrive in late

December. Unfortunately, outside interruptuions cause a slippage of

our objectives. The lack of a budget for the laboratory has been a

serious obstacle because the needs of the laboratory cannot be met.

Specifically, all of the needed personnel cannot be assigned. Per

diem is not paid. Without assurance of its payment, we cannot return
12



to the field in December because the men will not be duly reimbursed.
These are only some of the problems of operating without a budaet. A
generator which supplies 110V 60HZ current must be obtained before the
laboratory equipment can be made operable. It is expected to arrive
in December.

The Special Soils Reports directed effort to mapping the Deydey
and Damerajog watersheds. These reports will be considered as well as
the detailed studies for the Hanle and Gobahd agricultural projects
per the PIO/T scope of work. The watersheds will be mapped later in
the project.

V. Plans for the Coming Quarter

In the coming quarter we expect to finish the soils report for
the MOA to UNHCR.

We expect to complete the measurement and report on the size of
watersheds and their slope groups.

We will await the equipment and hopefully install it in the first
quarter of 1982.

We will begin the field work for soil mapping the northern half
of Djibouti.

We will gather the data necessary to prepare soils maps for the
Deydey and Damerajog watersheds.

13



QUARTERLY RFFORT

To: Ellsworth Amundson, USAID/Dijibcuti NDate: January 25, 1982
From: Dr. Joseph Goebel, Project Manager RDA
Subject: Quarterly Report, Djibouti Scil/Water Project

This report covers the period Octoker 26, 1981 to January 25, 1982,

I. Work Originally Scheduled for the Sixth Quarter

This quarter it was expected that we would finish the special
soil report for the Ministry cf Acriculture and Rural Development and
the United Nations High Commissinon of Refugees. We also expected to
complete the measurement and renort on the size of watersheds and
their slope groups.

Also, we were expecting to receive the equipment and install it
in January, 1982,

We expected to begin training on water guality analysis.
We expected to begin the field work for the soils mapping in the
northern half of Djibouti and collect the soils data to make the soils

map.

We expected to gather the data necessary to nrepare the soils map
for the Deydey and Damerajog watersheds at a scale of 1:25,000.

We also expected to have training in vegetation identification in
conjunction with Dr. Maureen Yates.

We also expected to deliver two professional papers 1in Cairo,
Egypt, at the Remote Sensing Symposium for Arid Land Studies.

II. Work Accomplished

During the last gquarter we accomplished the following effort:

First, we finished a soils report for the Ministry of Agriculture
to the United Nations High Commission on Refugees. This revort
concerns the adaptability and location of soils in the areas of
Chekheyti on the Hanle Plain and Sabbalou on the Gobbad Plain. The
objective was to resettle refugees in agricultural projects. The work
was completed, handed in on time, and submitted to Geneva. This was

done 1in cooperation with the Agriculture Section and the German
Cooperation.

14



wWe measured and established the size of the watersheds and the

respective areas of the standard slope groups within each watershed.
The maps are complete, and a summary report available.

We did not receive the equipment in January and therefore,
training did not begin on water quality analysis as scheduled. 1In the
meantime, the work was directed toward training in soil analvsis with
available equipment.

We did the field work to gather the data for soils mapping of the
northern half of Djibouti, except for thirty-five (35) remote areas
that could not be accessed by vehicle. A delay on the part of
subnitting the request, and a need for a new rotor for the helicopter,
postponed this last phase of the investigation. We did develop the
soils mapping units and the soils mapping legend.

The field data necessary to prepare the soils map of the Deydey
and Damerajog watershed at a scale of 1:25,000 was gathered.

A project was initiated to monitor the salt content, electric
conductivity and the water depth for selected wells in the Houmbouli
and Douda agricultural areas. The purpose was to establish base data
to decide if there was too much draw on the aquifer this year with the
installation of several new farms.

During this quarter we had a technical review by the USDA Soil
Conservation Service, Mr. Allen Heidelbaugh. He spent two weeks with
us reviewing the project and making recommendations about future
effort. The review was satisfactory.

Two hours one day were spent with the President of the Republic
of Djibouti in conjunction with his Prime Minister and several other
ministers explaining the complications and limitations to the
development of the Grand Bara and other alternatives to development in
other parts of the country. This was also assisted by Dr. Mueller.

A meeting was held with the District Commissioners to present to
them the structure and purpose of the laboratory and offer them a view
of some of the maps and accomplishments that have been achieved. They
were all favoraply impressed, and could understand the effort that has
been put forward in getting a solid base for the systematic
development of the agriculture.

The laboratory was visited by the United States Ambassador, Mr.
North, the USAID representative, Mr. Amundson, and the Genie Rural
Chief, Mr. Waberi to review the status of the laboratory. A favorable
response was made.

The Project Manager spent time cooperating with the following
people and agencies: Time was spent with the FAO Agricultural
Specialist, Mr. Sorenti, also with the German hydrogeologist, Dr.
Mueller, and with Dr. Bornhorst, geologist. He also spent time
advising the Agricultural Section Chief, Mr. Awali and the Range
Section Chief, Mr. Moussa, and the European Economic Community Project
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Advisor, Mr. Custer, He also spent time with the Catholic Relief
Services Director, Mr. Bourassa, and he spent time on several field
trips with the Minister of Agriculture. The trips were to give

technical information on soils, agronomy, and irrigation
interpretations.

I11. Modifications in the Plan and Their Consequences

Minor construction on the laboratory still has not been
completed. The electricity has not been installed for 110V 60Hz
current. Equipment to do so has not yet arrived. The eguipment and
chemicals, ordered over a year ago ahve not yet arrived. As a

consequence, training in water and soil analysis will be severely
delayed and due to the short time remaining in the project, training

will be direct and non-repetitive. Outside requests for work on the
status of the laboratory, developing a legal statute for its autonomy,
the question of not resolving the employment status of the

counterparts, the questions of requests for attendance by the trainees
or the project consultant have taken unscheduled time from the direct
objectives of the project -- thus hampering regular and systematic
development of the objectives.

The delay in submitting the requests to the military for the use
of the helicopter, a delay made by the Chief of Genie Rural,
prohibited the approval of its use until it was too late to accomrplish
anything in January. This will cause an unknown amount of delay,
probably six to eight weeks before the final field data can be
collected. This in turn will delay the drafting, mapping, and summary
of the soils data until some months after this data is collected.

IV. Obstacles to Meeting the Objectives

Again the main obstacle to meeting the objectives established 1is
the deficiency of equipment including some field equipment that still
has not arrived, therefore, training in water analysis could not
begin.

Another obstacle is the lack of budget for the laboratory. As a
consequence work has had to proceed 1in directions in which

expenditures are not required. This type of effort has been
exhausted.

Another obstacle to the work this quarter was the fact that the
men were not assigned or officially attached to the laboratory. As a
result, they were denied their per diem, and other field benefits.
This 1is again an administrative complication which can only be
resolved by the Djiboutian Government.

V. Plans for the Coming Quarter

Next quarter we hope to continue the training in soils testing.

We expect to do the semi-detailed soils maps for the Deydey and
Damerajog watersheds.
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We expect to develop soils use interpretations.

We expect to complete the soils sampling and do the mapping of
the northern half of Djibouti.

We expect to start agricultural mapping in cooperation with the

Agricultural Service by use of air photo interpretation at a scale of
1:5,000.

We expect to continue monitoring the wells of Houmbouli and Douda
and we expect to start water quality analysis training.

We expect to receive and set up the equipment when it arrives.

We expect to continue to cooperate with the other agencies on

behalf of agricultural development and use of the Soils and Water
Laboratory.
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QUARTERLY REPORT

To: Ellsworth Amundson, USAID/Djibouti Date: April 25, 1982
From: Dr. Joseph Goebel, Project Manager RDA

Subject: Quarterly Report, Djibouti Soil/Water Project

- . — ————————— —— T — O T ——— - . T W e — ——— — . —— W D A b W At T ——— e ——

This report covers the period January 26, 1982 to April 25, 1982.

I. Work Originally Scheduled for the Seventh Quarter

During this quarter it was expected that books would be ordered
for the library.

It was expected that we would begin training on water quality
analysis.

We expected to contnue training in soils testing.

We expected to continue monitoring the wells of Houmbouli and
Douda.

We planned to begin mapping of agricultural sites in cooperation
with the Agricultural Service by the use of air photo interpretation
at 1:5,000.

We planned to complete the soil sampling by helicopter and to map
the northern half of Djibouti.

We also anticipated completing the semi-detailed soils maps of
Deydey and Damerajog at 1:25,000 dcale.

We planned to do soil interpretations, and we also expected to
continue to cooperate with other agencies.

II. Work Accomplished

During this quarter we received the equipment we had been waiting
for. We inventoried it and set up most of it.

Second, we listed books for the library. The list has been sent
out for purchase.

We continued training in soils testing, did testing on particle
size analysis by hydrometer and by sieve methods. We learned to take
PH, soil conductivity, total salt content, chloride content and total
moistur e,

We continued monitoring the wells of Houmbouli and Douda monthly.
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We started mapping the agricultural areas in cooperation with
Beverly Rollins, who works with the Agricultural Service and does air
photo interpretation to establish a base map and to use some
helicopter photos taken to identify the present agricultural sites.
The final map will be at a scale of 1:5,000.

We completed the soil sampling of the northern half of Djibouti.
The delineations and distribution of the soil units of the north bhalf
has not been addressed yet.

We also did not start water quality analysis training except for
conductivity and total salts.

We <collected all the data for the semi-detailed soils map of
Deydey and Damerajog. But the soil delineations have not been done
pending completion of the soil delineations in the northern half of
Djibouti. We also have not done the soil use interpretaticns.

We have continued to cooperate with the other agencies, including
the Minister of Agriculture on guidance for soils use and
interpretations on field trips. We assisted the German Cooperation,
with Dr. Mueller in discussing hydrogeology, Dr. Merkt, in discussions
of the Quaternary geology and Mr. Stroebing in terms of particle size
analysis in discussion of infiltration rates at the channels. We
cooperated with FAO, Mr. Sorenti and Mr. Alsaue' of Tunisia on an
agricultural development plan. We cooperated with Catholic Relief
Services, Mr. Bourassa, on placement of wells and agricultural sites
on a Food for Work Program. Finally, all of the effort toward
achieving autonomy was positively achieved and the laboratory is now a

legal sub=-entity directly under the Ministry of Agriculture and Rural
Development.

III. Modifications in the Plan and Their Consequences

The question of the accessibility of the random sample sites by

vehicle proved inadequate. Thus the plans were modified to complete
the soil sampling by helicopter. This was to make rpeparations for
the data necessary to complete the mapping. The delay in helicopter

availability caused the delay of mapping the northern half of Djibouti
at 1:100,000 and finishing the map for the Deydey and Damerajog
watersheds at a scale of 1:25,000. But with this information now
collected, we should proceed to do soils interpretations and soils
mapping soon.

IV. Obstacles to Meeting the Objectives

One of the obstacles which prevented meeting the objectives was
the lack of proper 110V 60Hz electricity. Though the equipment has
arrived, the facilities have not been built to install the generator.
As a consequence, the other 1laboratory equipment that has been
installed has been limited to that which has been adaptable to the
invertor which I have supplied.
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Another obstacle to meeting the objectives was the time used by
Mr. Douale to establish autonomy. This was time taken from necessary
training and also production in mapping. The results were the
solution to the problem of the legal status of the laboratory and the
problem of a necessary budget for the laboratory to accomplish 1its
work after this project is over. In the meantime, this is causing
more time in administrative organization which continues to detract
from training and work accomplishment.

Another problem which has been encountered has been locating an
electronics or electrical expert who is able to repair the equipment

when there is minor malfunction. It is hoped that one is presently
located and we are checking his work on one of the instruments that is
malfunctioning. Also, demands for special reports and special

assistance by other agencies have to be monitored carefully or they
tend to detract from the pace set to accomplish the goals.

The counterpart does not always apply himself to the work and
training when it is assigned, thus delaying the implementation of the
next sequence of work and training. A new work schedule is attached
designed to complete the objectives of this project. It is imperative
that the work and training and timing of this schedule be met or
surpassed as prescribed.

v. Plans for the Coming Quarter

In the coming quarter, we expect to complete the 1:100,000 scale
soils map of Djibouti.

We expect to complete the 1:25,000 scale map of the Deydey and
Djamerajog watersheds.

We expect to complete the agricultural maps of Houmbouli and
Douda agricultural areas at a scale of 1:5,000.

We expect to measure the soils map.

We expect to do soils interpretations for agricultural and range
use.

We expect to initiate water analysis training.

We expect to organize the soil and water sampling collection
procedures.

We expect to continue to do soil analysis training.

We expect to compute the results of analysis made 1in the
laboratory.

We expect to establish the laboratory reports.
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We expect to continue to cooperate with other agencies.

We also plan to an Annual Work Plan for the cominag year.

We
July 25,

expect
1982.

to complete the project and submit a final report by
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QUARTERLY WORK PLAN - APRIL 25 - JULY 25, 1982

TIME FRAME

Complete 1:100,000 scale soils map
Goebel, Drafting and Correcting
Douale, Mapping
Omar, Measuring

Complete 1:25,000 soils map
Goebel, Training and Drafting
Douale, Training and Mapping
Omar, Measuring

Set-Up Equipment
Goebel, Douale, Omar

Complete Agricultural Maps 1:5,000
Goebel, Training and Drafting
Rollins, Mapping

Final Report
Goebel

Soils Interpretations
Goebel, Douale

Water Analysis Training
Goebel, Douale, Omar

Soil Analysis Training
Goebel, Douale, Omar

Compute Results
Goebel, Douale, Omar

Organize Soil and Water Sample Collection

Goebel, Douale
Establish Laboratory Reports
Goebel, Douale
Annual Work Plan
Goebel, Douale, Omar
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Apr. 24 thru May 15
Apr. 24 thru May 8
May 1 thru May 29
May 15 thru May 29
May 15 thru May 22
May 29

June 5

Apr. 24 thru May 29
Apr. 24 thru June 5

May 8 thru May 29
June 12

June 12 thru June 19
June 26 thru July 3
July 10

1/4 - July 17

1/2 - July 17

1/4 - July 17




QUARTERLY REPORT

To: Ellsworth Amundson, USAID/Djibouti Date: August 1, 1982
From: Dr. Joseph Goebel, Project Managewr, RDA
Subject: Quarterly Report, Djibouti Soil/Water Project

This report 1s the eighth and final quarter which covers the period
April 25, 1982 to August 1, 1982.

I. Work Originally Scheduled for the Eighth Quarter

During this quarter we expected to complete the 1:100,000 scale
soils map of Djibouti.

We expected to complete the 1:25,000 scale map of the Deydey and
Damerajog watersheds.

We expected to complete the agricultural map of Houmbouli and
Douda agricultural areas at a scale of 1:5,000.

We expected to measure the soils map.

We expected to do the soils interpretations for agricultural and
range use.

We expected to initiate water analysis training.

We expected to organize the soil and water sample collection
procedur es.

We expected to continue to do soil analysis training.

We expected to compute the results of the analysis made in the
laboratory.

We expected to establish the laboratory reports.
We expected to continue to cooperate with other agencies.
We also planned to do an Annual Work Plan for the coming year.

We expected to complete the project and submit the final report
by July 30, 1983.

We expected to set up the equipment.

We expected to do soil interpretations for the soils series of
Djibouti.
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II. Work Accomplished

During this quarter we completed the 1:100,000 scale soils map
of the Republic of Djibouti.

We completed the 1:25,000 maps of the Deydey and Damerajog
watersheds.

We completed the agricultural ownership map of the Douda

agricultural area and some work remains on the Houmbouli agricultural
area at 1:5,000.

We measured the soils maps.

We did the inter-relations of the major soil series for
agriculture and range use.

We 1initiated water analysis training at the end of the quarter
with the assistance of USDA Soil Conservation Service personnel.

We worked with the USDA personnel to organize the sampling of
soil and water.

We continued soil analysis training with the assistance of the
Soil Conservation Service USDA personnel.

We computed the results of the anlysis that we made in the
laboratory and any new analyses will be computed.

We cooperated with the following agencies: The German Mission;:
the European Economic Community Mission; the Agricultural Service; the
Catholic Relief Services; the Ministry of Agriculture in Garden Siting
at Yoboki and gave counseling for organizing the national census.

We wrote an Annual Work Plan for the coming year.

We Dbalanced the soils and watershed areas to determine how much
of each soil is present in the country.

We wrote the initial Final Report.

We set up the equipment and got the alternator at 110V, 60Hz
production installed.

We made receiving forms and have filled them out for all the
samples that we have received.

Training was given of remote sensing by way of photo

interpretation and photo transfer and map construction for the Deydey
watershed,

I made a field trip guide for the agricultural positions for
developing potential agricultural sites from Djibouti to Eali Sabieh.
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I11. Modifications in the Plan and Their Consequences

Delay in installing the alternator to produce the necessary 110V,
60Hz cycle electricity required postponing training in soil and water
analysis wuntil July and Augqust and another session later. This

required that we develop an alternative plan to accomplish some more
training in the laboratory techniques and procedures.

IV. Obstacles to Meeting the Objectives

The first obstacle is that the laboratory be autonomous from

Genie Rural has still been awarded no budget. As a result, there are
insufficient funds to meet the day-to-day regquirements of the
laboratory. The laboratory does have available the one million

Djibouti Francs that were allocated last year and which are being used
very judiciously.

Further, the personnel have not been assigned to the labcratory,
neither the personnel which I work with which have been assigned to
the Agricultural Service nor the necessary new personnel that has been
requested in the new laboratory Plan and Budget.

The construction of the laboratory as well as the installation of
the alternator by Genie Rural was far too slow. The alternator was
not installed wuntil four months after its arrival with constant
attention to getting the men to get their work finished.

Further, there have been no books acquired yet for the 1library,
though the books are on order. As a consequence, the consulting

pedologist will leave his books behind for their use until the new
books arrive.

V. Plans for the Coming Quarter

Since this 1is the final quarter of the contract, the next
Quarterly Report will be presented by the Chief of the Laboratory, Mr.
Aboubaker Douale, who has not been assigned as Chief of the Laboratory

as vyet. Therefore, the laboratory is without the necessary
leader ship.

It 1is anticipated during the next quarter that two weeks of
assistance in the first part of August will be given by the Soil
Conservation Service, USDA assistance to USAID for the laboratory.

The permanently assigned personnel at the laboratory will take at
least two months of vacation during the latter part of the quarter.

There will be some training for Mr. Douale. In the meantime, the
principal pedologist consultant will work on the Final Report in

bringing up the data and information to make it presentable 1in
January.
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VI. Personnel Evaluation

The laboratory staff did not grow as anticipated in our budget

reguests. This in a large part leaves some question as to the
commitment that the Government of Djibouti has toward assuming the
laboratory after outside assistance. The question is not only the

lack of personnel but the lack of funding of the approved budget.

Two persons on the staff can be evaluated. The first is the
Chief and principal degree-trained pedologist assigned to the project,
Mr. Aboubaker Douale. Mr. Douale is an intelligent man. He 1is
pleasant and sensitive. He has been well-trained in pedology and in
general education. He is a committed person. He is honest. He is
dedicated to his work. He is competent. He is interested 1in the
subject and is capable of handling his job. He does need some more
training and development in supervision/management -- two skills which
he will be required to use and in which he is deficient. He needs to
develop a good work plan and follow the plan as he assigns the work to
himself. He has to stick to his plans. He does need time and help to
matur e and get the perspective of the laboratory under control. He is
presently able to execute all the requirements of the laboratory and

the soil survey. Though advanced training on this subject at the
graduate level is necessary for him to execute the added
responsibilities, that will come with time. He will also need more

experience and he must have time to gain control of his position.
Given time, he will make the laboratory operate well.

The other person is Farah Omar. Farah is a pleasant, eager,
diligent, and patient individual who receives training well. He is
dedicated and reliable in his job. H is Dbackground 1is 1limited,
especially in getting him trained. He anticipates what is to happen

when the training 1is given and therefore, he requires careful
instructions under close supervision to be sure that he executes the
work assigned and as described. Once trained, he is a very accurate,
reliable, and diligent worker. When he returns to work previously
per formed, he needs a good careful review on how to do the work. With

careful supervision, Farah Omar will do all work needed for the
laboratory analysis and soil survey assistance.

These two men complement each other and normally work well
together. They have an acceptable respect for each other. From time-
to-time, they will need help to rectify their personality differences.
They should resolve these differences while they are small, before
they get out of proportion.

Overall, I think the laboratory has the equipment, the structure,
and the personnel. Given some more time it will be a successful and

productive laboratory, probably the best laboratory in the horn of
Africa.
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APPENDIX C-2
ANNUAL WORK PLANS

FIRST ANNUAL WORK PLAN

This first Annual Work Plan is essentially an outline,
designed to 1list the objectives and means of obtaining those
objectives for the Soils and Water Labtoratory. It 1lists job
responsibilities and specific tasks and the time and people who
will accomplish those tasks.

A Work Plan is a projection of the team's perception of work
requirements and how they will be accomplished in the coming
year. Progress towards goals will be reported quarterly.

To place this Annual Work Plan in perspective, an
Implementation Plan has been attached which shows a broader and
more compr ehensive view of the projected timing of the effort
toward successfully completing the project.

Objectives of the Soils and Water Testing Laboratory

The soils and Water Testing Laboratory has been established
with many objectives in mind. All of the objectives are directed
toward developing an agricultural capacity in Djibouti wusing
existing soil and water resources to contribute to the social and
economic development of the country and reduce the dependency on
neighboring countries for food supplies.

Agriculture depending on irrigation will be the major
beneficiary of the laboratory effort. The high-quality and broad
capability of the equipment and personnel makes the laboratory an
asset for the other government agencies which might choose to use
its facilities.

The principal analysis will be directed toward soil
fertility and water quality. Laboratory personnel will classify,
map and describe the soils of Djibouti as an inventory of this
valuable resource. They will collect, catalogue and disseminate
information on sur face and subsur face hydrology and soil analysis
data. They will interpret the hydrologic and soils information
for the purpose of agricultural development.

Equipment, amterials, space and personnel will be
established, maintained and improved as necessary for high-

quality results in sample testing and interpretation of the
results.

Means for Achieving the Objectives of the Soil and Water Testing
Laboratory

Personnel assigned to the laboratory will identify and
define the potential soil, water and human resources available
for agricultural production.



Laboratory personnel will further their expertise by graduate
education to assure growth in the capability to accomplish high-
quality analysis and interpretations. The 1laboratory will
establish a research center for problems of soil and water inter-
relationships in Dijibouti. A library of technical information
specific to Djibouti and soils and water will be established.
Information gathered and derived about the country's soils and
water will be assembled, assessed, summarized and disseminated in
an appropriate manner to other agencies and individuals.

Systems for collecting samples and information on soils and

water will be established. Local training will Dbe given to
personnel associated with the laboratory to increase the quality
and quantity of analysis performed. A preliminary inventory of

the soils of this country will be made using previous studies,
current maps, aerial photographs and satellite imagery.

The data collected from the soils inventory and the soil and

water sample analysis will be used to estimate fur ther
r equirements of the soil and water resources.

Work Descriptions for Soils and Water Laboratory Personnel

Chief of the Laboratory - Aboubaker Duale

The Chief of the Laboratory is responsible for the overall
internal per formance of the Soils and Water Laboratory. He is to
assure that the laboratory functions smoothly and meets its
objective. In addition to general management of the laboratory,
this person should be specifically responsible for the national
soils inventory which includes describing, classifying and
mapping and interpreting the soils of Djibouti. He will receive
training on the procedures used in this laboratory for analyzing
soil and water samples submitted. He will interpret the results
of the laboratory analysis and report the results to the person
or agency that submitted the sample for analysis. He will make
general reports to other agencies as well as maintain a technical
library of the information about soils and water of Djibouti. He
will establish research relevant to the improvement of the usage
of soils and water resources. He will, from time to time,
receive further graduate and specific training necessary to
fulfill the responsibilities of this position.

Senior Technical Advisor - Dr. Joseph E. Goebel

The Senior Advisor will be responsible for the 1laboratory
achieving its technical goals in soils and water analyses, soil
inventory, personnel training, laboratory organization, data
collection, information dissemination and overall technical
capability. He will facilitate equipping the soils laboratory.
He will develop an initial annual work description. He will
conduct a soil survey. He will assist in the preparation of



reports of the soil survey. He will assist in developing 1land-
use recommendations. He will provide on-the-job training for the
laboratory director and laboratory assistant in soil survey, soil
and water analysis, and reporting of results. He will coordinate

the soil and water sample collection for analysis for donor
agencies.

Soil and Water Analyst - Farah Omar

This analyst will be responsible for the accurate analysis
of the soil and water samples submitted to the laboratory. He
will be responsible for material and equipment ilnventories in
the laboratory. He will maintain the laboratory facilities and
procedures 1in high-guality condition to assure high-quality test
results. He will receive training in soil and water analysis.
Further, he will become acquainted with the soils of Djibouti
with training in soil survey. He will receive further formal
training as is necessary to meet his responsibilities.

Technical Assistants (Two People With Post-Secondary Training)

These personnel will assist in the laboratory to maintain
the facilities at high standards and keep the materials and

supplies in excellent condition. They will also assit in simple
routine preparation of materials and samples, and in
calculations.

Secretary (French Language Capability)

The secretary will receive and process written and telephone
messages. She will type and mail reports and results. She will
maintain the library for checking the materials out as required.
She will maintain an accurate file system.



Annual Work Plan for

1980-1981

Contemplated Period (Mos.)

I.

1I.

III.

Iv.

VI.

VII.

SET UP TIME

Inventory of Materials
Drawing Plans for the Lab

Supervise
Laboratory

Construction of

Order Lab Materials

Order Satellite Imagery
ESTABLISH LIBRARY

Order Books & Maps
ANNUAL PLANNING

Write Annual Plan
SOIL MORPHOLOGY & CLASSIF.

Field Review

Trng. Profile Descr.

Describe/Sample 30 Soils
CARTOGRAPHY

Draw Slope Map

Draw Drainage Network Map

Draw Prelim. Soil Map

Draw Random Inv. Sample
REMOTE SENSING TRAINING

Air Photo Interpretation

Satellite Imagery Interp.
LABORATORY IMPLEMENTATION

Equipment Set-Up

Trng. Water Quality Analysis

First half of August
Last half of August

Last half of September
thru March

Last half of Aug., thru
first half October

First half September

First half September

Last half November

First 3/4 October
November and December

First 1/2 Jan & all Feb.

First 3/4 January

First 3/4 January
First half January

Middle 2-wks January

First 3/4 March

Last 3/4 March

All of April

May - June - July



1979

January

February

April

June

1980
February

March

July

August

September

October

November

December

IMPLEMENTATION PLAN

Objective

Responsibility

Project proposal approved
Project Agreement signed

PIO/T issued and contracting for
tech. services begin

Vehicles and equipment ordered

Project agreement revised to include
only the Scils & Water Laboratory

Housing for technician obtained

Construction begins on lab. bldg.
Equipment arrives

Temporary contract signed for
tech. assistance

Degree~trained Djiboutian pedologist
assigned

Laboratory material inventoried

Laboratory facilities layout &
requirements defined

Order chemicals, materials, field
equipment and satellite imagery

Construct laboratory facilities

Sign final contract agreement

Write Annual Work Plan

Give training in soil description
and classification

Continue training in soils

AAO/D REDSO/EA
AAO/D REDSO/EA AID/W
AID/W REDSO/EA

AAO/D REDSO/EA

AAO/D REDSO/EA

AAO/D

GROD
AAO/D GROD

REA/AAO/D REDSO/EA
AID/W GROD

GROD

RDA GENIE Rural
RDA GENIE Rural
RDA GENIE Rural
AAO/D
GROD

RDA AAO/D REDSO/EA
AID/W GROD

RDA GENIE Rural

RDA GENIE Rur al

RDA GENIE Rural



1981

January

February

March

April

May-July

Aug-Sept

Oct-Dec

1982
Jan-Feb
Mar ch

April

May-June
July

1983
January

June-July

IMPLEMENTATION PLAN {(continued)

Objective

Give training in soil cartography
Make preliminary soils map

Draw Random Soil Inventory Samples
Write Quarterly Report

Collect, describe & classify 30 soils
for soils inventory

Give training in remote sensing
Install lab equipment

Write Quarterly Report
Receive equip. & materials ordered

Enter detailed training in lab pro-
cedures & tech.

Write Annual Work Plan/Quart. Report

Enter detailed training for lab pro-
cedures and tech. for soil tests

Write Quarterly Report

Do small & medium-scale soil survey
investigation

Write Quarterly Report
Cont. small/med-scale survey invest.

Interpret land-use for all soils stud.

Compute the results of soil/water
analysis

Give training on routine lab and
soils reports

Review/summarize/synthesize final rep.

Bring the project to conclusion

Lab. Ass't. for 6-Mo. OJT
Follow-up tech. return visit
Present Final Report

Project Evaluation

for water quality tests

Responsibility

RDA
RDA
RDA
RDA
RDA
RDA
RDA

RDA
REA

RDA

RDA

RDA

RDA

RDA
RDA

RDA

RDA

RDA

RDA

RDA/GENIE Rural/AAO/D

GENIE RURAL AAO/D

RDA/GENIE Rural/AA0O/D

RDA

AAO/D AID REDSO/EA

GENIE

GENIE

GENIE
GENIE

GENIE

GENIE

GENIE

GENIE

GENIE

GENIE

GENIE

GENIE
GENIE

GENIE

Rur al

Rural

Rural
Rur al

Rural

Rural

Rur al

Rur al

Rur al

Rur al

Rural

Rural
Rur al

Rur al



1983

August

September

1984

June-July

August

1985

June

IMPLEMENTATION PLAN (Continued)

Objective

Tech. advisor writes reports on visit

Pedologist begins 2-year post-grad.
training

Technical advisor's final follow-up
review of laboratory and assists
lab technician while pedologist is
gone

Technical Advisor writes report on
visit

Pedologist returns to resume lab
responsibilities

Responsibility

RDA

GENIE Rural AID

RDA GENIE Rural

RDA

GENIE Rural



SECOND ANNUAL WORK PLAN

This is the second Annual Work Plan designed to 1list the
objectives and means of obtaining those objectives for the Soils and
Water Laboratory. It lists job responsibilities and specific tasks,
as well as, the time and people who will accomplish those tasks.

A work plan is a projection of the team's perception of what they
will accomplish 1in the coming year and how they will do the work.
Progress toward that goal will be reported quarterly.

To place the Annual Work Plan in perspective, an Implementation
Plan has been attached which shows a broader and more comprehensive

view of the projected timing of the effort toward successfully
completing the project.

Objectives of the Soil and Water Testing Laboratory

The Soils and Water Testing Laboratory has been established with
many objectives in mind. All of the objectives are directed toward
developing an agricultural capacity in Djibouti using the soil and
water resurces to contribute to the social and economic development of
the country and reduce the dependency on neighboring countries for
food supplies.

Agriculture depending on irrigation will be the major beneficiary
of the laboratory effort. The high-quality and broad capability of
the equipment and personnel makes the laboratory an asset for the
other government agencies which might choose to use its facilities.

The principal analysis will be dircted toward soil fertility and

water quality. The personnel will classify, map and describe the
soils of Djibouti as an inventory of this valuable resource. It will
collect, catalogue and disseminate information on sur face and

subsur face hydrology and soil analysis data. It will interpret the
hydrologic and soils information for the purpose of agricultural
development.

Equipment, materials, space and personnel will be established,
maintained and improved as necessary for high-quality results 1in
sample testing and interpretation of the results.

Means for Achieving the Objectives of the
Soils and Water Testing Laboratory

Per sonnel assigned to the laboratory will establish the potential

soil, water and human resources to be used here for agricultural
production.



Laboratory personnel will further their expertise by a graduate
education to assure growth in the capability to accompligh hich-
guality analysis and interpretations. The laboratory will establish a
research center for problems of soil and water inter-relationships in
Djibouti. A library of technical information specific to Djibouti and
soils and water will be established. Information gathered and derived
about the country's soil and water will be assembled, assessed,
summarized and disseminated in an appropriate manner to other agencies
and individuals.

Systems for collecting samples and information on the soils and
water will be established. Local training will be given to personnel
associated with the laboratory to increase the guality and quantity of
analysis performed. A preliminary inventory of the soils of this
country will be made using previous studies, current maps, aerial
photographs and satellite imagery.

The data collected from the soils inventory and the soil and

water sample analysis will be used to estimate further requirements of
the soil and water resources.

Work Descriptions for Soil and Water Laboratory Personnel
Co-Responsible for the Laboratory - Aboubaker Duale

This person is responsible for the overall internal performance

of thSoils and Water Laboratory. He is to assure that the laboratory
functions smoothly and meets its objective. Besides the general
management of the laboratory, this person will be specifically
responsible for the national soils inventory which includes
describing, classifying and mapping and interpreting the soils of
Djibouti. He will receive training on the procedures used in this
laboratory for analyzing soil and water samples submitted. This

person will interpret the results of the 1laboratory analysis and
report the results to the person or agency that submitted the sample
for analysis. He will make general reports to other agencies as well
as maintain a technical library of the information about soil and
waters of Djibouti. He will establish research relevant to the
improvement of the usage of soils and water resources. He will, from
time to time, receive further graduate and specific training necessary
to fulfill the responsibilities of this position.

Technical Consultant Co-Responsible - Dr. Joseph E. Goebel

This person will be responsible for the laboratory achieving its
technical goals in soil and water analyses, soil inventory, personnel
training, laboratory organization, data collection, information
dissemination and overall technical capability. He will facilitate
equipping the soils laboratory. He will develop an initial annual
work description. He will conduct a soil survey. He will assist in
developing land-use recommendations. He will provide on-the-job

B0



training for the laboratory director and laboratory assistant in soil
survey, soil and water analysis, and reporting of results. He will

coordinate the soil and water sample collection for analysis for donor
agencies.

Soil and Water Analyst - Farah Omar

This person will be responsible for the accurate analysis of the
soil and water samples submitted to the 1laboratory. He will Dbe
responsible for material and equipment inventories in the laboratory.
He will maintain the laboratory facilities and procedures in high-
quality condition to assure high-quality test results. He will
receive training in soil and water analysis. Further, he will became
acquainted with the soils of Djibouti with training in soil survey.
He will receive further formal training as is necessary for him to
meet his responsibilities.

Hydrogeologist - (One Person)

Guide and assist in water quality analysis.

Technical Assistants -~ (Two People With Post-Secondary Training)

These personnel will assist in the laboratory to maintain the
facilities at high standards and keep the materials and supplies in

excellent condition. They will also assist in simple routine
preparation of materials and samples. They will assist in
calculations. '
Secretary

This person will have capability in French. She will receive and
process written and telephone messages. She will type and mail
reports and results. She will maintain the library by checking the
materials out as requested. She will maintain an accurate file
system.

10



Annual Work Plan for 1981-1982

Contemplated Completion Time (Mos)

I. SET UP TIME

Inventory of Material

Drawing Plans for the Laboratory

Supervise Laboratory Construction

Order Laboratory Materials

Order Satellite Imagery

II. ESTABLISH LIBRARY

Order Books and Maps

III. ANNUAL PLANNING AND BUDGET

Field Reconnaissance

Training in Profile Description

Describe and Sample 45 Soils

Describe and Sample Remaining
50 Sites

Semi-

detail Soil Mapping Trng.

Soil Use Interpretation

Vegetation Identification Trng.

V. CARTOGRAPHY

Dr aw
Dr aw
Dr aw
Dr aw
Dr aw
Dr aw

Dr aw
Soil

Slope Map

Watershed Map
Preliminary Soils Map
Random Sample

1:250,000 Scale Soil Map
1:100,000 Scale Soil Map

1:25,000 Scale Semi-detail
Map

11

August

August

Compl eted

Aug - Sept - Oct
Completed

Compl eted

October
August
Completed
Completed

Completed

Dec - Jan - Feb
Feb -~ Mar
Last Half March

Last Half December

Completed
Completed
Completed
Completed
Last half September

Last Half September

Last Half March

,’\
A“‘
]



Annual Work Plan for 1981-1982 (cont'Qd)

VI. REMOTE SENSING TRAINING
Aerial Phot Interpretation
Satellite Imagery Interpretation

Delivery of two Professional
Papers (Cairo)

VI1I. LABORATORY IMPLEMENTATION
Equipment Set-Up
Training in Water Quality Analysis
Training in Soil Testing
Soil and Water Sample Analyses
VIII. DATA ANALYSIS

Map Measur ement (watershed/slope)
(soil map)

Computing Results of Analyses

Establishing Laboratory Reports

IX. ORGANIZE SOIL AND WATER SAMPLE
COLLECTION AND DISTRIBUTION OF
RESULTS
X. SUMMARY, REVIEW, FINAL REPORT
12

Cont. Completion Time

Completed

Completed

Last Half November

Last Half November
Last Half November
Last 1/2 May & April

Last 1/2 June & July

Last Half September
Last Half May

May

Last Half May

Last Half June

All of July



1979

January

February

April

June

1980

February

March

July

August

September

October

November

December

IMPLEMENTATION PLAN

Objective

Project proposal approved
Project Agreement signed

PIO/T issued and contracting for
tech. services begin

Vehicles and equipment ordered

Project agreement revised to include
only the Soils and Water Laboratory

Housing for technician obtained

Construction begins on Lab. bldg.

Equipment Arrives

Temporary contract signed for tech.
assistance

Technical assistance arrives

Degree-trained Djiboutian pedologist
assigned

Laboratory material inventoried
Laboratory facilities layout & re-

quirements defined

Order chemnicals, materials, field
equipment and satellite imagery

Construct laboratory facilities
Sign final contract agreement
Establish library

Field Review of soils

Write Annual Work Plan

Give training in soil description
and classification

Continue training in soils

13

Responsibility

AAO/D REDSO/EA

AAO/D REDSO/EA AID/w

AID/W REDSO/EA

AAO/D REDSO/EA

AAO/D REDSO/EA

AAO/D

GROD

AAO/D GROD

RDA/AAO/D REDSO/EA
AID/W GROD

RDA AAO/D

GROD

RDA Genie Rural

RDA/Genie Rural

RDA /Genie Rural/AAO/D

GROD

RDA AAO/D REDSO/EA
AID/W GROD

RDA Genie Rural
RDA Genie Rural

RDA Genie Rural

RDA Genie Rural

RDA Genie Rural



1981

January

February

March

April

May-July

Aug-Sept

Oct-Dec

1982

Jan-Feb

March

April

May-June

July

1983

January

June-July

August

Objective

Give training in soil cartography
Make preliminary soils map

Draw Random Soil Inventory Samples
Write Quarterly Report

Collect, describe & classify 30 soils
for soils inventory

Give training in remote sensing
Install lab equipment

Write Quarterly Report
Receive equipment & materials ordered

Enter detailed training in lab pro-

cedures & tech. for water quality
tests

Enter detailed training for lab
procedures & tec. for soil tests

Write Quarterly Report

Do small & medium-scale soil survey
investigation

Write Quarterly Report
Continue small & med-scale survey
investigation

Interpret land-use for all soils
studied

Give training on routine lab/soils
reports

Review, summarize,
final reports

synthesize and make

Bring the project to conclusion

Laboratory ass't. goes for 6-mo OJT
Follow-up technical return visit
Present Final Report

Project evaluation

Tech. advisor writes reports on visit

14

Responsibility

RDA
RDA
RDA
RDA

RDA

RDA
RDA

RDA
RDA

RDA

RDA

RDA

RDA

RDA

RDA -

RDA

RDA

RDA

Genie Rural AA0Q/D

RDA

RDA

Genie

Genie

Genie
Genie

Genie

Genie

Genie

Genie

Genie

Genie

Genie

Genie

Rur al

Rur al

Rural
Rural

Rur al

Rural

Rur al

Rural

Rur al

Rur al

Rur al

Rur al

RDA Genie Rural AAQ/D

RDA Genie Rural AAO/D

AAOQO/D AID REDSO/EA



1983

September

1984

June-July

August

1985

June

Objective

Pedologist begins 2-year post
graduate training

Technical Advisor's final follow-up
review of laboratory and assists
lab technician while pedologist is
gone

Technical Advisor writes report on
visit

Pedologist returns to resume lab
responsibilities.
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Responsibility

Genie Rural AID

RDA Genie Rural

RDA

Genie Rural



Means for Achieving the Objectives of the
Soils and Water Testing Laboratory

Personnel assigned to the laboratory will establish the
potential soil, water and human resources to be used here for
agricultural production.

Laboratory personnel will further their expertise by
graduate education to assure growth 1in the capability to
accomplish high-quality analysis and interpretations. The
laboratory will establish a research center for problems of soil
and water inter-relationships in Djibouti. A library of
technical information specific to Djibouti and soils and water
will be established. Information gathered and derived about the
country's soils and water will be assembled, assessed, summarized

and disseminated in an appropriate manner to other agencies and
individuals.

Systems for collecting samples and information on the soils

and water will be established. Local training will be given to
personnel associated with the laboratory to increase the gquality
and quantity of analysis performed. A preliminary inventory of

the soils of this country will be made using previous studies,
current maps, aerial photographs and satellite imagery.

The data collected from the soils inventory and the soil and

water sample analysis will be used to estimate fur ther
requirements of the soil and water resources.

Work Descriptions for Soils and Water Laboratory Personnel
Co-Responsible for the Laboratory - Aboubaker Duale

This person 1is responsible for the overall internal
per formance of the Soils and Water Laboratory. He is to assure
that the laboratory functions smoothly and meets its objectives.
Besides the general management of the laboratory, this person
will be specifically responsible for the national soils inventory
which includes describing, classifying and mapping and
interpreting the soils of Djibouti. He will receive training on
the procedures used in this laboratory for analyzing soil and
water samples submitted. This person will interpret the results
of the laboratory analysis 