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ABSTRACT

This report summarizes the findings of a é-man consulting mission
charged with the responsibility of preparing a draft Master Land
Use Flan (MLUF) of Ethiopia, an original obliective but uncompleted
output of the Phase I, FAD/UNDF Assistance to Land Use Flanning
Froject, ETH/78/003. The draft MLUF prepared by the mission
provides & concise articulation and guantification of current land
use, land potential and of the constraints and possible solutions
to development. Much of the detzil is presented in graphic form to
assist higher level planners and decision makers, as reqguested in
the consultant’s terms of reference. A total of S Technical
Reports comprise the MLUF. The Main Report is supported by 4
Technical Annexes, and 1:2 million =scale maps on constraints and
potentials for development are attached. The analysis of land
resources, agriculture, population and socio-economics contained in
the MLUF relies heavily on the data bass produced during the Fhase
I, Assistance to Land Use Flamning Froject. The backbone of the
MLUF i3 an analysis of the proijected food demand and population
supporting capacity (FSC) in Ethiopia, in the short (1985), medium
(1993) and long term (2010). The F8C was estimated using a
computer model which optimizes the land reguiremerts for food, fuel
and forage production sufficient to meet the subsistence needs of a
typical farm family in esch Awradia of the country. Fesults
indicate that food demand will outstrip production by 2010 at
current levelsz of production andg consumption, even 1+ &ll
potentially arable land is cultivated. Developmznt is concluded to
be constrained by physical, peolicy related and institutional
problems. Recommedations include the immediate reallocation of
resources towards achieving increased agricultural ocutput,
decreased population growth, and increased nutrition and welfare
levels. '
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1. INTRODUCTION

1.1 BACKGROUND

The Land Use Flanning and FRegulatory Department (LUFRD) of the
Ministry of Agriculture (MoA) in Ethiopia has been receiving
UNDF/FAC assistance since 1979, in the form of the Assistance to
Land Use Flanning Froject, ETH/78/003 (Phase-I1) and, more recently,
ETH/82/7010 (Fhase II1). The preparation of a draft Master Land Use
Flan (MLUF)  was one of the obiectives of the Fhase-I proiect but,
due to time &and manpower constraints, it was not completed during
either phase of the project.

A draft MLUFP synthesized from the vast guantity of dats generated

during the Fhase-l project 1life - concerning both physical and
socio-economic aspects of a&agricultwe in  Ethiopia - would have
represented a logical conclusion to this phase of the proiject. A
S~man consulting mission was subsequently given the task of

completing the MLUF between August 1987 and February 1988, based
primarily on the data produced during Fhase—-I and subsequent phases
of the Assistance to Land Use Flanning project .

1.1.1 Definition and scope of the MLUF

The draft MLUF envisaged under the Assistance to Land Use Flanning
proiect is defined as & summary document containing & simple
expression of the distribution of land potential and current 1and
wse in the country:; and & concise and comprehensive articulation of

the constraints and their possible solutions in & language
understandable to higher level decision makers and planners at
national and regional levels. It is an abstraction of the resource

maps and information on land use and land suitability. and the
integration of the a&analysis &nd findings of the various studies
undertaken at the euploratory level of 1:1,000,000 scale during the
Fhase—~1 proiect. :

The small-scale character of the original data base used to compile
the MLUF dictates that the conclusions From the data are only
applicable for large areas and should not, therefore, be used for
compiling detailed land uwuse plans that can be laid down on the
ground. The MLUF is, however, designed to help planners and
.decision makers at higher levels identify areas of the country
requiring state intervention, areas requiring more detailed studies
to fully assess the potentials or constraints to development, and
to assist the development of policies &t national and regional

levels Ffor rational use of land. The MLUF also integrates the
findings of +the Fhase-1 proiect with more recently gathered
agricultural statistics, livestock data, and land use information

te provide an improved basis Ffrom which appropriate land use
policies can be formulated.



1.1.2 Summary of activities suggested in the terms of reference:

al Identify, characterize and guantify the current land
use in the country;

b Igdentify the problems and potentials associated with
current land use practices;

o) Identify, characterize and guantify the land
resources in the country suwitable for:

i. rainfed crop production;:

ii. mechanized rainfed crop production;
iii. perennial crop productiong
ive extensive livestock productiong

v. semi-intensive livestock production, including
dairyings
vi. production of wood for fuel and timber;
vii. irrigated agriculture, both small scale and
large scale.

d) Identify and guantify areas requiring preservation
including: .

i unigue ecosystems;
ii. natural forestsi
iid. areas of wildlife concentration

d) Identify areas which are degraded or threatened by
degradation. )

e) Identify the physical, institutional and
infrastructural
congtraints to realizing potentials, and suggest
policies to overcome these.

£) Match the land resources with the demand for these
resources in the shorit, medium (1995) and long term
(2010) .

g) Quantify the land resources and their current use,

including potentials and constraints at national and
regional levels.

1.1.7 Composition of the consultancy team

The following consultant inputs were made to the MLUF:

- Land Use Flanner/Team Leader 7 months
- Agricultural Economist {(macro) 1.7 months
- Agricultural Economist (micro) 1.7 months

3



- Range Ecologist 2 months
- Agronomist 2 months
~ Agroclimatologist 1 month

1.2 THE COMFONENTS OF THE MLUF

The MLUF consists of a number of reports which together constitute
the draft master plan. The list of components is as follows:

Technical Report 1

Main Report

Annex 1 - Fopulation Supporting Capacity Analysis
Summary of Results

Annex 2 -~ Regional Frofiles of Land Resources

Annex I - Regional Frofiles of Land Use and Crop,

Livestock and Forest Production
Annex 4 - Atlas of Maps

Technical Feport 2

Agricultural Economics Consultancy

Technical Report Z
Range/Livestock Consultancy

Technical Report 4

Fotential Farming Systems

Technical Report 5

A Summary of the Agricultural Ecology of Ethiopia

Much of the information presesnted in the technical annexes is in
the form of bar graphs and charts to improve +the esase of

~comprehension faor higher level decision makers and planners.
Technical Report 1 summarizes the findings detailed in the other
technical reports referred to above. Technicians wishing to probe

for detailed analyeis of the various subljects treated in the MLUF
will Ffind that information available in the remaining technical
reports.

ot G s S S i it Tt doere s doee o S W AW S S e Ao e e e A Wt S S L ot G S i 1L it doee et S e S doere e e doee W S S50 S s o . i S i Srene e S rarn e doere S8 dore o dbvre e e B4 oA S

*Prepared in collaboration with NMSA and CS0: FAO/TCFR/ETH/466E8.
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1.7 GENERAL SETTING

Ethiopia lies wholly in the tropics. between Z°N  and 18eN
latitudes, and 33°E and 48°E longitudes in  the Horn of Africa
(see Figure. 1. The land area is approximately 1.24 million
km®, and is bounded in the northesst by the Fed Sea and the Gulf
of Aden, the Republic of Diibouti and Somalia in the =zast., Kenvya in
the south and the Sudan in the west. Ethiopia is unique physically
because of the high proportion of its landmass over Z000
altitude, where the tlimate is more temperate than tropical. Over
80% of the 435 million inhabitants live in these highlands, S0% of
them rural and relying on subsistence agriculture.

Temperatures vary widely throughout the country, from the hottest

on  earth to those found in the frost prone, Afro-alpine zone. This
variation is mainly dug to extremes in altitude. Fainfall is also
guite wvariable in both amount and extent, ranging from a few

hundred mm per year in the semi-arid zone to more tham 2000 mm in
the western highlands. The highlands in general are surrounded by
haot, semi-arid lowlands in the north, sast and south, and by hot
humid lowlandes in the west.

Soils used Ffor agriculture are predominantly formed on volcanic
materials. This, c«coupled with temperate highlands and adequate
rainfall, suggests & rich agricultural potential, but climatic
variability, outdated farming practices, and limited incentives for
farmers inhibit productivity. The dramatic Ffamine of 1984/8%5,
following Jdust 10 years after similar problems in 1974, highlighted
the fragility of the existing subsistence agricultural system in
relation to the food demand of the rapidly rising population.

1.4 QUTLINE OF METHODOLOGY FOR THE MLUF

The MLUF aims at providing planners and higher level decision
makers with an objective asssssment of the maior constraints and
poteantiale of the agricwltural resources of Ethiopia, with a view
to identifying appropriate policies and interventions to stimulate
food production over the next 285 years.

The backbone of the MLUF is the gquantification of land resources
from the Fhase-1 proiect, the population census and agricultural
statistics. These are presented in an easy to usze graphic form in
“the annexes listed in section 1.2. Data on land resources were fed
into & population supporting capacity model developed during the
MLUF activity. This provides an assessment of the ability of
available land resources to provide &a satisfactory level of
subsistence for rural farmers and the population as whole. Various
analyses using the model test the benefits of interventions to the
land use systems in terms of the population supporting capacity.
FPotential farming systems which may help to realize the benefits
simulated 1in the population supporting capacity model are discussed
in later chapters. Fotentials and constraints to agricultural
development are also discussed, along with suggestions on of

policies which may help to realize potentials or +o overcome
constraints.
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2. THE ECONOMY, FOFULATION AND FOOD DEMAND

2.1 AGBGRICULTURE AND THE ECONOMY

Agriculture 1is +the mainstay of the Ethiopian economy, accounting
for approximately S04 of the GDF, 8%% of employment and the major
share of exports. The share of GDF, however, fell from around 58%
to 417 between 19265 and 1985, and agricultural GDF growth averaged
1.1%4 over the 1last decade, while the economy grew at around 2.5%

during the same period. Recent economic indicators show &
declining trend, with the drought of 1984/85% having a&a strong
negative influence {World BRank 1987). The contribution of

different sectors to GDP in 1984/83, and the relationship between
BDF  and Agricultural GDFP in the period 1979/80 and 1984/85, are
shown in Figures 2 and 3.

Ethiopia has an estimated GNF per capita of around US$140, making
the country one of the poorest in the world (World Bank 1983).
This has resulted in & declining spiral of subsistence, exacerbated
by two serious famines in the last 25 years. Some 25% of the food
produced is by peasant farmers whose primary obiective is to meet
survival needs before any consideration of generating cash income
for consumer goods. Where surpluses of grain are produced, these
amount to some 204 of a subsistence farmer’s production and are
sold Ffor cash or traded. However. income disparity between the
agriculture and non-agriculture sectors is more than 1 to 6.
Cereals make up the bulk of the food production, with pulses,
oilseeds, enset (Ensete wventricosum), roots and tubers accounting
for the remainder. Theseg are supplemsnted by livestock products.

2.2 TRADE
Z. 2.1 The nature of imports and exports

In the export sector, coffee is by far +the most important
agricultural commodity in Ethiopia, accounting for some &60% of
total export earnings (EHRS 1986). Livestock products and live
animals are a&also important export earners. Exports accounted for
approximately 13% GDF during the last 10 yesars, while imports have
increased from around 15% to 20U during the same period. The
structure of imports has changed somewhat since the revolution in
1974, with considerably more food now being imported in absolute
terms and also relative to other commodities. Fetroleum products,
machinery and equipment and manufactured goods account for most of
the remainder. The percent of imports and exports by commodity
sector in both 1974 and 1985 is shown in Figures 4 toc 7.

2 Trading partners and foreign exchange
Ethiopia's major trading partners are currently +the Federal

Fepublic of Germany, Italy, Japan, the Netherlands, the United
States, the United Kingdom, and the USSFH. The rate of exchange has
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remained essentially unchanged since 1975, at 1Uss = 2.07 Eth.
Birr, and it is estimated that up until 1987, the import weighted
real effective exchange rate appreciated by nearly 40% (IMF 1983).
Recent international currency fluctuations should have reduced this
imbalance somewhat, but nonetheless it has tended to act as a
disincentive to export (EHRES 1986).

2.3 INDUSTRY

Food and textile industries account Ffor most manufacturing in
Ethiopia, with the vast majority taking place in or around Addis
Ababa and Asmera. Most large-scale industry is run by the state,
consistent with the GoE's desire to develop a socialist econamy.
It is mostly based on the processing of agricultural raw materials
such as cotton or livestock products, is highly import-dependent,
capital intensive &and caters mainly For the wban sector (EHRS

1986) . Small-scale and cottage industries are very diverse and
widespread, mostly privately owned, labour-~intensive and based on
locally available resources. Availability of credit, lack of

technical support and confidence about future government policy are
cited by EHRS (1986) as the main constraints to expansion of this
sector of the economy.

2.4 OTHER SECTORS OF THE ECONOMY
2.4.1 Transport and communications

Modern transportation in Ethiopia comprises national and
international air, roads sea and rail lirks, One of the two
railways links Addis Ababa and Diibouti. The second, linking
Asmera and Massawa, has been inoperative since 1974. Air traffic
is intensive, especially on international routes, as Addis Ababa
provides & transit point to and from Europe and Asia for traffic
exiting Eastern, Southern and Western Africa. The national
airline, Ethiopian Airlines, thus contributes significantly to
foreign exchange earnings. Domestic air routes are also well
established, with daily Fflights to most regional capitals from
Addis Ababa. Foad transport, despite one of the lowest road
densities in Africa, is the backbone of the modern transportation
system within the country. The mountainous topography in Ethiopia
hag placed natwral limits on the expansion of the road network and
this remains today one of the most severe constraints to
-accelerated development of the country. Sea links are also
limited, with facilities at +the port cities of Aseb and Massawa
barely able to cope with the demand placed upon them, despite
recent upgrading of freight handling facilities.

Traditional transportation is either by foot or by donkey, horse or
mule. Eguines have been estimated to carry more than 10% of that

carried by &ll the modern means of transport in the country (EHRS,
1986).
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The utility of the donkey as a freight carrier has led to it being
labelled “the Ethiopian LandRover® by many Government workers. Its

future role, however, may be threatened by diminishing feed
resources.

Communications in Ethiopia have been steadily upgraded over the
years following the revolution and include a modern telephdne
network in Addis Ababa, with radio and telephone connections te and
within Regions. International telex and facsimile connecticns
exist in the national capital but, beyond this, postal services in
towns provide the main source of long distance communication in
rural areas.

2.4,.2 Fuels and Energy

According to recent surveys (Anderson and Fishwick, 1984, ,
Ethiopia’s fuel consumption is divided almost entirely between
fuelwood (including charcoal) snd animal dung supplemented by crop
residues. lerosene, LFG and electricity are minor contributors
overall, but are important in major cities a&and towns. Energy
consumption is primarily centered around fuel for cooking. Recent
population trends indicate that fuel availability will soon reach
critical levels in Ethiopia. Details are discussed later in the
report.

2.5 EDUCATION AND HEALTH
2.9.1 Education

Education has grown &at & considerable rate in Ethiopia in recent
years, with literacy improving +<rom 7% in 1974 to around 50% in
1e9gs. This was mostly the result of a non-formal, nationwide
literacy campaign instigated by the Government in 1979. Formal
schooling has &lso considerably expanded, with total enrolments in
all levele rising Ffrom 1.13 million in 1974/75 to Z2.12 million in
1985/86 (LS80, 1987). The most substantial increase has beern at the
primary level. The number of schools at all levels increased over
the came periocd from Z8Z7 to 2109, but despite increased numbers of
teachers, the tesacher to student ratio continuss to decline.

2.89.2 Health

_Ethiopia’s location in tropical Africa, the relatively Ilow
nutrition of many sectors of the community, coupled with the fact
that only 4% of +*the population has access to protected water
supplies {World Bank, 1985, means that disease problems are
congsiderable. According to the World EBank (1985 : "Disease
patterns are exacerbated by low standards of living, producing in
turn poor hygiene and inadeguate nutrition, and by limited use of
health facilities."”

The leading causes of morbidity &t hospitals and health centres are

guoted as follows: Malaria; Helminthiasis; S8kin irritations;
Venereal disease; Rheumatic paini; Malnutritiony Fevers:; Upper
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respiratory tract infections; and Tuberculaosis.
Source: World EBank 1983, MOH statistics, 1981

In addition to +these freguently occuring dissasss, diarrheas play
an important role 1in infant morbidity. Some &0%4 of childhood
dispases appear preventable (World Bank 19835). Other diseases of
importance are schistosomiasis, vellow fever, leprosy.
leishmaniasis and onchocerhiasis (river blindness). Epidemics of
viral hepatitis, cholera, tick fever, typhus and typhoid occur, but
can be managed by improved sanitation, provision of potable water,
and improved medical facilities and education. Overall, the high
incidence of parasitic diseases and malnutrition lowers the
resistance of individuals to a wide variety of other serious
infections.

Mortality data are not widely available or reliable, but those
which are indicate the crude desath rate to be in the region of
18/71,000, Life expectancy 1s about 47 vyears., average for
sub-Saharan Africa, but around ZI%4 of children die under I years.
The main causes of death recorded in hospitals are dysentry and
gastroenteritis, tuberculosis, pneumonias, malnutrition and anemia,
liver diseases including hepatitis, tetanus and malaria (World Bank
1983) . In or Ffollowing drought vyears, death from malnutrition
becomes acute. Such famines have regularly visgited Ethiopia over
history, but recent population trends have hightened the
probability of further problems.

AN ambitious ten-year health sector plan developed by the
government for the period 1984/8% to 1992/94 sets out a detailed
strategy of health services development, among other things to
reduce infant and child mortality and increase overall life
expectancy. Financial and manpower constraints may limit the
anticipated gainse of the plan according to the World Bank, but
overall its obijectives are sound.

2.6 FOFULATION AND FOOD DEMAND
2.6.1 Fopulation proldections

In May 1984 the first complete census in Ethiopia revealed that 42
Million people were living in  the country (£SO, 1985), about 7

million more than previously believed to be the case. At the
national level population is presently increasing by 2.9% per
annum. The World Bank (1983) offers three scenarics for population

growth up to 2010 using the 1984 census. Theyvy are:
- no fertility decline;
- gradual fertility declineg;

- accelerated fertility decline.
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The Ffirst assumption implies that fertility will not change and
provides a benchmark for comparison. The second scenario assumes a
gradual decline in fertility after 1990, Such & decline is
expected during the course of normal socio-economic development
without maior government intervention. The final model assumes a
rapid fall after 1990 and represents the maximum that could be
achieved with considerable government involvement. This latter
situation is based on the experiences of countries which have
achieved considerable reductions in population in the recent past.
This is not considered likely in Ethiopia in the forecast period in
view of the current stage of economic development. For the
purposes of the MLUF, therefore, the population was only projected
for the two remaining growth scenarios, adiusting the 1984 census
data to 1985 and taking into account the increased deaths during

the 1984/8% famine. The projected population data for the years
1985, 1995 and 2010, which are used in the MLUF, are shown in
Figure 8. Further details of the methods used to project
population are= .given in MLUF Technical Report 2, Agricul tural
Economics Consultancy. Detailed graphic presentation of the

praojected rural population iz also provided in Annex 1 of this main
report.

The emerging pattern is clear from Figure 8, Ethiopia’'s population
is entering a phases whereby it is likely to double to more than 90
million before 2010, placing enormous strains on  the economy
through the increased demand for food, energy and services. Al
comparison of the index of population and food production between
1979/80 and 1984/8%5 is given in Figure 9. Low levels of
urbanization have so far reduced the burden on employment and urban
development. But, even with the relatively low levels of projscted
urban population growth, the numbers will probably treble by 2010
and thus throw the burden back on these factors with all the
implied conseguences.

2.8 FDDD DEMAND
2.8.1 General

The demand for food depends on the size and composition of the
population and on its purchasing power. Food demand sstimates
presented below are based on combinations of the population growth
projections  and different sConomic growth scenarios. The
percentage growth in the demand for food was calculated taking into
account population growth, wvalue added growth, demand and value
added elasticity. The exact methods of calculation are detailed in
MLUF Technical Annex 2.

2.8.2 Apparent consumption of grain equivalents

Before estimating the demand Ffor food, it was first necessary to
guantify the average apparent consumption, taken over & rnumber of
vears, to obtain a reasonable estimate for the base year, 1983.
Froduction &and availability of cereals, pulses, enset, roots and
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tubers, and milk and milk products were taken into account in this
process. The calculation is based on area and vield data of crops,
and FAD (1987c) nutrition data, the details of which are presented in

MLUF Technical FReport 2. Table 1 below summarizes the results of
this analysis.

TABLE 1

TOTAL AFFARENT CONSUMFTION FER CAFITA IN THE BASE YEAR

Grain equivalents kg/vysar Calories/day Total
Domestic Imports Subtotal Subtotal Cons.of oils
FProduction vegetables
(13 (23 (3} % meat
National 155 10 165 1206 260 1566
aver age
Rural 146 9 185 1227 245 (4 1472
areas
Urban 207 21 22a 1805 47 (4) 2182
areas

(1) Domaestic production of cersals and pulses, esnset, roots and tubers,
and milk and milk products.

(2} Imports of cereals, commercial as well as food aid.

(3) Conversion from kg grain egquivalents/year to calories/day:
0.83% (Z400/365) = 7.918

(4) Mational average of 260 calories/capita/day, divided between rural
and urban sectors as follows:
Rural (0.80/0.85)%260 = 243; Urban (0,20/0.15) %260 = 347

2.8.%3 Economic growth proiections

The World Bank (19287a) offers two growth scenarios for the development

of the thiopian economy betwesn 198%/84 and 1991/9Z. In the first,
referred to here as low growth, GDF is estimated to grow at 2.46% per
annum, the value added growth of the agricultural sector at 2.4% per
annum and the value added growth of the non-agricultural sector at



2.8%. In the second scenario, referred to here as medium growth,
GDF is expected to grow at Z.6%4 per annum, the value added growth
of the agricultural sector at 3% per annum and that of the
non—-agricultural sector at 4.2% per annum.

A third scenario is introduced for the MLUF which postulates that
the average national consumption of food will reach adequate
nutrition standards by 2010. This implies 2230 calories per capita
per day in Ethiopisa. Assuming the same percentage is met from
oils, vegetables and meat as at present, 1947 calories are reguirsad
from cereals, pulses, enset, roots and tubers and milk and milk

products. Assuming also that imports of food are no longer
reguired, this increased demand for food will have to be met by
domestic production. At the national level this means that
production must increase from 155 kg grain equivalent per capita to
245 kg. Details are summarized in Table 2.

TABLE Z

REQUIRED INCREASE IN FOOD FRODUCTION BETWEEN 1985 AND 2010
TO RAISE NUTRITION TO RECOMMENDED STAMDARDS

Total production required from cereals, pulses, enset,
roots and tubers, and milk and milk products.

(A R gt i Pt ot st o i et o v S0 o A i Y M (s S0 i St S St by S e S fhed A4 Ghed Wi G faans G LRSS RARS WA WD S et St G MY Sl Shers SHerd D PO S i v it S i A G Smurd s Soves o it TS B SV R S SO S v

1985 2010 2010
High Fopulation Medium Fopulation
Growth Growth
Total
prod, 155%42.41 = 6,574 245%95.0 = 23,282 245%B84.8B% = 20,4651
MT*1000
Increase
in production 2.5 times 2.1 times

reguired by 2010
relative to 1985

Percent growth
.per annum reguired

8]

% 4.7 %

%1}

Information concerning food demand income elasticities and the
population growth rates in rural and urban areas, detasiled in MLUFP
Technical Report 2, indicate that the value added growth in the
agricultwal ssctor under the high population growth alternative
will have to increase at some 8.1% per annum, while in the
non-agricul tural sgctor 1t will have to grow at B.&% per annum.
Under the medium population growth alternative it will still have
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to grow at 4.6% in the agricultural sector and B8.1%4 in the
non—-agricultural zector to meet demand at the desired minimum
nutrition levels.

Browth rates of the order postulated above appear impossibly high
to maintain aver 25 vyears. No  other country in the world has
sustained such levels, most particularly under rainfed aaricultural
conditions (World Eank, 1987 . This pointsz to the n=ed to 1lower
targets for the agricultural sector. To &achieve this, lower
nutrition and/or continued import of cereals financed by euports of
other commodities, such as coffees, will be necessary. The high
growth scenario, despite appearing impossible to achieve in 25
years, provides useful insight into the enormity of the task ahesad
for Ethiopia and a me2asure of the upper limit for the necessary
growth in the agricultural sector. More importantly, is the fact
that policies toward certain aspects of agriculture will have to
change before high growth rates can be approached. Foremost are

the price and marketing policies. Farmers will be required to sell
a~ greater proportion of their production in order to adequately
feed the growing nom—agricultural population, in addition +to
providing enough food for their own increased consumption levels.
They must have incentives to do so, especially since the
risk/reward situation changes with the higher level of inputs
required. Cash for these can only come from sales of surpluses at
prices which reflect the risks involved to the farmer. Credit,
input  supply, research, extension and infrastructure are also

important in the context of improved production.

Froductivity of 1land {increased vields and increased gross margin
per ha) would have to increase to achieve the growth in agriculture
suggested, since the availability of arable land for expansion of
cultivation is limited and insufficient +to feed the expanding
population &t current levels of production (the availability of
land resources Ffor food production is discussed later in the
report).

The low growth scenaric discussed by the World Bank (1987a) implies
& continuation of current government policies regarding food
production in the peasant sector. The overall growth of GDF
projected under these circumstances — 2.6% per annum — is less than
projected population growth, which implies that per capita income
and consumption will decline. In the medium growth scenario, GDF
is projected to grow at T.4% per annum, higher than population up
to 1998, implying increased per capita incomes and consumption up
to that time. After 1995 a growth rate of Z.&6%4 of GDF is marginal
for increased per capita incomes under high (Z2.5% per annum)
population growth rate conditions. If the medium population growth
rate of 2.74 per annum can be achieved, per capita incomes will
continue to improve.

To realize medium growth conditions, the World PBank (1987&)
considers that major policy changes are necessary including:
adiustment of the exchange rate, improvements in producer
incentives, and measwes to raise domestic and external resource

mobilization.
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It has been suggested that post drought (1984/83) recovery should
pccur before 1990 and enable Ethiopia to return to a growth of
around 34. However, variability of wesather conditions from year to
YEar, especially in marginal production aresas, makes such
predictions tenuous. A target of I% growth is only considered
feasible by the World Bank (1987b) under the following assumptions:
remunerative input-output price relations, a favourable marketing

situation, sufficient and timely supply of inputs, adeguate
agricultural research and extension, and widespread adoption of
conservation based farming to arrest degradation. This latter

point is elaborated on later in MLUF Technical Report 1.

2.8.4 Food demand projections

The prodections of food demand in this section of the report are
based on the population growth projections and economic development
scenarips presented earlier. Detailed analyses for & total of 11
population and economic growth scenarios are contained in MLURP
Technical Report 2, Table C9, but these are summarized here for
convenience. Figure 10 compares several of the possible
combinations of population growth and economic development for 1995
and 2010,

In 1995, the range of possible food demand indicated in Technical

Report 2 is for a Z1% to Z6% incrsase over that in 1985, indicating
production increases of between 2.7Y% and 3I.2% per  annum  are

reguired. Only under a medium growth prodjection would there be a
slight increase i1in per capita food availability. Under the high
population proiection, in 2010 & medium level of economic growth

would merely maintain the present food demand levels, while food
availability wouwld deteriorate to the extent that only 139 kg grain
equivalent per capitsa per annum (1100 calories per capita per day)

would be available. Under a high economic growth proiection, which
raises nutrition to the levels discussed in section 2.8.%, total
food production -~ pot allowing for imports - has to increase by &

factor of betwsen 3.1 and 3I.4 times, depending on population
growth.

An  increase of thiz magnitude without significant vield incresacses
ig dubious, since the amount of land available for expansion of
cultivation is limited in extent and, in many parts of the country,
further limited by the competing reguirements of land for forage
and fuelwood - fundamental to the rural farmers® existence with
cuwrrently available energy technology and cultivation techniques.
It has been estimated for example, that ore ha of annual cropland
requires 1.7 ha additional grazing land for the draught oxen used
to bring land under cultivation to feed a farm family at current
vield levels (FAQ 1986b, 1987b).

Much o f the land currently used Ffor forage production is
potentially arable, although certainly not all. But the use of
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potentially arable land for forage production may be in competition
with crop production requirements in the future. Thus, even i1f 2.4
times as much arable land were available than presently used for
Cropping, it is unlikely, given the livestock and fuelwood demands

of the future population, that enough land would be available
annually to meet T.4 times the food demand &t current yield
levels. Thus, under & high economic growth and population

scenario, the outlock 1is bleak unless significant increases in
vield can be achieved. Under the medium population projection the
situation is somewhat improved. The situation would be negative,
however, if the current low economic growth combined with high
population growth rates continues.

A detailed analysis of the competing requirements of livestock and
grops  in the future can be found in MLUF Technical Report 2. These
aspects are further expanded in this report under discuszsions
related to the population supporting capacity model.

2.8.59 The need for a population policy

Population, together with improved agricultural productivity,
appears, therefore, to hold the key to adequate food availability
in Ethiopia over the next 25 years. Considerable effort has been
spent in the past devising means to increase agricultural
production, but the other half of the equation, population, has not
been considersd in depth up to this time. However, & policy to
encourage family planning 1is paramount to Ethiopia's future
prosperity. Comsiderable resistance to family planning can be
expected in rural arsgas, as the traditional concept of an extended
family offers security in old age and labour for farm operations.
Appropriate education of the rural population is going to be
essential im this regard. A more appropriate start may be the
urban areas, until employment possibilities can be expanded in the
non—-agricultural sector.

20



3. PFHYSICAL RESDURCES

Z.1 BENERAL

This section of the report contains & brief outline of the various
physical resources of Ethiopia. More detailed information can be

found in technical publications in the LUFRD and other government
offices.

S.1.1 Obeology

Ethiopia is underlain by Frecambrian metamorphic and sedimentary
rocks, the greatest extent of which are exposed in the west of the
country. These are among the oldest rocks on earth, laid down more
than 600 million vyears before the present (bepa). Mesoczoic
(135-240 million vyears b.p.) sedimentary sequences overly the
Frecambrian basement in the central, northern and sastern parts of
the country. These are in turn overlain in central Ethiopia by
much  younger Tertiary (less than 65 million years b.p.) basalts and
pther lavas on which fertile soile have developed. Localized areas
of sediments deposited by wind and water and lake deposits of
fluaternary age (less than 1.8 million years b.p.) occcur, the latter
mainly in the Rift Valley. Quaternary lava flows and other
volcanic depoesits &are &also common in the Rift VYalley and evidence
of Quaternary glaciation i3 apparent on the highsst psaks (Mohr,
1971). -

Mineral wealth in Ethiopia is limited mainly to gold deposits in
the basement complex and &lluvial placers in the west. Flatinum
also occurege in the south. Fersicstent searches for petroleum in the
Dgaden lowlands in  the east have failed to locate significant
deposits, but the geclogical setting is favouwrable for oil.

Z.1.2 Physiography

The physiographby of Ethiopia is strongly linked to the underlying
geology, more perhaps than any other country in Africa (Mohr,
1971). It ie dominated by the deeply eroded volcanic mountains and
high altitude plateauw of the central, northern and esastern
highlandz, much of which lie above 2000 m elevation, and by the
Great African Rift Valley which terminates off +the coast of
Ethiopia. Dramatic +tectonic events in  the Upper Eocene (3645
million vyears b.p) resulted in widespread uplift of the central
land-mass and the subsequent rifting associated with the formation
of the Rift Valley has effectively bisected the country from SW to
NE .

Pérhaps the bDest known physiographic feature of Ethiopia, is the
Elue Nile, which rises in the mountains suwrounding Lake Tana
(considered the source of the Blue Nile) and flows southesast into &
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picturesgue canyon of immense proportions. This physically
separates the administrative regions of Gojdam and Welo. From here
it makes an about face and flows westward through an ever-widening
canyon, whereupon it flows out into the Sudan plains toc meet the
White NMNile on its way to Egypt. Hot, dry lowlands lie east and
southeast of the highland massive, while hot and humid lowlands
exist in the west of the countrv.

Zal.3 Boils

The FAD/UNDF Assistance to Land Use Flanning Frodect has provided
an extensive data base on soils, as a result of zurvevys conducted
since 19279, Detaile can be found in the Geomorphology and Soiles
map of Ethiopia, the Scoil Association map of Ethiopiza (FAQO, 1984a)
and & number of supporting field documents and reports produced
over the years sincg this prolject b=gan operations.

Spiles in the highlandz commonly have high c<clay contents (eg
Nitosols and Vertisols) and are relatively high in nutri=snt status,
despite +the common opinion that they are severely degraded through
poor agricultural practices. Exchangable cations, organic matter
and potassium are relatively high by Africarm and even world
standards, although nitrogen levels are declining dus tao the
widespread use of dung for fuel and reduced fallow periods because
of increased pressurs on land. Fhosphorouws is low in most soils
and Ffixation by clay minerals may be the cause of the poor field
responses  to this element noted by researchers, despite the low
phosphorous levels indicated in laboratory analysis of Ethiopian
solls.

Much o©of Ethiopia iz covered by shallow (i 25 ¢m depith), stony soils
(lithosols), the end product in many caszes of centuries of careless
land management. These soils occur commonly in the northern
provinces of the country. Soils of intermediate depth (25 - 50 cm
depth) &lso occupy significant a&areas in this zone. Despite the
depth re=strictions, population pressure has resulted in  their
intensive cultivation for the production of cereals. Mot
surprisingly., the shallower s0ils are more drought sensitive
because of limited moisture holding capacity. Deep red. brown and
black clays are the main soils used for agriculiure in the more
productive central, southern and eastern highlardes of Ethiopia, and
are remarkable in that they maintain much of their fertility at

depth. Exchangable bases and other nutrients appear in adeguate

guantities even at 100 cm in the deeper soils. This point will be
elaborated upon in later discussions concerning the effect of
degradation on thes yield of crops.

3.1.4 Climate
Ethiopia iz blessed by substantial areas of the country having high

rainfall. In the central, southern and =sastern highlands of the
country mean annual rainfalls are commonly over 1000 mm per year.



In the southwest highlands +they approach, or exceed, 2000 mm per
year . However, the northern highlands of Ethiopia,.encompassing
the provinces of Welo, Tigray, Eritrea and parts of Gonder, have &
much lower and more variable rainfall regime, Rainfall is
generally correlated with altitude, the middle and higher sltitudes
(above 13500 m elevation) receiving substantially greater falls than
low-lying areas (FAQ, 1984b). The exception to this rule are the
lowland areas in the west of the country where rainfalls are high.
While the average annual rainfall above 1500 m altitude may exceed

200 mm per year, variations from year to year can be extreme. This
makes agricultural planning difficult, with high risk of failure in
below average rainfall vyzars unless crops and cultivars are

carefully chosen to cope with this variation. Even traditional
crops, with inherent resistance to drought, do not always fair well
in extreme years such as 1984. Rainfall in the eastern, northern
and southern lowlands of Ethiopia is even more variable, with
overall totals ranging from 200 to 750 mm, depending on locality.
These areas are mainly populated by pastoralists.

The distribution of rainfall throughout the vyear also varies
widely. In the northeastern zone rainfall is mainly bimodal, the
smaller of the two seasons, occurring around March/April, is
referred to locally as the Belg. The second season is referred to
as the kKremt or Meher and occurs mainly in the second half of the
calendar year. It is usually the main cropping season, beginning
around June/July. In some areas the two rainy seasons combine into
a unimodal pattern of rainfall distribution. This is more common
in the west and northwest of the country where rainfalls are
generally higher. Between the two extremes, in the central
highlands for example, there ie a tendancy for the two seasons to
merge, with the Belg season being indistinguishable in many vears

from the Meher season. Imn other vyears the Belg may be absent
altogether. The lowlands of the =ast and southeast contrast with
the remainder of the country by having & distinctly bimodal
rainfall distribution. Here +the main component of the rainfall

comes i1in  the firset half of the year., beginning around March and
ending in May. Ths se2cond, smaller season begins between September
and November, depending on the locality. Generally speaking, the
more distinctly bimodal aresas are those with marginal rainfall
conditiong for annual crops. The influence of rainfall amounte and
digtribution on moisture availability Ffor crops is discussed
further later in thise section of the report.

The other equally important aspect of the overall eclimate in
~E’thiopia is temperature. Temperature is very strongly correl ated
with altitude, as indicated previously. Variations ars extreme,
from the searing heat of the Dallol Depression, the hottest place
on  average on earth, to the sub-zero temperatures which occur at

high &ltitudes. Snowfalls, for example, have been recorded on Mt
Ras Dashen, the highest peak 1in Ethiopia (4620 m). Much of the
high altitude plateau &above 2000 m &also suffers from overnight
frost between October and February. Because of the strong



intluence of altitude on temperature regimes, a traditional
zonation related to the crops and farming systems which are
tavoured 1in particular areas, has evolved among Ethiopian farmers.
This provides & very useful firet approximation to crop suitability
and 1is widely understood by local planners and farmers alike. It
is therefore treated in this report as fundamental information for
higher level decision makers and planners. Details are provided

~

later in the report and in Annex £ and Annex 4.

.2 TRADITIONAL ALTITUDE ZONES

.1 BGeneral

€1
B

Altitude dominates all aspects of agriculture in Ethiopia, because
of its influence over temperature. Strong statistical correlations
(r==0.9) have been demonstrated between the two (FAD 1984b) and
these relationships provide a good approximation of the temperature
regimes existing at different elevations and,. thus, to the
suitability of crops and other vegetation to these slevstions. The
Weina Dega and Dega cones are preferred for cropping and are mostly
free from malaria and trypancsomiasis. The kolla zone is favoured

where moigture 1s not limiting For crops, but the diseacses
mentioned above are commonly present, particularly in the west of
the country. The Wuwrch zone iz ~frost prone and generally

unfavourable for cropping, except for hardy strains of barley and a
few other Ffrost tolerant crops. The High Wurch iz largely under
natural vegetation and used Ffor livestock grazing where land
pressure is high.

The definition of traditional &altitude zomes is somewhat imprecicse
as microclimes may influence their classification on a local
scale. The different zones and their approdimate altitudinal
limits are listed below and the extent of sach .in Ethiopia is shown
in Figure 11. '

Zone Code Temperature Altitude limits
Range (m)
(=0)
High Wurch Uw < 7.5 » ZBOO 7/ T70O0
Wurch W 7.9 = 12.0 2900 - ZT500
Dega D 11,0 — 16.0 2TO0 ~ 2900
Weina Dega WD 16.0 - 21.0 1800 - ZZ00
Folla* ¥ 21,0 < 18500 / 1800
*Below S00/800 m altitude, where dry, the kEolla rone is referred to
as Bereha. This bhas not been treated as a separate altitude zome in

Figure 11.
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Because these zones &are widely used by local planners to estimate
agricultural potential at regional and sub-regional levels, charts
detailing the percent area of the different zones in each Awralia
are presented 1in Annex Z. The ar=sa assessment was made using the
GILES geographic information system in the LUFRD.

ITLIT OMOISTURE AVAILARILITY FOR RAINFED CROF FRODUCTION
J.3.1  BGeneral

Moisture availability is an important control on the development of
crops  and vegetstion in general, and so knowledge of the amount and
distribution of moizture for plant growth is critical to sffective
agricultural planning. Unfortunately, a high degree of variability
Dver time in moisture conditions makes planning difficult.
Strategies aimed at reducing the risk of failure over a 10 or 20
vear period involve statistical predictionse from metecrclogical
data collected over long periods of tims., commonly 28 years or
more. Data recorded for periods of less than 28 years are still
wseful, but less reliable results can be expected.

The likelihood of drought periods occurring during critical stages
in the development of different cCcrops can be determined with
considerable reliability., provided the frequency of metecoroclogical
data recording is sufficiently high. Daily records are desirable,
but 10~-day periocds are acceptable for most agricultural
applications. Apart from & few selected stations, however, data of
this +type are unavailable to land use planners in Ethiopia and this
represents a gerious constraint to more effective planning. The
monthly rainfall data currently available through the NMSA provide
only general guidance on moisture availability.

ol
i

. Dependable growing period

A number of methode are available for estimating expected moisture
conditions for crops, including the statistical gnamination of
rainfall data and the use of water balance models. Water balancs
models examine the effectivensss of rainfall for crop growth and
provide & more reliable msans for determining seasonal growing
conditions than iz possible from rainfall data alone. A model of
this type, the LOGF model, developed by FAD (1978), was used in the
Fhase I Assistance to Land Use Flanning prodect to estimate the
‘average length ot growing periods (LGFe) in the different
~ecological zones of Ethiopia.

Browing period (GF) is & technical term used to describe the pericd
in__dave throughout the year when moisture conditions in the =oil
are suitable For the crop growth uninhibited by moisture stress.
Moisture avallable for crop growth &t any point in time is
influenced by the moistwre stored in the s0il. This is the sum of
moisture stored from previous rainfall and the amount of rain

falling in the period considered, less losses due to evaporation



and th= transpiration of plants carrying out their life Crocesses,
losses from surface run—-off,and the amount water percolating
through the s0il without being stored. The mannsr in which GFs are
calculated is detailed in MLUP Technical Report 5.

GFs can be estimated for individual sesazons of the YEar, one yar,
averaged over many years, or treated ststistically to give some
measure of their likely reoccurrence over time. Dependable growing
period (DGF) is a term used to describe the likelihood of a BF of a
particular length occuring 8 years in 10. If the expected length
of the O6GF is known with +this degree of certainty, selection of
crops and cultivars for improved production can proceed with
greater confidence. Some crops require very long GFs, 200 or more
days uninterupted by drought periods of just a few days. Other
crops can succeed on as little as &0 days GF.

Figwe 12 indicates the proportion of Ethiopia which experiences
different lengths of DFGs. The lengths of DGFs which occur during
the BRelg and Meher seasons are shown separately according to the

legend. DEFs of less than 20 days are considered unreliable for
the production of most crops and varieties currently grown in
Ethiopia. Growing periods in excess of 150 days are indicative of

secure production zones, while those experiencing greater than 210
days of favourable moistures conditions are suitable for intenszified
agricultuwre and for perennial crops. Tha proportion of the country
with DGF's sufficient Ffor reliable crop preoduction is limited to
abaout 30%, as indigcated in Figuwre 12,

The concept of DEP and its applicaticn in planning is developed

further 1in the next section of thes report. D=taile of the
distribution and length of DGFs in each Awraia of the country are
pravided in Annex 2. The dstails are presented in graphic form for

ease of comprehension &and are intended for regional plannersz who
may reguire information on the prevailing moisture conditions in a
particular Awraia.

Z.4  LAND MANAGEMENT CLASSES

J.4.1 DBeneral

Knowledge of +the extent of land in & planning zone which has
certain limitations or potentiale with respect to intended uses, is

esgential for meaningful land use planning. In Ethiopia, most land
is required for subsistence agriculture. The amount of land
suitable for food production ie, therefore, the most obvious

limitation on the population supporting capacity in Ethiopia.
Other limitaticns inherent 1n  the land which prevent forage or
fuelwood production, also reduce itz capacity to support a larger
number of peopls.

For the MLUF, characteristice which could reduce the land’s
capacity to support s subsistence population were identified uwsing



the land resources inventory generated during the Phase-1, FAQ/UNDFP
Assistance to Land Use Flanning Frodect. This information was
computerized for MLUF wse and fed into & population supporting
capacity model described later in thig report.

IT.4.2 Land management classes

To simplify the populatien supporting capacity estimation, &
minimum number of land manadgement clascses were identified using the
land resouwrces data base described above. Detailed information on
the distribution of these classes by Awraia is presented in Annex 2
and Annex 4 of this document. The charts and mapes in the report
annexes also provide and easy to use, and suitably generalized,
picture of tha distribution of land resources in Ethiopia suitable
for the use of higher level decision makers and planners.

A esimplified definition of +the 8 land managesment classes used in
the population supporting capacity analysice is shown below. A more
comptrehenzive definition can be found in Annex 2.

Arable 1and

-  DGF more than 20 days

~ sopile more than 25 cm deep

- surface stoniness less than 59 to 90% stone cover
~ Vertisols net included

- slopes over 0% npt included

Vertisols

- all areas predominantly covered by heavy black clay

soils

Steep 1and

- all land over Z0% slope

- all other factors as for arable land

Marginal 1and

- land with significant moisgsture limitations in many
years

. (less  than 90 dayes of DGF, but more than &0 days on
-~ average
All other factore similar to arable 1and

Non—arable land

-~ land with severe moisture limitations (le=zs than &0

days of GF on average)
- soils less than 28 cm
- surface stoniness > 50 to SO%



As implied above, the definition of arable land is somewhat
generous, bearing in mind that soils down to 25 cm depth and land
up  to I0% slope have been classed as arable for the MLUF. However,
in the context of Ethiopian subsistence agriculture this land is
often &= productive as that with much deeper soils and gentler
slopes. In marginal rainfall vyears shallow =gils are more
vulnerable to moisture stress, but otherwise production on the
complete gambit of land and so0ils classed as arable is uniformly
low, & the production figures in Annex 7 indicate. The reascns
for this are complex, but relate mwmainly +ta +the nature of the
traditional crops and cropping systems used throughout the country
and the very low level of inputs, such as fertilizer and
herbicides, which are used.

Vertisols were separated in the land classification because,
although potentially arable, they do have sp=scial management
requirements for crop production. Their poor drainage once
saturated and their high draught requirements are both important
constraints to successgful cultivation. On the positive side, they
do have a very high water holding capacity and are relatively
fertile. In most cases, they provide dry season grazing reserves
for livestock in the highlands of the country, where most of the
human population is concentrated. Where population pressure is
particularly high, Vertisols are increasingly being brought under
cultivation by Ffarmers. Vertisols have considerable potential,
howevet, for more intensive crop production using technigues
developed by ICRISAT a&and ILCA which are described later in the
report. '

Stegep lande were separated in the classification of land management
types to take account of the need for intensive conservation
measures to ensure their sustained productivity. Some 204 of the
land area on slopes over 04 is required for conservation
structuwres, biological conservation such &8s tree lines., and to
allow for pockets of shallow stony soils. Steep lands are guite
widely cultivated in Ethiopia where land pressure is significant,
and this will continue at an increasing rate i1n the futwre in the
absence of regulation by dovernment. There is potential for
fuelwonod and perennial crop production on these lands, provided
land pressure is csufficiently reduced to ernable their assignment
for this purpose.

’Marginal land was separated 1in the classification of land types
used in the MLUF because of its limited moisture availability for
rainfed cropping and ite significant extent (1234 of the country).
This =zone is presently used for livestock production and for_
limited and uncertain cropping. However, with appropriate early
maturing crops and varieties +there is considerable potential for
increased and more secure food production in this zone.

Non—arable land was identified because 1t has little or no
potential for rainfed crop production. At present it provides



subsistence for a considerable number of nomadic pastoralists,

habitat for wildlife and 1s uwtilized +for +the production of
incense. There is peotential for more intensively managed ranching,

improved wildlife managemsnt and tourism, and incense production in
this zone.

Figure I provides & countrywide picture of the distribution of the
land management classes. The spatial distribution of the various
land management classez is shown in map form in Annex 4. An
important constraint in Ethiopia is apparent from Figure 13, the
limited amount of arable land available +for the expansion of
rainfed agriculture, even according to the somewhat generous
definition of arable used. This is in contrast to the popular
belief in Ethiopia that the land resource potentials in the country
are more or lesg unlimited for expansion of rainfed agriculture.

Z.3 LAND COVEFR AND VEGETATION RESOURCES
Z.9.1 ODBeneral

Land cover is largely dictated by climate., the characteristics of

land resouwrces and population pressure. Due to centuries of
expanding cultivation in northern Ethiopia, natuwral vegetation in
the highlands has diminished to a minimum. Natural vegetation in
central, eastern and southern Ethiopia has &lso come wWnder
increasingly heavy pressure in the last century. The steadily
rising human population, with its energy demands and need to clear
land for cultivation, has beesn taking an ever-increasing toll on
natural vegetation resouwrces during the later hald of this
century. Forests and wondlands for example, once considerably more
widespread than at present, ‘&are shrinking rapidly in area. The
gxisting distribution of land cover types, including both

cultivated land and natural vegetation, is summarized in Figure 14
to provide an appreciation of the structure of the remaining
vegetative rescources of the country. This ie based on data
contained in the Land Use and Land Cover map of Ethiopia, produced
by the LUFRD (FAO, 1984c). Further information on the distributicn
of the major land cover and natural vegetation types is provided in
Anmex I, in the form of bar charte for easy comprehension. A
general description of the land use and land cover types which
‘appear  on the Land Use and Land Cover map of Ethicpia is provided
below.

hc A -
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Intensively cultivated land (CI)

In  the summary of land cover given in Figure 14, this category
includes both state Ffarms  and land cultivated by small farmers.
More than half of the land is assumed under cultivation in any one
vyear, the remainder being fallow and mostly used for livestock
grazing. This category includes the most productive cereal
producing areas of the country.

0
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Z.5.7 Moderately cultivated land (CM)

Land of this type is described as having & significant proportion

of natural shrub or bush which ig grazed or browsed. This latter
component iz not cultivated. Maore than 20U of land in this class
is said to bs fallow. Included in this category arsz lands with
significant areas of perennial crop. The proportion cf fallow land

is approximately that of the moderately cultivatesd land.

Z.5.4 Afro-alpine and sub Afro-alpine vegetation (AA)

This occurs at high altitudes, generally above 200 m elevation.
It includes Erics woodland, shrubland and scrub and is often
browsed by livestock.

3.5.85 Forest land (FO)

Three categories of forest land are included here: dense conifercus
high forest, dense mixed high forest and distuwbed high forest. In
the last case, Forest harvesting and expansion of cultivation are
taking place in the forest.

F.5.6 Woodland (WO

Woodlands include Acacia species interspersed with grasslands and
scrub, and Eucalyptus woodlands for local fuelwood production.

E.9.7 HRiparian woodland or bushland (RI)

Includes riverine vegetation.

3.8.8 PBushland (BW

Includes woody vegetation of medium height. May include incence
producing species, emaller Acacias and bamboo interspersed with
shrub or grasslandes.

F.52.% Shrubland (SH).

Small shrubs and scrub interspersed with grass vegetation.

F.9.10 Grassland (GR)

Some woody species may ocow, but generally open grasslands used
for pastoral production (where water is available).

F.9.11 Wetland

Swamp and marsh vegetation. May be either perennial or seasonal ,
but inundated for considerable periods of the year.

Sl s



I.3.12

Bare land

This category is rarely bare in a total sense. Fatches of hardy
scrub  and bush colonize most expozed rock surfaces and sand and
salt flats to some degree.

-r
-t

S.5.1 Water bodies

Lakes and permanently inundated lands of significant area.

Z.6 NATIONAL FARKS AND WILDLIFE

Ethiopia is extremely fortunate in possessing valuable wildlife
resources which have hitherto been little developed compared to

those of some of its African neighbours. More than 100 species of
animals and over 800 species of birds have beesn identified and a
number of these are specific to the country. Maior national Parks
include:

- Awash

- Simien mountains
- Rift Valley Lakes
- Bzale Mountains

- Nechisar

In addition there are 14 wildlife =anctuaries/reserves and 14
controlled hunting arsas. Taken together thsy represent som= 4% of
the land area of the country.

Some emphasis has been placed on the cultural heritage of the
wildlifz by the GoE., but education of the rural population is
required to emphasize this point, Encroachment of national parks
through livestock grazing emphasizes the lack of appreciation for
the worth of wildlife by pastoral populations living adiacent to
parks. Reducing local interference to park habitate and more
intensive management programs for wildlife offers great potential
for increassd foreign sxchange sarnings through tourism.

(4
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4. LAND USE AND FRODUCTION SYSTEMS
4.1 BENERAL

Rainfed crop production ie the basis of almost all subsistence
farming in Ethiopia and accounts Hor 23X of the land area
cultivated annually. Export crops, livestock and livestock
products are also essential components of the production systems.
Since the revolution in 1974, the small farmers, who till the & to
10* million hectares of land cultivated each vyear, have user
rights to land and are organized in Feasant Associations (PAs)
which comprise 200 to 400 families. There are szome 120,000 FAs
organized in groups of I to & to form Service Cooperatives (5Cs)
which act as management centres for grain purchases., retsasil outlets
for the provision of comodities such as salt and coffes, and
outlets for agricultural inpute such &g fertilizers. The FAs and
SCs are organized along democratic lines, with officials at each
level elected by their constituents.

Dther important production systems in Ethiopia include state farms
and producer ocooperatives. The formation of producer cooperatives
is actively encouraged by government through incentives and
subsidies, but to date their contribution to the economy has been
minimal as yvields and total production appear lesz than or egual to
those from FAs (World BRank, 1287 . State farmse receive
considerable financial assistance from the GoE to develop export
production, promote import substitution, increase the arsa of
cultivation and promote better farming technology and organization
through provigion of improved seeds to the agricultural sector.
State farms account for IV of the area sown to maljor crops and 5§ to

b4 of national production. The efficiency of the state farm sector

has been criticized by a number of agencies, espezially in relation
to its past credit performance (World Bank, 1987b).

A wide variety of farming systems are practiszed by small farmers in
Ethiopia, but there are many common threads such as the predominant
use of draught oxen for the tilling of land. Inputs tend to be
minimal a&and vields low. Management practices, such as weeding,
also tend to be much less intensive than required for higher
vields. Livestock, mainly through the requirement for draught, are
principal components of most farming systems and Ethiopia possesses

-the largest livestock pepulation in Africa, approximately 40

million TLU. Most are concentrated in the highlands.
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*Comparison of C80 and LUFRD esztimates for the cultivated aresa of
land in Ethiopia are discussed later in this report
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4.2 FARMING SYSTEMS

4.2.1 BGeneral

The great wvariety of agroecoclogical conditions in Ethiopia has
encouraged the development of diverse crop and livestock systems.
The major limitation to intensification and edpansion of rainfed
Crop  production is availability of moisture (FAD, 1984b). However,
given adequate moisture availability, altitude, and thus
temperature, determines crop suitability,

Three agroecological zones can be distinguished at & general level
in Ethiopia sufficient to broadly classify systems of agriculture:
highlands, moist lowlands and dry lands (AACM, 1987). Westphal

(1974), FAD (1984c) and AACM (1987) all recognize four main farming
systems in Ethiopia which can be further subdivided according to
classifications for tropical farming systems (FAQ, 1984c¢c). The

four maior systems are as follows:
- the seed farming complex
- the enset-planting complex
- shifting cultivation and
- the pastoral complex.

4.2.2 Seed-farming complex

This system 1is predominantly & cgeresl farming system with the

production of almost all crops from ssed. Pulses and oil seeds are
also important, with roots &and tubers subsidiary. Livestock are
primarily {for draught, but provide a store of wealth, fusl {through
dried dung) , food and transport. Systems with these
characteristics can be found in the central, eastern and northern
highlands of Ethiopia, and in the Fonsoc regiom of the socuth.
Details regarding the further subdivision of this system can be

found in Technical Report I, AG:DF/ETH/78/00T (FAD, 1%84c)
4.2.% The enset (Ensete ventricosum) planting system

Ensst is restricted in extent as & maljor production system in
Ethicpia to the southwest of the country. It i found in the
highlands from 1500 to 2000 m elevation. The plant is related to
banana and both the pseudostem &nd corms are cut and pulped for
food. The pulp may be cooked when fresh or, as is more common,
~fermented in silos usually in the ground. Fermentation may take &
few weeks or years (FAD, 1984¢). The main production zone of enset
is above 2000 metres where it vields exceedingly well, generally
providing more than 20 quintals/ha of product. It is often
interplanted with coffee or chat (Catha edulis) and is rarely the
sole sowce of human food in the farming system. Ceresals, pulses,
tubers and cash crops &re Wwsually important components of the
overall farming system, supplemented extensively by livestock
raising. Land preparation may involve & long digging stick or the
plough may be used. Flanting, harvesting and preparation for food




vary widely throughout the enset zone. Hecause of 1ts high
productivity, botkh in  termse of food production and livestock
torage, it haz potential for expansion in hesavily populated areas
with suitable environmental conditions for its culturs. Soccial
acceptance on  a wider scale has s0 far limited ite expanzion.
Further detszils can be obtained From AG:DR/ETH/7R2/007 Technical
Report 3.

”~

w2a 4 Bhifting cultivation systems

Shifting cultivation is not well documented in Ethiopia armd is
mainly confined to the lowland tribez in the west and southweszt of
the country. It is reportedly practised by the Gumuz, Berta,
Fatfa, and Gimira-Madi groups and among the Mskan—-Surma and zome
peoples in Sidamo. The typical pattern of shifting cultivation, is
use of the same ares for one or two vears and then abandonmernt of
these fields and movement to more productive land. Crops grown are
mainly sorghum, supplemented by maize, finger millet, SeEame,
groundnut and pumpkin. Cotton is used az a cash crop. Again,
details can be found in AG:IDF/ETH/7B/003F,

4.2.5 The pastoral complex

The role of livestock in almost all farming systems in Ethiopra :
very i1mportant, beyond the simple provision of draught power. For
the currernt puwposes, however, pastaral systems are defined sz
those which despend almost completely on livestock production for
the subsistence of those who practises them. Fastoralism az definsd
is practised in the hotter and drier zones of Ethiopia, usually
because no other sustainable sysztem is possible inm these arsas.
Most pastoralists can  therefore be found in the north, eazt and
south of the country, but limited pastoralism is alsoc practissd
along the Sudan border in  the west of Ethiopia. Fastoralism is
discussed in more detail in MLUF Technical Report =

=

4.7 MAIN CROFS AND CROFFING FRACTICES
4,32, 1 General

The crops and cropping practices in Ethiopis are almost as cilverze
A2  the environments in which they are found. The following section
\b& the report presents a statistical summary of the area cultivatso
to the malior crops and the average vields of these Crops. An
Awralia based presentation of ares cultivated and crop yields ig
presented in Annsx 3.

4.2.2 Area cultivated toc malor crops.

Over recent YEAFE, a cConsiderable degres of dlscuEs1on has
developed in Ethiopis regarding differencss betwesn two alterrmative
gstimates of the ares  croppsd  each  vear. The C50 producss &
yearly summary of the area, production and vields of common Crops,
based on statistical samples drawn on = regional basiz for all

=

=
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accessible Fegionz of the country. The LUFRD, in 1984,
estimate of the area of cultivated land in Ethiopia ab

nationwide land use asssssment. The LUPRD dats ares derived in the
main from satellite image interprstation and fislg traverses.

Rroduced an

The Ffirst and most important fact to note is that the two sources
of information (ie CE0 and LUFRD esstimates) guote data concerning
two quite different aspects of land uss. 0On the one hand, the cso
gstimates are aimed entirely at estimating the cropped area in any
one yvear., The LUFRD data pravide detailes of the area of land which
has been subiect to cultivation in the recent past: the cultivated
araa. The two are quite distinct. The spatial extent of the
cultivated area sstimated by the LUFRD was determined 11 the main
from the patternz of cultivation evident of satsllite Lmagery.
These patterns indicate whersz land has beenm cultivated in the
recent peast, not dust where lang is cultivated in the currarnt
YEAI . The patterns formed by cultivation scars and former field
boundariss may, however, last for several years in fallowed 1and,
as casual observation will demonstrate. The fallow ares in any one
year can thus be consliderably understated in the LUFRD estimates.
Taken on face value, the estimated crop producing area will be
overstated by &an egual margin when extrapolated to estimate total
production.

By the same token, the inability of the C50 to Se able to concuct
more  extensive surveys and Lo reach insecure Regionz: also servss bo
underestimate the totsal ares of proguction. The truth no doubt
lies somawhers betwesEn  The two estimates, but the bsliet of the
MLUF mission iz that the CE80 estimates a&are much closer o the
actual croppsd aress than thoses derived $rom the LUPRD data in their

present form.

The production arsa of the main crops grown in Ethiopis for the
1982/8% cropping s2ason 1s pressnted in Figwrs 1%, Thesae {figures
are ingl only, as year to yveasr variations i the area cropped

Ca &
CAN e considerabls depending on environmantal conditions such as
o A

rainfall. The figuwes are drawn from the 1982/87 MoA agricultural

BLMVEYS, which repressent the only avaeilable crop production data on

an  AwWrala basis for the entire country. They are presented here in
t

preteresnce to the Cs0 average figures (overall y
concordant) ., for conslsteEncy, as  thessz are  the data used Lo
estimate production filiguwres on & Awrsda basis i Annex 2. The
symbols used in Figursz 18 for the main crops ares as follows:

Te~-Tef, Ba-RBarley, Wh-Wheal, M¢~Ma;ze,
Mi-Millet, Tu-Tubers, Fu-Fulses, 0i-Dils
Co-Coffe=, En-Enset, Ch-Chat.

So0-50 ah UT
seeds, a-Fallow,

4,2,% Crop vyields

The estimatesd vields of malor crops grown in Ethiopia are shown in
Figwre 1é&. The symbols used are the sams as those in Figurs 13,
Yield estimates &are derived From the data contained im the MoA,
General Agricultural Swvey (1982/82), which forms the basis of all
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currently available Awrads vield estimates. These data wers used
in a farm model, described later in the report, to estimate the
minimum land area required +to support the various subsistence
farming systems present. This was an essential input into the
population supporting capacity estimation carried out for each
AWraia, presented later in the report.

4.%.4 Cropping practices

A great deal of information already exists on cropping practices in
Ethiopia and it would be counterproductive to present othsr than a
brief summary here from & selection of references, including
Westphal (19278), EHRS (128&) and AACM (1987).

Land preparaticn. Most cultivation 1n Ethiopia depends orn the
plough. Westphal (1973) =stimates thiz has been the case for some
2000 years The traditional plough 1s still basically unchangsc.

The "Maresha®, as it 1= known locally, FRas a chiszl action and does
not invert the soi1l as it passes. Weed contrcl is less sffective
than for & mouldboard. However, it has lower draught re2guirements

than & mouldboarg &and provides minimal  tillags, which tends to
lzave the =c0il less susceptible to =rosion.

Freparaticn times arz prolonged, sspecially for thes favoures czreal
tetf (Erzgrostis  abvssinics). The avesrags rumber of psasses of the
plough For tef is &, and +fo thar =

crops 2 oto T, This places
considerable stresz on livestocok 3 s at peak larmg preparation
times. Although  the2 distribution o total livestock numbers
roughly equalz the draught requirsment on & FA or AwWrais basis,
ineguitable distribution of livestock constrainz farmers with few
or na  oxen during the peak land preparation period. It results in
less land cultivatsd or late planting which, i shorter than

averags gIrowing SEAE0NE, may Cause severs vield reductions,
Wealthisr farmer=z with adesqguats livestocock tend to oo well urdsr
these circumstanc while the poor get poorer, & point =laborated

-
upon by Gryseel=z =t al (17E&).
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grious disadvantage of repeatsd ploughings 13
il to more  severs erosion, espeEcially
i

opern ths =0 Eino
land presparation period iz wsuwally early in the wet seazon whan

moEt intEnse.

i

rainfall 1

The main reEason for  prolongsd land  preparation reguirsments
gspecislly +for tef, appears to bE wesd control. Thers iz
constraint with respect to wesd infestatic ont
alternatives contral mEasUWres WEmE
application of pre-smergencs  herbicic
reEdusing draught  reguiremsnts during
period.

Other sy=stsms of cultivation include the hos ang digginmg stick. In
enset/root crop systems the hoe and digging stick are thes main
tools for land preparation. Hoe cultivation ig also widely

1%
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practised in the eastern highlands, especially where farmers apply
more inputs and obtain greatsr yields. The limitation on the hoe
system is primarily one of not being able to brimg sufficient lamg
under  cultivation to  support & farm family &t cuwwrant, low yiesld
levels.

Ceeds  amd planting. Suitable varieties are ava
wheat (EHRE, 19842, Somes 50002 tonnes of imp
the peasant ssctor, mostly by producsr c©
szeds  ars  gensrally not availabls for ot
estimates that improved varieties genersally provide only 20U mors
in termz of yield than local wvaristis=sz and that more improvement
comes +rom scrupulous weeding anmd fertilizer imputs.

able for msize and
O szed are used in
ocperatives. Improveg
8 CropE. ADD  (1288)

weading and  pr i from pests.  Weeding is most commonly done
by hand, Bt or  large grain crops the plough may be usesd. ARCH
(1987) zstimates tef receives I wesdings, maize and sorghum 2 and

Most sead 18 broadcast in cereal systems and coversd by a final
pass  of theE  plough. In the case of tef, =z puddled into the
surface and left uncovered. ARCHM (1287 sztimates 5 dave for
ox—aszgirsted seeding and 4 days for hos sseding.
Crrop  hustandry. Fertilizer use is esztimated to be Z.9% of land
cultivated by pesasants (EHFS, 1786&) . This iz negligible on &
countrywids soales. Where applisd 1t iz usually in lesss than
recommended  amounts. The reasons for such low levels of fertilizer
use ares limitsd availability, timsliness of delivsry, inadeguate
credit  and cost. Yiegeld ramsponses 1n traditiornal cropsz sre also
attenuat=d by the lack of complimentarsy inputs, such &z adsguats

o

.fi

other crops one. First weedings ars sstimated to takes about Z0
man—days @par  hectars, reducing  for  later wzadings. ADD (1988)
sugoest this is totally inadeguats and that ineffective weeding 1s
a major constrsint to achieving potential vieslds,

Harvesting iz generally carried out using the sickls and crops left
to dry in the fields. Threshing iz most commonly accomlizhed using
oen to trample thes harvssted crop. Winnmowing 1 dons using wooden
pitech forks or other similar instruments.

Fests =snd dissases, local wvarietiss of crops are generally
resiztent to mosEt pests and dissases, pbut fungal problems and smut

si

Chave been regported in some grains, Fodernts are & maior problem in
many areas, both pre& and post harvest. Eaboons create a gresat deal
of damage 1in aress where there iz swfficient matuwal vegestation
cover nearby  for their protection. In the western zone, elephants
and pigs can be problemsatic, but &as cultivation expands in the
waztern zone  thisz may incraase. Locusts, OrasshoppeErs, and
armyworm have also caused sesriocus problems in the past in Ethiopia
and national and international programs are in place to monitor
these serious pests. Termites and weevils are serious post harvest
pestsz in some regions of ths country.
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4.4 LIVESTOCK
4.4, 1 General

Livestock are fundamental to  almost all farming systems in
Ethiopia. Recent surveys (AHACM, 1984) confirm that the reazons for
keeping livestock include:

- as & store of wsalth,

- insurance against crop failure and famine,
- draught power for crop cultivation systems,
-  manure for fuel,

-  manure for fertilizer,

- transport,

- products for sale

- products (0 dairy) for home consumpition

The ubiguitous role of livestock in subsistence systems in Ethiopia
no doubt &a&ccounts for the estimated 40 millicn TLUY (see MLUF
Technical Report Z) which are present.

4.4.2 Types and distribution

Livestock comorise cattl
sguines and camsls. Catt
and cattls &and goats

herds of the &tar and I
in eastern Ethiopia. B

of  the Isbu type, zmsll  ruminants,

and sheepr are dominant im thz highlands

in the lowlands, svcept for the large camel

S5a zoples in the northern Fi1ft Valley and

qui arg evenly distributed throughout the

highlands with the e:ception of southeastern Ethiopis. Hers they

are mors abundant. The esstimated proportion of species on &
rnational scale is shown in Figure 17,

4.4.7 Feed resources

Detailed estimates of available Ffesd rescurces are contained in

MLUF Techrnical Report I, These results are summarized on an Awralia
basie amd inm graphic Aform in Anner 2 of the Main Report. Im

Technical FReport 3, it is estimated thst the 2& to 40 milliom TLU
present in Ethiopia have availlsble some 86 million tonnes of dry
matter annually. This represents an averages dailv consumable dry
‘matter of Z.3224 of livewsight. While the overall figure appears
- satisfactory, substantial differences ococuwr on a Region and Gwralda
level. Large gquantities of dry matter, for ecample, ars avallable
in the sparssly populated western lowlands, but here tsetss and
trypanosomlasis are widespread.

1

m

gubstantial dry mattier

Similarly, in eastsrn Ethiopisa, thers i
T but water availability

=t &=
avallable Hrom natwal savanna vegetati
for livestocok limits to these reszou
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Figure 17.

Dry matter production comes from three main sources in Ethiopia:

natural vegetation, crop residues and aftermath grazing. For the
purposes  of  the MLUF, total annual dry matter production for each
Awraia was determined using crop production data, crop residue
conversion factors and conversion factors for production  from
natural herbage. The production from the latter was obtained using
the Land Use and Land Cover map attached to the Assistance to Land
Use Flanning, Technical Report 2. Substantial differences in
available dry matter are indicated by the Awraia . level data. Areas
intensively cropped are, in general, in a deficit situation with
regard to feed resources. The high requirement for draught during
the peak land preparation period places pressure on farmers to keep
more animals than can be adequately fed from available resources,
creating a spiral of vegetation degradation. Since grazing lands



are largely a communal responsibility little is done to improve

production. There has thus been &an incresse inf the resd to use
steep and degraded terrain and to depend more on waterlogged areas
with attendant risks to animal hkealth. The most productive

pastures in the highlands are inundated for much af the growing
season and  animals have to be moved to more marginal areas on
higher ground or to fallow land to avoid these risks. Thess lands
are predominantly on Vertisols, which posss a future problem when
these scils may need to bs brought under crop cultivation to feed
the growing human population.

Seasonal shortages in  both the guartity amd guality of forage can
b acute. At the onsst of the rains there is usually a shortage of
bulk. Seasonal waterlogging &t an  advanced stage of the rainy
s2as0n can &lso cause shortages and by the tim= inundation recedes,
the gquality of the feed has already passed its best. Irn dersely
populated areas with lessz  animal-dependent cultivatiorn, more
intensive feeding systems have developed for livestock. Here feesd
is cut and carried, az in parts of Harerge and thes ensest zones of
the southwest. Fotemtial exists for increased dependerncs on
hillside exclusion zones and cut and carry systems. In general,
intensive management of crop and forage production, through systems
suzh as= alley cropping, will becoms mandatory in the future if
livestock forage requirements arse to be met.

Environmaental factors, suzh  as  bush esncroashment  and recent
decreases in rainfall i paztoral areas, are concerning, as they
indicats am accelerating spiral of declining forage resources when
coupled with the +trend toward overgrazing. Availability of water
during recent droughts has further intensified the problems for
nomadic peastoralists. For zoms years now, the traditiomal lands of
the Afar and Eereyu p=sople of northern Rift Valley have been
reduced inm  extsnt  through irrigstion development. although some
compensation has been attempted by limited irrigstion of pastuwre
adiacent to the Awash rivsr.

4.5.3 Animal health, nutrition and productivity

Heslth. Livestock in Ethicpia are subldsct to mumercus parasitic
and infectious dissasss which., together with poor nutrition,
restrein  animal productivity. Maior dizsases such ag Rinderpest,
Contagious Povinz PFPl=2uwro Pnusumonia (CEBFFY and Trypansomiasis have
caused high lewvelz of morkidity and mortality inm the psst.
Trypanosomiazis is =3 maior  constraint to  ths “pansion  of

traditional Afarming =zystems, which depend on animal draught, in the
wasztern zonss of Ethiopia. Tick-borne livestock dissases are also
important irm thi=s regeard.

Nutrition. Nutritien i1z & {fundaments problem affecting the
productivity of livestock in Ethiopia. High stocking rates, as
discussed abkove, tend to produce unfavowrable rates of forage
available +for livestock in many areas of the country. Tog=ther

with poor Ffeed availability and the generally low levels of
rutritive value of many of the forage speciezzs, shortages in both
energy and protein &re common. In sddition, results of forage and

Ny
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blood analyses

(Faye et al, 198%) suggest the exstent of trace
2l=ment deticiesncies

is considerable throughout the country.

Productivity. Most livestock are estimated to be kept at intakes
near the maintenance level. Overall efficiency of f=ed use is
therefore low, az B85-920%4 of feed is estimated necessary to cover
maintenance, while the remsinder is available for productive
purposes. Exposure to dizease and poor nutrition has also tended
to direct livestock selection toward survival rather than
performance. fBccording to EHRS  (1984), Ethiopian productivity
indicators are up to 1/3 lower than the average for tropical
Africs. The tendency to communal grazing further increases the

trend toward greater numbers of less productive animals, in order
for individuals to gain the most from shared rescurces.

4.5 SUIL DEGRADATION
4,3.1 OGeneral

A congiderable volume of information has been producsd in recent
y2ars reagsarding scil  degradation in Ethiopis, but certain basic
facts remain cbhscurs. Whiy for evample, oo farmers require
inceEntives  such as Food For Worbk t noourags them to conssrve land
i the benefits Ffrom the incrsased production are so grest™  Why,
it the anticipated SFertility declins 1= go dramatic throughout
Ethiopisa, have vields not declined in an squally dramatic manner
over  ths  l=sst 10 y=ars ts2e MLUFP Technical Feport 2). Total
productivity may have fallsn for lack of rainfall, poor farm
managemsnt oOr socio-sconomis rEasonsE, but yields have remained more
or less uwniform escross the country, albesit 1low. Ariswers to these
guestions are basic to a propsr perspective of soil degradation in
Ethiopia and itse eventual solution.

1)
il

4.5.2 The nutritive character of Ethiopian soils

While the fertility of soils in many parts of Africa is confined to
the topsoilese, where nutrients are concentrated and once lost cannot
be replsced without fertilizers or other sgil improvements, the
majority of Ethiopia’'s highland scils remain relatively fertile at
depth. For erample, grchangeable bases &t 100 cocm depth are
avallable in egual amounts to those found in topsoils (FAQD 1984a0).
The esame iz true for & number of other important nutriernts. Under
these circumstances erosion reducss  depth  and the water holding
capacity of the soils, and not inherent fertility. Depth becomes
limiting when insufficient to provide ths moisture ressrve nesded
to protect crops  egainst  the droughty pericds which may occour
during their growth cycles.

Virgin eclls regtain even higher levels of inherent fertility in the
organic layer of thz topsocil. Substantial guantiti=s of nutrients
and organic matter can be lost after Jdust & few vears of carslecs
farming when thess solls are first opened ug for cultivation. On
the intensively farmed land in Ethiopisa the clock has already been
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set to zero and the high nutrient leveles in the top few centimeters
of thess once virgin sogils has long since disappeared.

4.3.3 Minimum soil depth for productive yields

Yigld reductions dus to erosion have traditionally been assumsd to
stem mairmly From nutrient losses (EHRS, 198&6) . Loss of water
holding capacity and decrsass in rooting depth are cited by Thomas
and Cassell (1979) and Stocking and Fain (1983) as equally, if not
more important. Stocking and Fain (1987) point out, however, that
provided 0 toc 78% of target vields can be achieved in small holder
systems, the minimum soil  depth tolerated by grain Crops 1s
remarkably 1low. Depths down to Z% cm were modelled as being
sufficient to mest 30 to 73% targest vields in sorghum. The extent
of these reducticons is wvery much & furctiocn of individual crop
tolerances, socil  character and depth, and managemant technigues.
Most crops grown in Ethiopia have evolved with a bias for survival
and modest vyields in most vyears, rather than for high levels of
producticon in some vyears. This makes vyield reducticn under
moistwre stress  less severs than for higher vielding varieties
under similar circumstances. The rooting depth of most local crops
ig &lsao of the order of 25 to 50 ocm. Beyond this depth moisture
remains  largely inaccessible to  them, 'iﬁdicating that molistures
prablems are unliksly toc appear above this threshold unlsss due to
raintall deficits.In those zones of Ethiopia where cultivation has
been practised for centuries, soils have become excessively shallow
as a result of poor management practices and steadily worsening
erosion. Here the problem of soil depth and associated poor
molsture retention is & maljior concern. But emphazis should be made
of the fact that socils in northern Ethiopia are generally more
erodable than other parts of the highlands and they have alsoc taken
centuwies to reach their cwrent levels of decline. Despite the
shallow =oils, in years of adeguate rainfall, vields equate to
those in areas with much despsr soils.

4.9.4 Farmer motivation for conszervation

One of the main reasons that farmers in Ethiopia are not motivated
to apply conservation measures, is that vields rarely show any

improvemant without simultansously increasing levels of ather
inputs such as fertilizers. Fhysical conservation measures also
oCocupy  up  to 204 of the land in  stesp areas and this further
discourages theilir &adoption. Once it is understood that shallow
s0ils are capable of sustaining the present low vyvields of
subsistence farmers in all but thes poorest rainfall years, it
becomss clearer why farmers do not invest effort 1n  soil

conservation without inducements such as Food for Work. This 1s,
of. course, an oversimplification, bescauwss many other factorszs enter
into their motivation. Frevailing market prices for their produce
and the need to fesl security of tenuwre, so that they invest effort
in improving their land, are sgually important.

4.5.5 8Soil depth modelled over 28 years

The emphasis 1n recent vyeare placed on  the uWrgency +or soil



conservation in Ethiopia, prompted the MLUF mission to examine the
influgnce of soil loss rate on the extent of potentially arable
land over the next 2% vyears. Using avallable datas on estimated
s0il loss rates and present soil depth, produced during the Fhase-l
project, the probeble scil depth in 25 yvears was modelled for each
Awradia. The most wvulnerable socils were assumed to be those
presently 28 to 80 cm in depth. With high =cil loss rates of 0.5
cm ‘or more. these scoils could be reduced to critical levels in 23
years,

Despite estimated loss rates in excese of 1 cm/annmum in some
locations, critical soil depths of 2% om or even 50 cm, appsar

unlikely to be reached before =010, wocept  for  those already
critical areas in  northern Ethiopia. For the remainder of the
country, it may take S0 years or morsg for the problem to becoms

critical at a national lesvel.
4.35.6 The futuwre role of soil conservation

The EHRS estimates that the loss of productivity caused by soil
degradatiocn in Ethiopia will amount to EER 15,000 million over the
ext 25 years, or some EE 600 million p=r annum. These figures are
based primarily on the estimated losses from lower crop vields
loss of c¢crop land, and lower forags production. lLosses of
praguetivity arse linked by the EHRE to reducsd soll depth and loss
of nutrisnts. While the loss of s0il is undeniably extrems in
Ethiopia, the opimion of the current mission is that productivity
losses are somawhat oversstimsied in the above study, in view of
the low input 1levels and uniformly low yields of cwir=nt farming
systems. This is net to zay that =soil
problem in Ethiopia, but that ths pr
concerntrated in  arsas  where soil ache d critical levels
more  than & c2ntury 890, in th= n re provinoes of Eritrea,
Tigray, Welo and parts of Gonder. Given sufficient time.
productivity losses will alsz becoms  =sxtrems in obher, rapidly
eroding areas of the country, such as zouthern Shewa, Gamo Gofa and
Harerge.
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The guestion isg really omne of time. The MLUFP mission believes that
Ethiopia faces & food crizisz’ driven by itz rapidly expanding
population and low agr-cnltu 2l productivity, long before a modern
; stion crisie has time to Eignificantly alter the cuwrrent food
production potential of the land. 0f courss production in many
aress of the courntry will eventually be reduced to the current
levels of northern Ethiopia 1f soils are not propsrly conssrved.
However, gimply comserving soils will do little im irmcresase total
food  production, but merely meintain ths status guo. Yieglds must
be idincressed 1+ Afood sufficient to mest the populaticon’s nesds is
to be produced over the next 2 vears. Intensified farming in
which «onservation formeg an integral part of generally better land
management is one answer. Under thess circumstancs:s inputs, such
as fertilizer, are more effective on land susceptible to ercsion,
as losses caused by surfacs water movemsnt are minimized. Details
are discussed later in the recort.
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4.&5 DEGRADATION OF VEGETATION RESQURCES

4.6.1 GBGenerasl

The extent of natural woody vegetsation has been dimimishing for
some  time in Ethiopia, at rates wvastly greater than it can
regenerate. The two main reasons for this are land clearance for
agriculture and the growing need for fueslwood and wood for building
materials. Closed canopy forest has been reduced to below 4% of
the land area of Ethiopia, according to LUFRD figures produced in
1985, Unlesse appropriate state intervention in the control of
these resources is Fforthcoming, they will de=generate much more
rapidly in the future because of the demands of the rising
population.

4,6.2 Fuelweood availability

The energy needs of the populsation are already placing undue strain
on  the natural vegetation resources in most of the highlands of
Ethiopia. Demand will continue to expand exponentially over the
next E35 years without an energy substitute for cooking. At the
present time, dried cattle dung and crop residues provide up to S0%
of the annual per capits reguirs=ments for fuel,. This has nesgative
fesdback on  attempts to improve food production, because of the
loss  of nutrisnts to  the so0il. An aliternative snergy sowcoe is
obvicusly desirsble, but has vet to be defined and establizshed =s
sconomical and reliable.

The estimated &availability of Ffuslwood For each Awrais in the
country is shown 1in Annex I, in chart form. Estimates indicate a
ability, sccording to the demand of the

»
positive or negsative avail i
proijected population and the annusal production rate from nmnatural

hoe
o

vegetation. Eztimates of the proiscted naticmnal requirement,
availability, and the plantation ares reguired to supplsment the
demand are included im Tabls I The figures in the table wers
derived +from estimat=s of the annual regeneration rate of the
varipue natural vegetation types in the country and the fuelwood
demand of th=s projected population i 1988, 1925 and 2010,
Consumption of fuelwood per capits is assumed to be 0.8

m¥/caput/annum, the remaining portion of the 1.2 n® required is
assumed to come from dried dung and crop residues.

Rates of regernerstion were determined using the Land Use and Land
Cover map produced by the LUPRD (FAD, 1984c), and annual production
rates for analagous agro-ecological zones in Africa (Anderson and
Fishwichk, 12843 . It is importamt +to note that produaction from
closed high forest was excluded in the cuwrreant estimation, becsuse
the MLUF mission Fe2els  thsat thess scologically unigus resources
should only be harvested under strict Government mansagement and not
indiscriminantly by farmsrs. Otherwiss, irreversible damags may be
done to these dwindling resourcess. Estimates of production from

-

closed high forsst are included in Tabls T, and Annax I



The volums of fuslwood reguired and the plantation arss necsssar
to meet the demand of the population is staggering. Ethiopia has
clearly entered & crisis with respect to fuslwood availability. A
crisis which must be addressed &t the earliest possible time to
reduce the prospect of Ffurther degradation of the regensrative
capacities of natural vegetstion resources.

~<

TABLE 32

ESTIMATED ANNUAL FUELWDOD DEMAND

S S et s S sy e ey P Sh e o sy i S W S0 SR P S ot Yt S0 o e i S e i S W it S T S0 Bl PO S0 it ot Y Vot ot Sl S oo SSD S SRS oAl G e B S

Year Reguirement Met Demand* FPlantation Aresa**
m=/ann m=/arn Feguirement in ha
(millions) (millions) (millions)

1985 RN 14.8 0. 78

199 45, 4 26,2 1.72

2010 76.1 5&£.9 3.79

Total annual production assumed constant at 19.15
millicon m®/annum without including preoduction $rom
closed high forest. This would add anm additiomal 4.29
million m®/annum.

*Reqgquirement less producticn from natural vegetation
**Flantation area baszed on an average production of

13 m™/annum.

4, 6.7 Industrial wood

Existing high foreszts constitute the ocrnly significant source for
production of industrisl wood in Ethiopia. A ths high forests

diminish through unmariaged exploitation ard clearance for
agriculture, the need +or sstablishment of inmdustrial plantations
‘will Orow. Existing forest, however. represent the socurcs at hand
and state management is ezsential o their long term
productivity. The extent of industrial plantation reguirec to

supplement existing Fforests can bsst be determined after bringing
all the high forgsts wunder managemesnt. The area suggested in 1984
was 110,000 ha (FAQ, 19842), but this represanted only an initial
target arcund which more deteiled planning would take place after
an assessment of sdisting resources.
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S.  QUANTIFICATION OF LAMD USE

THE FOPULATION SUFFORTING CAFACITY MODEL

S.1 BACKGROUMD

For QS% of Ethiopia®s population, maintenance of a basic
subsistence standard of living reguires the production of a minimum
areax of crops, maintenance of a livestock population adeguate to
produce sufficient draught oxen, and access to adequate fuelwood
for  cooking. Livestock compliment +the subsistence system by
providing some meat and milk for household consumption, and dung
for fuelwood substitution. This section of the report examines the
potential of each Awralda in Ethiopia to provide these subsistence

needs under varying population, production and consumption
projections.

G.2 THE POFPULATION SUFPFORTING CAFACITY MODEL

v 2.1 General

o

The population supporting cepacity (FSC) of sach Awraia depends on
the resources available to mest the combined food, livestock and
fuelwood reguirements of the subsistence population. To guantify
the capacity of available resources to support these ngeds, a FSC
model was developed during the couwrse of the MLUR. The model
(through & farm sub-model) first estimates the available food grain
equivalent produced by the composite farming system in an Awralias,
oxen reguirements, income from sales of grain and costs of
production. The minimum area required for subsistence by & typical
farm family is estimated in the model from these paramaters, for
gpach Awrais. Thisg takes into account the basic nutrition anmd fusl
needs of a Ffarm family, and the area reguired to maintain their
draught oren. Additional land must alsc be set aside by
subsistence farmers in many areas to meet their share of government
grain guotas. Subsequent steps 1in  the FSC model calculate the
number of farm families which can b= supported by the available
resources at current levels of productivity. The supporteable
Aumber of families is compared in the model with present and future
~pstimates of family numbers, based on population projections
detailed in MLUF Technical Report 2. Disposable incomes based on
AMC, open market and CMC (if applicable) incomes a&are also
estimated.

Hemes e Data sources

The minimum area required for subsistence depends to & large extent
on the productivity of thes land and farming system in the Awrala
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concerned. To estimate the productivity of different systems, area
and production estimates from the General Agricultural Survey of
the Ministry of Agriculture (1984) were examined, together with =&
data set Ffrom Anderson and Fishwick (1984). Coffee data were
compiled from &a combined data set obtained from MCTD, FAO (1987)
and the mapped distribution of coffee areas.

He2en The farm sub—model

# single standardized model of & composite farminag svetem was
developed Ffor esach Awrada from the data above. This was necessary
as the detail required to take account of the spatial distribution
of farming systems within Awrajas could not be Justified in terms
pf available time or the guality of the available data. Since the
model was developed from Awralia totals, the resultz of the farm
model component cannot be taken as & reflection of any component
system within the Awraia, but an indication of the average
situation.

The farm model takes into &ccount global parameters, regional
parameters and individual composite farming system models. Global
parameters include:

= number of ploughings;

- crop residue coefficients;

- percent loss and sesd requirement;
- AMC and CMC pricesy and,

- a parameter for modifying yields.

Farameteres for each of the maldor grain crops, tubers/root crops,

pulses, oilseeds, fallow, coffee, enset and chat, are also
included. The various global parameters wers estimated from LUFRD
reports (FAO, 19835, 198éb, 1987e). The values of the global
parameters, such  as the number of ploughings, influence the demand
for draught oxen peairs per hectare of the farming system. This
subsequently affects the area of pasture land reguired and,
wltimately., the PFBC. Sengitivity of the analysis to different
values of global parameters could resadily be tested by altering
these wvalues 1n  the model. AMC  and CMC prices for crops were

obtained from official sources where applicable.

One set of regional parameters were specitied, indicating the
average open market price for grains, pulses and cilseeds. Thece
were obtained from a variety of sources specified in MLUF Technical
Report 2.

Individusal composite farming system models provide estimates of the

aggregate production, less percentage losses and seed requirement,
for each Awralis. Consumable or marketable surplusss of each crop
component of the system are also estimated. Dry matter production

from crop residues and fallow are provided, based on the residue
coefficients and vyields per hectare of fallow land speciftied in
MLUF  Technical Report 3. For an  improved technology scenaric
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described in MLUF Technical Report 2, cash costs per hectare are

also estimated. Finally, income is sstimated from sales to AMC,
CMC and the open market.

The output from the farm sub-model for input into the FSC model
includes:

available food grain eqguivalent from grain and pulses
(kg)

available food grain eguivalent from tubers and ernset
(kg)

- income from AMC sales (EE/annum)

- income from CMC sales (EEB/annum)

-~ total residue production (kg)

-  total ox-pair plough reguirement (days)

- cash costs of the farming system (ER/ha)
The details of the methods of computing these values for each
Awraia are contained in MLUF Technical Report 2.
S.2.4 FPopulation suppaorting capacity estimation
The FEC model integrates the crop, livestock and fuelwood
requirements of farm families in each Awraia. The solution of the
model, & linear programming problem, identifies the maximum number
of rural households, plus the associated wban population, which
can be supported from the available resources in each AwWralia.
Inputs to the model include:

-~ estimated area of potentially arable land;

- estimated rural and urban population (19285, 192935, 2010
medium, 2010 high);

- average rural household size, and hence estimated number
of rural households in 1985, 1995, and 2Z010;

- an oxen to cattle conversion factor which uses the herd
structure of different areas to compute the minimum

number of cattle required by the farming system;

~ +the proportion of total AMC procurement which has to be
obtained from each FRegion, based on cuwrent practice;

~ potential fuslwood production per hectare from
non—~arable and arable land in each Awraia:
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- potential forage production per hectare from non—arable
and potentially arable land in sach Awrala

- global parameters for the entire model defining human
nutrition levels, cattle nutrition levels, current AMC
purchases, projected AMC purchases (1995, 2010), per
caput fuelwood consumption, and farm fixed costs.

Arable and non-arable land. The supporting capeacity of sach Awralisa
depends to a large extent on the characteristics of the land

available to produce the subsistence reguirements of the
population. The relative extent, therefore, of arable and
non—-arable land From which the crop. fuelwood and livestock
production reguirements can be met in each Awralda is a necessary
input to the model. The extent of arable and nom—arable larnd was

determined +from the land ressouwrces data base produced by the
Fhase-I. Assistance to Land Use Flanning project. according to the
definitions set out in Chapter 2 of this report. The relative
extent of arable and non-arable land in each Awraldia is shown in

Annex 2, and the spatial distribution in Annex 4.

Fuel wood reguirements. Annual fuelwocod reguirement of rural
households, plus & proportion of the wban demand, is estimated in
the FSC model for 1985, 1995 and 2010, Fuelwood consumption is

estimated on the basis of Anderson and Fishwichk™s (1984) figures,
but can be wvaried in the model to simulate different situations,
including the influence of substituting dried cattle dung for
fuel. These aspects are discussed later in detail.

Forage reqguirsment. Requirements are estimated from the resulte of

the farm sub-model. This 1is achieved by comparing the feed
requirement of the cattle needed +to sustain one hectare of the
farming system, with the feed available Ffrom residuss. It in
gdeficit, the Fforage requirement is computed from the size of the

deficit and the recommended crop arsa. otherwise the feed balance
is set to zero,

Optimizing land use. Since crops can only be grown on potertially
arable land, two possible situations exist in  the model for
determining the maximum FBC in an Awraja:

- Where crop reqguirements exhaust all potentially
arable land and limit the possible number of
househnolds;

- Where available arable land exceeds the reguirements of
a population constrained by insuwfficient mon—arable
land to provide the neceszsary livestock forage and
fuelwood. '

In the First case, the maximum number of households which can be
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supported is determined in the model by comparing the area of
arable land with the minimum farm size required to support a
subsistence farm Ffamily in the Awraia under conzideration. The
minimum farm size is the number of hectares requlired ta provide the
food grain equivalent needs of a rural family, taking into asccount
the the needs of the local urban population and the AMC quota,

Where non-arable land is insufficient to meet the fuelwood and
forage production needs of the population which could otherwise be
supported from the available arable land, the model reclaims arable
land for production of fuslwood and forages and adiusts the land usze
until &ll of the land is used and & balance is struck between the
competing needs of the system. Thisz mawimizes the number of
households which can be supported under these conditions.

Fresentation of FSC results.

For each of +the prodiected situations in the model, the number of
households under each series of population growth assumptions and
consumption levels is compared with the supportable number of

households according to the model. This is expressed as a positive
or negative percentade, depending on whether the particular Awraia
is projected to be over or under supporting capacity. A detailed

graphic presentation of the results of several simulations i given
in Annex 1.

Farm eccornomics. Incomes are edpressed as Disposable Income Less
Firxed Costs. In view of the number of assumptions involved in the
model and general nature of the datsa base, disposable income is &
more appropriate indicator of cash availables for consumer goods for
rural families. Income from crop sales ies assumed to come from:

- sales to AMC
- open market salecs
- sales from coff=e

All sales of coffee are assumed to be conducted through CMC. Fiuned
costs are deducted Ffrom disposable income to a total of EER 34,00,
comprising household poll tay feese and depreciation of tools.

Details of the methods of calculation and interpretation of results
are contained in MLUF Technicsl Report 2.

.3 ANALYSES UNDERTAEEN
S G5l General

The population supporting capacity model was used to simulate &
number of future land use scenarios to determine the robustness of
the model, particularly in view of the many assumptions made. A
number of analyses are presented 1in MLUF Technical Report 2.
Subszequent analyses were conducted uwsing more precise data on the
gxtent of arable and non—-arable land, which became available +from
the GILES geographic informaticn system in +the LUPRD after the
initial runs of the model had been completed. The trends of the



results are generally concordant, and differ only in detail.

5.2.2 The Base Model

The base model represents a reasonable approxrimation to the
axisting FPSC situation in many parts of the country, with the
possible exception of the assumptions concerning fuelwood
consumption "and Vertisol use. Dried cattle dung and crop residues,

such as sorghum roots, are used as substitutes in areas desparately
short of fuelwood, accounting for up to S04 of the per capita
fuelwood requirement per annum (World Bank 1984). Cultivation of
Vertisols iz also expanding in areas where arable land is in short
supply, but not without severe land management constraints for
farmers. Despite the pessimistic picture this model presents, it
does provide a means for determining the relative worth of
interventions into the land use systems aimed at improving the FSC,
by establishing & zZero level againgt which to measure potential
gains.

pAssumptions. The following assumptions are contained inm the base
model:

Arable land defined as in Chapter 3;
- Vertisols pot available for cultivation:

~ Nutritional reguirements of the human population 1&62.6
kg of grain equivalent per annum;

= DNutritional fequiremehts of livestock, a total of 2280
kg of consumable dry matter per annum;:

- Fuelwood reguirements/caput/annum set at 1.7
m¥/caput/anmums

-~ Tseste affected areaz are excluded from arabls lanc.
Se3.3 Reduction of fuelwood demand to 50% current of levels

The influence of fuelwood demand on the FSC in each AWraia was
tested independently by holding all other factors constant im the

base model and reducing the demand For fuelwood +to 0.7
m¥=/caput/annum. The standard fuelwood comsumption adopted in the
base model is 1.3 m¥/caput/annum. This scenario most closely
resembles the actusl situation in Awrajas with & serious shortage
of Ffuelwood. The buwrning of dried cattle dung and selected crop
residuass have bean estimated to supplemant the Ffuslwood
requirements  of families in such circumstances by up to S0% (AACM
1287) . All assumptions regarding arable and non-arable land remain

as defined in the base model.
S«3.4 An increase in forage production of 50%

The base model was again altered with respect to one parameter, the



amount of forage available for livestock. The obiective was to
determine if an increzase in forage production, without prejudice to
other levels of productivity in the base model, could make &
gignificant difference to the population supporting capacity. All
assumpticns regarding arable and non-arasble land remain as defined
in the base model.

5.3.5 Vertisols fully untilized for crop cultivation

Vertisols  are the heavy black clay soils widespread in the
bottomlands of the Ethiopian highlands and along the Sudan/Ethiopia
border. They are guite extensive, occupying as much as 8% of the
land area of the country. Vertisols are mainly used for forage
production at present, becauss they are difficult manags. Foor
drainage a&nd high draught requirements are the main problems.
However, the high proportion of Vertiscls inm growing psriod zones

suitable for cropping increases their relative worth as potentially
arable land.

S5.3.& Tesetse control

The presence of Tsetse (GBlossina <=p) in many areas of western
Ethiopia has provided & natwal barrier for the westward sxpansion
of cultivaticn Ffor centuries. Teeste flies are vectorszs for
trypanosomiasie, a disease which is fatal or debilitating to
cattle, the essencs  of draught power for cultivation in  the
highlande of +the country. The species of flies known to carry
human eleeping sickness have also been ildentified in Ethiopia, as
has the disease itselt (Schaller & kEuls 1972). However, livestock
trypanosomiasie isg far more widespread and is serious in Gomo Gofa,
Goiam, Ilubabor, kefa, Sidamo and Welega Regions. It iz generally
confined +to saltitudes below 1800 metres. These Regione all have
substantial land area below 1800 metres with the associated high
humidity necessary for suwwvival of the Tsetse flies.

In the base model, the areas affected by Tsetse have been
eliminated from consideration as arable land, because sustained
production of food crops under the current animal —draught systems
cannot be guaranteed. In this run of the FSC model Tsetse is
assumed to have beern controlled.

S5.3.7 VYields increased by S04 over current levels

This run of the PSC model demonstrates the influence of the cuwrent
low vields and the high food demand of the increasing population on
the PSC of each Awralia. Yiglds are assumed to incraase by S0%U
without prejudice to other factors, all other variables in the
model assuming the values used in the base model.

5.%.8 Achisvable aoptimum
This run of the FSC model reflecte the combined effect of

simultaneously introducing all of the improvements treated
independently in previous runs of the model and, &t the same time,
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improving human nutrition to recommended levels (FAD 1987c). It
reflects what might be realistically achievable over the next 25
vears if appropriate development policies can be implemented in the
near future. The most difficult of the desired improvemsnts to
make, ig that of providing an alternative fuel toc wood while &t the
same tim2 achieving biological improvement in the nutrient status
of soile.

H5.%.9 0Other simulations

Several other runs of the PSC model were carried ouwt, including an
investigation of the amount of land available for production after
first eatisfvying future food neede. FRunsg simulating reduced vields
due to drought and the impact of improved farming systems are also
included. These results are not presented graphically in Annex 1
for reasons of concissn=ss. However, they arz discussed at length
im MLUF Technical FReport 2.

=

S5.3.10 Disposable incomes

Detaile of the methods and interpretation of the dispeosable income
analysis are contained in Technical Resport 2. The results are
summarized further in this report.

5.4 RESULTS OF THE ANALYSIS
5.4.1 General

In view of the brief time available for development and tszsting of
the modesls and thes reconnaissance natwe of the dsats base on which
the variouwus analysese depended, & degrese of caution should be
maintained when interpreting ths ressults. Considesrable scope
remainsg  for  improvemernt of the models, but thie lies beveond the
pressnt terms of reference of the MULUP. Despites these limitations,
the wide range of sensitivity +tested in the varicus runs of the
model is believed +to reasonably reflect the limits of thz actual
FSC gituwation in Ethiopia.

Charts indicating +the F8C by Awralia are presented in Annex 1| to
this report, to provide higher level planners and decision makers
with & means for rapidly appraising the sitation. Two examples of
‘the charts are given in Figures 18 and 19, Figure 18 reflecte the
result of dincluding all limitations on the extent of arable land,
ie the base model. Figure 19 reflecte the most optimistic run of
the model attempted, the achievakle optimum. All madior cormstraints
were removed and a S0 increase in  food and forages production

Jincluded in this cacse.

By examining the consecutive charts in Annewx 1, each of which
reflects the influence of removing or =sasing one constraint on
potential FSC relative to the base model, an indication of the
possible benefit of each intervention can bs gained. Typical
differences are apparent in Figures 18 an 19.
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5.4.2. Minimum farm size

The results of the base model analysis suggest & variaticon of
around four times bstween the most and le=ast productive Awrajas, in
terms of grain equivalent producsd per hectare of farming system.

That is, a minimum area resguirement of betweesn 0.8 and 3.2
hectares. Most values lie between 1.0 armd 2.2 hectares.
Surprisingly, the Awrajias in which enset is important do not appear
to be as intsnsive, in terms of grain eguivalent production, as
anticipated. The main reason, supported by more detailed LUFPRD
studies currently underway, ig that despite the high productivity

of enset relative to common cersals, a considerable proportion of
the farming systems in these areas i1is devoted to grain crope.
Another complicating factor may b= the reported ensst yvields in the
Bengral Agricultural Survey (MoA 1984), which are only two thirds
of valuee reported by ths LUFPRD (FAQ, 1%87b).

Data detailed in MLUFP Technical Report 2 indicate that mimimum farm
sizes nead teo incrzase over the next 25 years, as & result of the
assumptions that family size of rural householde will remain
constant at 2.9%4 and that growth of urban households will increase

at 4%. Each rural household therefore, has to brovide food to an
increasing uwrban population if self sufficiency in food production
ig intended by 2010, This can only be done by increasing the

cropped area and/or increasing yields.
J.4.7%F Fopulation supporting capacity anslysis
This 1indicates a disturbing trend throughout the hesavily populated

highlande of Ethiopia. Evern if population growth carn be curtailed
to some edtent in  the future, a number of Regions in the country

are clearly approaching, or  have already entered, a crisis with
respect to FSC. Welo, Tigray and Eritrea, for example, have more
Awraias presently over capacity, &ccording to the model, than under
capacity. This appears to bs the case regardless of the influesnce

of possible interventions proposed in the varipus rurs of the FSC
model.

The next 10 to ZE years appesar to be the most critical, with many
praviously considersd surplus producing areas predicted to zucesd
their population supporting capacity between 1925 and 2010, Figure
20 shows the trend in the numbsr of Awraias, according to the base
model estimates, in each of five FEC classes . The five classes
shown in Figure 20 are explained in Table 4. Figure 21 shows the
“distribution of the same classes by 2010, according to sach of
several strategies to improve the FSC. This diagram sugassts that
unless & concerted effort is made to bring about improvements in
the yields of crop and Aforage, tssise control, and reduction of
fuelwood requirements, the FEC will continue to decresase to
critical levels. By comparing the relative numberz of Awraias
predicted to be in particular classes by 2010, it becomes clear
that isolated improvements through intervention in any one ssctor
has little effect. The improvements gained or & naticnal scale
from combining the possible interventioms is substantially greater

n
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TABLE 4.

FOFULATION SUFFORTING CAFACITY CLASSES

FSC Class Fercent of Remarks
supporting
capacity remaining

s s e dan vons ot s W o s e o " o o s M s i e St Y i OO e s s o S e e AGS Tl s A s e S W ek YRS WS NS e e W e el W e SO e e e oo M Wt e e i e e e S WS S e mean

A +30 to +100% Under capacity
E +20 to +50% fcceptable

c +20 to -20% Marginal

D -20 to -100% Over capacity
E o= 100% Critical

than +for the individusl factors. Of the individual factors, the
control of tsetse appears to have the most influence on improving
the FSC.

The influence of the various interventions can, of course, be
interpreted in an entirely different manner. Increasing production
is a&kin to reducing demand, and it ise this side of the squation
which has so often been neglected by planners in the past.
Populstion 1is the key to demand. A policy aimed at reducing the
population levels assumed in  the FPSC predictions would have the
same effect &g simultaneously reducing demand for fuslwood, food
production and livestock for tillage., thereby substantially
increasing FSC.

S.4.4 Limitations on the interpretation of the FSC results

Additional caution should be exercised in interpreting the results
of the FSC  analysis, because of +the variable environmental
characteristics of some Awralias. Where substantial areas of
non-arable lowlands &are included in an Awrada, this may influence
the apparent supporting capacity estimation as pastoralists may

‘have besn included in the estimates of total population. This
tends to inflate the proiected food demand beyond the reguirement
from grains, ag pastoraliste live to a large extent on livestock
products. Without a more detailed sampling frame, ie Woreda level
analysis=s, it iz not possible to remove thie limitation. This level

of detail lies beyond the mandate of the MLUF.

Additionally, in Awraias such & Dire Dawa, many families have been
recorded in  the census as rural households, when in fact they have
trading activitisse ocutside the agricultural sesctor. Incomes are
therefore likely +to be substantially greater than reflected in the

6O



simple analysis of grain and coffee sales. This fact applies to a
humber of Awraiss in Harerge, where trade in chat keeps disposable
incomes at much higher levels than reflected in the output from the

base model. Income from trading &and from livestock were not
possible to estimate from the available statistics on an Awraia
level, which leaves the possibility that disposable incomes may be

substantially greater than estimated in arsas where dependence on
grain and coffee sales are less than average. Income from labour,

for example for coffee harvesting, may also alter rural incomes
significantly. Again this was not possible to estimate at the
Awraia level from the data base available for the MLUE. This may

help to explain why highly populated areas in Shewa, such as
Lembata and Hadiya, are able to swvive when they appear tao have
already passed their supporting capacity from subsistence farming.
Areas 1in  southern Shews also produce enset, roots and tubers. The
per hectare production figures of theses crops ucsed inm the model may
underestimate FS8C. It is possible yields are up to I0% more than
estimated, but this would s=till not offset the food demand
projected for thess Awralias by 2010.

Although rursal incomes from scuwrces other than grains and coffee
may be considerably higher in some Awraias than could bes estimated

during the current planning activity, the present and proiected
dependence of these Awraias on food purchassse can be seen from the
FSC resulte. Unless these sources of income can be guaranteed,

vulnerability to food shortages will be comsiderable.
5.4.% C(Critical areas

By examining the resulte of the FSC analveis Ffor sach of the
scenarios  presented (including those in MLUF Technical Report 20,
it is possible to Jdudge which Awraias (or Regions) appear to be
facing difficulties which render them vulnerabls to food shortages
in the next 2% vears, or limited purchasing power to obtain food.

For Godam, Shewa and Arsl Regions, which together cwrently provide
8%%4 of AMC purchases, the populsation growth by 2010 will irncreace
food demand to  such  an extent that food now availablzs asz surplus
will be required For home comsumption. I+ per hectare producticn
dogs not increass markedly, gither the PSC will $all, nutrition
levels decresase to unacceptable lewvels, or AMC will have to tap
additional sowcss of supply to meEst wban demand.

Bouthern Shewa and northern Sidamo may be particularly critical if

incomes and production are not  increased. In particular, the
Awraiase of kKembata and Hadivya, Chebo and OGuragie and Welayita
appear critical.. A indicated previously, incomss from sources

other than those a&assessed may enable these Awraldas to survive as
they are, but this is doubtful. Expansion of the area under enset,
roote and tubers may further improve the FSC in this zone.

The Regions of Eritres, Tigray and Welo all app=ar to have poor
progpects for the futurs, even agsuming the optimistic situation
pressnted in the achievable optimum run of ths FSC model. There
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seems little altermnative but to redistribute +the population if
alternative sources of inceme outside agriculture cannct be
generated in thes short to medium term.

5.4.6 Progpects for coffee

The results obtained from the FSC model {(see MLUF Technical Feport
@ indicate that the Awraljas of current-importance for coffes are:
Bardula, and Geleb and Hamer Bako in Gamo Gofa; Bursum and Gara
Muleta in Harerge; Bunc, Gore and Mocha in Ilubabor: Limu, kKulo
kKonta, kKefa, Maili and Boldiva, and Gimira in Kefa, Arero in Sidamo:
Melkemte, Ario, Gimbi, Ealem, and Asosa in Welega. There is
potential for conflicts in land use in these areas, because they
are designated as suitable for expansion of cultivation. The
comparative advantage of coffee and food crops should be carefully
weighed in these areas before more intensive development of either
is commenced.

Dolo, Metekel, Wegera and Jem Jema Awrajas ars currently minor
producers of coffee, but their favourable FSC position suggests
that possibilities for increased coffee production should be

investigated.



&. FOTENTIAL FARMING SYSTEMS

6.1 GENERAL

The population supporting capacity analysis indicates +*hat per
capita food production will declins at increasing levels over the
next 2% years unless food production  and export earnings from
agriculture can be significantly increased in  the same period.
There are two main possibilities for achieving this: teo increasze
productivity of crops and livestock per hectare, and to expand the
ares used for cultivation and livestock production. Increasing the
area under cultivation at current levels of productivity will zalone
not meet these needs. There is thus & clear need for increased
yields of most maior crops and forage production in Ethiopia. This
raises the obvicus guestion of where this incresase iz to come from.

Since %% of ths food production in the country originatss from
individual peasant Ffarms, thiz would seem the cbvious place, whers
modest  but effective improvements would bring the greatsst overall
benefit in terms of total production. A number of alternative
strategiss designed to achieve such improvements are discussed
below.

6.2 FERTILIZERE VERSUS ROTATIONS

$.2.1 The present situation

Yields have stagnated under +the low input levels of peasant
agriculture and must be improved if Ethiopia is to come nzar to

self-sufficiency in food production over the next 25 veares. This
implies the use of improved technologieszs such as fertilizers and

generally more intensive agriculture. Fertilizers do increass
vields, but to obtain the full bsnefit farmers must use recommended
amounts and improve crop husbandry, including more intensive

weeding and improved seeds. The fertilizer prics relative to grain
pricese has an important influence on the willirngness of farmers to
apply fertilizers, even when available. The timeliness of supply
and the efficiency of the distributiorn network &alsc influence
attitudes to fertilizer use.

The fertilicers farmeres use are imported, which implies
considerable cost in for=ign exchange to the economy. The lack so
far of significant gquantities of raw materials suitable for the
manufacture of fertilizers mahkas dependence on imporits effectively
total. Handling and transportation costs in Ethiopia, with its
limited infrastructure, are also considerable. Frices to the
farmere reflect the costs at the official exchange rate of ER 2.07
= Uss 1.00, plus ths averags marketing prices which include
transport and handling charges. There are csome 100 marketing
centres whers fertilizers are delivered to Servics Coopesratives
(8Cs) upon request, but reqguests must be spproved by the MoA and
ONCCF, All fertilizers are imported and marketed through AISCO.
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Fertilizer prices in 1987 are shown in Table B4 of MLUF Technical
Report 2. The fertilizer/price ratio for tef and maize, together
with statistics on the total fertilizer used, are shown in Figure
22, based on World RBank (1987b) figures. It is apparent from the
graph. that when the cost of fertilizer is high relative to the
grain Frice Ratio, the amount of fertilizer used declines sharply.

6.2.2 Improved technologies for peasant farmers

In view of the current difficulties related +to widespread
fertilizer use in the peassnt sector, a seriss of alternative
technology levels is set out below which could both improve
production  and nutrition &t the same time. The improvem=nts are
based on modest applications of Afertilizer coupled with cersal,
l2gums, pulse rotations which provide S0% vield incresases and a
ratio of calories to protein of Z:1. The present rmational ratic is
&:l.

Fresent technology (Type I), practised by the vast maljority of
peasants, is defined for comparison to include:

- local unimproved varieties cof crops:

- no fertilizer use;

- no pesticides or wesdicides;

-~ current agronomic practices;

- draught animals and/or hoeing;

~ stagnating yields caussd by shortening fallows,
lack of green manure, decreasing amounts of dung
for fertilizer, loss of organic matter and land
degradaticon through erosion.

Improved technaology (Type I suggested for  asdop
maiority of individusal peasants by 2010 iz characteri
following:

~ local or improved varisties, whichever iz demonstratazd
to be the most effective;

- limited amounts of fertilizer (ZE-100 kg DAF and S0kg
Urea to increase yislds up to 50%)
or

a rotation of cereals and pulses in & ratic of 31, in
combination with undersowing cereals with & legumincus
green manure, increaszing cersal yields up to 100% over a
10 year period;

- no pesticides

- improved agronomic practices, with emphasis on row
planting and better wesding;

- draught animals and/or hoeing;

- improved conssrvation, but must bs practical and mot too
costlys

- current cropping patternsz, except in the caze of the
cereal /pulse/legume rotations.

&4
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The third technology type recommended (Type III) is for possible
adoption by producer cooperatives. It is characterized by:

— inputs similar to those of Type II, but if
econocmic, mechanized land preparation. The main
benefits of mechanization are not in higher yields,
except where soil preparation needs to be achieved
in a short time to achieve sowing/planting at the
correct time in an intensified system of
production. Mechanization could reduce pressure on
livestock numbers and release land for other .
purposes (gg for fuelwood or crops) and reduce land
degradation due to livestock pressures

- crops and cropping patterns as defimed under Type
IIg

- pesticides if requiresd;

- adeguate conservation.

A Ffourth a&alternative 1s suggested for state farme in Technical
Report 2 but, since thies simply places more emphasis on
mechanization, fertilizers and pesticides, it is not discussed
further here.

6.2.7  Input-cutput analysis for improved technologies using
fertilizer as recommendsad

The question of whether fertilizers provide & satisfaciory
incremental benefit Ffor farmers hinges on the relationship between
fertilizer cost, vield improvemernt and market prices. The reszults

of  the input-output analysis for a number of economically important
crops indicate that this ie not the case at present.

Since fertilizers must be bought, farmers are reguired to sell a
higher proportion of their harvest to meet the increased costs of
production. Input-output calculations in MLUF Technical Report 2
reveal that the percentage of production sold shouwld rise from the
current 207  to  betwesn  I30% and 40%4 at current fertilizer and AMC
grain prices to meet costs &and achieve & small improvement in
domestic grain availability. The benefits of fertilizer use are
thus scarce and the risks considerable, considering the variability
of factors such as rainfall or pest attack.

-The incremental benefits and costs of the suggested technologies
were tested against the current situation by sstting imaginary
prices for grains which are above AMC prices, but below open markest
prices. Farmgate prices are well above AMC prices in most cases in
most  years because of the artificially small markets caused by &
forced guota, relatively low price and restriction on private trade
between FRegions. The imaginary prices are more or less in lirne
with proposals For AMC price incrsases made by the Food Strategy
Taskforce (July 1987)., The detailed results of these 1nput-output
calculations for the main cersals in Ethiopia are contained in
Tablez RBY to BIl in MLUF Technicsl Report Z. A summary of the
results is contained in Table EBES.
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It should be noted that price increases alone will not necessarily
result in  increased inputs &nd, therefore, increased production.
Much more is necessary, including adequate and timely delivery of
seeds and fertilizers to accessible market places, adequate
xtension Bervices, adeqguate research, improved marketing,
transport and infrastructure, and, where required, credit schemes.

6.2.4 Results of Type II technology using fertilizers

Results indicate that barley, whesat, tef, maize, and horsebean
would be economic under the Type II technology proposed wsing
fertilizer. This 1s not the case for oats and millet, while
sorghum  is  marginal. Except for ocats and millet, the gross margin
per hectare increases with increased fertilizer use, as well as the
gross margin per labour day. The amount of grain availabls for
home consumption &lso incresases, but & higher proportion of vield,
as suggested earlier, has to be sold.

There are & number of consedquences of increaszed grain sales,

including the need +for an effective demand for these grains. The
creation of an effective demand can only be accomplished if

sufficient remunerative employment can be created outside
agriculture. Increased net disposable incomes in the hands of

farmers may also cause & significant increase in livestoock numbers,

as thise is & traditional "banking system® that rural pessants use.

gther consumer goods need to be available thereftore to stimulate
the economy 1if disposable incomes should rise significantly. This
dictates the need for developmant of the marketing system and rural

infrastructure.

Foreign exchange 1mplications

Estimates contained in MLUFP Technical Report £ indicate that to
maet ths food demand in 2010, the harvested area under the present
low vielding technology (Type 1) would need to increase by some 2
to 3.9 times. Aszsuming  that such  an exitent of arable land is
availsble, a&and that wields in 2010 are Z0Y higher under Type 11
technology, therz would still be a2 nesd for am ares expansion of

some 1.7 to Z.2 times the present arss under cultivation. Thi=
presupposes  about  S0kg of DAF and S0 kg of Wrss per ha of all
land. This would reqguirs betwesn 700,000 MT and 1,700,000 MT of
fertilizers, a 7 +to 17 fold increase in fertilizer imports. This

impliss between US$ 128 millicon and ZZ& million at present pricssz.
‘and  all of this to provids food for domestic consumption. Added to
these costs areg the demands on transportation arnd infrastructurs,
which are tremendous. This makes the whole guestion of fertilizers
at such levels of input guestionable.

£.2.5 Ceresal/legums/pulse rotations az an alternative to higher
levels of fertilizer use

A considerables amount of deteil on ths agronomic bensfits of such
rotations is contained in MLUP Technical Feports 2 and 4. Taken
over 25 vyears, it appesrs that a two-year wheat/ons-year horssbean



rotation, with the whesat undersown with thes legumz Trifolium, would
be &t an economic advantage over the use of fertilizers zlone.
Through an  assumed build up of organic matter inm the soil, wheat
vields could be expected to incresse from 1.0 to 1.5 MT in the

4

firgt vyears, to 2.0 MT over 13 yesars, aftsr which they would remain

stationary. Mutrient s=supply for the cereal would come From
horsebean N-fixation of 18 kg per yesar and from the Trifolium
N—-fivation of 20 kg per year, and the application of S0 kg DAFP per
yzar to wheat and I0 kg per year to horssbsans.

The internal rate of retwn for the system would be of the order of

25 to IO%. The fertilizer use of such & system iz about 407 of
that Ffor continuous planting of wheat. Additicnal bernsfits come
from the increazed feed supply for the livestock necessary to meet
the draught reqguirements of the farming system. In later years,
some 3.7 MT of dry matter per year (2 years wheat, Trifolium, one
year horsebeans) could be anticipated, compared with 2.3 MT dry
matter from continuous whsat planting. The ne=ds for improved

technoleogy of this kind are discussed further, later inm the report.

&, GENERAL AGRONOMIC CONSIDERATIONS AND FOTENTIAL CROFFING
SYSTEMS

£.2.1  General

The low overall levele of crop husbandry in  Ethiopia, even
discounting production limitations of local crops and veristies,
tends to hold producticn down  to & minimum. Broadcast sesding,
insufficient wesding and minimal levelsz of other inputsz such as
fertilizer, pesticidez and herbicides are all partly respeonsible.
While = many of these limitations are controlled by economic
considerations, as indicated in the previcus secticn of the report,

there 1s still room for considerable improvement in crop vields
with economically viable alternatives, such as leocally manufactured
weedicides. Ferhaps an even more pressing requirement is for the
intensification of agriculiture. In the more secure production
zones  of the country, for sxample, substantiel increassz in the
productivity could be achieved by making more effective use of the
available moisture. These agronomic considerations ares discussed
below, togsther with details of potential farming systems.

H,.5.2 The case for herbicides

“Weeds cause production losses because small farmers do not have
cultivating implements capable of creating a swfficiently clean
seed bed. Crops such &as.tef face severe weed competition without
sufficient land preparation, requiring am average of & cultivations
to prepare an  adequate seed bed with traditional implements.
Fallow Fields in a low intensity agricultural system ars also
sources of weed reinfection.

Weeding is & labour intensive activity for small farmers with
considerably more weeding necessary than is usually available or
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the farmers are willing to apply. Small grains are more severely
effected than the large grains such as maize, because effective
weeding is near impossible. Broadcast methods of seeding
erxacerbate the situation, but Ffarmers currently have neither the
implements or the experience for sowing in rows.

The only way in which to prepare an adequate szeed bed in the
absence of appropriate cultivating and sowing implementsz is to use

herbicides. ADD (1988) have suggested that knock down herbicides
applied 1 to I weeks before first ploughing, would significantly
reduce the number of ploughings necessary for most Crops.
Fre-emargence herbicides applisd Just after sowing would further
reduce weed competition. However, socile must be left undisturbed

aftter the application of pre-emergence herbicides to maintain the
herbicide film.

Yield improvements

ADD (192e) reports  that vields of local and  improved maize
cultivars at various sites in Ethiopia are between 20 and 45
quintals per hectare, applying & package inpute which included
intensive wesding. Improved varieties offered only a 20% advantage
over locsl cultivars and most of the reported vield difference (3
to 4 timss) iz atiribuwited to the improved husbandry, espescially
weed control.

Cost of herbicides

Costs per hectare of some suitable herbicides are:

Foundup (11+11 24D) ER 48, 00

(Two applications of 1/2 1)

Fre-emsrgence types for EE =0, 00

wheat and barley

Triazines for maize &and ER 1&6-22.00

Sorghum

240/MCFA (follow up) Er  8.00
The cost of knapsack =ssrays must be  added to ths cost  of

herbicides.

Fotential for local production of herbicides

There 1z & casg o local production of many herbicides as they
are not particularly complex  to manufacture and the patente have
axpired =ome tims ago. This wowld greatly sllsviate thes cost and

encourags more widespread use of the technology.

1

T

T

1

potential advantage

i
iy

Thers are & number of implications to the use of herbicides beyond
simply increased vyields., For sxampls, if the number of ploudghings
can bz reduced for many crops, especially tef, the soil degradation
problem associated with leaving the soil without vegetative cover

&9



during the most intensive rainfall period prior to planting, could
be reduced considerably. Secondly, the requirement for draught
power iz always critical during the few weeks prior to planting.
Reducing the need for ploughing could greatly ease the burden on
farmers with limited livestock resources, who normally have to wait
until nmeighbouwrs have completed their ploughing before oxen can be
bhorrowed or hired. This results in late planting with attendant
riskse of crop failure in driegr than normal years.

The main drawbacks of increased herbicide use include: cost and
maintenance of knapsack sprays, cost of herbicides and increased
grtension and training of farmers.

H. 3.3 More effective use of available moisture

There i1is considerable scope in Ethiopia for more intensive use of
the land where moisture availability permite. In zones with two
reliable growing periods, examination of relay cropping and double
cropping options shouwld be made. In many parts of Ethiopia Belg
and Meher seasons are distinctly separate and could support two
short sesason crops on & regular basis. Also, 1in long growing
seasons  such as occw in western and southwestern Ethiopia. there
ie ample time Ffor two crops in & year. The problem iz one of

having to harvest the first crop during the wet season. A further
alternative where harvesting in the wet season may be problematic,
or where the EBelg season 1s too short for & cereal or pulse crop,

ig the incorporatiocon of & legumincous forage crop into the farming
system or a crop to be ploughed—-in for green manure,

Details of these improvements are contained in MLUF Technical Arne
4, Potential Farming Systems.

b.3.4 Intercropping

Intercropping isg successfully practissd in many countries and is
applied to a limited extent 1in eastern Ethiopia, in the Harerge
highlands. Irnrtercropping i1nvolves the combination of two or mors
crop  types grown at the one time, in the sams field. The crops
usually have different maturation cycles and are planted &and
harvested at different times. In somz systems of intsrcropping,
pone crop may provide shade or nutrient stimulus for the other. The
different crops in the system are normally grown in &lternating
‘rows, or on ridges and in furrows.

The crop combinations grown in Ethiopise depend to a largs sxtent on
the prevailing environmental conditions in the locality, but the

more common include: maize/pepper, sorghum/pepper,
papaya/malize/sweet potato, maize/swest potato. The techrigue need
not be confined to food crops. Forage crops are also useful
compaonents of an intercropping system in many parts of the world.
Forage legumes have the advantage that they Fix nitrogesn and
stimulate +the production of other cropg grown in combinatiorn with
them. There is enormous peotentisl in Ethiopia for intensifying

~§
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crop preoduction  through intercropping, specially in view of the
limited use which is made of available moisture in many parts of
the country.

Z -

&.3.0 Relay cropping

Relay cropping is & refinement of inmtercropping. Crops are planted
in relays as the term suggests, in the same field. One i= planted
early in the growing season a&and the other much later, when the
first dis near maturity. The technique makesz very effective use of
available moisture, but these conditions should be predictable, as
relay cropping reguires careful timing of operations and a good
appreciation of environmental conditions for total success. Timing
is particularly important with respect to ercess moisturs during
the harvest of the first crop or drought periods prior to the
harvest of the second. Typical crop combinations could imclude a
forage legume planted early, followed by tef or barley, or barley
followed by chickpea.

b6.73,.6 Undersowing

Undersowing most commonly involves the use of permanent pasture
gpecies in the last cropping cycle before land is fallowed. It
involves the sgowing of pastwes and crop, Or tWo Ccrop sSpeEcCles,
simultaneously or shortly after one  another, with the intention
that one of the two will follow on to maturity after the first haz
been harvested. Typical erxamples of species grown i1n relay =ystems
include Trifocliumz sown with ceresals, and Ztylosanthes species with
malize and sorghum.

6.3.7 Minimum tillage

Where ercsion losses are acute, minimum tillage has been successful

in & number of countries in redusing this problem. Another
important sdvantage of mirimum tillage iz conservation of scoil
moisture. The technigus 18 based o thae use of herbicides to
controcl  weeds, but loceally producsd scrap neeted as
&n  alternative. The technigus was & tarnative
system by the EHRE, but rno ressarch date to
zee if it could be success{fully epplied

6.3.8 Alley cropping

Rlley cropping is both & form of intensification of agriculture and

and Sesbania s=p, are grown on congervation bunds and terra
help reinforce thess stiructurss, whiles st fths sams timsz pro
nitrogen fixation, limited fuelwood, and foreags for livestock, The
trees  ars extremely vigorous and can b= cul regularly for livestock
feead. The legaves are high in protein and an excelleant form of
nutrition for livestock.

-
a conservation technigus. Leguminous tress, such a5 LaucsEans .
C
\2
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Crops are grown in the alleys betwesn the trees. Stabilizing the
bunds can &lso be a&achiesved using grasses or other types of

vegetation. Grasses carelessly managed can invade croplands, so
greater care is reguirsd in their management. The FLDF has had
considerable success in recent field trials using forage grasse=s to
stabilize bunds. ILCA has &lso demonstrated the advantages of

Alley cropping over a number of vyears at its research sites in
Ethiopia.

6.4 CROF SUITARILITY ASSESSMENT

&.4.1 General

The Fhase—1 Assistance to Land Use Flanning project preduced & lanc

suitability assessment of a number of crops in Ethiopisa, basesd on
resource data available &t the time the first proiect phase was

completed. Subsequent studiess on molisturs availability, including
the Agroescologicel Zones study of Ethiopia (sse MLUF Technicsal
Report ). take account of probability factors, which weare

umavailable in Fhase-1I.

A computer assessment of land suwitability which used this later,
more reliable information, was carried out as psart of the Agronomy
Consultant®s inputs to the MLUF. Detzils can be found in MLUF
Technica Report 4, Fotential Farming System=s. & summaty of the
methods is et ocut below.

4.4.2 Cropz and crop groups considered for evaluation

Following in the theme of an improved population supporting
capacity throughout the country, crops  considered for  the
evaluation were grouped according teo both their environmental
requirements and their nutritive valus. For example, each group
defined contains cropse which provide carbohydrates (cereals, roots
and tubers), protein (pulses), or fats (oils=eds). Im this manner,
farming systems can be built up from the groups which provide the
basic nutritional reguirements. of rural familiss. Cash crops and
perennials, s=such as coffee and enset, were considered as single
crops  for matching with available land resources. Tabls © contains
a list of the crops which go to make up the ¢ main groups.

Ferennial and cash crops trsated geparataely include: graps, citrus,
sieal, coffee, sugarcane, cassava, banana, pineapple, ensst,
pyrethrum, tobacco, kenaf and rice. Altogether, 44 crops were

wamined for suitability.
6{4.3 Methods of suitability assessment
Methodology Ffollows closely along the lines usasd in the Phase-I

prodject with two important differences. First, the snvironmental
parameters include DGF  and traditional altitude zones, both

72



TAEBLE =
MAIN CROF GROUFS USED IN THE LAND SUITAERILITY ASSESSMENT

Group Crop members
1 Barley, oats, wheat, horsebean,
fieldpea, linseed, rapsseed and
white potato '

2 Barley, wheat, oats, harico:n bean,
soybean, sunflower, safflower and
white potato

3 Tef, chickpea, lentil, vetch,
safflower, linseed, noug, suntlower
and white potato

4 Earley, wheat, oats, chickpea,
lentil, vetch, safflower, lincseed
and noug

5 Sorghum, maize, haricoct bean,
saybezan, lima besan, sunflowsr,
swest potato, and taro

1) Maize, sorghum, tef, sovbean,
haricot bean, sweet potsto and
z=unflower

7 Fearl millet, haricot bean, lima
began, soybsan, sweet potato and
sSEREame

) Finger millet, sweset potato,
sesame, groundnut and cowpes

4 Tomato, shalloh, cabbage and pepper

described earlisr in  the report.  This snabled sstimation of the

Tsuitability of & crop group or individual crop to & particular
locatity on  *the basis of sustainable cropping 8 years in 10. The
suitability of crops in relation to traditioral agroecolcogicsl
zones, which broadly equate to tempersture regimes, iz sst out in
Table &.

The sscond important differencs is  that the crop groups mstched
against the characteristics of thse land contasined in the land
inventory were selected for their potential az components  of
farming systems, designed to improve nutrition. The land inventory



used to assess crop suitability is that used for the Phase-I study,
but input into & computer for more rapid reapraisal of land
suitability,

Differsnt +traditional zanss may  support similer crop groups, but
the lower tempsratures at higher altitudes requireh incréased
lengths of growing period 4{or crops to reach maturity. This
requirement was built into the suitability assessment, together
with detaile of how intensification of different available growing
periods might be achisved. An example of crop group suitability in
the FKola zone, for diffsrent lengths of GF, is shown in Figure 23Z.
All possible combinations of GF, altitude/temperature zone and crop
suitability are provided in MLUF Technical Report 4.

The results of the matching of land characteristics with Crap
groups and crops isg presented in MLUF Techrnical Report 4. Maps
which show the locations in the country suitable for sach group or
crop are attached to this report. .

&S IMPROVEMENT OF FORAGE SURFLIES
.5.1  General

In the mided Jfarming =yvs ommen to Ethicpis it is imperative

tems
on betwsen livestock and crop production

that considerable interacti

should EXist for the benefit of overall Farm productivity.
Livestocoh, by providing draught power, transport, sanuwrs and cash
play & vital role in the development of crop producticon.
Improvements +to livestochk should therefores spinoff to the system as
a whole. Afrimal nutrition and animal health are two significant
areas where potentisa exists to improve overall farming systems

significantly.

The present overgrazed &and mismanaged range and pasture rescurces
in much of the country would benefit from a move toward more
intensive systemz which integrate aspects of crop and livestock
production. Any attempt to improve communal grezing lands will be
difficult becauss of wtilization &and management constraints, and
forage development is therefore most likely to be successful if
concentrated on individual holdings. Multi-purpose systems, such
-as  alley cropping, meaet  these oblisctives. Alley cropping offers
opportunities for simultanecus erogsion control, soil fertility
improvement, fu=l supplementation, and livestock feed production.
Interaction between highlande and lowlands, where the latter has
surplus capacity to produce & stock of draught animals, should also
be sncouwraged to reduces pressures on highland pastures.

Improvements in animal nutrition should not be viewsd in isolation,

but shouwld be &accompanied by animal healith measuwres to improve
productivity.

74



Figure 23.
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TABLE 6.

SUITAERILITY OF CROFS IN RELATION TO TRADITIONAL
AGROECOLOGICAL ZONES

AEZ Crop Single Ferennial
group crop crop
kala 1,2.,3, Fearl millet, finger millet, bGrape, citrus, sisal,

]
i
haricot bean, sorghum, maize! coffee, sugarcane,
:
)
1

4,5,8
7.8,9 tef, soybean, sesams, rice, cassava, banana and
kernat, cotton, tobacco and pineapple
Weina 142,%y 1 Tef. soybean, haricot bsan, | Grape, coffes, sisal
Dega 4,5, & | lentil, vetch, fieldpeas, I sugarcane, tea,
7.9 i chickpea, kenaf, rice and ! pineapple and enset
g tobacco ]
! !
Dega 1,2,5, | Tet, soybesan, haricot bean, | Coffes, tea,
G,S, 8, | lentil, vetch, fieldpea, i pyrethrum and enset
8,9 i chickpea and kenaf }
Upper i g Nore i Enset and pyrethrum
Dega i '
i i
Wurah None i Morsebearn and barley i None

6. 5.2 Strategires for forsge development

Several low cost slternatives for forags production which are aimed
at integrating good land husbandry with increased forsge production
are listed beslow. Most of the strategies suggested ars currently
being +ield tested by the Fourth Livestock Development Froject in
~the Moh. They are gsnerally appliceble to altitudes below 2400 m,

The a&ltermnatives include:

- Forage strips (bunds, alleys etcoc)i
- Exclusgion area improvement

- PBackvyard forage;

-  Under=sown legumes;

-  QOversown lagumes;

-  Conventional pasturas;
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~ Fodder crops;
~ Brazing mansgement;
- Reduced livestock numbers.

The altesrnatives, with the exception of ths last, ars more or less
ranked in order of economic potential, technical fsazibility and
farmer acceptance. Details on the character and applicability of
these strategies to different environments in Ethiopia are
discusszed at length in MLUFP Technical Report 3.



7. SUMMARY OF CONSTRAINTS AND FOTENTIALS FOF AGRICULTURE

7.1 GENERAL

Thig chapter outlines the main constraints limiting agricultural

development in Ethiopia, the main potentials to be realized, and
suggestions on policies which could assist development.

Before proceeding in destail, it is worthwhile recapping on the
information presented in earlier chapters of the report to reaffirm
the natwe of the global developmant problems facing Ethiopia over
the nest 28 vears.

7.1.1 Fopulation

The first and foremost constraint faced by Ethiopia is population

growth. It liss at +the2 bass of most development problems now
facing the country. Feople require food to zustain them and this
dictates that adeguate amounts must come from domestic agriculture,
or from importe. This will require substantial increasss in

production of =2ll agricultural commodities, but Ethiopia’s present
limited capacity to generate foreign erchamge  (mainly through
coffes erports) dictates that subsistence agriculture will underpin
food production over the nsxt 2% years.

7.1.2 The e:tent of potentislly arable land.

The demand for {food by 2010 will reguire om the order of 2.0 to Z.5
times +the present production, depending on nutrition levels (sese
Chapter 2V, to ensure self sufficiency. At present viegld levels,
this would me2an 2.5 to & times the current ares under crop in a
YE&I « Given the earea reguirements of cash crops, fallow and
livestock production, and the cumulative aresa lost  through
degradation {although of limited influermnce up teo 2010), it is
unlikely +that sufficient arzpble lamd would be available in the
sountry to mest  these ne=ds at pressent yield levels. Fer hectare
vields must therefeore incresse globally to mest the futws food
reaquirements.

7.2 MAIN FHYSICAL CONSTRAINTE AND FOTENTIALS FOFR DEVELOFMENT
7.2.1 General

Fhysical constraints are generally more clear cut  than  those

related to policies, but may reguirs substantial investmant Lo
alleviate. These are discussed below, togsther with the potentials
for development. Two 1:2,000,000 scale maps, one detailing the main

phygical constrainte and the cother the development potentials for
the possible espansion or improvement of agriczulturs, &re attached
to the report for further clarification. The first ‘map 1) is
titled:s "Physical Constraints to Agricultuwral Development”; and the
second (map 2): “lLand Developmernt Fotential”.
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L2 Moisture availability for crop production

The e«tent of arable 1land, as defined by the MLUP, iz strongly
influenced by the molisturs availables for crop growth. The 20-day
dependable growing period (DEF) reguired by the definmition, means
that only 27 % of the country which is otherwizss suitable for
agriculture can be classed &g arable. Marginally arable land is
that with & median growing period (MGF) of more thanm &0 days and
DEF of 1less than 90 days. Felow a &0 day growing periocd it is
unlikely that any significant crop production canm take place. Some
13%4 of Ethiopia is marginally arable according to this definition.

The arables zone

Within the arable zone considerable poterntiszl erizts for better use
of available moisture,. as indicated in the previous chapter. Abowve
GBFs of 210 days, intensification of cersa based systemz is
possible, together with expansion of perennial crop cultivation.
Roots and tubers, such &5 sweet potato, white potato and enset
offer high per hectare production potentials, of between 30 and I00
guintals. Apart from food crops, this zone also offsrs the
greatest potential for the expansion of cash crops such as coffee.

There is further potential for intencsification of cz2reals and other
crops  in the zone beslow Z10 day GFs, but this is mainly confined to
supplementary forage production, aresn mManure orops, or double
cropping systems which include a short ssason pulse.

Technigues and irnputs reqguired Ffor realizing the potentials
described are included in MLUF Technical Rezport 4.

Marginally arable 1land

Moisture iz a serious constraint for crop production in this Tone,

but thers is potential for more intensive land uss. Some 139 or
153.9 million hectarsgs of Ethicpia are marginally arabls from 2 soil
moisture standpoint. To date in Ethiopis, this iz insffectively
utilized. Many crops and cultivares ersist which can make uwses of

short growing seasons of Dbetween 60 and 90 davys. In Henys, for
example, there are short season varieties of maize, scrghum, and
millet which vyield twice +thet of cerszals currently grown in the
moist zomes  of Ethiopia. Fulses which use such short ssasons ars
_&lso available.

Moisture insuwfficient for rainfed cropping

Some 49% of Ethiopie is non-arable, mostly bhecause of short growing
sRasons {(less  than &0 days), which vary gresatly in lengih and
starting date Ffrom y=zar to year. Most non-arable land is found in
the lowlands and populated by pastoralists, whose livestock herds
are confined in their range by ths availability of drinking water.
The spatial distribution of watering points for livestock varies by
season  end  year, according  to rainfall pattermns in a given ysar.



During prolonged dry periods, the movement of livestock herds is
strictly limited by the lack of water, and range conditions become
degraded around watering points. Somz pastoralists have dug deep
welle in dry stream beds and cther likely sowces of groundwater to

supplement dry =sason water supplies and sxtend the range of their
herdes to more abundant forage. There is considerable potentizl to
eyvtend water availability in ths Ogaden and Borena argas of
Ethiopia, both through surfzcz water harvesting in the wet ssason
and groundwater development. The Land Development Fotential map

indicates where scome of these opportunities exist.

Additionsl agricultural potential eristz in the lowland zones of

Ethiopia for the development of natural gum and incense
production. Appropriate tree species are native to the hot lowland
snvironment. Since theres is & substantial domestic and
international demand {for these products, potential xigte for

further developmenrt of the industry in this zone.

Recuwrrent drought -

The problem of recurrent, severe ‘drought in Ethiopia is &
constraint that must be incorporated intoc any assessment of
potential, bescanse of the dramatic sffect 1t haszs on economic

development. The causes of famine are many and complex, but there
ig no doubt that drought plays & major role in tipping balance
toward widegzpread starvation and suffering. Marginal istence
agrizultures, land degradation, inadeguate sirategisz r ves and
storage Ffacilities, limited infrastructure, low incs £ o
paasant sector production and numerous other factors, i the
suscspntibility of the rural population to famine.
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The ong variable that cannot be controlled inm this scenaric is the

weather, but it Can be both monitored amd wtilized more
effectively. The lack of a widespread reporting network, for
wample, that can provide dally rainfall data +to & monitoring
centre for  analysis, readuces the effectiveness and reliability of
drought early warning. Given daily or 10-dzaily rainfall dats

collected over many yesEars, agricultural planners could also devise
more appropriate farming systems for drought prone areas.

7.2.7 Tsetse infestation

This represents & seriocus physical constraint to expansion of

agriculture in Ethiopia. Some 9.8 million hectaress are infestead
with tsetse, reducing the sustainability of animal-draught based
systems of agriculture. These areas are indicated on map 1,

Fhys=ical Constraints to Agricultwal Development. The substantial
impact of removing this comstraint on the potentially arable land
can  be seen from the rezsults of the FIC analyses contained in Annex
1.
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7.2.4 Malaria infestation

Malaria is largely responsible, together with the presence of

tsetse, Ffor the limited cultivation in the western zones of
Ethiopia. It has been, and remains, & serious constraint to
sustainable development of &ll regions of Ethiopia where it is
prevalent. The extent of serious malaria infestation is shown on
map 1, but 1t is alsc present to a lesser degree in most areas
below 1800 m. The potential gain from the control of malaria is

difficult to measure from available statistics, but it will be near
imposeible to Ffully realize agricultural potentials in western
Ethiopia in the future without a malaria control program.

7.2.9 Vertisols

Vertisols are &a mixed blessing. On the one hand they offer high
agricultural potential, on the other, intensive management is
reguired  to realize theilr +ull potential. The need for drainags
protection and the high draught reguiremsnts &are the main
constraints to the widespread uwse of Vertisocls for agriculture.
However, their gently sloping topography, depth, and inherent
fertility make them candidates for expansion and intensification of
agriculture, once the limitations are overcome.

The management of Vertizols has been researched by both ILCA and
ICHISA with considerable success. The wss of & broadbsed and
furrow system to improve asration of the crop roct zone offered the
most significant gsins in  productivity in triale conducted in
Ethiopis. Vertiscls respond most effectively under this management
system when fertilizers are applied. Otherwise the advantagsz are
not  substantive, although the comstruction of broadbeds and furrows
where seasonal drainage is particularly poor, may provide
sWfficiently improved drainage to &llow & marginal vield when
conventional cultivation does not.

meters thesy are more frost prone than other soils. The reason for
thig lies in their common cccwrrence on bottomlands. Cool air Fram
surrounding mountains tends to flow downhill and creste frost
problems  ocverrnight. Farmers have rasponded im many high altitugs
zones by increasing the extent of Vertisols sown to oets, which are
tolerant of frost and the somewhat poorly drainec character of the
Vertisols.

A notable feature of Vertisols in the highlands, is that above ZT00

The area of Vertisols in the growing pericd zone having greatsr
than &0 days MGF, i=s around 7.4 million hectares. Becauss of their
dual character, Vertisole are shown on both maps 1 and 2. First,
as constraints to  the .intemsification of agriculture and, im the
second instance, ag  offering potential for develocpment wndsr
apptrapriates managemsnt.

7.2.6 Shallow stony soi1ls
Most of the shallow, stony soils  in northern Ethicopia ars the

result  of degradation over centuriss of cultivation and poor land
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managemesnt. Little can be done to halt the degradation and reverse
the process, short of massive land reclammation and migration of &
significant proportion of the population. Soils which are less
than 28 cm in depth are particularly prome to the effects of
drought, even in reazonable rainfzll years, because of their poor
moistuwre holding capacity. This

: ig & sericus constrzint for
agricultural davelopmant in  ths arezs affected. With lower
pressure cn the land, however, considerable regeneration of natural
vagetation should take place. Hillside closurs, together with

cropping  uwnder  intensivs land management schemes, offers potesntiazl
for improved food, livestock and Fuslwood production, provided

population pressure is reduced. Certain drought resisztant
perennial crops such as sisal, olive and grapn might be successsfuly
cultivated in many such srsas 1f appropriats reseszrch iz first
carri=sd out. The extent of shallow stony soils has besn indicated

on both map 1 and map 2.
TW2.7 Soil degradation

The effect of degradeticon on land productivity has besn discussed
&t length earlier in ths report It appears that serious problems
resulting from continued degradation are mostly confinsd o the
zhallowsr soils of northern Ethiopia, where degradation is
advancsd, For +the remainder of the country, loss in productivity
dus  to degradsation will become & critical constirsint bevond ths
2o=-yzar  tims frams of ths MLUP, Howsver, it will b=coms ssrious in
the next E0 years &and &ll attempte to arrest it 2% the garlisst
possible time should be made now. The ertent of sariously
degrading land is shown in map 1.

tesn land

7.2.8 8

Land over T04 slope, in areas wherse meoisztures conditicone ars
suitebls for orop production, amounts to soms 5% or 4.1 million
hectarez in Ethiopiasa. Because of high erosicon rizks under crop

production, thisz land reguires very special managesmant. In most
countries in the worlc lend of this slcope would rmot be cultivated,
but  land presswse has rendsred

it common practiss in Ethiopila.
Idezlly, gteser land should be Eed for forestry, cut and carry
forsgs production  or, at most, perennizl crop cultivation. Whare
not cropped. it is  presently used for livestock grazing, coften
resulting in accelerated erosion because of ovargrazing  and

vegetation degreadeation and soil distwbance dus to animsl tracking.

I+ the demand for land necessitates cultivation of sitsep slopzs in
the future, then at least 20% of the arsa will be reguired for
conservation structur=s, such  as  bench terraces. Conventional
conservation structures can be replaced by an agroforestry system
in mamy instances, with cultivation taking places betwsen tre=e

lines. This renders  the sres set aside for conssrvation
productive. Clo=zing hillsides to cultivation and grazing and

subetituting & system of ocut and carry fodder for livestock, has
alsn been demonstrated at several locations in Ethiopisa and proved
both productive and effective in regenerating degradesd land.



Much of the land clessed ac steen by the MLUP is
which is already degrading rapidly. Where the
rate is high (FAQ, 1983h), it is shown on map
Where ermsion on  stes land is not =

[

included in that
eztimated =zo0il los

1 under this QUIZE.
stimat=d to be excessive, it
has not been separated on  the Mmap. Steep land was considersad
potentially arebls in the FSC analysis, but 207 of the land area
was deducted from the arable total to accommodate the consarvation
mEasures necessary  to  sustain  production in the long term. If
otherwise classed as arable, however, the 20%4 was still considersd
suitable for forestry and livestock production.

7.2.9 Unigque ecosystems

The remaining unique ecosystsms in Ethiopia of greatest importance
are the closed high forestz of Bale, Sidamo and the western Regions
of Ilubabor, Fkefa and Gamo Gofa. These resources have special
gignificanze for the national haritage and should be managed and
protected at state level before fuelwood demands cause their total
destruction. The various national parks in the country are also
unigque ecosystems for wildlife preservation with potentizl for the
development of domestic and intermnational tourism. The locations
of both forest areas and national parks are shown on map 2

sllow

7.2.10 Land =uitabhle for mechanization

Land s=suitable for mechanizetion was estimatsd from the Phase—1 soil
data base .and information on depsndabls growing psriod from
Technical Feport ©. The minimum dependable growing pericd was set
at &0 growing days, o allow for the futurs possiblity of high

input farming in low rainfall zones, comparable to that carrisd cut
in dryland environments such a5 parts of ths United Statsz and
Australia. Soil reguirementes included & =s0il depth of greater than
100 om, well dresined, without s2ricous tovicitiss and nons to slight
stoninsssz. Vertiscles may &alsoc be conzidered suitable for
mecthanization, but under intensive managem=nt. They are prons to
compaction and require tractors with special capabilities, such as
Ad-whemsl  drive. Ancther necesszary managament fzature for sucocesssful
mechanized farming on Vertisol ie drainage protection.

i1
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The totsl aresa of Ethiopia whers +thessz ocriteria ars me2t  is
approximatsly 12.2 milliomn hectarez, or 4.9%4 of the country. The
eres of  Vertisocls is not  included in this estimate. Areas were
determined by the GILEE gesographic informati
i

- atian system 1inn  the
LUFRD. A map of those a&rsas with potential for m2chenizeation is
included in Annex 4 to the main report.
7.2.10 Irrigation potential
Irrigation is generzally considersd to fall intoc three o inm
Ethiopiag largs—scals (1000 ha  and  sbowe), medium-scal to
1000 rha) and emell-scals flezs  than 200 hal, In the cases of
arge-scale irrigation, & number of previows studies on the
poterntials have been compiled in considerable detail. The results
af these studissz ars  inzorporated  into thse Land  Dsvelopment
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Fotential map attached toc  this report. Identification of
alternative large-scale irrigation potemtiszl lies bevond the
competence of the MLUFP.

Ferhapse the most important constraints for large-scale irrigation

are the extent of suitable land, particularly in terms of
topography and soils, as costs rise exponentially wheres extensive
land levelling works are required. Developmesnt cozts of recently
constructed schemes in Ethiopia are around EE 20,000 per hectare.

This makes the production of cash crops & necessity in schemes of
this type, in order to obtain & satisfactory rate of retwrn on the
capital invested and ongoing maintenance and running costs.

In recent vears, the dgrowth of medium-scales irrigation has been
substantial, az & follow-up to thes drought of 1984. Most activity
hae been in Regions such as Welo which were badly affected by the
1984 drought. Small-scale irrigation is the responsibility of the
SWCMD.

As & general rule, there are considerable opportunities for surface
water harvesting in Ethiopia, dus *to the high levels of runoff
which occur during the peak of the rainy szason. Elseswhere in the
world where long dry s2asons  ooccuwr, maximuwn ws2 is made of wet
saason  runoff. Thie is mot the casze in Ethiopia. The uss of
innovative mesthods of irrigation practised in dryland environments,
such &s  Australia, Israel and the Unitsd States ars worthy of
investigation arnd  trial in Ethiopia. These irmzlude kevline
irrigation and water sprsading. The use of small ponds for
irrigation ot vagetable Crops at village-level is another
possibility which requires Further investigation. Fonds built
using ox-drawn scoops and communal labour have been demonstrated
viable by ILCA and the MoA Ffor domesstic and livestochk water
supplies. They have further potential Ffor vegetable and +ish
proaduction.

7.2.11 Figheries development

Considerable opportunites exist in ‘thiopia to expand figheries
production, with a view to both domestic and export marksts. The
Red Sea and Rift Valley lakes are excellent resources from which o
build an industry which contributes significantly to the economy.

Asia  in and Ewrope offer opportunities for export, as other &frican

countries have begun to discover. The general location of suitable
zones for fisheries development are indicated on map .
7.2 POLICY CONSIDERATIONS

7.53.1 bGeneral

Agricultuwral policies gernerally have & more profound effect on
production  than most physical constraints and potentials, because
their effect can be felt in & very short time frame. @& number of
policy issues related to the government’s obljectives for
development in Ethiopia are discussed below in FElmtlDﬂ to the
findings of the FSC analysis presented in Chapter 5.
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7.3.2 The ten-ysar percspective plan

Development obiectives in Ethiopia are laid down in the the
ten-year perspective plan, for the period 1984/8% - 1992/94, In
this plan, &agriculture is proposed to receive 2Z2.9% of the total
investment of some ER 42 million. The plan®s summarized obiectives
for agriculture include:
~ food self sufficiency:
- satigfying raw materials requirsmert of domestic
industries;
- promoting producsr cooperatives:
- increased foreign exchange earnings through coffee
pulse and ollseed sxports, improved livestock for
better access to world markets, and substitution of
agricultural commodity imports (sg tesa, tobacco) ;
- ldentity more accurately the country’s natural
resources, and conserve and develop them:
=  strengthen links between agricultural ressarch and
extension;
- expanding and improving settlement programs.

Froduction tar

rgets 1nclude an annual rate of increasze of around
S 7 %Qr cereals, pulses and oilseseds. The arsa under culiivation
would *pand by 1.&87% annually, implying that the remainder would
come {rom intensification. These targets ars suggestsd az overly
optimistic by the World Eank (1987p) as agricultural support
SErVICES would fleve to expand substantially +o provids the
fertilicer, improves seeds and other inputs necessary to achieve
thise goal. It &alsoc suggests that the lack of detail concerning

production incentives, credit and 1nput supply distribution is a
maior weskness 1n thne plan.

7.Z3.2 Agricultural policiss and their influsnce on producticn

Drein mark=ting amd prricing

This i1e& described by the World Banmk (1987b) as the most i1mporiant
disincentive to farmers to adopt new te=chnology. The incentive for
farmers to producs marketable suwrplusss and "invest" imnputs and
labowr in  improving their land is largely tied to the economics of
Tproduction and risk/reward ratioc of their farming systems. The
gxisting policies regarding grain marketing and pricing csEntrs on
regulated marketing of grain, including compulsory quotsa deliver:iss
by producers to AMC at fixed prices. =~ The AMC prices have
effectively remzined static since 1980, and are less than S04 of
import parity prices for the main grains (World RBank, 1987h).
While roviding low-cosgt food for the wban population, it scis a=
& disinzentive for producers. Irput and living coshts have also
pacal atead since 1920 and the World PBank estimates that the
ouwechazsing powsr of prices paid to farmers has fallen by 4% since
ther. This i<2 further sxscerbatec by restrictions om privats and
inter-regional rade. The F8C analysis shows thers is cl=ar

i
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imbalance in food demand betwssn regions whizh could be =assd by a
freg movement of grain.

Coffes markasting and pricing

Coffes is marketed officially through the Ceoffee Markeiing
Corporation (CMCy . Howsver, the pesasant sector currenitly accounts
for over 5% of production. It is estimated that about 40% cf tnhe
FOB price is obtained by producers, excluding e small additional
amount Ffor exporters (World Bank, 1987h). Improved production for
gxport is thereforse unlikely without incrsaszed producer prices.
Some improvement might &lso be obtained if inter-regicnal movement
of labour for coffesz harvesting wers not restricted.

Lend tenurs

The high population pressure in many aresas of Ethiopia haz resultesd
in reduction in  thz sgize of the aversags land holdings over trescent
yeares. Unlese land productivity iz incrzased this will reeult in
an ever decreaszing spiral of minimal subsistencs, eszpeci=lly since

the copportunitiss for generating coff-farm income a&are virtuslly

1

non—-existant in mAany of this marginal production IONeS.
Unecertainties regearding redistribution of land within PaAs, and
communalizsation of land throwgh FOs, haz a tendancy to discourage
investment in  imdividusl hoeldings, including conservation (Weorld
Eant:, 12875E) . It Ffurther encowagss  investment  instsad  in
livestock holdirngs, which heas negeative feedback om cormssrvaeticn and

land productivity in general.
7.%.4 Producer cocperatives (PCsz)

The Aformation of producer cooperatives i encouwraged as part of the
government®s ten-year perspective plan. Imncerntives inm the form of
inputs ars provided to farmers to sncourage  them to join POs.
Recent presswre on land has encouragsd farmers to reconzider their
initial reluctance to farm collectively, as ths shortage of draught
o<en  in many FPAg can only be solved through sharsd rezourcess. This=
iz one of the strongest reasons stated by farmers for Jioining FCs,
when interviewed by the LUFRD duwring semi-detailsd surveys in Goiam
and southern Shewa (FAD, 1987b,®)

D@spite the relative advantages of incentives and subsidies mot
available to FAs, FCs Have not shown considerable production
advantages over FAs, Az all grain must be sold to AMC at fissd
grein prices, incentives are alzo as limited in Fos as they ars for
FRs. Frovided membership of FCz iz entirely voluntary., there is no
reason why, with *ths advantagez of shared res ouwrces, that FPCs
cannot perform substantially hetter tham they Mave in the mest

7.3.8 Villagization

The main purpeose of villagization is toc improve community acceEss o
government services, Associatead benefits includes reduced soil
degradetion &nd generally improved land utilizstion. The procese
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at  the +time of writing (February 1988) is well advanced and the
impact of this policy is already being seen in some  ar=as,
Villigization involves the physical movement of househcolds to ore
or  several central village sites within each B4, In th=ory these
sites will receive the advantages of certain services from the
bovernment, suech  as social services, roads, estension services and
input supplies, and so the overall cost of these shared rescurces
will bring benefit o the majority of people at minimum cost.
Apart from improved services, it is claimed by govermnment that
relief =fforts in time of drought and accesz to modern methods of
cultivation, such =1 mechanization, will provide improved
oroduction and food sscurity. Families retain their sxisting plots
of land and livestock ownership remains individual.

During the translocation gtage the process interferes with
subeistencs production, simply because of the time take to
physically relocate houssas. Althaugh attemptsz ars mads *: +1me
operations in such & way tha they causzse minimum disruption to
farming schedules, thes process 1nav1tqb1> causes disruption. This

is only acute, however, durimg the initizl stagses of transformaticon
from the traditional system to the new, but some disruptive aspects
do  linger. For erample, farmers commonly have zeveral scattersd
plots. Freviously, =zach one was within reasonable walking distance
of hiz houss, &z thst waz part of the rezson for choosing his houss
location in the first plsce. With villagization takimg glace, more
particularly in moderatesly populsted reas, walking distance to
mlots iz substantisally gressater, creating and am additional burden
for farmers.

Resetilement has besn &n ongoing process in Ethiopia sincs the
1973/74  drought  and the enzuing famins. Soms 44,000 familiss were
resettled by the RRC, formed efitsr the drought, in the tan vears to
-

1984, With ithe dsvastating effscts of more2 recent drought in
1984, the Government hss i 2 its zettlement sfforts alimsd
at including soms 300,000 familiez in one .

There is some doubt regarding the sslf-sustaining capacity of the

original settlements, but soms have bsen reasonably suscessful.
Tonsiderabls internetional criticiem hag been lsvell at thes GcE
for hasty and non-voluntary ssttlement programs ast, but
the need {for rsdisgtr 1but1on of the population in reEglons
is no longer in dou The FSC modsl substanmtist is need.
Employment Dppartun;tzac in ssctors other than agriculture ars =21sc
sCcarce i dirought orroOnsE ArEas, oftering no &lterfnstive Lo
put-migration if the populiation is to survive. The problem iz to
find the lzaszt-cost alternsative to ressttlement, inm itseltd an
erpeEnsive oRsration (EMFRE, 1984), or to at least minmnimizs the Zost
to the economy of ressttling people.
Erpansion of cultivation through voluntary mlg aticn, slUpported by
Governmant, would ssem & desirabls solution st this time. Site
selection for FEW, sustainable communities zshould bs  the
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responsibility of the BoE, as technical competence for this purposs
gxists within its wverious ministries. Unfortunately, this will
placs additional strains wiy} alrazady oversztretched manpower
resources in the Government.

Congiderable emphasis should be placed orn scil conservation in
conjunction with new concentrations of population, sszpecially in
western Ethiopisa where the environment is more susceptible to
erosion damags from intensive rainfall once the dense natural
vegetation cover is removed. New settlers also rneed Government
support uwntil the settlements become self-sustaining, but  all
efforts sghould be made to encourage this at the esarliest possible
time after their relocation.

Resettlement isg, unfortunately, & temporary solution to &lleviate &
more fundamsntal problem, over-population. Unless population
control  measuwres arg taken and agriculture made more productive,
food demand will outstrip production by 2010 and the population
will &again face & Ffood crisis without additiormal land being
available for the expansion of cultivation and resettlement.

7.3.7 Mechanization

The extent of land suitable for mechanizeaticon is discussed earliesr

in this chapter. The GoE wiszhes to expand mechanization, mainly
through the uwse of tractors (World EBank, 198580 . The main
constraint  this i1mposes on  the economy i3 the nesed for foreign

wohangs  to  purchase and maintain the equipment required. With
individual peasant holdings diminishing in size, the use of
tractors without collective farming would ssem contradictory.
Also, since labour is concentrated im the agricultuwral sector
alternative employment must be found for those displaced by
mechanization. The non-farm economy 1is not y=t growing at a
sufficiently high rate to accommodate this movement according to
the World Rank.

With only 4.9% of the country suitable for large-scals
machanization, it may be more appropriate to consider forms of
mechenization other than tractors. Many developing countriss, for
grample, have had success with hand-held cultivators. Reszarch in
thie direction might be considersc as this form of mechanization is
applicable on much stonier and steeperr =cils tham are tractors,

Any incraase in mecharnization should reliesve draught animal
reguliramaents and, therefore, livestock numbers, with concomitant
bernefite for land managsment. Given the cultural importances of
livestock for othsr tham draught, this iz unlikely in practise. On

the deficit side, the cost of equipment and spare parts for
mechanization must still come from  forsign exchange ressrvas,
Training in maintenance skillz would alsoc have “o be expanced to
sub~-Regiornsl level, and possibly SC-level, to make such & scheme
practical.

7.7.8 State Farms

State farms are vigorously promoted by the GoE. Their inefficient
use of capital and high percentage of skilled manpower required to
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operate them has raised guestions about the wisdom of expanding

this sector of agriculture without firet improving

their
profitability (World Bank 1987b). With high levels of skilled
manpower and considerable financial resouwrcess, their role is

probably best confined to specialized azpects of agriculture where
they have & comparative advantage, such  ag cotton production,
industrial and commercial crops, improved seed production, and
livestock improvement.

7.4 INBTITUTIDONAL ISSUES
7.4.1 General

To take Full advantage of resource potentials in Ethiopia and to
overcome the physical constraints limiting production, not only
must policies stimulate the agricultural sszctor, but infrasiructure
and institutional support must Dbe available to put the policies
into eftfect. Some of the more significant institutiornal izsues are
discussed below.

7.4.2 Land use planning

Scope ®ists in Ethiopia for land use planning at many diffsrent

levelsy; +from reconnalssance studies conducted on & national scale,

to wvillage level planning. At oits incsption 1n 1978, the LUFED was

given, amonyg  other things, the mandate to carry out land-use
I~

&
studies, leand registration, prepa
decisions, and to regulates land-use.

& diresctives for policy

Over the past 10 vyears, the LUPRD has only carrieg out functions
connectad with the Ffirst of these oblsctives, by conducting land
use studies. The fledgeling department has, unfartunately, not had
sufficient xperienced staff or time to becoms involved in the
other areas suggested in ite charter.

Most land-ussz studiszs so far carried out by the LUPFRD evaluate the
potsntial of land o agriculturs. Suitably gerneralized
reconnaissance studies of  the entirs country have bsen comductead
with +the assisztance of ths FAO/UMDF, Assisgtencs to Land Uss
Flanning (Fhasa 1) project.  Bsvaral s detailed studies, which
cover areas of ercound 00,000 he each, have alsc besen completsd
with FAQ/UNDF assistance (FPhass 1I1).

These studies provide guicdance on land potential for
plannsrs, but do net constituts lans wuss  plans
implementsd on the ground. To realize potentisl
improvements such as s&ll=y Ccropping, conssrvation worbs
of hillsides to livestock, will rmot be sttempted by farmers unless
adequats consuliation i i ined between farmers and planners,
and the benefits of & ve technologies &re demonstrated.
Thus, a ne=sd still exists i thiopia for sys : grass—roots’
land wze planning to  the snabl plemesntation of
improved agriculture.

i
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Somz  attempt=s at more detsilsd planning, in both sub-catchments and
at 8L level, have been attzmpted by other departmenLE ot the MoA
(g SWCCFMD  and FLDF), but  there is & clear reguiremsnt for the
coordinaticon of these efforts, & role ideally suited to the LUFRD.
Serious consideration should, therefore, be given +to atitaching
additional &arms to the LUFRD, to develop land use planning methods
which provide 8Cs and FRs with suitable azsessments of their
rescurcass and advics on land use.

Or:ly by making uss of the ragional network of skillsd staff in the
MoA and cooperaticn of S0z, can significant change be mede in thes

agricultursl  ssctor over extznsive areas of  dhe country in the
short to mmdium term. Otherwise, the peool of skilled land use
planning staftd will be too smsll to provide sufficient coverage for
sm&ll-zcale planning. Forturetely, the beasic skills +to trazin
Awrzdia staff inm  ths Ffundsmentz=ls of conducting swfficiently

gl
detailed, vyet gernerzslized, surveys of 8SCs and FAs, alrssdy sxist in
the LUFRD.

7.4.7 Fezsarch

IAF. Thig 4=z +the Governmentsa zeticn im Ethicpis with
primery  responsibility  for Most of fhs reszarch is
concentrated oy plmmt breeding, particulearly of cerzals and
coffes, Limited inftormation, howsver, is available on ths nature
and potential of locsl cersal varistiss. In most instances, the
advantag=s of improved varisties over locsl varistiss have not been
adeqguately demonstrate irn adaptive +trials off rezsarch =itss.
Flessarch  in  food ;rop: thus tends to demonstrats what iz possible,
rather than what ig feasibls for smellholders, who constitute 959

of farmers.

Disseminetion of techrnology iz alsc & problsm, becauvss of
inadeguate  linkages betweesn ressarchars and sstension (World Bank,
19878) . In particular, resesrch la most oftesn aimed 2t the high

input  farmesr-, primarily stats farms, and conducted in isolation
from estension, which i1g asimed at the emallhclder. More adeptive
research  is  thersfore recommanded by the World Eank (1987b),
particularly sincse meost producticn comes  from  emallhcolders and
modest  improvemsnts in this sector promize the grestest national
gains in the short to medium term.

ILCA, Of the non~tovernmental organizati

iong  carrving out
agriculturel ressarch  in Ethiopia, ILCA is by far the largest and
most  ralevent. Fegearch is not confined to livesstock per =e, but

touches  on  production systems in which livestoszhk are an integral
component, which &ppliss to most fearming eystems  in Ethiopie
AMYWAY . Consequently, &  numbsr of cooparrative programs to
transfer improved technology to farmers are already in operaticon
betweern ILCA and departments of ths MoA.

Relevant research programs &at ILCA include: the Vertisol program,
intensification of cropping systems - including alley cropping,
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ox-traction studiess, pond construction utilizing owen—-drawn EC0O0PRS,
animal health and nutriticn studies, improved animal productiocn
systems, drought monitoring and pastoral system studies.

7.4.4 E«tension

Prior to 1979, extension was carried out through EFID and included
MFF projects sponsored by IDA and SIDA. The first proisct, MMP 1,
wWas limited in estent to readilly sccessible areas  in high
potential =zones. MFPFL1  is considered & success by the World Rank
(1987b), but the unfavourable terms of trade said to e<ist by the
time MFPFZ began reduced incentive o adopt new technology and

lessened the impact of the second proisct. However, EFID is
generally considered to have besn & success up  wntil it was
disbanded in 1979. Extenzsion activities have since been carried

out by thsz ADD,

ADD operates through FRegional and Zeonal office=z, spreading the
concentration of =suitably treined evtension staff throughout the

country. At the time of writing (February, 1988), the MoA was
oreparing to &gsin reorganize according to new mpmmmi'*ratxve
boundaries bassc on 28 Fagions and 4 Autornomous Feglons. Thizs may

causs  furtihisr, tamporary oiE
is already hampesred by shortsa

gervice which

1on bto oths sntenzion s
oand sxperisncsd staff,

For extension to be more effective, =oms concentration of manpowear
resources  to  arsas  of high potential  heas been suggestsd by the
World EBank (19871 . Im =ddition, improved linkag2s with ressarch
amd  8C level planning &ctivities would greatly acczlersts ths
transfer of proven ressserch resdalts to farmesr's fields.
7. 4.
£180 Lvoonomols organization
withi ar operetions in 1989,
AISC b emend, procurzmnent anc
dist S, ili id pesticides, for the
pegas oit 3w le for the storages anc
trangportation of &ll agricultursl inputs,
AISCO cwrrently acts as an 1mporter anc wholesaler and plans exist
for +uthur decentralization f retsil sales to PA and FC members
@7

= =

through &Cs. The World Bank (1287b) recommends AISCO regionalize
1 -
o &

supply and distribution of inputs and progressively transfer Mol

marksting to SC cwnersnip and opsration.

ESC. Thiz organization has responsibility for producing improved

smeds  for bobth the state and pesasant sectors. It iz estimated that

ornly 2% of farmers use improved seeds (World Bamk, 1987b). Most

sales of improved seeds are made to state farms (over &0K) . Beed
=

q
producticon dis largely carried out on state farms and only limited
amounts of certified seeds are produced. In the past most sesd has
been classed as improved and not certifiesd. However, the number of
certified new varisties coming from IAR has been limited according
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to the World Ranmk.

More coordinaticon between IAR, MohA, and AISCO and the extension
service will be reguired before the full benefit can bes gained from
improved seeds.

7.4.6 Agricultural credit

Bovernment souwrced credit is available through the AIDEB, CBE and
AISCO. Frivate savings channeled through and informal network
supplement that available through Government. Of the credit
wtended to agriculture in Ethiopia through the AIDE, the peasant
sector receives only 4%, with the maior share (40U) going to state
farms (World Bank, 1287b).

According to the World Eank, AIDRE has sericus arrsars problems,
creaating cash Fflow difficulties. The reasons include old inactive
loans, inoperative loans to state farme, operating weaknesses in

the banking system, unfavourabls economic conditions +or the
peasant sesctor, and operational problems in industry. Loan status
in relation to coffees cooperatives is, howsver, gensrally

favourable.

o it to the peasant sector has so far been administersd by
the Mos, ith the AIDE providing funds. In the futuwrs, ths CEE may
provide credi to agricultwe, but does not presently do so. &Sl
are ilncrsasingly & channel for input credit and development funds
from AIDE Ffor investments such as oxen, flour mills, and stores.

Imput red
]

The marketing and input credit role of SCs is  particularly
important in coffee marketing and providing advances funds  to
members for cersal purchases Sy  AMC. Improved sccounting and

administration in  8Cs will be of particular importance to AIDE and
other credit organizations in the future.



8. CONCLUSIONS AND RECOMMENDATIONS

8.1 GENERAL
8.1.1 Global issues

The work undertaken during the MLUFP has highlighted several
disturbing trends which are undermining not only economic prrogress
in Ethiopia, but will challenge the well being of individusal
farmers throughout the country over the coming 10 to 28 years. In
particular, the population supporting capacity analysis i1ndicates
that population pressure will raise the demand for food and energy
rescurces to levels which cannot be met, &t pressnt levels of
productivity, by the simple expansion of culitivation. This can
only result 1n & declining spiral of rnutrition arng welfare,
gxacerbated by the inevitable effects of periodic drought, unless
significant cnhange takes place in the agricultural sector in the
ghort to medium term.

4

The overriding recommendation 1 thersfore that resources shou
allocsted 1mmadiately towards achilisving the long-tarm onisc

increessd agricultural output, decresssd population growth, &anc
incressed nutrition and walfare levels. Many of the subseguent
FecomMmEnoations are reacted towarocs generating these outocomes,
githar through direc or Thirough Sreating an environmeant
conduzive to thsss devel

8.2 ECONOMIC AND S0CIAL COMDITIONS
8.2.1 Fopulation and fooo demandg

I+ pressnt populatiocn trends continus, the population of Ethiopia
by 192% will be E7 million inhabitants, amd 98 milliom by Z010.
This compares with 42 million in 1985, Depending on assumptions
made regarding economic growth 1n the i1ntervening yvears, bstween o
and 3.4 time2s as much food will pe reguired in 2010 than 1 1985,
That 13, between 12 and 22 million tonnes of grain egulvalente

To mest this demand, with i1ncreased consumption levels to provide
adequate nutrition, would require an BCconomic growth rate of arounc
S% 1n the agricultural sector and 8% 1n the non-agricultural
sector, over & pericsc of ZE years. Growth rates this high have
rarely been achieved in the developing world, let alone sustalned
over such & long pericd, even in those countries with substantislly
greater irrigsation resouwrces tham Ethiopia. svelopment goals
will, thear fcr:. rmesed to be szt at more reslistic levesls.

Feousing populzsiion growth by 19935 would lowsr food damand
significantly by Z010. A reduction 1n populaticon growth, for
sramples, from 2.9% to Z.7YW pEr oannum by 1999 would result in 1S
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million less peopls to provide for in 2010, It iz thersfore
recommendesd that urgent consideration be given im Ethiopis to
gztablishing & population control polizy whicoh encourags:s reduced
populaticon gerLh at the zarlisst possicle time. Howevear,
decreazing population growth alsc reguirss improved sconomic
growth, in orosr t: increzese nutrition, hesalth and sducaticon, anc
this=s iz only possible 1+ prevailing 2conomic conditionsz pearmit.

It is alec recommended that ares
drought and Zrop fsilurs recsive
significant numbers of families, prafsrably u
migretion programs assi ’
spluticon to the probles

tory 1ndicat

1=

nagesr & voluntary

i Thiz i35 & temporary

m of incrzgasing population, but & necsssary
2z and the FEC ansly=iz supports.

one &5 his

Furel incoms:z provides an altsrnaltive to total dependence on
sub=sistencs zgricultures. Incomes can be improveg by exitsnsicn of
the crop and livestook ssctors, infrastrusztural development and
promotion of rural industrie d en be given
to ths implementation the bhe

exerclrzad thet smpohas

ot disglacs farm lar

agriculturzsl proguctio
de

v i
agzhnzration are ldentified later in this apter.

3

B.2.7 Land ternwe

Beczuze of the thresst of per:iogdic regisztribution of land in Fas, as

& result of incressing populaticn and/or ths formation of FCs,

farmers are reluctant to treat their assigned lano as an investmsent
q

worthy of conserv gftfort and inputs which will i1mprove its
¥

< rl‘ i
e
X}
3

long term productivity. The redistributizn of land must be
minimized if per hectars production is o riss o the medium to

long tsrm.
8.2 ENEREY COMEIDERATIONE

B.2.1 ©CB=neral

Analysss of the demand for fuslwood carriso By the MLUP missicn
indicate that Etniopis 12 cwrently in & orisis situstion with
regara to avallability of energy for cooking anc rurzl construction
materials. The estimatesd net demand for wooo over avallacility of
over TE milliocnh mv/anmum by 2010, indicates the magniiude of ths
shortfall in availabls reszources. ARlternative =2nergy sowrocss o

fuelwood heve not yet besn demonstraten viab in Ethiopia, other
Lhan the pburning of animal dung, whish has negstive feedback on
soil nutrition anc sgriculture in gensral. ar ensrgy policy which
takssz account of these shortcomings must b= formulatsd in the short
term to offset degradsation of remaining resource
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8.4 MAIN CONSTRAINTS TO AGRICULTURE
By4:1 Main physical constraints

The main physical constraints to agriculturs identified by the MLUF
mission include: .
- Limiteg ang variable moisture availability for Crops;
Vartisol s;
Shallow, stony soils;
Soil degradationg
Steep land;
Malaria infestation:
- Tsetse infestation;

i

i

Thesse fzsctors primarily limit sxpansion o
cultivation imn Ethiopia. Each 1= discuss
below.
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Moistuwre availability

Below & limit of &0 days DOF there 13

little that can
overcome lack of available moistwre +or Crop productl
through irrigation. However, 1t is =stromgly recommen
rEssarcn beEgin immecdiateEly into the potential for sho
crops anc cwltivars in the margimally arable (ie with
zone of Ethiopilsa. Demonstration trialsz to indicats the
opportunities for intensification of sgricultw e through better uss
of available molistwes 1n MOors B2SCUWNE CFORRLING zones is also

recommended.

Recurrent drought iz an inmevitable fesature of the snvironment in
Ethiopia, but it must be monitorsed more effectively and improved
provision made to ameliorate itz devastating effects. Upgrading of

o

the meteorological nmstwork to provide more timely and extensive
coverage 1s & first step inm better drought monitoring. Imputs from
meteorological =sstellites can alsoc assist. Strat=gies to limit the
effect of drought must include expansion of the rural road metwors,
development of adequats storage facilitiss and stirateEgic ressrves
of grairn. Much of Ethiopia will continue to experiences drought,
put degrading farmlands and rising population w:ll gracerbate llts
effects wnlesz the sugossted improvements take placs 1m under 10

_years.
Vertisols

Systemsz of management arsz aveillable which can render VYertizols mors
productive than i1s generally the case in Ethiopia. In particular,
the use of broadbeds and fuwrrows zhouwlc be encourageds through
gvtension and SC level planning efforts. Thare must be incentive,
however, through improved terms of trade and grestsr sscurity of
tenuwre, before farmers will use Vertisols for other thanm communal
grazing lands.
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Shallow., stony soils

The considerable extent of severely degraded larnds in northern
Ethiopia, where shallow, stony soils predominate, cannct support
the population currently living thers. This is evaident from the
continuing susceptibility of the region to famines and the clear
indications in the MLUF analysis of the low population supporting
capacities in northern Ethiopia.

Outmigration, reafforestation and hillside closure to livestock,
combined with cut and carry 4orage production, are reacommended in
consultation with farmers., FResearch into the possible introduction
of drought resistant perennial crops and i1nnovative systems of
small-scale irrigation is further recommendsad.

Stesp lands and soil degradation

Steep lands are generally foremost among those susceptible to
accelerated erosion and for conciseness are discussed here together
with so1l degradation. Although the most serious effects of soil
degradation in as yet productive lands will ococur in more than 25
vyears, the sericousness of the long term problem should rot be
underesstimated.

Action must be undertaksn immediately to arrest accelerated
degradation, particularly in thoss Awralas where 1s has been
demonstrated to be most severs (s Annex 2. Improvements can De
made through intensive conservation programs, but emphasis should
be placzd on the need to use methods such &s alley cropping, which
increase productivity while at the same time conserving soils.
Without increased production, farmers will lack the motiwvation
necessary to voluntarily participate 1n conservation programs.

Systams of agro-forestry are recommended for steen lands, maklng
full use of perenrmnial crops, livestook exclusion and cut and carry

forage production where possible.

Malaria 1nftestation

It ig recommended that malaris control programes be intersifisd in
those areas of the country where highland familiez are being
resettled. Highlang peoples have little resistance to this dizsaze
LJBNd seri1ous outbreaks of malaria inm new villages heve the potential
to decimate the population at some stage in the future.

Tsetse control

Cultivation in newly settled areas in the western regionsz of
Ethiopia will remain dependent on animal draught svstems for the
next 28 years. The control of trypancosomiasis iz thersfores vital
to the future expansion of cultivation 1n these localities,
Control on & modest scale haz been demonstratad in Ethiopia, but
this program must be stepped up to ensure sustainability of
agriculture 1in the westermn zone. Thiz should be & priority
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activity asscciated with the ressttlement of farmers from other
areas of Ethiopia.

8.4.2 Terms of trade

To stimulats the intensification of land uss the terms of trade
must be 1mproved in the agricultuwral sesctor. This can be
accomplished by:

= providing a more efficient and timely supply of inpute,
possibly coupled with input price adiustment by Region,
to stimulate regional specialization based on differsncss
in production and transportation costss

- modifying the role of the AMC from acquiring cbligatory
guotas +rom producer and services cooperatives, and
peazant asszociations, To & buyer and seller of last
rezorts the A&MC would set a
a ceiling price to consumers
mar-kets and aveoiding ercessi
treaders;

floor price for farmers and
s thereby stabilizing
ve mark2ting margins to

- dncrezzing the AMC gricss to levels mors in lime with
mer-bet pricess
- allowing trs v o from peEssants
Tt

(o e e’ e

Trrougnou?

PR
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Aveilskility o© 3 =z a&nd 11 to o stimulats
Eroduction will have lithle sfiact withouw! Mg MNecsEsEsary
infrastructure and institutic : implement
improvements, Several importent is es ars discuwssed telow.

Land vsg ol snning

Thers iz &n wgsnt nesd for gr = LwEs planning in
Ethicpia. ozl lsvel, consuln annr Zimilar to that
being invsstigstsd by thes FLDF = oy o the LUFRRD,
w1th-apprcp o fr-om other deEpartmen e Mos. This is
a rale well suitsd to the LUPRD, but staff zo litizg ars
limized and 1t iz T oConsidsra givan to




attaching sdditional staff to the LUFRD to train Awraia lavel staff
of the MoA to implement land use plans on the ground.

It iz also recommended that consideration be given by the LUFPFED to
the including land utilization types with modsst tschnological
improvements which are attainable by psasant farmers, in addition
to the high and intermediats levels currently used by the
department in semi-detsiled land svalustion studies.

Research and sstznsion

It ig recommended that more adaptive ressarch be conductsd by the
IAR and that this include detailed investigation of ths potential
of local variesties of crops. In sddition, investigation of the
suitability of short szasszon crops and cultivars in the conziderable
externt of marginally arable land in Ethicopia. Cuaperatlv rezgsarch
2 GoE and norm-governmantsal organizations oh &

m

betwssn th s ILCA is
to bes erncoursaged.

Improved disszemination of ressarch results to the ertersion service
is recommendsd, to ensw-e thsat the banafl*a of ressarch reach
farmers’ fields &t the earliest posszible tims. This will alszo
reguire improved links betwssn sxtension and grass—-roots, level
land uee planning. Some concentration of evitsnsicon st:zff in arzss
of potentizl will be nsczsssary in ths future to aveid thsE current
dilution of manpowsr resclWrcas. Rzzistance for staff training must

&lsn be & pricrity.

Supply and distribution of inouts

The small percentags of individual farmers using inputs sush as
fertilizer, herbicides and improved seesds ig indicative not onmly of
the cost, but of pocr supply and distribution or & natiornal scale.
Thece factors must be improved, togsther with the availability of
credit, if the smsllholders pressntly responsible for 9%5% of the
food pr:duction in the country are to achisve zubstantial
improvements in productivity.

8.2 FOTENTIAL FOFR IMPROVED CROF FRODUCTION
8.5.1 Gzneral

Resultes of the FEC analysis indicate that thers i
potentially srable land in Ethiopia to erstend the ol
by 2 to 2.4 times the current ares. Howesver, th
fead ths oxen uwsed for draught and supporting llva-tock has been
estimated at 1.7 times that reguired for bhuman food production. Az
a result, there iz inswfficient land to feed both the projscted
human populaticon end the livestook at current lesvels of food-crop
and forags production. It is thus impesrative talintensi$y
agriculture by incressing vields and by raiszing the feead
availability for liveztock,.



8.5.2 Intesnsification of crop production

Legume~basec tzchnclogy

The high escoromic cost of fert

ilizezr =zuggests that legume basasc
techneology offers & more sconomic alternative which could bs gasily
managed by farmers, but ba=ic resesrch is reguirsd befors

widespread introduction of the technology could bs attempted.
Appropriate research should therefore be urdertaken by the IAR at
the sarliest possible time. The success of such teczhnology will
also depend, to & large extent, or the introduction of policiss
which stimulate farmer incentive.

Herbicides

Productian losses due to wesds are very significant in Ethicpia.
Considerable gains -an be made by the us2 of herbicide:z bscause
current wesding practices, especially in the small grain csreals,
are insufficient to contain the wesed problem.

There is potential for the local manufacturs of herbicides which

would alleviats the cost and encouwragse more widespresd uss of the
techneol ogy. if pre-emergencs herbicides are used cther advantags
include reduction in the number of ploughings when preparing the

seedbed and congsguent rsduction in pesak draught oxen
reguiremsnts. The

ll]

risk of scil degradstion is also reduced bheEcause
there ars shortsr pericds when the =01l is bara ard unprotected
from erosivs rainfall,
Intzngifi=d mansgeEment svstams
Additiaonal means are availlabls fto ralse the productivity of rainfed
orop production in Ethiopis, through more intensive land
management. Trey include :nteroropping, relay Cropping,
undersowing and zllsy oropping. All of trhezss =ystems mabs bshter
use of avallable moisturs. Although there is potsrtial to
introducs all of thess systems in different circumstanzsz, the
potential of alley cropping is particuwlarly high and therefors
discussed in more detail.

e ,» livestock forsage, fuelwood anc

The growing reguirements £ fo
the neesd for scil consservation, 1nd1_ﬂt= that alley Cropping could
~well preovids =igrnificant gaims in oz2ll of these areas 14 introduced
on & wWwide Ecale imn Ethiopis. It is therefore strongly resonmanded
that appropriate incsEntives and extensicon as=z:igtancs be providsd to
farmers to sncowrage the introduction this chnology where
possi1bla.

fis rf n
oy
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8.3.7 Crop diversification

The lamd switability as=zessment conducted by the MLUF indicates
that there is considerabls opportunity for diversiftication of crops
and farming systems in Ethicopis.Diversification offers & gresatear
degres of protection from the eff=scts of dissasss, pest attack and
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drought than dependesnce on a monocuwlitwe or limited range of
Ccrops. Howewer, basic research and incsEntives to producCe a wicesr
range of crops and cuwltivars ars reguired befors a grsater degrae
of diversification will become attractive acrossg the board to

smallholders in Ethiopia.

One area of potential diversification in Ethicopia which dessrves
amphasis is the expanded production of roots and tubers, including
enset. Fer hectare yields suggest vastly more favourable returns
in terms of carbohydrate than cersals. Drawbacks are that roots
and tubers are mainly suwited to higher rainfall zores and
biproducts for forage are limited for crops other than sweet potato
and ernset. There zocial acceptance is alsco generally less.

Despite thess limitsations it iz recommended that farmers be
encowaged to include mors roots and tuberz in rotations with mors
favoured cersals.

[ 4]

8.5.4 Coffes and other rainfed cash crops

Cotfee

1

The coffee sector can provide an important source of income &
zignificant section of ths rural community as wsll az to those
involved in itz marksting. A number of Awraisz identified in the
FSC analysis &z oveEr supporiting capacity have high levsls of rural
incomes ogarived from coffss, which snsures their =zurvival
independent of subsistencs food production. Currently, local
demand ig suppresssd by price policy. Fotential exists for further
developing export and domsstic marksts, but production 1s limited
by wvarious factor

rt

It is recommendsd that zues suppreszing production, such &z
labouwr availability, tadation and marksting be investigated to
determing their impact on vields and the necessary corrsctive

actions takesn. It is slso recommend=d that thoss Awrsaias with
coffes potential bs further investigated to identify EUltleE
locations for production by Feasant Associations and Producer

Cooperatives.

ther -ash crop

ul

Other cash crops with potential for increasing rural irncomes
include, grape, olive, cotton, sugarcans, sizal, oilseesds, fruits
and vegetables. In semi-arid areas, incense production i1s
possible.

n

All of thess crops are suited to production inm FC= and SCe, whare
small amount of preliminary processing can be organized to better
utilize available labow and incresase rural irncomes. -An
investigation into the potential for such agri-industries,
particularly in drought prone areas where dryland peErennials such
&8 z=isal cam be grown, should be instigsated to sesl out
alternatives to cut-migration.
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8.5.8% Irrigation

Exieting studies suggest more than 2 million hectares are switable
for medium and large-scale irrigation development in Ethiopia.
However, this figure includes includes slbstantial aresas of
Vertisols which require specialized management and squipment to

sustain productivity. Im addition, the development and management
costs of recent irrigation schemes has proven ta bs high and the
time for development considerable. Despite thes & drawbacks, large

and medium—-scale irrigation of cash crops should be initiated where
it can be demonstrated to have gconomic potential.

There ars also substantial opportuniti=ss 4+or small-zcalse irtrigation
development, utilizing watsr harvesting, diversion schemes and
groundwater development where approprisate. Devzlopmants of this
king should be given priority for credit through FCe and SCs, where
shown to b= sound.

8.93.& Mechamization

Because of the high foreign sxchangs costs involved, limitzd
maintenancs facilities, an excez:s of labowr, and limitsd area
suitable for larges-scale mechanization, it is recommendsd hat the
use of tractors be confined to state farms and coopsratives in the
short to medium term. It is further recommended that ressarzh bz
initistesc on the potsntial of alternative forms of meEchanization
suitable for peaszant farmeres, such as hand-hesld cultivators.

8.& LIVESTOCE FFODUCTION

8.6.1 Gesnersal -
Livestock are 1ntegral components of most farming systems 10
Ethiopia. Their primary role is for draught powsr in ths crop
zone, but they fulfill & multitude of cther roles, ranging from a
mzans to store of wealth, to transport. Faztoralists 1n the
lowlands of Ethiopia ars wholly dependent upon livestock for

survival.

One of the most important difficulties fecing the planning of
the livestock s=ctor, 1s thes lack of reliagle statistics on the
types and Glzurluutluﬁ of livestochk, details concerning loos
livestock producztivity and the valus of indigsnsous torags

1R5.

iUl
i}

pE

orags production 1s Doth l1ow inm guality anc QUARTITY s
avy over-uss and lachk of mansagement of grazing

e appears to be no short term solution to large
t of communally owned pasture and rangsland.
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Mores intensive crop production,
cropping where forage production

ilizing systemsz such as
an integral comporent of the

pl

—
—
il
~

farming system, offe=r promiss of whtar nutrition for livestocock.
Umdersew;rg and ocveErsowing of forage species, togehther wiith the
introduction of ==2rly planted wmimousE forag which form part of

-
1Eg =
ilable mol=turs, oould
;
£

=1y 1
generally intensifisd use of awvail zl=c
contributs usefully to improved livestook nu;r:_isn. Hillside
clmsure armd cut and carry fesd systems alsc offer improved feed
resowces, through the positive +e=sdbach from re2ducesd gracing
preszure and =ut¢=que it degradation of land. Eoth svstzme zrs
recommended for widescsls adoption in Ethiocpia.

0+ the dissases prazsent, trypancszomiasis is ths most gsignificant in
reducing the espangion of livestook production in fthe country.
Efforts to control Tsstss fliss, vectors of t =
11 tern Ethicpisa, but the gpro

oh reauirs o s

rograms an the MoA mus

ss=ing demand for ss=zi
sectmr.
B.6.4 Improved livsstook productivity
Ths limited genetizc potsntial of lo bih whicsh
much for suwrvival ss producticon, szu = dramet
to improved nutrition will not be f Howswer
improvements in draught cspsbilit, LTI on

oEsibls through sslsctive bressing ABNOUE = »

poss:bly croces-oresding. Zelesctive zh LMEpr oS
meat and wool produstion i slsn o fnl e ing with
e«otic arnimals mu=t be further inve st ab ne moEt
desirable options. This iz =z=lso Hru lized zr=zs of
production such ag dairy. Mo gsing =, howewvesr, unleszszs
provigion for ths necsssary rezsars

8.6.2 Deirving

It ig recommended that dairy develooment he irected towards
atisfying domestic demand initially within the 4ramewark of +he
wigting live=stock sector. Ever though individual producticn
lavels are liksly to bs low, =stablishment of produser confidence
will result in the demand for necesszary inputs and zubsesquent
developmsnt. Following establishment of dairy sroduction on a
modest scale, locstions wheres conditions are suitsbls cazm be
selectively upgraded through estension an

vt oL

L
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i
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improved,
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B.6.6 Liwvsstock

and land desgr

d dairy stock, and on-farm proc 22s1ing of products.

:

atiocn

High livestock densities cause degradation directly through mechanical damage to

the scil and

indirsctly through
These factors result in increazed runoff and erosion.

removal of protective vegetstion.,

The large

numbers of livestock, particularly in highland Ethiopia, ars
intimately involved in the spiral of land degradation affe;+1ng

much of the country.
is the only way tao limit the
carry forage systeams,

in aresas

8.7

8.7.1 General

Ethiopia ig gifted with unigque ecclog
the potential to gensratsz forsign

These include fors=gt

Feducing livestock
and stall feeding of livestocok

suffering from livestock

DEVELOFMENT AND FRESERVATIOM

and wildlife rescurc

densities on gra
Hillside clozure,

zing lands
cut and

ie recommended
induced land degradation.

problem.

oo

=

OF UNIGUE RESDURCEES

" =

ozl rescurcse which aleoc hav
wThangs i+ managed effsctively.

and watsr rassourcess

a

suitabls faor fishsries devalcocomant.
8.7.2 Forest rescources
Forestry contributes to the =conomy in Ethicpia in thrase main WayYs:
- 551l zonservation ,
- subsistencs requirszments for fuslwood and building
= industrizl products for ths growing =conomy.
O0f these, the irement for fusl placss the grassitest
demand on ths = ! and woodland resources. Bzcause of
these demandg, a&nd lang clearancs for cultivation, littls remains
of the clos=2d, high forest in Ethiopis and thiz iz & unigque
resouwrce which ghould not be sllowed to further degrade through

indiscriminant

harvssting of
that management policies bEe drawn up by Government for the stats

fu=lwood. It is therefore recommanded

managemant of =ach of the remaining arsss of high forest before
Further degradaticn of these rescurcss tshkes place. Implementation
of thess plans wWill require cost and =ffort, but thz valus of
conserving the remaining foreste in terme of their contributicons to

s0il conservation,

industrial wood products ars

“r
e -

oo
Wie .

Wildlife
Internaticnal tourism is not
forsign exchangs sarnings in
change this situaticon 1n ths
development of wildlifs r=so0
very successfully, and with

wildlifez managsment,

and as a futuwre souw-e of

considerable.

o
to

currently mea ontributcr
Ethiopia, but p tial esi=ts
medium to long term through

L Fernyz has managad to do

appreopriate management Ethicopia

& [
=N

~oe

P —

this
couwld
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eventually benefit in & =similar way to it; reighbour. It i=
therefore recommendesd that development funds bs =oughit to upgrade
the development of national parks and w11d11¥5 resourcas, with an
eventual sim of increa2ging sarnings from towrism ong term
planning for the upgrading of tourist facilitiss such as hotsles,
and restoration of national monumants and other ftouwrist attractions
to ensure & comprehensive package for potential touwrists iz alsc
reguired.

8.7.4 Figheriss development

The Fift Vallsy and the Red Sz arsz of high potsntizl for
fisheri=s devalopmsnt. Thers iz =2 substantizal domsstic demand for
figh in the maior citigs which is irnflusrnced by the religicus
calandsar., Thiz demand could bs sxpanded if appropriates produstion,
marketing a&nd supply policies are nitiatsd. Export potzntial 1=,
an the other hand, largsly wntsppad. It is strongly rscommesnded
that existing swyveys of agustic rescurcss be Updated at the
zarlizst possibls time, whils &t ths sams tims an invesiigation of
the export potential of fizh and cruzstacesams be initiatscd.
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