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FOREWORD 


I
n working on the establishment ofUNSO's 
institutional memory, the thought has oc
curred that others - individuals, organiza

tions or institutions - might also be interested 
in drawing upon the experience which we 
have made - good or bad. 

The area in which UNSO is mandated to 
work deals mainly with the long-term conser
vation ofproductive resources which is some
times termed desertification control and which 
is one of the main components of sustainable 
development. In terms of development ef
forts this is probably one of the most complex 
and, therefore, challenging areas. Efforts have 
to be multidisciplinary, dealing with human 
as well as physical issues and with a long (in 
principle unending) time span. It follows that 
there is considerable "scientific uncertainty" 
with regard to the causes, the implications and 
the cures to be prescribed. 

Against this background, we have decided 
to establish a series ofUNSO technical publi
cations in the hope that others may find them 
useful. 

Although the subject matter dealt with here 
is relatively technical, an attempt has been 
made to use vocabulary which is understand
able to the non-expert and to avoid unneces
sary jargon, in order that the results of the 
project carried out in Ethiopiashould bemade 
available to the widest possible readership. 
This publication is intended for decision-makers, 
administrators, development workers, research
ers, teachers and the interested public. 

Finally, UNSO gratefully acknowledges 
the support provided by all project personnel 
and government officials in preparing this 
text. 

Peter Branner 
Director 

New York, June 1991 

ii 



INTRODUCTION 


E 
thiopia, on the Horn of Africa, is the 
home of one of the world's earliest 
Cluistian civilizations dating from the 

flIst century A.D. This Axumite empire arose 
in the extensive highland area which was 
characterized by high rainfall, rich soils and 
abundant forests. At the end of the third 
century A.D., the Persian writer, Mani, rated 
Axum third among the four great kingdoms in 
the world, after Babylon-Persia and Rome. 
The Axumite empire has disappeared and so 
has the forest and much of the rich soil. 

Over the years, the forests have been cleared 
for agriculture and fuel; indeed, in the past, 
major settlements moved when nearby re
serves offirewood were exhausted. The resul
tant landscape is a mosaic of pastures and 
cultivated fields. There are, however, serious 
problems, ofwhich soil erosion is perhaps the 
most important, resulting in features such as 
recent and active gullies, sheet-eroded slopes 
and brown, silt-laden rivers . Apart from indi
vidual, heavily lopped Acacia albida and iso
lated stands of Eucalyptus around domestic 
compounds, the farmed areas are bare; the 
trees, shrubs and vegetative ground cover that 
once protected the soil against heavy rain 
have gone. Land once considered unsuitable 
for farming by the local people is now being 
brought into use. Pasture areas are very heav

ily grazed. The combined effect of these 
factors is a serious and persistent degradation 
and depletion ofproductive natural resources; 
soil, water and vegetation. Surface degrada
tion and soil erosion have reached alarming 
proportions and are contributory factors to the 
recurrent famines in Ethiopia. 

Redressing the situation calls for action to 
protect the existing natural vegetation and for 
reforestation. The projects described in this 
publication are part ofthe reforestation meas
ures that have been implemented largely to 
help solve the fuelwood problem, but they 
also produce other benefits, not least by ad
dressing the erosion issue. 

It is estimated that at the beginning of the 
present century, much of Ethiopia was cov
ered by forest and woodland. In 1980, how
ever, only about 4.5 million hectares ofclosed 
forest remained, accounting for some 3.6 per 
cent ofthe land surface. Very little ofthat was 
in the densely populated highlands. The pri
mary use ofwood is for household energy and 
construction. Wood is the most important 
source of household fuel, followed by animal 
dung and crop residues. These three sources 
account for an estimated 98 per cent ofhouse
hold energy consumption and 91 per cent of 
all energy consumed in Ethiopia. 

Landscape with few trees. 
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THE FUELWOOD PROBLEM 

IN ETHIOPIA 

Landscape transformed 
by plantations. 

B 
etween 100,000 and 200,000 hectares 
of forest disappear every year as a 
result of cutting for fuelwood and 

clearing for agriculture and pasture . The 
acute shortage offuelwood leads to the burn
ing of animal dung and crop residues for 
cooking and heating, which robs the soil of 
badly needed nutrients. With progressive de
forestation, fuel wood dwindles further and 
more animal and crop residues are used. 

Ethiopian Government 
policy 

The Three-Year Development Plan 1986 
1989, within the Ten-Year Perspective Plan 
1984 - 1994, places great emphasis on for
estry development, water and soil conserva
tion, irrigation and settlement programmes as 
the basis for a strategy to combat drought and 
desertification . The plan specifically recom
mends "intensifying forestry development 
efforts through nation wide reforestation and 
afforestation campaigns and the introduction 
of drought-resistant tree varieties". 

In addition, the Natural Resources Conser
vation and Development Main Department 
drafted a national ten-year programme for the 
conservation and management of forests, 
wildlife, soils and water, in September 1986. 
This included the following relevant propos
als : I 

- establishing forest plantations for fuel
wood, construction and industrial pur
poses ; 

- developing and expanding state forests ; 
- the provision of incentives to mohilize 

popular participation in forestry develop
ment and conservation; 

- accelerating the rehabilitation of degraded 
lands by soil and water conservation 
measures, afforestation , natural re
generation and community-based tree 
planting; 

- improving policies, laws and regulations 
in support ofsustained, effective forestry 
development and conservation efforts. 

The pricing and marketing of fuelwood, 

plantation poles, branches and leaves is a 
major policy issue to be resolved. The Gov
ernment, with Swedish Government support, 
recently initiated a study on the pricing and 
marketing of forestry products. The results 
will be useful in the formulation ofnew policy 
guidelines. Following recent agricultural 
marketing policy reforms, it is likely that the 
new policy will include a component allow
ing the rural people involved in tree-growing 
an opportunity to share in the marketing of 
forest products, probably through local co
operative associations. 

The new policy will also benefit from inter
national efforts such as the FAOIUNDP/Worid 
Bank supported Tropical Forestry Action Plan 
(TF AP) and the National Conservation Strat
egy, supported by the International Union for 
the World Conservation Union (IUCN). 
National plans developed on these frame
works will create strong policy guidelines for 
forest conservation and development activi
ties. 

UNSO involvement 

In the early 1980s, Ethiopia, in common 
with other Sudano-Sahelian countries, was 
still suffering the effects of the oil crisis and 
droughts of the 1970s. In order to satisfy the 
basic energy needs ofthe 45 million people, it 
was realized that the most appropriate option 
was to establish fuelwood plantations. At the 
request of the Ethiopian Government, there
fore , the United Nations Food and Agriculture 
Organization (FAO) visited Ethiopia in 1981, 
to formulate a fuelwood project to supply 
Addis Ababa and to identify other potential 
fuelwood projects on behalf of the United 
Nations Sudano-Sahelian Office (UNSO). 

In early 1982, UNSO surveyed the poten
tial fuelwood plantation sites recommended 
in the report and prepared a technical analysis. 
Later in the same year, the Forestry and Wildlife 
Conservation and Development Authority 
(FAWCDA) of Ethiopia and FAO held a 
workshop to recommend measures ofsol ving 
the fuelwood problem (FA WCDA 1982). 
Nineteen urban centres were identified as 
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having particularly acute fuelwood shortages 
and of these UNSO selected five priority 
centres: Addis Ababa, Dese, Nazret, Debre 
Birhan and Harrar. Gondar was later substi
tuted for Addis Ababa, following the decision 
by the African Development Bank and the 
World Bank to assist with large fuelwood 
projects around the capital. 

Fuelwood plantation projects at Nazret, 
Debre Birhan and Dese began in 1984, with 
Danish and Finnish financial support. The 
Gondar project began in 1987, assisted by 
DANIDA. Implementation of the Harrar pro
posal has not yet begun and so it will not be 
considered in this report. 

The Nazret, Debre Birhan and Dese proj 
ects followed the recommendations of the 
FAWCDA-F AO workshop to create large, 
block- pattern, centrally-planned, state-owned 
fuelwood plantations in the vicinity of the 
target cities. As a result of experience gained 
in the early years of operation, adjustments 
have been made to the original project plans 
and these were also incorporated into the 
subsequent Gondar and Harrar proposals. These 
changes involved greater consideration ofthe 
interests of the people on whose land the 
plantations were being established, includ
ing: access to pasture for livestock; greater 
flexibility in order to avoid planting areas that 
might be needed for crops; general rural de
velopment training and sharing fuel wood re
sources . The concept ofproviding household 
energy to urban areas through plantations has 
evolved into an integrated rural development 
approach, to be carried out with as much 
popular participation as possible. This has ne
cessitated a review of national economic and 
social policies relative to fuelwood planta
tions. The most radical change is the intro
duction into the Gondar project proposal of 
"village" woodlots, using community forestry 
methods . 

Originally, FAWCDA implemented and 
co-ordinated fuelwood projects, but this is 
now done by the Fuelwood Projects Co-ordi
nation Office of the State Forests Conserva
tion and Development Department. This is 
part of the larger governmental structure, the 
Natural Resources Conservation and Devel-

DESE PLANTATION 
SITE 

opment Main Department, which comes under 
the Ministry of Agriculture. 

Other sections of this major body which 
are closely involved in the environmental 
issues of deforestation and soil erosion, but 
not directly concerned with fuelwood proj
ects, include: 

- Land-Use Planning and Regulation 
Department; 

- Forestry Training Institute; 
- Community Forests and Soil Conservation 

Development Department; 
- Forestry Research Centre; and 
- Fuelwood and Charcoal Production and 

Marketing Enterprise. 

Related forestry 
activities 

Of the estimated 55,000 hectares of com
pleted or planned fuelwood plantations, UNSO 
is responsible for 15,900 hectares, or almost 
30 per cent (excluding the planned Harrar 
project). A number of fuelwood and other 
forestry-related projects are beiog implemented 
or are planned by multilateral and bilateral 
donors and non-governmental organizations 
(NGOs). These include: 
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- African Development Bank: 15,000 hec
tares of eucalyptus fuel wood plantation 
north of Addis Ababa ($US 10.5 million 
1984 - 1992); 

- World Bank: 13,000 hectares of up
graded plantations, plus 11,000 hectares 
of eucalyptus plantations around Addis 
Ababa and Bahar Dar ($US 45 million 
1987-1993); 

- World Food Programme: the largest 
Food-for-Work project in Africa, which 
began in 1975 primarily as a soil conser
vation exercise, with a target of 2.6 mil
lion hectares ofrehabilitated forest, graz
ing and agriculhlralland ($US 76 million 
1975 - 1990); 

- SIDA: several different initiatives: an 
integrated Rural Development Programme 
in south W 0110, including community and 
agro-forestry ($US 20 million 1987 - 1990); 
support to education at the Wondo Genet 
Forestry Training Institute, the Silvicul
hIre Research Centre and the Forestry 
Faculty of Alemaya University; also 

Figure 2. Changes in tree biomass 
density in Ethiopia, 1900 - 2000 

assistance with compiling an inventory 
ofthe remaining natural forests and a sur
vey of existing forest management in 
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priority areas ; 
- Italian Government: projects on commu

nity and agro-forestry in Arsi and Bale 
($US 63 million 1989-1993); 

- Gesellschaft fur Technische Zusamme
narbeit (GTZ): planning, technical and 
financial assistance to the State Forests 
Conservation and Development Depart
ment; 

- Swiss Government: support to the Com
munity Forests and Soil Conservation 
Development Department and in the 
preparation and distribution of training 
and technical publications; 

- NGOs: approximately 60 NGOs are 
working on reforestation and soil con
servation in Ethiopia, for example, CARE, 
Concern, the Lutheran World Federa
tion , OXFAM and the Ethiopian Red 
Cross. 

Natural versus plantation 
forestry 

Several basic forestry issues raise a num
ber of questions within the country; whether 

Year 
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the use of the remaining natural forest could 
be improved with good management; the 
problem of valuable grazing and pasture land 
being lost to plantations which give a poor 
return to the rural people who formerly used 
the land; the possible disadvantages ofa plan
tation monoculture; and the debate over the 
value of fast-growing exotic species, particu
larly eucalyptus, which has a reputation for 
being demanding on soil and ground-water 
resources. Whilst these issues deserve seri
ous consideration, the alternatives must also 
be considered carefully in the context of the 
overall fuel wood and forest crisis in Ethiopia. 

Although deforestation began centuries ago, 
the rate of forest loss became extreme onl y 
within the last hundred years. During the 
1950s and early 1960s, the rate reached a 
maximum of 800,000 hectares per year. By 
1985, only an estimated 3.5 million hectares 
of forest, or 2.7 per cent of the land area 
remained. These figures are reflected in the 
dramatic decrease in the forest biomass den
sity which is shown in figure 2. The figures 
were calculated as a function of total forest 
area of the country (excluding plantations) 
and the mean biomass density per hectare. 

Projections of these figures reveal that un
less drastic action is taken to curb deforesta
tion, for example, by widespread reforesta
tion, there will be no forest left by the year 
2015. 

The main reason for the depletion ofEthio
pian forests is that about 19 million cubic 
metres ofwood are cut annually forfuelwood 
(Pohjonen and Pukkala 1987) and a further 
two million cubic metres are felled for use in 
construction. Under sustained forest manage
ment practices, an output of 21 million cubic 
metres per year would require approximately 
five million hectares of well-managed closed 
forests. This exceeds the total area of closed 
forest remaining in Ethiopia and furthermore, 
this remnant is not well managed. In addition 
to this total, there are an estimated 20 million 
hectares of lowland, sparse, bush woodland, 
but it is located far from the urban centres in 
the highlands, so that harvesting and transport 
are uneconomic in the long-run. The bush is 
found in semi-arid areas, susceptible to deser-
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tification. On environmental grounds, there
fore, it should not be used, except perhaps 
sparingly by the local inhabitants . 

At current population levels, an estimated 
one million hectares of fast-growing planta
tions would satisfy the annual fuel wood de
mand. Plantations, many ofwhich originated 
earlier this century under Emperor Menelik II, 
now cover approximately 310,000 hectares, 
or almost a third of the required area (Bowen 
1985). 

Many of them, however, are poorly stocked 
and some contain slow-growing species that 
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Figure 3. Changes in tree 
biomass density in Ethiopia, 
/985-20/5. 
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Figure 4. Sources ofhousehold 
energy in Ethiopia, /980s. 

Fuelwood: 38.4%,Charcoal: 4.8%, 
16.7 M cu metres2.1 M cu metres 

Crop residues: 24.1%, 
10.5 M cu metres 

Total: 43.5 million cubic metres 

Cow dung: 32.6%, 
14.2 M cu metres 

lyptus or some of the exotic acacias. The 
overall result is overcutting of both natural 
forests and plantations. 

The fuelwood situation would be consid
erably more acute ifother biomass sources did 
not contribute to household energy. In the 
1980s, fuel wood and charcoal accounted for 
about 43 per cent of household energy, with 
the balance contributed by cow dung (32.6 per 
cent) and crop residues (24.1 per cent) (pohjonen 
and Pukkala 1988a). The Ethiopian Govern
ment would like to see dung and crop residues 
replaced by wood from plantations, in order to 
counter the deterioration ofsoil fertility. This 
would raise total annual fuelwood demand to 
45 million cubic metres, which would require 
over two million hectares of fast-growing 
plantations. Taking the 2.9 per cent popula
tion growth rate into account, some 67 million 
cubic metres a year will be needed by the year 
2000, necessitating an area of over three mil
lion hectares of well-managed, fast-growing 
plantations. 

In many ways it would be preferable to 
reforest with indigenous tree species. This 
would be ecologically better and more accept
able to local populations with cultural attach
ments to specific well-known tree species and 
products . Some UNSO project planting does 
include indigenous tree species. Because of 
their slow rate ofgrowth, however, the use of 
large percentages ofindigenous highland spe
cies, such as Juniperus or Olea, would not 
satisfy the fuel wood demand and the remain
ing natural forest would continue to be de
stroyed. There is neither sufficient time nor 
enough available land to permit forest plant
ing using only indigenous trees. 

The question remains as to which fast
growing, exotic species to select. Many tree 
species have been tested in various parts ofthe 
world for fuelwood production, but research 
is far from complete. There is no doubt, how
ever, that few species can match Eucalyptus 
in terms of quality of wood and quickness of 
growth. The species as a whole yields fuel
wood and charcoal which are ofhigh calorific 
value and slow burning and the timber is 
suitable for poles, posts and small timber. It 
also may be used in the production of wood 

pulp, leaf oil and tree bark. 
Harvesting the poles can begin as early as 

six years after planting, but sustained produc
tion yields will be higher if off-take is delayed 
to allow stem volume and tree height to in
crease. It has been argued, especially in India, 
that eucalyptus depletes ground water reserves 
and deprives livestock offodder since it does 
not favour undergrowth and the leaves are un
palatable. There is, however, no proofthat the 
species causes more ground-water or soil mois
ture loss than any other fast-growing tree 
(Birla Institute, 1986). Furthermore the par
ticular areas in India from which the adverse 
charges originated have high densities of wells 
and mechanized pumps which may have low
ered the water tables (Parkash and Hocking, 
1986). 

Eucalyptus in Ethiopia 

Fifteen different species of eucalyptus were 
introduced from Australia in 1895 by Em
peror Menelik II, who foresaw a wood short
age in many parts ofthe country, particularly 
around the new capital, Addis Ababa. Of 
these, Eucalyptus globulus performed best in 
terms of survival and fast growth. An addi
tional bonus was that since livestock did not 
eat the young seedlings, the trees survived 
without fencing or other protection. As a 
result, it has become the dominant exotic 
species, growing on some 15,000 hectares of 
plantations around Addis Ababa, which have 
been developed from the old plantings. 

In the early years there was no scientific 
management or evaluation. In 1956, how
ever, species comparison trials began at Holetta 
Agricultural Research Station, 50 kilometres 
west of Addis Ababa, which confirmed E. 
globulus as the best variety; in 30 years it 
produced the remarkable volume of960 cubic 
metres/hectare. 

In 1975, the Forest Research Centre began 
even more extensive trials, using a number of 
eucalyptus species, other exotics and some 
potentially promising indigenous species. (Me
bratu et aI., 1983 and Orlander, 1986). The 
results of these trials were used in recom
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mending appropriate species for planting for 
fuel wood production in sites of differing 
ecological characteristics (Sooth, 1985). 

Production and 
management 

Once the selection of species has been 
made, there remains the question of planting 
configuration and method. There are four 
basic alternatives: 

- block plantations; 

- community forests; 

- farm forests; 

- home gardens. 


All are relevant in Ethiopia. In the early 
1980s, following the FA WCDNFAO work
shop, the Goverrunent decided to establish 
industrial block plantations with the immedi
ate and urgent aim of supplying fuel wood to 
the main highland urban centres. 

UNSO was one of the first international 
funding agencies to assist Ethiopia in massive 
reforestation for fuel wood. The large scale 
block approach was acceptable to UNSO 
because it offered a number of advantages: 

- large block stands are more economical 
and efficient to establish and manage 
than the same surface area divided into 
smaller, dispersed units; 

- areas downstream of the reforestation 
sites can be protected by full watershed 
management; 

- training and supervision in the relatively 
new concept of intensive, sustained
yield, plantation forest management is 
easier for large blocks than for small, 
dispersed areas . 

- blocks can be made more productive and 
valuable to local populations by incor
porating controlled grazing and cut-and
carry fodder production and by inter
planting the seedling rows with crops 
during the first three years - the taungya 
agro-forestry system . 

Basic management 
principles 

The main principle offuelwood plantation 
management is to achieve sustained produc
tion, ensuring that harvests do not exceed 
growth . In the early years of the plantation, it 
is important to allow adequate time for the 
standing volume and annual growth potential 
to increase. In the Ethiopian situation, how
ever, it is impossible to wait until maximum 
mean annual growth increment is reached; in 
Eucalyptus globulus, this occurs after 10 to 20 
years. The local need for fuelwood is so acute 
that harvesting must start earlier. On the 
UNSO projects at Dese, Nazret and Debre 
Sirhan, cutting is scheduled to begin after six 
years, but on a controlled and limited scale, so 
as not to jeopardize the full production poten
tial. 

The forestry operations involved in estab
lishing the plantation need to be carefully im
plemented to ensure fully-stocked and pro
ductive stands. In young plantations, beating
up and regular weeding should be carried out. 
Fertilizer application is reconunended for poor 
soils, such as those at Debre Sirhan. It is com
mon practice to divide up large block planta
tions into "compartments" ranging in size 
from 20 to 300 hectares, for monitoring and 
management purposes, including fire control. 
In some compartments, the final stocking may 
not be dense enough in spite of regular beat
ing-up and restocking with large seedlings 
may be necessary immediately after the first 
harvest. Fire breaks should be constructed 
between compartments and grazing restricted 
while the seedlings are still small, to prevent 
trampling by livestock. 

Ifearly harvesting (i.e. at six years) is con
sidered, it must be remembered that small 
trees should not be cut, because they do not 
coppice well (i.e. regrow several saplings 
from the cut stump) and that to harvest under
stocked compartments is uneconomical in the 
long-term. In this context, an understocked 
compartment is one where the number oftrees 
per hectare at harvest time is less than 1200 at 
an average spacing of 3 x 3 metres. 
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THE UNSO·ASSISTED 


PROJECTS 


* 1 Birr = US$O.50 

T 
he implemented UNSO-assisted proj
ects are all located in the Central High
lands . 

Project status 

Dese (UNSO/ETHl8 3/X01) - Funding: $US 
500,000 from FINNIDA and Birr 556,000* 
from the Ethiopian Government. 

UNSO established and managed the proj
ect for the first three year phase, from 1984 to 
the end of 1986. The mandate was extended 
for six months, to June 1987, with an addi
tional FINNIDA contribution of$US 311,000 
to bridge the period into the second phase. 
FINNIDA then took over direct management, 
in line with the decision to expand FINNIDA 
operations in Ethiopia. UNSO is, therefore, 
no longer involved. 

Nazret (UNSOIETH/82/XOI) - Funding: a 
DANIDA contribution of$US 5,832,407. 

The project began in 1984 and the first 
phase has been extended to 1990. 

Debre Birhan (UNSOIETHl82/XO 1 and 
UNSO/ETHl85/XO I) 

The project started in 1984, within the 
same programme as the Nazret activities. In 
phase two, it became a separate project, with 
DANIDA funding of $US 3,081,233 and a 

Government contribution of Birr 648,720*. 

Gondar (UNSO/ETHl86/XO 1) - Funding: a 
DANIDA contributionof$US 5,120,717 and 
Birr 848,160* from the Ethiopian Govern
ment. The project started in 1987. 

Objectives 

Apart from site-specific considerations, the 
UNSO-assisted projects have six common 
objectives: 

- Fuelwood supply for household use, par
ticularly in the adjacent urban centres, 
but government initiated marketing 
changes could ensure supplies for local 
rural communities. Fuelwood is a basic 
need of lower income groups and it is the 
traditionally preferred household energy 
source; 

- Increased employment - The establish
mentand maintenance offuel wood plan
tations is labour intensive. There are few 
paid labour opportunities in the rural areas. 
This type of project work is, therefore, 
beneficial to the rural economy. Employ
ment preference is given to people living 
near plantation sites; 
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- Improvement of social welfare of the 
local population - The construction of 
access and feeder roads to the planta
tions provides a better means of satisfY
ing the needs of rural people to transport 
produce to market and reach health and 
education facilities; 

- Increased agricultural production - As 
plantation-based fuel wood supplies in
crease, so more dung, crop residues, twigs 
and leaves will be available to replenish 
the soil. This will enhance agricultural 
yields. Agricultural residues will also be 
available as feed for livestock; 

- Soil and water conservation - The re
forestation of marginal crop and grazing 
land is an important strategy for good 
land use. Fuelwood plantations help to 
retain surface run-off for ground water 
recharge and to reduce soil erosion, so 
regulating flow and improving water quality 
in drainage systems; 

- Conservation offoreign exchange -The 
best substitute for fuel wood in terms of 
cost and energy is kerosene. The Ethio
pian Government, however, does not wish 
to encourage a switch to imported fossil 
fuels, as the use of kerosene would in
volve supply problems, the spending of 
scarce foreign exchange and expenditure 
on specialized appliances by the user. In 
contrast, fuel wood is renewable, tradi
tional and locally obtainable. 

Tb ites for tbe Dese, Nazret and Debre 
Bu:han projects were selected by the Forestry 
and Wildlife Conservation and Development 

ut.hor:iry (F WCDA), in consultation with 
lh local lI'oreda (sub-district) authorities and 
Peasant ' ociations. The criteria used in 
site sele lion -; ere: 

- suitability for production purposes in 
terms of climate, topography and soils; 

- the existing land use i.e. cultivation, graz
ing and habitation. Efforts were made to 

avoid good cropland and to concentrate 
plantations on eroded, low-potential land, 
usually hillsides; 

- the sites should be accessible and within 
economic road haulage distance of the 
centres of consumption. 

The choice ofplantation sites was not easy 
because the highlands are densely populated 
and there is very little unused land. 

In the Gondar area, plantation sites have 
been chosen after the completion of socio
economic, land-use and ecological studies. 

Site factors 

CUmate - Rainfall in the project areas 
ranges between 900 and 1500 millimetres per 
annum; the lowest amounts near the Rift Valley, 
on the edges of the Nazret project and the 
highest totals at elevations of over 3200 metres 
near Debre Birhan, where considerable fog, 
mist and hail storms also occur. In the high
lands, temperatures fall below freezing at 
night in January and February. The project 
areas are located in the Afromontane Bimodal 
Highlands, so called because the rainfall pat-

Dung and crop residues are 
now used for fuel. 
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Typical highland landscape with cultivated 
flatter areas broken by very steep slopes. 

tern is bimodal; the short rains (belg in Amharic) 
between February and March, accounting for 
25 per cent of the annual total , and the long 
rains (kerempt) between July and September. 
Nazret is on the edge ofthe zone and the short 
rains may fail. Rainfall is also highly variable, 
both in time and space. One area may have 
excellent rains, while nearby there is none. 

Soils - There is little detailed information 
available on soils in the project areas. The 
Nazret sites are underlain partly by sedimen
tary rock and partly by volcanics. Debre 
Birhan is almost wholly on basalt and at Dese, 
the bedrock is calcareous sandstone. The Gondar 
soils are mostly ofvolcanic origin. Soil depths 
vary considerably. At Dese they range be
tween 40 and 80 centimetres. The hillsides in 
Debre Birhan and to a lesser extent those at 
Nazret have very shallow residual soils less 
than 50 centimetres deep, marked by patchy 
tree growth, whereas in other areas, deposited 
dark-coloured soils - vertisols - may be over 
two metres deep. Depth is the most important 
soil characteristic for tree growth, since the 
roots need room for development. Soil fertil
ity and structure are less critical. 

Vegetation - Most of the original tree 
vegetation has long been cleared from the 
project sites, to be replaced by a fairly dense 
grass cover, kept short by heavy grazing. 
Some thorny shrubs still grow and scattered 
trees can be found, usually in relatively inac
cessible places, or around revered sites such 
as church compounds, or the sacred spring on 
the Nazret site, which is surrounded by wild 
olives (Olea africana). A few remnant sacred 
fig trees (Ficus species) have also survived. 
Other indigenous species including Acacia 
abyssinica, Hagenia abyssinica, Erythrina 
brucei and Juniperus procera are found in 
small numbers. 

At elevations above 3000 metres the vege
tation type is afro-alpine, with species such as 
Erica arborea (tree heather), Lobelia rhyn
chopetalum (giant lobelia), Helechrysum sp., 
Hypericum sp. and Alchemilla sp. 

Topography - The highlands consist ofan 
undulating plateau, frequently broken by iso
lated hills and ranges. Slopes are often very 
steep and unsuitable for any type of planting, 
for example the eastern Rift Valley escarp
ment is almost sheer in places. 

Land use - Given the high population den
sities around the project sites, all good and 
most marginal land is cultivated. The domi
nant pattern is of crop growing, with small 
areas offallow-pasture on the flatter land and 
pastures at higher elevations, on steep slopes 
orwhere soil conditions are particularly poor. 
Soil erosion is a considerable problem and 
soil conservation efforts are noticeable, par
ticularly around Debre Birhan. Animals play 
an important role in the average highland farm 
economy, beiog used for draught, food , trans
port and as a buffer during times of crop 
failure or shortages. While crops are in the 
field , domestic animals are herded, but after 
the harvest, they range freely, feeding on crop 
residues. Trampling by wandering livestock 
is a threat to young plantation seedlings, al
though agreements are usually made with the 
peasants to avoid newly planted areas and 
men from the communities are often hired as 
watchmen. There are fines and other penal
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ties for allowing animals to stray into planta
tion areas, but these are not always enforced. 

Land tenure and allocation are controlled 
by the local Peasants' Association , which 
normally is responsible for about 800 hec
tares, including the village or homesteads, ag
ricultural fields, grazing land and occasion
ally, some forest. An average homestead 
comprises about 1000 square metres, within 
which the tenant has tree tenure, that is the 
right to plant, cut, sell and otherwise use the 
trees growing in the home compound. At 
present, no tenant has permanent land tenure 
rights, so there is no incentive to make long
term investments, such as in soil conserva
tion, agro-forestry or tree planting activities . 
According to recent Govenunent decree, 
however, new land ownership laws are to be 
introduced. Currently, indigenous or planted 
trees growing outside the homesteads belong 
to the state. Tenure may be granted to the 
Peasants' Association, but harvesting is un
der direct control ofthe local State Forest De
partment. 

Grazing and forest land under 80 hectares 
in area is communally held by the Peasants' 
Association, but larger blocks belong to the 
state. Farm and community-based forestry 
systems are not likely to develop under these 
circumstances. State-owned fuelwood plan
tations are the best alternative, but harvesting 
and marketing policies have yet to be formu
lated. 

Plantation methodology 

Seedling production - Under the supervi
sion of project foresters, seeds of eucalyptus 
species, particularly E. globulus, are col
lected from older trees growing in the area. 
Seed from the tallest and straightest trees are 
selected. The oldest UNSO-supported proj
ect stands are now beginning to produce seeds 
and the best are collected. 

Seeds of other tree species are collected 
locally, obtained from the National Forest 
Tree Seed Centre, or ordered from abroad . 

A main nursery has been established for 
each of the Dese, Nazret and Debre Birhan 

projects and two sites have been selected for Seedling planting in the nursery. 
the Gondar project. Annual seedling produc
tion capacities are 3.5, 4 and 2.8 million re
spectively. The nurseries are laid out in blocks, 
surrounded by hedges (usually of Cupressus 
lusitanica), with a tree windbreak on the 
windward side,for winds can be strong and 
cold, causing damage to young seedlings. 

The seedlings are grown in 12-15 centi
metre long, open-ended plastic sleeves filled 
with a nursery mix of soil, sand and manure 
(4:2: I). In Nazret, expensive natural forest 
soil, brought in from some distance, is mixed 
with local soil, whereas in Debre Birhan, 
humus from under old Eucalyptus stands is 
used. The forest soil is thought to be benefi
cial because it introduces mycorrhiza into the 
soil mix . . 

The pots are arranged in slightly raised 
beds, about 1.0 metre wide and 10 to 20 
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Transportation of seedlings 
by the 'sardine method' 

metres long, grouped into blocks. Shading 
racks or mats are set up about 50 centimetres 
above the beds. 

Three to four seeds per pot are sown be
tween January and March. The pots are cov
ered with a grass mulch and watered twice a 
day ini tially. Watering frequency is gradually 
reduced to twice a week, depending on need 
and rainfall. 

At 5 to 10 centimetres high, all except the 
healthiest seedling in each pot are transplanted 
into other pots. The shading is removed as the 
seedlings develop. The seedlings are root
pruned once or twice in the nurseries. 

By planting time in July, the plants are 
between 20 and 40 centimetres tall. They are 
then transported by truck to the planting areas, 
stacked in layers to a depth of 100 to 120 
centimetres, using the "sardine method". 
Stacking must be done with considerable care 
in order not to damage the stems, but layering 
saves labour and the expense involved in 
using special seedling transport racks. 

The seedlings must be loaded, hauled and 
unloaded with the minimum delay. They are 
then temporarily stacked again as in the nurs
eries. Care must be taken not to lose too much 

soil during handling, for this would cause con
siderable damage to root systems and be wasteful 
of seedlings. 

Land preparation - Before planting, ac
cess roads must be built. Except for small ex
perimental plots, fencing is not necessary, 
since forest guards are employed as soon as 
planting begins. The compartments are marked 
out in the field, making use ofnatural features 
such as rivers, gullies, valley bottoms and 
forest roads. Average compartment size is 
about 27 hectares . 

The planting sites in the field are marked 
out or "staked" taking account of microvari
ations in the soil and the most suitable, least 
stony areas of the ground surface. Originally, 
spacing was prescribed at 2.5 x 2.5 metres, but 
after three years, this was reduced to 2.0 x 2.0 
metres, giving 2500 pits per hectare, in order 
to maintain production targets but with a re
duced area of plantations. 

Pitting, that is the digging ofholes 40 centi
metres in diameter and 30 centimetres deep in 
which to plant the seedlings, is very labour in
tensive and time consuming. Labourers often 
have to loosen the soil with picks before holes 
can be dug using traditional hoes . The aver
age labour input is 35 holes per man per day. 
The work is carried out before the rainy sea
son because: 

- casual labour is plentiful at that time; 
- the loosened soil and the hole can weather 

before planting; 
- actual planting is speeded up if the maxi

mum preparation has been done before
hand. 

Planting - Planting begins after the onset 
ofthe rains (normally in July), when the upper 
soil layers are sufficiently moist. In order to 
derive maximum benefit from the rainy sea
son, the seedlings must be planted as quickly 
as possible. Casual labour requirements are 
large. In 1989, approximately 700,000 seed
lings from the Debre Birhan nursery were 
planted in three weeks; a daily planting rate of 
about 40,000. 

Planting in the short rains is successful if 
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the rainfall is adequate, for the seedlings get 
an excellent start, since they benefit from 
further moisture during the heavy rains. Trees 
planted during the main rains do not receive 
any more water for several months. The short 
rains are not reliable enough, however, to 
guarantee the seedlings a good start, so that 
only some replanting is carried out at this 
time. Major planting activity is concentrated 
at the beginning of the main rains. 

Seedlings are planted using simple hand 
hoe • after the previously dug pits have been 
re-shap d. The original top soil is put in the 
b ttom of the pit. Some of the loose and 
crumbly bottom soil is used to cover the 
plant d pit and the surface is shaped to retain 
water. 

Planting i done on a piece-work rate on the 
basis of 1_0 seedlings per normal working 
da. 

\1ainteoaoce - A key aspect is to ensure 
that free-roaming animals do not browse or 
ttample young trees. Guards are employed all 

round, to keep animals out, to prevent the 
uwnu.boriz d removal ofwood and to lookout 
for and ftgh t fires. They are given some fire 
fi_hting training. 

a further precaution against fire, 20 
metre-wide firebreaks are maintained along 
the compartment boundaries. 

U ually, about 50 per cent of the newly 
planted seedlings die during the first dry sea

o. from October to March. The empty holes 
replanting (beating up) during the next 
rains. The biggest and best seedlings in 

ry are reserved for this purpose in 
oni to help them to catch up on the year's 

"th. lfnec sary, the process is repeated 
Bllhe beginning of the third year, to secure as 

toe 'ing rate as possible. Only about 
mi of the eedlings produced in the 

ive to become harvestable 

im;port.:lnCC of regular beating up is 
;ure[ and Debre Birhan forest 

. Despite regular beating 
planting density from 1600 

perbectare, the average stocking 
de -u~ orlhe plantanons after five growing 

seasons was only about 1400 treesihectare. 
Some compartments remained understocked. 
This should be remedied by enrichment plant
ing at the time of the first harvest. Since the 
land resource is scarce, none of it should be 
allowed to remain underproductive, so jeop
ardising forecast harvest levels. Weeding is 
another important maintenance activity. The 
first weeding takes place two to three months 
after planting, to clear a radius of 75 centi
metres around the sapling. A standard dose of 
approximately 20 grammes of fertilizer per 
plant may also be applied at the same time. 
Grass growth may be vigorous enough to 
warrant weeding during the short rains and 
possibly even again after the second heavy 
rains. 

( 

Young plantation. 
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PROJECT RESULTS 


D ese 

The primary targets of this project 
were: 

- to strengthen the existing nursery in Dese 
in order to achieve an annual production 
capability of3.5 million seedlings; 

- to establish 200 hectares of fuel wood 
plantation, as an initial step towards a fuJI 
scale programme to plant 3,600 hectares; 

- to provide a forestry technical advisor to 
FAWCDA in Addis Ababa to assist in 
project management. 

The results obtained by 1987 were: 

Table 1. Nazret project targets and achievement, 1984-89. 

Activity 

Nursery production 
(million/year) 

Tree planting 
(Ha) 

Seedlings distributed 

Access roads (km) 

Feeder roads (km) 

Health clinics 

Ponds 

Well with hand pumps 

Flour mills 

Demonstration plots 

Vocational training 

Plantation Management Plan 

Target Achievement 

3.5 4 

1984 800 389 
1985 1,700 1,176 
1986 1,700 1,080 
1987 1,600 865 
1988 983 
1989 618 
Total 5,800 5,111 

50,000 

25 72 

228 55 

10 

10 13 

5 

3 3 

20 20 

32 

Note: The remaining plantation area, health clinics, wells and flour mills were completed in 1990. 

- a production capability of I million seed
lings a year from the Dese nursery; 

- a total of 975 hectares planted; 

- a technical advisor in place in FA WCDA 
to assist in preparing study reports on 
management plans and policy procedures 
for harvesting. 

Nazret 

The Nazret project targets were modified 
during implementation in the light ofinfonna
tion on local conditions. The original planta
tion target of 7,600 hectares over six years 
was reduced to 5,800 hectares, because it was 
found that since more people lived in the 
project area than original estimates had sug
gested more land was needed for crops. To 
compensate for the reduction in area whilst 
still allowing fuelwood production targets to 
be met, the planting distance between trees 
was reduced from 2.5 x 2.5 metres to 2 x 2 
metres. Table I summarizes amended project 
targets and results as of the end of 1989. 

The project intention was simply to supply 
Nazret with fuel wood, but it soon became ap
parent that establishing several thousand hec
tares of tree plantation was putting a great 
strain on the existing integrated cropping and 
livestock land-use system. The entire project 
was jeopardized because much needed pub lic 
participation to secure long-tenn viability was 
lacking. As a result, several community de
velopment activities were initiated and steps 
were taken to ensure that local people could 
benefit from using land within the plantation 
sites. Some of these deserve further discus
sion: 

Demonstration plots - Some 20 plots have 
been established on project land to demon
strate agro-forestry and sylvo-pastoral sys
tems. The programme involves 144 fanners. 
Experiments are being camed out using multi
purpose trees and improved forage grass species 
and trials on growing barley between the rows 
of newly planted eucalyptus have been initi



ated. The saplings appear to do well, certainly 
until about three years of age, as does the 
barley; an encouraging sign for the success of 
agro-forestry techniques. 

Controlled grazing/cut and carry - Trials 
are underway on stocking fenced areas of 
plantation land with measured livestock units 
and studying the effects on the trees and grass. 
Grass production in the protected plantations 
is exceptional (2-2 .5 metric tons! hectare dry 
matter); far higher than production in the sur
rounding areas which are freely grazed. In 
some areas, people are also allowed to cut 
grass in the plantations, to use as livestock 
feed at the homesteads . The results so far, in
dicate a great potential for allowing managed 
access into established plantations. 

Ponds and wells - Water supply is a major 
problem for the people in the Nazret area 
inee there are no boreholes, large reservoirs 

or piped-water systems. Villagization has ag
gravated the problem by locating people at a 
di t3nce from traditionally-used small springs 
and water holes. The project has been able to 
a ist village Peasants' Associations by using 
road-bui.lding equipment to construct or im
prove ponds. It has also introduced, demon
trated and provided training in tbe use of the 

ox-scoop, thus providing communities with a 
technology whereby they can construct and 
maintain their own small reservoirs . The 
project is also providing capped wells and 
India Mark II hand pumps to supply villages 
with drinking water. The vi llagers provide the 
labour. 

Flour mills - Some newly created villages 
in the three maio plantation area do not have 
easy access to existing grain mills. The proj
ect, therefore, plans to install one flour mill 
per selected village in each block, to be man
aged by women 's committees, established 

Water supply for the village. 

Table 2. Summary of Nazret and Debre Birhan projects 
Nazret Debre Sirhan 

Project period plantation establishment 1984-1990 1984-1990 
Altitudinal range (metres) 2200-2600 2850-3400 
Mean annual precipitation (mm) 900-1100 1200-1500 
Nursery capacity (mill. seedlings/annum) 4.0 2.8 
Avg. distance, nursery to planting site (km) 40 5 
Target plantation area (hectares) 5800 3100
Achieved plantation area 1984-89 (hectares) 5111 3106 
Estimated yield, Eucalyptus globulus (m'/ha/annum) up to 30 up to 15 
First harvest 1989 1989 
Avg. distance to urban centre (km) 40 25 
Fuelwood demand of target population 1984 (m'/annum) 100.000 50,000 
Annual allowable cut from year 2000 (m'/annum) 130,000 60,000 

Sources: Nazret and Oebre Birhan fue/wood plantation forest management plans (Pohjonen 
and Pukka/a 1988a, Pukka/a and Pohjonen 1988) 

Note.' Growth and production figures anticipate that the management plans are followed. 
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Table 3. Debre Birhan: 
achievements, 1984-89. 

Activity 

Nursery production (seedling total) 
Tree planting (ha): 

Seedlings distributed 
Access roads (km) 
Feeder roads (km) 
Health clinics 
Primary schools 
Demo!1stration plots 
Trained manpower 
Management plan 

through the Peasants' Associations. They 
will service the mills and use the excess in
come for chosen development activities. 

Vocational training - The project has sup
ported a training programme for local people 
in various crafts, such as metal working, me
chanical maintenance, carpentry, etc. The first 
32 trainees successfully completed their courses 
in July 1989. 

Debre Birhan 

The original Debre Birhan project planta
tion target of3,600 hectares was modified in 
the light of the Nazret project experience to 
3,560 hectares. In 1989, it was reduced to 
3,100 hectares, when it was realized that the 
only remaining land for planting was valuable 
crop and grazing land. If in 1990, the people 
should decide that land can be spared for fuel
wood plantations, then planting will continue, 
but no additional land will be taken without 
their explicit agreement. 

The planting layout at Debre Birhan was 
not in large blocks as at Nazret. Because of 
the more variable nature of cropland and the 
extent of low potential land, a block-mosaic 

project targets and 

1984 
1985 
1986 
1987 
1988 
1989 
Total 

(Note: The scheduled health clinic was opened in 1990.) 

Targets 

6,510,000 
400 
700 
700 
700 
560 
500 

3,560 
750,000 

20 
36 

1 
2 

20 
240 

1 

Achievements 

7,746,572 
140 
740 
635 
627 
689 
275 

3,106 
190,000 

24 
46 

1 
1 

27 
240+ 

1 

pattern was used, with scattered stands of 
trees planted on the poorer soils and hillsides, 
in amongst good crop and grazing land. 

Table 3 summarizes targets and achieve
ments up to the end of 1989. 

Many of the community development ac
tivities described for Nazret have been intro
duced at Debre Birhan: 

Demonstration plots - Some 27 plots have 
been established (seven more than targeted) 
to demonstrate fodder and fertilizer trials, 
alley cropping and intercropping. Some farm
ers have since begun to apply the techniques 
learned to their own farms. 

Controlled grazing/cut and carry - Con
trolled grazing has not been allowed yet as the 
grass cover is not sufficiently lush. There are 
many more areas ofsteep slopes and thin soil 
than at Nazret. Cut-and-carry, however, is 
practised and because many farms are adja
cent to the plantation sites a large number of 
people benefit from the fodder. 

School - A primary school with four class
rooms and living accommodation for four 
teachers has been completed using UNSO 
funds. The Ministry of Education has as
signed the teachers and the school was opened 
in 1990. There is a severe shortage of educa
tional facilities in the rural areas and this new 
school will serve 200 children who otherwise 
would go without. 

Training - More than 240 people have re
ceived training in seedling preparation and 
tree-planting and they can now establish 
household tree groves with seedlings pro
vided by the project. If land tenure policy 
were to change, these people would probably 
introduce agro-forestry and sylvo-pastoral 
systems onto their own land in order to boost 
production. 

Gondar 

In the Blue Nile catchment area, popula
tion densities are generally above the high
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labile 4. Gondar: summary of targets for the first 
three years: 

AcUvity 

Nursery production 
Tree planting (ha) 
Seedlings distributed 
Seed production stand 
Access roads (km) 
21 Feeder tracks (km) 
Rehabilitation of eroded land 
Natural woodland management 
Health clinics 
Employment 

Training 

Land-use plan 
Management plan 
Marketing plan 

land average, with the result that land pressure 
is very high and a different approach to re
forestation is called for. During the first phase 
of the project, an integrated approach to fuel
wood production will be developed. Detailed 
studies ofthe local situation will be carried out 
and discussions held with local communities 
and administrators to ensure public participa
tion and that the needs and wishes of the local 
population are respected . An integrated ap
proach involves using land management sys
tems that may not always be familiar to the 
local technicians and population. They should, 
therefore, be introduced gradually to allow 
time for new methods to be absorbed. Studies 
are underway to select sites for nurseries and 
for field trials of systems using various com
binations of different tree species together 
with a number of agricultural and livestock 
treatment options. 

Considering that the UNSO-assisted plan
tations are among the first to be established by 
the Government ofEtbiopia, the projects have 
been notably successful in terms ofachieving 
the set targets. Project staff and the manage
ment have attempted to be sensitive to the 
needs of the local people and to be flexible in 
adj usting project targets and objectives ac-

Target 

2 nurseries, 2 million seedlings/annum each 

6000 

5-6 million 

1 

21 

10 

No target set 

No target set 

1 for each project site 

70 full time labourers, 150,000 man days 

casual labour 


4 graduate scholarships, 1 workshop for 

20 trainees, 200 labourers 

1 

1 

1 


cordingly. 
The measures of project success in the 

future will include the actual volume of fuel
wood produced; whether initial estimates are 
met; if the fuelwood needs ofNazret, Debre 
Birhan and Gondar are covered; and the envi Fuelwood transported by donkey - even 
ronmental and socio-economic impact. the leaves and twigs are used. 
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FUELWOOD PRODUCTION, 

CONSUMPTION 

AND ECONOMICS 


Mature plantation. 

The question has often been asked as to 
whether fuelwood plantations make 
sense in practical, social and economic 

terms. Certainly, fuelwood is desperately 
needed in Ethiopia, but if plantations cannot 
satisfy demand, then other approaches must 
be considered. Technical viability must be 
proven, but also fuelwood plantations must be 
economical in terms of return on investment 
and in relation to alternative uses of the land. 

The following aspects must be examined: 
- fuel wood production per unit area over 

time; 
- fuelwood consumption per capita in the 

target area over time; 
- investment costs per unit area; 
- investment returns per unit area; 
- value of alternative uses of the land as 

compared with investment costs and re
turns. 

Production 

Pohjonen and Pukkala (1987, 1988b) and 
Pukkala and Pohjonen (1988) conducted stud
ies for UNSO to develop management plans 
for the Nazret and Debre Birhan projects and 

to calculate estimated yields offuelwood from 
the plantations. 

Tree inventories were carried out for Debre 
Birhan from November 1987, to May 1988 
and for Nazret between September and Octo
ber 1988. Oro'Nth and yield predictions were 
made for the two three-year periods between 
1989 and 1994. Certain growth predictions 
were simulated for each compartment, based 
on established forestry practice. The same 
computations were repeated for two 10-year 
periods to give the long-term yield predic
tions. The simulations were based on planta
tion areas of 3,340 hectares in Debre Birhan 
and 5,440 hectares in Nazret. 

Each compartment was assigned to a 'site 
class' between one and four, with class one 
the best and class four the poorest. Site clas
sification is based on the age and dominant 
height ofthe stand, which is a reflection ofsoil 
quality and depth, rainfall and the amount of 
maintenance carried out. A separate site clas
sification was made for seedling (newly planted) 
and coppice (harvested at least once) stands. 

The relative percentages of each tree spe
cies inventoried in the plantation were worked 
into the model, since growth patterns and 
yields vary. Table 5 shows the overall per
centages of tree species at Debre Birhan and 
Nazret. 

Table 5. Tree species planted in 
the Nazret and Debre Sirhan 
fuelwood plantations. 

Debre 
Nazret Birhan 

(percentage) 

Eucalyptus globulus 74 77 
Eucalyptus saligna 10 
Eucalyptus viminalis 15 
Eucalyptus camaldulensis 10 
Eucalyptus bicostata 2 2 
Other eucalyptus 1 5 
Acacia saligna 3 + 
Other species + 

Total 100 100 

According to the yield tables, the mean 
annual increment of a seedling stand in the 
best site class reaches a maximum of45 cubic 
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Year 1989 1990 

metreslhectare/annum at 17 years old, whereas 
in the coppice stand the maximum is 57 cubic 
metres/hectare/annum after 13 years . In the 
poorest site class, the corresponding figures 
are 12 cubic metres/hectare/annum at 18 years 
and 15 cubic metres /hectare/annum after 16 
years . 

Most ofthe fuel wood plantations belong to 
the poorer site classes, where expected yield 
will be between 10 and 20 cubic metres/hec
tare/annum. There is, however, a clear differ
ence between project areas, with the average 
site class in Nazret being better than that in 
Debre Birhan. As a result, in the early 2000s, 
the Nazret project is expected to produce 
130,000 cubic metres of fuel wood, which 
calculated over the 4493 hectares covered in 
the management plan, averages 29 cubic metres! 
hectare/annum. The corresponding figures 
for Debre Birhan are 60,000 cubic metres over 
3615 hectares, or 17 cubic metres/hectare/ 
annum. These figures denote current annual 
increment over a specified number of years 
and not the mean annual increment over the 
whole rotation. 

Nazret Debre Sirhan 

150 

-
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r- '""" 

dry I- r-
matter 100 t- - -~ per ,.....r-hectare 

r
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-
-1 1 :

1""""11 - -.. II-- I-50 --
"---,r-

Il- 1""""1 
'-

- r-

- ~ [l- I:l 1 l I0 
1991 1992 1993 1994 1995 1996 

Figure 5 shows the predictions ofthe over
all growth ofthe woody biomass in both areas. 

Provided that the Nazret plantations are 
carefully managed according the existing plans, 
the biomass and stem wood volume should 
develop as shown in table 6. 

Table 6. Nazret: biomass and stem 
wood volume of harvests during 
1989-1991 and 1992-1994 

CHARACTERISTIC 1989-91 1992-94 

Dry mass (tonnes) 
Stem wood 16531 110206 
Branch mass 1326 11315 
Leaves 1995 16586 

Total 19852 138107 

Stem wood volume (m3) 
Diameter < 5 em 906 13296 
Diameter 5 - 10 em 9468 72221 
Diameter 10 -20 em 19626 103075 
Diameter 20 - 30 em 0 11408 

Total 30000 200000 

1997 1998 1999 2000 2001 2002 

Figure 5. Development 0/ woody 
biomass in Nazret and Debre 
Birhan, /989-2002 
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Figure 6. Nazret: proposed harvest 
and estimated volume growth, 
1989-1991 and 1992-1994 
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Figure 6 shows the relationship between 
total volume growth of the Nazret plantation 
and the amount ofwood that can be harvested. 
During the first period, the total cut of 30,000 
cubic metres represents 19.5 per cent of growth 
and in the second period, the 200,000 cubic 
metres is 56 per cent of total growth. This 
means that the forest resources are constantly 

Figure 7. Nazret: predicted 
share of the woody biomass 
components in average 
harvests, 1992-1994 

Stem woodI 79.8% 
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\ 

\ 12.0% ~~ 
\ 
\ " 
\ Bra;Che} 
\8.2% 

-

1992-1994 

increasing and the proposed harvests do not 
violate the principle of sustained yield for
estry. 

The fuelwood harvest comprises stems 
(trunks), branches and leaves, since all parts 
of the tree are marketed by the Fuelwood and 
Charcoal Production and Marketing Enter
prise. The proportion of branches and leaves 
in the total biomass is about 20 per cent at 
Nazret (Fig. 7). 

The yield forecasts estimate that the maxi
mum allowable annual cut from the Nazret 
fuel wood plantation is about 10,000 cubic 
metres before the year 1992 and almost 70,000 
cubic metres behveen 1992 and 1994. The 
annual cut can be increased to the level of 
annual growth by the year 2000, or almost 
130,000 cubic metres per year. After the year 
2000, the standing volume will be approxi
mately 670,000 cubic metres (150 cubic 
metres per hectare), ifthe management plan is 

. followed (Fig. 8 ). 
Table 7 shows the predicted biomass and 

stem wood volume production at Debre Birhan 
for the two three-year periods. 

Figure 9 shows the proposed harvest in re

I 
lation to total growth in volume. The pre
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dicted proportions of tree parts in total bio
mass is shown in figure 10. 

The total growth in volume is estimated at 

53,600 cubic metres between 1989 and 199 1 

and 164,000 cubic metres between 1992 and 

1994. During the first period the harvest rep

resents 9.8 per cent of growth and in the 

,econd period, 27 per cent of growth, both of 

\~ hich are within sustained yield management 

leve ls. The total harvest for the first 10-year 

pe riod would be 120,000 cubic metres (that is, 

11.000 cubic metres annually) , or 30 per cent 
II I' total growth, and for the second decade, 
ti06.000 cubic metres (60,600 cubic metres a 
. ear) or a \1 the to tal growth (Figure II ). 

Table 7. Debre Birhan: 
biomass and stem wood 

1995 1999 2009 
 volume of harvests during 
1989-91 and 1992-1994. 

Production in relation to 
consumption 

A vital consideration is of whether produc
tion from the fuel wood plantations will satisfy 
the growing needs of the Nazret and Debre 
Birhan areas. The average per capita con
sumption of household energy in Ethiopia is 
1.05 cubic metres per annum. This figure was 
used in calculating fu elwood consumption 
needs. 

In 1982, the population of Nazret town was 
80,700. With a population growth rate of 3.8 
per cent, including the migrant labour re 
quired for projected industrial development, it 
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Characteristic 

Dry mass (!onnes) 
Stem wood 
Braneh mass 
Leaves 

Total 

Stem wood volume (m3) 
Diameter <5em 
Diameter 5 - 10em 
Diameter 10 - 20 em 
Diameter 20 - 30 em 

Total 

1989·91 1992-94 


2902 24419 

244 1851 

418 2442 


3564 28712 


402 630 

2391 10132 

2446 32874 


24 705 


5264 44341 




200000 

150000 

100000 

50000 

o 
1989·1991 

Figure 9. Debre Birhan: proposed harvest 
and estimated volume growth. 1989-1991 
and 1992-1994. 

Harvest 

Growth 

53604 

5264 

164065 

44341 

1992·1994 

is predicted to reach J29,950 by 1992. At this 
population level, the fuelwood provision re
quirement is 135,500 cubic metres a year, if 
dung, agricultural residues twigs and leaves 
are to be available for soil replenishment. 
Table 6 shows that by the 1992-94 period the 
expected stem wood harvest will not exceed 
70,000 cubic metres per annum; enough to 
meet about half the fuelwood needs. Accord

ing to the forecasts, these needs would not be 
met until 1996 or 1997 (Figure 8). 

It is expected, however, that the plantation 
growth rate will start to decrease from about 
the year 20 I 0, as a result of successive cop
picing. In order to increase production so that 
itkeeps pace with the growth in consumption, 
either additional land will have to be planted 
- which is possible if land tenure policy changes 
- or plantation management will have to be in
tensified by fertilizer application and replant
ing. 

1 n 1982, the population of Debre Birhan 
was 28,700 and it is expected to reach 41 ,700 
by 1992, giving a fuelwood requirement of 
43 ,800 cubic metres a year. Estimated annual 
stem wood production will be only 14,780 
cubic metres by the 1992-1994 period; not 
even one-third of demand (Table 7). Annual 
fuelwood consumption requirements for the 
town would not be satisfied until about 1996 
(Figure JI). As at Nazret, however, produc
tion would begin to decline after 20 10. The 
same options would then be available. 

Economics 

During the design and early implementa
tion phases of these projects, different socio
economic studies (Poluha 1985, Asmellash 
1988) and economic feasibility assessments 

Figure 10. Debre Birhan: management plan 
forecast ofthe woody biomass components 
1995. 

Stem, 74.5% 

Leaves, , 16"/
BranCh~S, '/ 
8.9% 

were made. The preliminary cost-benefit 
analyses concluded that the projects were fi
nancially and economically feasible (UNSO 
1985). The internal rates of return were be
tween 10 and 20 per cent in all calculation 
options, mainly because of high fuel wood 
prices, which in 1989 ranged from the official 
government price of 114 Birr/ton (44 Birr/ 
cubic metre of stacked firewood) to three 
times that price on the open market. 

The most comprehensive economic analy
sis of the profitability of establishing Euca
lyptus globullls plantations in the Central High
lands is thatofPohjonen and Pukkala( 1988a). 
Land opportuni ty cost was used as a reference 
point, including production options for wheat, 
barley, beans and grazing, in both good sites 
and poor lands. The uses envisaged for plan
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tation production were as transmission line 
poles, construction and fuelwood. 

Production alternatives were defined using 
simulation techniques based on the growth 
and yield models developed in the projects. 
Various combinations for rotation periods and 
thinnings were included. Interest rates of2 to 
8 per cent were used. Comparisons ofproduc
tion alternatives were carried out using the 
land expectation value. 

Tbe results showed that the land expecta
tion value was always positive in the three 
best site classes, but negative for the poorest 
site, class four, if interest rates were 8 per cent 
or more. If abundant land is avai lable, there
fore, production-oriented forestry on better 
than average sites is economically feasible. 

The land expectation value was maximized 
at rotation periods of 18 years for the seedling 
stands and 14 years for coppice stands, whereas 
the planning phase had anticipated 10 years 
throughout. 

That fuel wood plantations may give higher 
land expectation values than agricultural crops 
may seem unusual, but again it is due to abnor
mally high fuel wood and other timber prices, 
relative to agricultural crop prices at the time 
of the study. The economically favourable 
position of eucalyptus plantations does not 
apply to all sites, forthe best agricultural areas 
are not necessarily class one forestry sites. 
Eucalyptus will not grow in flat areas subject 

1994 1998 2008 
Year 

to water logging, but these areas may be 
productive when under teff and wheat. The 
best economic returns from fuel wood planta
tions are on undulating hills, at an altitude of 
1800-2200 metres, with deep soils and a rain
fall range of 1200-1600 millimetres. 

In the Debre Birhan fuelwood plantation 
site, an optimal combination of food crops, 
grazing and timber crops was determined 
(Pukkala and Pobjonen 1989). Certain pre-set 
constraints, specifying the amount of food to 
be grown and the number of livestock to be 
kept, limited the land area available for plan
tations. At present, livestock use the major 
part of the production capacity in the Debre 
Birhan plantation areas. Decreasing animal 
numbers (cows, oxen, donkeys, sheep and 
goats) would facilitate a considerable increase 
in the production of other products; barley, 
wheat, beans, fuelwood and timber. The 
optimal area share of tree plantation is about 
15 per cent. 

Besides fuelwood and other timber, euca
lyptus plantations have other benefits, for 
example, the plantations protect soil from ero
sion. At altitudes over 3000 metres, a consid
erable proportion of the fuelwood plantations 
are on sites which are class four or lower. In 
these areas, plantations are not economic if 
interest rates are over 6 per cent, but the 
beneficial side effect of erosion control may 
mean that usage for plantations is justified. 

Figure 11. Debre Birhan: estimated 
cumulative harvest and standing 
volume, 1988-2008 
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EVALUATION OF THE 


UNSO·ASSISTED PROJECTS 


A
ny attempt to assess such projects 
must consider many different factors, 
such as long term benefit, profit and 

loss aspects, the high cost of implementation 
and the overall socio-economic and environ
mental impact of the project. 

The Nazret and Debre Birhan projects have 
a number ofvery sound elements, but even so 
there are negative aspects. Different interest 
groups are involved: the local rural population 
in the vicinity of the project sites; the urban 
dwellers in the target towns; the Ethiopian 
Government; and the funding source. Bene
fits for one group do not necessarily fulfil the 
particular goals of another. 

Benefits 

Forests - The plantations are the most no
ticeable project output and closed forests are 
being formed. These have a positive ecologi
cal impact; erosion control, humus formation, 
control of water flows and microclimatic ef
fects. If the management plans are followed, 
the biomass density will rise to the levels of 
the original forest cover (Figure 5) and the 
quantitative requirements for successful re
forestation will be achieved. 

Wood and other forest products - Prema
ture harvesting has already started on a small 
scale. In time, a sustained supply of forest 
products will help to satisfy the enormous 
local and national demand . Initial annual 
cutting levels will be in the order of 50,000 
cubic metres. By the year 2000, an estimated 
190,000 cubic metres of wood products will 
be available each year on a sustained basis 
from Nazret and Debre Birhan. More will be 
supplied from Gondar and Harrar. 

Free seedling distribution - The provi
sion of free seedlings will encourage the plant
ing of trees in house compounds and around 
crop land, particularly ifland tenure changes 
come into effect. 

Wages - For over six years, considerable 
numbers of people have earned wages, for 

either full-time or seasonal work. This is of 
great benefit in a country where rural incomes 
are low and poverty is common. The incomes 
are usually spent on basic needs, for example, 
warm clothing, footwear, domestic utensils 
and house maintenance and improvement (a 
rainproof roof). 

Most of the plantation sites are remote, 
where few other income earning possibilities 
exist. The provision ofemployment has proba
bly done more than anything else to create 
more positive attitudes towards the projects 
amongst the local population. 

Roads - Over 100 kilometres ofroads have 
been built for access to the planting sites, they 
have also opened up remote areas in the vicin
ity of the plantations. As a result, fam: inputs 
can be more widely distributed, access to 
market has been facilitated and health serv
ices have improved. 

Community improvements - Essential in
frastructure for the rural communities has 
been expanded by the provision of new schools, 
health clinics and community water supplies. 
An adult vocational training centre for both 
men and women has been strengthened by 
UNSO support for training courses and com
munity service efforts for women have been 
launched. 

Land use - One of the most promising side 
effects has been the development of natural 
pastures within the planted areas, providing 
considerable grazing and harvestable grass 
for use on a sustained basis. Protecting the 
young tree seedlings from animal damage has 
allowed the natural pasture to recover from 
the overgrazing of the past. The extent of 
grass growth is surprising considering earlier 
ecological worries concerning Eucalyptus and 
a most valuable asset to local livestock keep
ers has been created. Management should fall 
jointly on the State Forest Department and 
specific local institutions established under 
the auspices of the Peasants ' Associations. 

Cut-and-carry and controlled grazing pilot 
schemes have been undertaken to determine 
rational management strategies. Preliminary 
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agroforestry trials have also been started. While 
local farmers may not adopt any of these new 
techniques at present, they provide a starting 
point for the future. 

Resource conservation - There has al
ready been some reduction of the widespread 
erosion in many areas. Plantation manage
ment should minimize surface run-off and 
gully formation, which will have a positive 
effect on downslope areas. On a catchment 
scale, flooding and sediment transport will be 
reduced and the run-off regime will improve. 

Wildlife is beginning to return to some of 
the larger, older stands, although Eucalyptus 
is not ideal for game. Predators, for example, 
birds and foxes, find suitable habitats within 
the planted areas. Some feed on rodents and 
any reduction ofthe abundant and increasing 
rat population is most welcome to rural resi
dents . 

Disadvantages 

Loss of farm land - In order to provide 
land for the 1988 planting season, approxi
mately 1000 hectares had to be vacated in 
Nazret, involving about 400 families. The 
project paid compensation by providing metal 
roofing and nails for new houses and there 
was some land re-distribution, but this did not 
eliminate the initial hardship for those in
volved. 

Rural people in the Nazret project area de
fine land expropriation as the single, most 
adverse effect of project activities. Problems 
during the early years resulted in bad feeling , 
but the effects of some of the benefits dis
cussed above bas helped to alleviate this. 

So far, there has been no population dis
placement in the Debre Sirhan project area, 
but some of the land holdings have been re
d uced, which is a serious hardship. 

Loss of traditional grazing land - The 
100 quare kilometres already planted repre
- nts a considerable loss oftraditional grazing 
land. It is hoped that improved grazing within 
the plantations will more than compensate in 

the long-term, even when the trees have de
veloped into dense closed stands. 

Access to fuelwood - A major question af
fecting the local population concerns the pro
posed marketing of fuel wood. The original 
project design envisaged the transport of wood 
products to the urban centres for sale by the 
Government, while people living around the 
plantations would get little more than the 
leaves and small branches. Currently even 
these are traded by the Fuelwood and Char
coal Development and Marketing Entreprise. 
So, local people gain little in terms of wood 
products; a situation which clearly demands 
attention . 

Conclusion 

Management staff are keenly aware of the 
effects of project activities on the environ
ment and the local people. Impressive prog
ress has been made so far. Collaboration be
tween UNSO, the bilateral agencies and the 
host-country is based on a concern to improve 
the lives of as many people as possible, rather 
than on how much fuel wood can be produced 
per unit area at the lowest possible cost. 

The Government has moved closer towards 
allowing greater access to fo rest products by 
beginning to revise current policies on owner
ship, production beneficiaries and the pricing 
and marketing offuelwood. This should mini
mize state involvement as the intermediary 
between the rural fuelwood producer and the 
urban consumer and should maximize com
munity participation. 

The fuelwood plantations established to 
date in Ethiopia are practical and economi
cally sensible. Action will have to be taken, 
however, to ensure that they remain viable 
beyond the first decade of the next century. 
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