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Preface

[ first came in contact with economic issues related to soil conservation when | attended a graduate
seminar in the summer of 1990 led by Prof. Bruno Messerli and Prof. Hans Hurni. Based on his long and
intimate knowledge of Ethiopia, and his experience in dealing with problems of natural resource degradation
and rural development in mountain areas for more than a decade, Prof. Hans Hurni proposed looking at
economic issues related to soil conservation in the Ethiopian Highlands. Considerable knowledge had been
acquired about the erosion process itself, its negative ecological consequences, and the positive effects of
conservation. But less was known about the incentives for farmers to either degrade or conserve their land.
What could be observed was that farmers did not like the proposed conservation technologies. Many factors
were responsible for this, amongst them insufficient profitability from the farmer’s point of view.

Before | started to work on the seminar essay, | first had to learn more about Ethiopia in general and
about soil erosion and soil conservation in particular. Since then, and especially since my first field research in
Ethiopia in 1992, my interest in both has not diminished. On the contrary: the longer | spent in different
regions of this fascinating, but problem-ridden country, and the more | learned about the needs, opportunities
and constraints of its land users, the more | realised that soil conservation is not an end in itself. Mechanical
soil conservation is a necessity in many areas to reduce soil erosion, but it has to fit into highly complex land
use and livelihood systems which are under considerable pressure from ongoing resource degradation,
population pressure, rural impoverishment and unfavourable economic and political conditions.

The present study was carried out at the interdisciplinary Centre for Development and Environment
(CDE) at the Institute of Geography, University of Bern. It was designed in a way that contributes to the work
of the Soil Conservation Research Programme (SCRP), a collaborative programme of the Ethiopian Ministry of
Agriculture and the University of Bern. Hopefully it will also contribute to the further adaptation and
development of soil conservation measures that become profitable for the farmers who implement them on
their land in the Ethiopian Highlands.

My greatest thanks go to Prof. Hans Hurni, who awakened my interest in Ethiopia and in the issue of
sustainable development in mountain areas. Thanks to him, | was able to carry out this study. He provided
creative ideas that spurred my own thinking. His expertise, constructive comments, and advice were of great
value. He also supported me in numerous other ways that allowed me to gain valuable experience, be it with
regard to adaptive research in the context of developing countries, research partnerships, or inter-cultural
interactions. My future work will be greatly influenced by what I learned from him.

| benefited from a study commissioned by the SCRP on an economic appraisal of soil conservation in the
Ethiopian Highlands, conducted by Prof. Rolf Kappel, an economist at the Swiss Federal Institute of
Technology, Ziirich, and my second advisor. His study was a starting point for my research, and | am grateful
for his constructive comments and support.

This study would have not been possible without the support and contributions of numerous persons
and organisations. | wish to give special thanks to the following individuals, without implying less gratitude for
the support | received from the many individuals who are not explicitly mentioned:

e The men and women of Andit Tid, Anjeni, Maybar, Mesobit and Gedeba, and the Simen Mountains with
whom | came in contact. This study could never have been carried out without their hospitality and the
answers they provided to a wide range of questions, both of which they were willing to supply despite the
fact that they could not expect immediate benefits;

e The research assistants, translators, support staff, and organisers of the various field studies: Ali Ahmed,
Amare Belachew, Asrat Fiseha, Azeb Ceremew, Berhanu Admassu, Dagnew Bizuneh, Derese Gebre
Wold, Getachew Lemma, Mohammed Abdela, Mulugebiya Teshome, Roman Mekete, Seid Belay, Tasew
Ager, Tesfu Baraki, Woreta Aberra, and Zelalem Mengistu, who supported me and contributed to my
research activities;
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e The researchers and managers of the SCRP in Addis Abeba and Bahrdar: Dawit Kebede, Esayas Dagnew,
Dr. Gete Zeleke, Dr. Kassaye Coshu, Lakew Desta and Tadesse Amsalu, for lively discussions of the
research proposal and for administrative support;

e Dr. Belay Demissie, Head of the Bureau of Agriculture in Bahrdar, for providing me with the necessary
permission to carry out the research;

e Dr. Karl Herweg and Brigitta Stillhardt, for the time they took to read and comment on draft versions of
this thesis;

e Andreas Heinimann (CDE) and Hubert Gerhardinger (GIUB), for their assistance with GIS and
programming;

e Thomas Neuenschwander, for helping with the data analysis;

e Marlene Thibault and Dr. Ted Wachs, for editing the final version of this thesis;

o The Swiss National Science Foundation, for funding the research project (Project No 1214-49377.96);

e The colleagues and friends at the Centre for Development and Environment, for sharing and exchanging
ideas and creating a stimulating working environment;

e Friends and colleagues who contributed to the success of this work, be it through the interest they
showed, the time they took to engage in stimulating discussions, the expert advice they offered, or the
encouragement, the moral support and the inspiring working and living environment they provided:
Thomas Breu, Andrea Feller, Lukas Frey, Andreas Heinimann, Regula Ludi, Andreas Ludi, Marianne Ludi,
Chantal Magnin, Nora Mathys, Thomas Meier, Peter Messerli, Frank Neidhofer, Ueli Schenk, Brigitta
Stillhardt, Rolf Wolfensberger, and Sylvia Valentin.

Eva Ludi, March 2002
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Summary

Soil degradation is widespread in the Ethiopian Highlands. Its negative impacts on soil productivity contribute to the
extreme poverty of the rural population. Soil conservation is propagated as a means of reducing soil erosion, however, it is
a costly investment for small-scale farming households. The present study is an attempt to show whether or not selected
mechanical Soil and Water Conservation (SWC) technologies are profitable from a farmer’s point of view. A case study
approach has been chosen because input parameters and variables in an economic analysis of SWC are highly situation
specific. Of the seven research sites of the Soil Conservation Research Programme (SCRP), the three sites located in Amhara
Region, namely Maybar, Andit Tid and Anjeni, have been selected as study sites. The findings from these areas are
supplemented by information collected in the Simen Mountains and Mesobit & Gedeba.

The aspect of the profitability of environmental investments can be linked to discussions of sustainable use of
renewable natural resources. On the one hand, it concerns the proper valuation of natural resources. On the other hand, it
contributes to discussions about striking a balance between the ecological, economic and socio-cultural sustainability of
investments. It is thus an attempt to make ‘sustainability” operational by showing that weak sustainability can be achieved if
the considered technologies at least show a positive Net Present Value (NPV). In order to be acceptable, SWC investments
must be profitable from a farmer’s point of view. From an outsider’s point of view, the ecological sustainability of SWC is
often in the foreground, especially the contribution of SWC to reducing soil erosion and land degradation in the long run.

A financial Cost-Benefit Analysis (CBA) is carried out to assess whether or not the considered SWC technologies are
profitable from a farmer’s point of view. The CBA is supplemented by an evaluation of aspects from the economic and
institutional environment.

In order to assess the profitability of SWC investments, it was first necessary to know what the effect of soil erosion on
yield performance would be. Soil depth is taken as a proxy indicator for soil characteristics, which have an influence on
yield performance, such as rooting depth, water storage, nutrient storage, and physical and chemical properties favouring
crop growth. Yield samples and associated soil depth measurements are available in large numbers from the three SCRP
research stations and allowed estimates of linear regressions of yield expressed as a function of soil depth and slope
gradient. Per one centimetre soil depth reduction at constant slope gradient, yield declines are estimated to be in the order
of 0.25% in Maybar, 0.62% in Andit Tid, and 0.16% in Anjeni. Taking into account annual soil loss rates as measured on
cultivated Test Plots (TP), annual yield reductions on unconserved land are estimated to be in the order of 0.07% in
Maybar, 0.91% in Andit Tid, and 0.23% in Anjeni. Mechanical conservation structures can reduce soil loss rates
considerably. Soil loss reductions are in the order of 55% in Maybar, 59% in Andit Tid, and 68% in Anjeni. Annual yield
declines on conserved land are thus reduced to 0.04% in Maybar, 0.37% in Andit Tid, and 0.07% in Anjeni.

In the CBA, two conservation technologies, namely introduced SWC and adapted SWC, and two forms of soil
erosion, namely sheet erosion and sheet & rill erosion, are considered. Introduced SWC is characterised by a considerable
loss of arable land in the order of 30% on steep slopes. Adapted SWC tires to simulate the situation found on farmers’
fields. It is assumed that adapted SWC occupies only 10% of the arable land on steep slopes. The price of this reduced land
loss is less effective soil erosion reduction, which is assumed to be half of what could be achieved with introduced SWC.
For adapted SWC less labour investments are necessary, but also less additional benefits, e.g. fodder grass planted on
conservation structures, can be realised. The two forms of soil erosion differ insofar as in the first case only sheet erosion is
considered while in the second case rill erosion is also taken into account. In the CBA, soil depth reduction and its effect on
yields is modelled according to the different assumptions presented above. It is further assumed that once soil depth has
reached 10 cm, crop cultivation is given up because it is no longer economical. For the four cases here (i.e. introduced
SWC, adapted SWC, sheet erosion, and sheet & rill erosion) the situation with and without fertiliser application is modelled
as well as the situation with different opportunity costs for labour.

Net Present Values (NPV) are calculated for the considered conservation technologies and soil erosion forms based
on the assumptions presented above and expressed as Discounted Net Gain (DNC) from switching from an erosive to a
conserving practice. In a CBA, future costs and benefits are discounted to present values. Because the analysis of the
profitability of SWC investments is carried out from a farmer’s point of view, individual discount rates had to be assessed.
An experimental set-up was designed, where farmers could choose between variable amounts of grain in future or a lower,
but constant amount of grain at the time the interview as conducted. Based on the choices of the respondents, discount
rates were derived. Median discount rates were calculated to be in the order of 148% to 228% in Andit Tid and 18% to
37% in Maybar. In the CBA, discount rates of 5%, 12%, 58% and 148% were used to represent the various choices of the
respondents. Time periods for the evaluation of costs and benefits of 10, 25, 50 and 100 seasons (i.e. 5, 12.5, 25 and 50
years) are considered.



Based on the model used here and its associated assumptions with regard to input parameters and variables, the
generalised results of the CBA for the two considered SWC technologies compared to the situation with sheet & rill erosion
show the following tendencies:

e Because soil erosion rates in Andit Tid and Anjeni are about five times higher than in Maybar, the likelihood that the
DNG of the considered SWC technologies is positive is higher in Andit Tid and Anjeni than in Maybar, mainly
because soil depth is faster reduced to the threshold depth of 10 cm. With soil conservation, soil depth reductions are
smaller and crop cultivation can be practiced for a longer period.

e A comparison of fields with the same slope gradients and same soil erosion rates shows that SWC on shallow soils is
more likely to be profitable than on deep soils.

e On more gentle slopes, SWC is more likely to be profitable than on steeper slopes.

e Adapted SWC is more often profitable than introduced SWC, because of lower costs despite the lower efficiency in
reducing soil erosion.

e  Applying artificial fertiliser with the associated yield increase often offsets the area loss and investment costs and can
make SWC a profitable investment.

e A combination of fertiliser induced yield increases and subsidising labour costs for SWC investments, including
maintenance costs, helps in some cases to make SWC profitable.

e Whether or not SWC investments are profitable also depends on the farming system, e.g. on cropping intensity.

e If no fertiliser is applied and labour costs are not subsidised and the discount rate is set at 12%, introduced SWC is, if
at all, profitable after 25 years. Adapted SWC is, if at all, in most situations already profitable after 12.5 years.

e With no fertiliser application, no subsidised labour, a time frame of analysis of 25 years, and a discount rate of 12%,
introduced and adapted SWC would be profitable in 3 and 17 of the 26 cases analysed, respectively. Reducing the
discount rate to 5% would make introduced and adapted SWC profitable in 11 and 23 of the 26 cases considered,
respectively.

Comparison of the internal and external views shows that from the farmer’s point of view SWC is not really a solution
because the immediate costs, e.g. reduced amount of arable land and labour costs, are higher than the future benefits, e.g.
reduced yield decline, although farmers recognise that uncontrolled soil erosion has a negative effect on crop production in
the longer term. To an outsider with a long-term perspective, SWC is an option because damage to the land can be
postponed. This would make it possible to search for profitable technologies.

Whether or not the considered SWC technologies prove to be profitable also depends on the economic
environment. It has been shown that in areas such as Mesobit & Gedeba, which are fairly well integrated in a market
system, the attitude towards SWC is much more favourable. Transaction costs are lower, thus it is profitable to sell goods
on the market. Because cash is available to buy artificial fertilisers, SWC becomes an indispensable part of the farming
system, as fertiliser is otherwise lost through runoff.

Two important institutions are examined in more detail: land tenure regimes and regulations related to religion.
Secure land tenure is often considered a prerequisite for long-term investments. Because land in Ethiopia belongs to the
state and regular land distributions are carried out, farmers often mentioned tenure insecurity as a reason for not investing
in SWC. Religious regulations in Christian areas concern the high number of Saint days. Fieldwork is allowed only on about
160 days. Additional labour demands, such as the labour needed for SWC, are difficult to accommodate without
compromising fieldwork.

Whether or not soil conservation is profitable from a farmer’s point of view depends on a broad range of factors from
the ecological, economic, political, institutional and socio-cultural sphere and also depends on the technology and the
prevailing farming system. Because these factors are closely interlinked, it is often not sufficient to change or influence one
to make SWC profitable. Several recommendations are formulated with regard to improving the profitability of SWC
investments from a farmer’s point of view. They concern technology-specific recommendations, recommendations for
activities at the household and communal level (e.g. collective action), and recommendations for action at regional and
national level (e.g. initiating multi-stakeholder negotiations, empowering rural societies, intensifying and diversifying the
farming system, strengthening agricultural research and extension, formulating conducive policies, and improving physical
infrastructure and services). To enable the Ethiopian Government and concerned land users to initiate actions that help
improve livelihood conditions and sustainable management of natural resources, the international community is called
upon to continue the debt relief measures and support recapitalisation of natural capital stocks.

Because the reasons for unsustainable resource use are manifold and highly interlinked, only a multi-stakeholder,
multi-level and multi-objective approach is likely to offer solutions that address the underlying problems adequately.
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Abbreviations and Acronyms

ADLI

ANRS
asl
ASP
BCR
BoA
C
CBA
CBO
CDE

CEC
Cfw
CS
CVM
cv
DA
DAP
DNG
DT™M
EARO

EB

EDT
ENSO
EP
EPRDF

ERP
FDRE

Ffw
GDpP

GIS
GLASOD

GNP
HH
HIPC

Agricultural-Development-Led
Industrialisation

Ambhara National Regional State
Above sea level

Autarky Shadow Price
Benefit-Cost ratio

Bureau of Agriculture
Consumer Unit

Cost-Benefit Analysis
Community Based Organisation
Centre for Development and
Environment

Cation Exchange Capacity
Cash-for-Work

Consumer Surplus

Contingent Valuation Method
Coefficient of Variance
Development Agent
Di-Ammonium Phosphate
Discounted Net Gain

Digital Terrain Model

Ethiopian Agricultural Research
Organisation

Ethiopian Birr (approximate
exchange rate 2000: US$ 1 =
EB 7.6)

External Dept Stock

El Nifio Southern Oscillation
Experimental Plot

Ethiopian Peoples Revolutionary
Democratic Front

Economic Reform Programme
Federal Democratic Republic of
Ethiopia

Food-for-Work

Gross Domestic Product
Geographic Information System

Global Assessment of the Status of

Human-induced Soil Degradation
Gross National Product
household

Heavily Indebted Poor County

IAR
IRR

LDC
MAC
MCA
MD
MoA
MP
MW
NFIU
NGO
NIE
NPV
ODA
OECD

P
PADETES

PPP
RA
RARC

SCRP

SD
SDA
SDC

SG 2000
SMNP
SNSF
SWC
TLU

TP
UNDP

VCR

WFP
WTA
WTP

Institute of Agricultural Research
Internal Rate of Return

Kebele Association

Least Developed County
Marginal abatement costs
Multi-Criteria Analysis

Marginal damage

Ministry of Agriculture
Micro-plot

Mean

National Fertiliser and Input Unit
Non-governmental Organisation
New Institutional Economics

Net Present Value

Official Development Assistance
Organisation for Economic Co-
operation and Development
Producer Unit

Participatory Demonstration and
Training Extension System
Purchasing Power Parity
Research Assistant

Regional Agricultural Research
Centres

Soil Conservation Research
Programme

Standard Deviation

Sustainable Development Appraisal
Swiss Agency for Development and
Cooperation
Sasakawa Global 2000 Programme
Simen Mountains National Park
Swiss National Science Foundation
Soil and Water Conservation
Tropical Livestock Unit

Test Plot

United Nations Development
Programme

Value-Cost Ratio

World Food Programme
Willingness to Accept
Willingness to Pay
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Glossary of Amharic Terms

Alekt A leech affecting mainly cattle.

Belg Short rainy season.

Berbere Hot paprika.

Chat A slightly hallucinogenic plant.

Derg Leading group of former military government.

Gesho A shrub of which the leaves are used as hop to make talla.

Gibbto An indigenous pulse (Lupinus albus var. termis). Gibbto is sown as green fallow.
Ginch A weed.

Gommen  The leaves of Abyssinian cabbage (Brassica carinata), eaten during Kremt (hunger food).

Gult A feudal grant of land given to nobles by the emperor in recognition of their services (prior to
1974). A gult did not normally become hereditary property. Its possessor was entitled to tax
surpluses produced by farmers working the land, and he also had certain duties. All cultivated
land was designated as gult, under either secular or clerical conditions. The actual owner of the
land was not the gultegna but the kin group.

Gultegna  The feudal lord of a gult prior to the revolution of 1974. The gultegna had no direct control over
peasants, but had the right to collect tithes and taxes in the name of the emperor. In return he
was required to provide local administration, maintain law and order (judiciary and police
functions) and perform military service for the emperor in wartime.

Idir A funeral association which provides financial support for the family of the deceased.
Injera A staple food, injera is a sour, flat bread made from tef, barley, maize or sorghum.
Iqub A savings association. Each member contributes a monthly sum that is paid out in turn to

individual members or saved for an important common benefit (purchasing cattle for the
Christmas celebration).

Kebele Lowest administrative unit.
Kremt Long rainy season.
Mahiber An association of several households to pay homage to a saint. Each month one household

entertains all the others by providing a traditional meal. Members of a mahiber are obligated to
provide mutual aid.

Meher Crops grown during the Kremt rainy season
Quintal Unit of measurement, 100 kg.
Rist 1) Prior to 1974, the right to use a feudal land grant belonging to a kin group. This right could be

bequeathed through either the maternal or the paternal line. The kin group was composed of all
descendants of a founding patriarch.
2) Cultivated land, i.e. rist rights in practice.

Ristegna Farmer who cultivated rist land in a gult (prior to 1974) and who was largely able to determine
his own land use practices. Ristegnas were obliged to pay duties and taxes to a gultegna, and to
perform service in wartime as well as other compulsory service.

Shengo Local judge.

Talla Local beer made from barley or maize.

Tef Tef (Eragrostis tef) is the most highly regarded of all Ethiopian cereals. It is used exclusively for
making injera.

Timmad An unofficial measure of area. The size of the timmad depends on steepness and soil quality as

well as the condition of oxen. A timmad is the amount of land that can be ploughed with a pair
of oxen in one day.

Webera An association of several households formed to provide mutual aid in performing labour-
intensive and time-consuming fieldwork (standardised tasks and meals).

Wenfel Mutual aid among relatives in performing tasks, similar to webera (tasks and meals not
standardised).

Wereda Several Kebele Associations together form a district (Wereda).
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1 An Introduction to Soil Degradation and Conservation
in the Ethiopian Highlands

Figure 1:  Soil erosion and conservation in the Ethiopian Highlands.
[Photos: U. Bosshart, 1992 (left), E. Ludi, 1998 (right)]

August, rainy season in Anjeni. Herder boys are standing by and watch how runoff and soil from arable
land flows towards the river. Such events can be observed frequently in highland areas of Ethiopia during the
rainy season. Groundcover is low or even absent at this time of the year because the land has just been
ploughed and crops sown. Several weeks will pass before the plants are big, dense and strong enough to
reduce the impact of raindrops and diminish the velocity of runoff. Soil loss in the order as shown could be
tolerated in the area if it happened only every few years. Like most highland areas, however, land use intensity
in Anjeni is so high that fields have to be planted every year and fallow periods which would allow the soil to
regenerate are almost entirely absent. Hence, year after year, valuable nutrients are lost and the soil depth
where plants can root and where water and nutrients can be stored decreases. Decreasing nutrient availability
and decreasing soil depth negatively affect soil productivity and plant growth. A vicious circle can be observed
whereby soil erosion negatively affects soil properties, thus plant growth is reduced and cannot prevent erosive
rainfall to further degrade the soil. Because soil productivity declines, farmers are forced to use the land even
more intensively or to cultivate erosion-prone marginal areas to compensate the yield declines.

Although soil cover is considered a highly efficient means for controlling soil erosion, it is not always
feasible. In the agricultural production system of the Ethiopian Highlands it is not possible to maintain a
permanent vegetation cover over the whole year under given ecological, economic, and social circumstances.
Technologies such as zero-tillage or mulching are not feasible due to the prevailing farming system, available
farming technologies, and available financial means of the small-scale farming households. Structural measures
such as the stone terraces shown on the picture to the right are necessary during critical times of the year and
an indispensable component of Soil and Water Conservation (SWC) for the control of runoff and erosion.

Both, soil erosion and soil conservation are costly — to the farmer as well as to society at large. Soil
erosion and soil degradation can affect crop production negatively. Income for farm households thus decreases
and because other income sources are lacking, poverty is increasing. However, costs for establishing SWC
structures are also high. Land users have thus to find a balance between the costs of soil erosion and the costs
for soil conservation. The present study is positioned at this interface of costs of soil degradation and costs and
benefits of soil conservation. It aims at evaluating the economic performance of SWC technologies from the
farmer’s point of view, because it is ultimately the farmers deciding how much soil is lost or how much they
can afford to invest in SWC.
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1.1 Environment and Development Problems in the Ethiopian Highlands

“Small farmers in developing countries scratching thin
soils on steep slopes are certainly directly threatened
by the degradation processes affecting their land. They
are marginal people who have no chance to take up
their way of life in another area, and they will suffer
from the decreasing productivity of their land. [...]
Increasing degradation, an increasing number of
farmers sharing the same land, and worsening terms of
trade for products offered to such farmers have greatly
increased their vulnerability to undernourishment,
which  may eventually lead to deadly famine
situations.”

(Kebede Tato & H. Hurni, 1992, 1)

1.1.1  Main environmental problems

Many people know Ethiopia because of its widespread poverty and devastating famines which occurred
in the mid 1970s and mid 1980s, and also in the centuries before. Famines are not natural disasters, but
cultural catastrophes following natural events.! Drought may lead to shortfalls in production of the subsistence-
oriented agricultural sector. Because production levels are low and hardly any food reserves exist, both at the
level of households and at national level, climatic irregularities can be responsible for such disastrous situations
in combination with economic and political crises. Environmental degradation due to deforestation,
overgrazing and soil degradation must be considered as important underlying reasons for low levels of
production and the vulnerability of the Ethiopian society to famine.

Because the Highlands of Ethiopia? are characterised by favourable conditions of altitude, climate and
soils, high concentrations of people and livestock and an intensive agricultural system is possible today and has
been possible for several thousand years. Land degradation processes such as land and soil degradation,
deforestation and overgrazing are as old as human settlements and land use history. However, population
pressure in many areas has accelerated these processes.?

Land and soil degradation

Land degradation as a general term is defined as “substantial decrease of biological productivity of a land
system as a result of human activity, rather than natural events”.* Land degradation is a global threat to human
populations and has been described widely and gained public attention significantly since the Earth Summit in
Rio de Janeiro, 1992 and the formulation of the Agenda 27.° An article published in Science claims that “about
80% of the world’s agricultural land suffers moderate to severe erosion”,® leading to the destruction and
abandonment of arable land as a result of non-sustainable farming practices. GLASOD experts estimate for
Sub-Saharan Africa that 65% of soils on agricultural lands have become degraded since the middle of the 20"

! Hurni, 1993, 20.

Usually defined as the area above 1,500 m asl.
3 Hurni, 1993, 34.

4 Turkelboom, 1999, 1.

Desertification as the most dramatic process of land degradation is estimated by the authors of Agenda 27,
Chapter 12 on ‘Managing Fragile Ecosystems: Combating Desertification and Drought’ as “[...affecting] about one
sixth of the world's population, 70% of all drylands, amounting to 3.6 billion hectares, and one quarter of the total
land area.” (Agenda 21: http://www.un.org/esa/sustdev/agenda21chapter12.htm)

6 Pimentel et al., 1995, 1117.
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century. Serious degradation affects 19% of agricultural land. The most widespread cause of soil degradation is
erosion by water, followed by wind erosion.” To demonstrate the severity of land degradation, productivity
losses at country or regional level are estimated. Yield reductions for Sub-Saharan Africa are estimated to be
between 2% and 40% due to past erosion.®

Accelerated soil erosion caused by rainfall and runoff is as old as the history of agriculture. Soil
degradation’ is assumed to have played an important role in the decline of several ancient civilisations.™ In
Ethiopia, it is hypothesised that kingdoms in the northern and central part of the Ethiopian highlands declined
because soil degradation weakened their economic foundation and made them vulnerable to climatic,
economic or political shocks." Soil degradation is especially severe in areas of early settlement and agriculture
such as Tigray, Wello, Gonder and northern Shewa. It is no coincidence that these areas were most severely
affected by the droughts in the mid 1970s and mid 1980s."

Under current agricultural practices, soil loss rates in Ethiopia are highest from cultivated land and are
estimated at 42 t/ha*a on the average. Total soil loss from all land is estimated at almost 1.5 billion tons per
year, of which 45% originates from cropland alone.”™ Of this soil loss, it is estimated that about 90% are
deposited downslope,™ and the remaining 10% of these sediments are leaving Ethiopia and transported to
Egypt, where they will significantly reduce the original life-span of Lake Nasser."® Nevertheless, the impact of
soil erosion on reducing soil depth, reducing water storage and removing nutrients, hence reducing soil
productivity locally, are tremendous.

Not only soil degradation in the form of soil erosion is a major problem, but also chemical degradation,®
mainly nutrient removal through eroded material and through the uptake of plants, physical degradation,'” and
biological degradation.' Pressure on arable land is growing because of population increases. More marginal
areas have to be converted to arable land. On the one hand this leads to further soil erosion, on the other
hand former areas used as grazing land are converted to arable land. Animals have to be fed for a longer
period of the year from crop residues, which are thus lacking as a soil conditioner. Because forest resources
are very few and further decreasing, people are forced to use animal dung as a fuelwood substitute. Organic
matter is thus not brought back to the soil but used for other purposes. For the whole of Sub-Saharan Africa
nutrient losses due to uptake by crops, erosion, leaching, and N volatisation are only partly compensated for
by crop residues left on the field, manure and fertiliser application, and atmospheric input. It is estimated that
the NPK balance is negative with minus 22-26 kg N, 6-7 kg P,O;, and 18-23 kg K,O per hectare and year for
the period 1983-2000."

7 Oldeman, Hakkeling, and Sombroek, 1991, quoted in Scherr, 1999, 26.
8 Scherr, 1999, 25; Eswaran, Lal & Reich, 2001, 22.

Soil degradation is a narrower concept than land degradation, as land encompasses the natural environment
including such factors as climate, topography, soils, hydrology and vegetation. Soil degradation is defined as a
process which lowers the current and/or the potential capability of the soil to produce (quantitatively and/or
qualitatively) goods or services of value to humans. (Douglas, 1994, 11; Drechsel & Gyiele, 1999, 2)

% Juo & Wilding, 2001, 13.

n Butzer, 1981, quoted in Hurni, 1988b, 36.

12 Hurni, 1988b, 37.

13 Hurni, 1987, quoted in Hurni, 1993, 37.

14 Hurni, 1989, 13.

15 El Swaify & Hurni, 1996, quoted in Mountain Agenda, 1998, 9.

Including salinisation and alkalinisation (which, however, in the Ethiopian Highlands are less pronounced),
leaching, acidification and build up of particular metals or salts to toxic levels. (Douglas, 1994, 12)

Deterioration of the soil structure through trampling by animals, rain splash, excessive ploughing, which breaks
down soil aggregates. (Douglas, 1994, 13.

Declining biological processes, decline in organic matter, humus mineralisation, or declining beneficial soil fauna.
(Douglas, 1994, 14)

9 Stoorvogel & Smaling, 1990, quoted in Drechsel & Gyiele, 1999, 5.
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For Ethiopia, several studies are available where costs of soil erosion and nutrient depletion at the
national level have been calculated (cf. Section 4.5). Estimates of annual productivity losses on cropland range
between 0.12% and 2%.%° Based on these productivity losses, economic losses in monetary terms can be
calculated. The most simple indicator, the Gross Annual Immediate Loss (GAIL), would result in annual
economic losses ranging between US$ 1.7 million and almost US$ 15 million (at 1994 prices) or between
0.005% and 0.45% of the 1992 agricultural GDP. Gross Discounted Cumulative Losses (GDCL), assuming a
constant annual decline of production, a discount rate of 10%, and a time horizon of 25 years would result in
economic costs of US$ 141 million to US$ 1,245 million or 4.3% to 37.7% of the agricultural GDP of 1992.%'
A recent study calculating annual nutrient (NPK) depletion on the basis of inputs and outputs of nutrients,
calculates annual costs in the order of US$ 328 million to US$ 378 million or 10% to 11% of the 1998
agricultural GDP.*

Deforestation

Deforestation is a process as old as human land use. Land has been cleared to gain arable land and
grazing land. With increasing population and diminishing forest resources, fuelwood requirements exceeded
the natural regeneration capacities of the last remaining forests. Nowadays, forest resources are concentrated
on only 4.6% of the total land area.”

An often-heard and ever again quoted statement is that the forest cover in Ethiopia was about 40% in
1900. In-depth studies of accounts and reports written by European travellers in Ethiopia from the 18" century
onwards,** and analyses and dating of charcoal found in soil accumulations® clearly indicate that land use was
much more widespread and forest cover much lower already at the turn of the last century.

Nevertheless, deforestation continues at alarming rates. It is estimated that between 1990 and 2000 the
forest cover was reduced by 0.8%, and that each year slightly more than 400,000 ha forest disappear.* Larger
areas of natural forest”” exist mainly in the western and south-western parts of the country. In the Highlands,
natural forests are very rare and restricted to inaccessible areas, church groves and graveyards. To overcome
shortages of timber and fuelwood especially for the growing towns, Eucalyptus was introduced in 1894/95.%
Nowadays in many areas the forest cover is increasing again slightly because of state, communal and private
Eucalyptus plantations.

Overgrazing

Overgrazing is especially serious in the densely populated areas of the northern and central Ethiopian
Highlands. Especially in rainfall-insecure areas livestock is very vulnerable because feed resources are
extremely low. A scenario modelling® estimates that without major investments in land rehabilitation,
agricultural and livestock development, education and family planning, a livestock crisis — the demand of
grazing land and animal feed exceeds by far the available resources — is reached about 15 years earlier than
the cropland crisis — the growing population can no longer be supported from the available cropland. Even

20 Kappel, 1996, 1 quoting the Ethiopian Highlands Reclamation Study (1986), Hurni (1988), Sutcliffe (1993) and
Bojo & Cassells (1994).

21 Kappel, 1996, 4.

2 Drechsel & Gyiele, 1999, 69.

2 World Bank, 2001, Data and Maps Dissemination Branch.
2 e.g Ritler, 1997, 2001.

= e.g. Hurni, 1982a, 1987.

% World Bank, 2001, Data and Maps Dissemination Branch.

27 Definitions of forests are manifold and no commonly accepted definition exists. A common characteristic of forest
is the height of trees (between 10 and 50 m) and the relation between the crown diameter and the distance
between trees (i.e. the distance between trees is smaller than the canopy diameter). (Ritler, 2001, 8; Hurni &
Ludi, 2000, 96)

2 Ritler, 2001, 4.

2 Hurni, 1993, 46.
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with higher investments in the agricultural sector the livestock sector is much more under pressure because
each household needs one pair of oxen to be able to plough, a cow to guarantee reproduction of draught
animals, an animal for transporting goods, and some sheep and goats as a reserve.

0 100 200 300 400 500 Kilometers
o ———————_]

Figure 2:  The countries in the Horn of Africa. The highlands of Ethiopia and Eritrea can be clearly differentiated
from the surrounding lowlands.
[Source: Digital Chart of the World, ESRI]

1.1.2  Main development problems

Sub-Saharan Africa is considered by many concerned with development policy and co-operation to be a
‘lost continent’ because most development indicators show negative trends. National and international
development activities in recent decades have been unable to halt these negative trends and concentrated
more on combating symptoms.** Economic decline, falling per capita incomes and worsening social conditions
have led many to characterise the 1980s as a ‘lost decade’ for Africa. In 1996, 48% of the population is
estimated to live in absolute poverty,*' and Africa is the only region in the world in which poverty is projected
to increase over the next decade. The annual population growth rate of the African continent is the highest in
the world, with serious negative implications for sustained economic growth and sustainable development of
the region. 22 out of the 25 countries appearing in the UNDP’s category of ‘low human development’ are on
the African continent, as well as 33 out of the 47 Least Developed Countries (LDCs).>* The proliferation of
armed conflicts — between 1990 and 1995, 32 of the worldwide 97 armed conflicts were carried out in Sub-
Saharan Africa,® and in 2000 it was 9 of 233 — and the human toll in terms of massive loss of human lives,

3% Wiesmann, 1998, 23.

31 i.e. PPPis below US$ 1 per day. (DFID, 2000,12)

32 UNSIA, 1995. [http://www.undp.org/news/unsiaO1.htm#Partl.A]
3 Smith, 1997, quoted in Baechler, 1998, 7.
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refugees and internally displaced persons have also strengthened the perception of Africa as a continent in
turmoil and lacking in political stability.

However, this is only part of the African reality, and it is neither fair nor objective to label developments

in the continent solely on the basis of these generalisations. Significant divergences in economic performance

among countries are evident throughout the continent. In the past few years, growth rates in three countries
have exceeded 8% p.a., 8 countries have reached between 6% and 8%; and a dozen countries have averaged
between 3% and 6%. 35 African countries have been implementing structural adjustment programmes for
more than a decade, and have succeeded in putting in place economic reform measures to correct
fundamental economic imbalances and support private sector development.*®

Many of the above-mentioned negative trends are also found in Ethiopia:

Ethiopia is ranked 158 of the 162 countries for which the Human Development Index has been
calculated in 1999. The per capita GNP is estimated at US$ 100 and the per capita GDP at purchasing
power parity (PPP) at US$ 628. It is estimated that in 1995 31.3% of the total population had to live of
less than US$ 1 per day.** Despite economic recovery during the past decade — between 1992/93 and
1995/96 the annual average growth rate of the GDP was 7.6%,*” but for the whole decade 1990-1999
GDP growth on a per capita bases was only 2.4%,* which is below the population growth rate for this
period — poverty is still widespread. An estimated 45.5% of the total population is living below the
national poverty line, which is defined at 2,200 kcal food consumption per day.*

The total population of Ethiopia is estimated at 64.4 million inhabitants in 1999 — the 16™ biggest country
worldwide with regard to population. Population projections estimate a total population of 88.1 million
for the year 2015. The annual growth rate (1980-1999) is estimated at 2.7%. The dependency ratio is 1,
implying that each adult person between 15 and 64 has to support one person either below the age of 15
or above 64.% 45.5% of the total population is below the age of 15. Life expectancy at birth is only 45.1
years. Of the total adult population between 15 and 49, 10.6% suffered from HIV/AIDS in 1999.*
According to the Ministry of Health, the number of AIDS orphans has reached 1 million in 2001/2002.
Ethiopia has the third largest population in the world with the HIV virus. Only India and South Africa have
a greater number.*

The dominant sector in Ethiopia is agriculture, which employs 83% of the labour force, contributes 53% to
the GDP, and generates 90% of all exports.** Between 1992/93 and 1995/96, the agricultural sector grew
by about 3.4% p.a.,* which was severely reduced between 1998/99 and 2000/2001 because of climatic
irregularities and failing rain in some areas. Agricultural growth can barely meet the demand by a growing
population. Self-sufficiency is a national goal, which will hardly be achievable under given conditions. Per
hectare grain production is one of the lowest worldwide with around 1.2 tons.* Fertiliser consumption is
with 16 kg per ha extremely low,* thus a potential still exists for raising production in future. The
dominance of a subsistence orientated agricultural sector, no reserves, neither at the household nor at the
national level, severe resource degradation, and many other factors make the rural economy highly
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vulnerable to drought. Climatic irregularities such as the El Nifio phenomenon can have serious impacts.
Failing rains in 1999/2000 and 2000/2001 in south-eastern and eastern parts of the country led to more
than 8 million people depending on food aid in 2001 and an estimated 5.2 million in 2002.*” For the
period 1984-99, 14% of the total cereal consumption was imported or constituted food aid.*

The agricultural sector is not only of paramount importance for the national economy, but it is also the
most important revenue source. The agricultural export sector is highly concentrated on a few
commodities. Two-thirds of export revenues are generated by coffee alone. Coffee, hides and skins, chat,
pulses and oilseeds generate more than 80% of the country’s export earnings.* Worsening terms of trade,
especially plummeting coffee prices on the world market*® in comparison the growing import costs led to
negative annual trade balances fluctuating between US$ 800 million and US$ 1 billion between 1994 and
1998.5" Official external debt (excluding bilateral debt mainly owed to Russia for military purchases during
the Soviet era)®> amounted to US$ 5.5 billion in 1997. Its present value in 1999 corresponds to 374% of
all exported goods and services. Annual debt service in 1999 amounted to 2.5% of the GDP or 17% of the
exports of good and services.>

Despite the overwhelming importance of the agricultural sector and the settlement area for over 80% of
the Ethiopian population, rural areas are severely undersupplied with basic services and infrastructure.
Only 24% of the rural population has access to safe drinking water. Access to health care is severely
limited and biased towards hospital-based curative services in urban areas. Current levels of health are
extremely low in rural areas. Infant and under-five mortality stands at 118 and 176 per 1,000,
respectively. The adult literacy rate in Ethiopia is only 35%. Gross school enrolment ratios are 29% at
primary level (less than half the Sub-Saharan average of 72%), 19% at junior secondary level, 9% at senior
secondary level and less than 1% at tertiary level. Significant rural-urban differences exist, with Addis
Ababa and other urban centres enjoying almost universal primary education while rural areas have an
enrolment rate of only 18%.** It is estimated that about 75% of the rural population lives more than a half-
day’s walk from the nearest all-weather road away.” Spending on health and education has increased
from 2.8% and 7% of the government budget in 1989 to 6.5% and 14% in 1998, respectively. Reforms in
the fields of health and education are aimed at raising the level of service and coverage and at addressing
rural-urban and regional disparities.”® Since 1992, the government has taken several measures aimed at
improving smallholders’ productivity and livelihoods. They included removing government monopolies
and restrictions on private trading and encouraging private sector participation in the agricultural input
market. The Participatory Demonstration and Training Extension System (PADETES) was launched in
1994/95, mainly to increase farmers’ use of fertilisers. Substantial resources for expanding rural credits
were also made available. With the new policy, fertiliser consumption doubled between 1992 and
1999.”7 Despite all these measures and positive moves, rural poverty is widespread. Farmers lack
alternative income sources. Positive impacts and a more sustainable management of resources is thus not
expected in the short run considering the pressure under which rural households have to secure their
livelihoods.

Ethiopia’s history of the 20th century is characterised by war and political struggles that affected the
development of the country negatively. Italy occupied parts of today’s Eritrea in the late 1880s, but was
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defeated in Adwa in 1896. In 1935 fascist Italy under Mussolini invaded Ethiopia again and occupied it
until 1941, when the Emperor Haile Selassie returned from the exile in London. While Ethiopia became
independent again, it was not until 1952 that the United Nations finally decided that Eritrea should be
federated with Ethiopia. In November 1962, after intense pressure from Addis Ababa, the federation was
ended, and Eritrea was absorbed into Ethiopia. Opposition in Eritrea grew, led at first by the Eritrean
Liberation Front (ELF), later by the Eritrean People’s Liberation Front (EPLF). Discontent inside the
Ethiopian army and the handling of a devastating famine led to the overthrow of the emperor in 1974.
Haile Selassie was replaced by a committee — the DERG — which became led by Mengistu Haile Mariam
in 1977. After initial discussions with the Eritreans failed, the war continued and intensified. Mengistu’s
years in office were marked by a totalitarian-style government and the country’s massive militarisation,
financed by the Soviet Union and the Eastern Bloc, and assisted by Cuba. Communism was officially
adopted during the late 1970s and early 1980s. Agricultural backwardness was the country’s most urgent
problem, and all attempts to reform the agricultural sector in a collective manner failed. Three years of
severe drought, economic mismanagement and the mutual mistrust between the Government and
Western aid agencies were the principal causes of the widely publicised famine in Ethiopia in 1984/85.
The civil war mainly in northern parts of the country continued unabated until May 1991, when President
Mengistu fled the country for Zimbabwe. Resistance from the remaining government forces crumbled and
the Tigrinian-led Ethiopian People’s Revolutionary Democratic Front (EPRDF) took control of the capital.
In July 1991 the EPRDF leader, Meles Zenawi, was elected head of a transitional administration. Eritrea
declared independence in May 1993. In Ethiopia, elections were held in 1994 to the new national
Constituent Assembly. Fighting broke out in May 1998 between Ethiopia and Eritrea allegedly over land
disputes and border violations. Underlying causes may include that Ethiopia was unhappy with Eritrea’s
introduction of its own currency in 1997, Eritrea still feared that its independence is under threat from
Ethiopia, and the two leaders, despite having fought together against the DERG, grew apart over
ideological issues. Just as the war resumed in 1999, reports emerged of serious food shortages in several
regions of Ethiopia.*® In 2000, a peace deal was signed, and UN peacekeepers were deployed along the
disputed border. It is estimated that the war costs the two countries approximately US$ 1 billion. Military
expenditures as a percentage of the GDP increased from 1997 to 1999 from 3.4% to 9% in Ethiopia, and
from 13.5% to 23% in Eritrea, respectively. Besides costing 60,000 to 100,000 lives, between 800,000
and 1 million people were displaced within their countries.” At least two million landmines litter the
countryside along the border. Some say there could be twice that number.*® Both economies, which are
fragile at best, and societies will suffer from the war for a long time.
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1.2 Development and Environment Interactions

“[...]  natural resources, including agricultural
(crop)land and especially pastures and forests, provide
the main livelihood for most people in mountain
regions world-wide. In recent decades, these resources
have come under increasing pressure due to growing
demands from mountain populations and from the
surrounding lowland areas. There is a tendency
towards increasingly unsustainable forms of use in
many mountain areas |[...].”

(8DC, 2001,46)

The above described environmental and development problems are not isolated but interact in various
aspects. Although they cannot be separated, their valuation by different stakeholders differs greatly. For a
small-scale farming household, declining productivity, ever growing pressure on land leading to declining farm
sizes, and the need to produce enough to secure the survival of the household stand in the foreground.
Lacking opportunities in other sectors of the economy forces farmers to gain their living from crop and
livestock production. In order to secure their livelihoods and in absence of financial and human means which
would allow farmers to take up alternative livelihood strategies or change their farming system, short-term
needs have to be met which — with current technologies and management practices — overexploit the natural
resource base which is the very foundation of the rural economy. This overexploitation of natural resources,
which manifests itself in the form of soil degradation, declining forest cover, or reduced water availability, leads
to declining crop and livestock productivity. From outside, the needs of small-scale farming households are not
denied. However, because outsiders, be it government personnel, researcher, or development agencies, have
a longer-term perspective, the conservation of the natural resource base gains more attention.

In an agrarian society like Ethiopia, interactions and dependencies between and among the environment
and development become specifically obvious with regard to land and land degradation. Proximate causes for
land degradation, especially soil erosion and nutrient depleting are manifold. They include soil characteristics
(inherent erodibility and fertility), intensive and erosive rainfall especially early in the agricultural year where
vegetation cover of the soil is low, the topographical characteristics of the highlands, overgrazing and
deforestation, the cultivation of steep slopes, frequent ploughing, limited adoption of SWC measures,
declining use of fallow, using crop residues as animal feed, using manure and crop residues as fuel substitute,
and limited application of organic and inorganic fertilisers. Underlying causes for these problems include
population pressure, poverty, limited market development, limited market access, land tenure insecurity and
fragmented land holdings, lack of credit, short-term perspective of farmers, unavailability of appropriate and
profitable technologies or inputs, lack of awareness on the side of farmers of such technologies, high costs for
inputs and technologies, and difficulties to achieve collective action to manage natural resources.*’

Because the interactions between the environment and development are so complex, solutions must
necessarily also be complex. This makes it a specifically challenging task for government interventions as well
as development cooperation, which are heavily involved in this field in rural areas of Africa. Technology
promotion alone such as ‘Green Revolution’ technology packages or large-scale conservation campaigns such
as those carried out in the Ethiopian Highlands between the early 1970s and late 1980s will not do. Although
between 1976 and 1988 approximately 800,000 km of earth and stone bunds have been constructed on
cultivated land, about 600,000 km of hillside terraces have been built for afforestations, 100,000 ha of land
have been closed for natural revegetation, thousands of kilometres of check-dams have been built in gullies

61 Fitsum Hagos et al., 1999, 19.



12 | ECONOMIC ANALYSIS OF SOIL CONSERVATION IN AMHARA REGION, ETHIOPIA

and millions of tree seedlings have been raised,* the problem of soil degradation continues and still affects
millions of rural households negatively. Today, only a fraction of these investments remains because of various
reasons. Ethiopia is by far not the only place where past efforts of non-governmental, governmental and
international interventions did not result in the desired growth of agricultural production, reduced poverty and
improved environmental conditions. The realisation of this evoked reactions, which can be generalised into
three general trends,* which can also be observed in Ethiopia:

e Concentration on humanitarian aid instead of development co-operation: Instead of continuing with rural
development activities, many agencies concentrate on humanitarian aid. In the Ethiopian case this also
has to do with the difficult political situation during the DERG era, when government control was strict
and development agencies were not allowed to work in certain areas or fields that were considered as
politically sensible. It is also an expression of the view that Africa is a lost continent and Ethiopia a lost
case.

e Concentration on local initiatives to circumvent governmental institutions: Because government
interventions in the field of soil conservation were considered a failure, a re-orientation towards the grass-
root level has taken place with many development agencies. It is also mirrored in the Ethiopian policy of
re-orientation of rural development and the concentration on the promotion of indigenous technologies
and participatory approaches. It is argued that farmers have developed over centuries adapted
technologies that fit the households’ needs and assets and the agro-ecological circumstances much better
than introduced technologies.

e Concentration of economic boundary conditions and governmental decision-making: This strategy is
based on the conviction that poverty and resource degradation is a result of unfavourable economic and
political structures. Remedy is seen in structural adjustment programs, privatisation and decentralisation,
which is fostered by the World Bank, the International Monetary Fund, but also by bilateral co-operation
agencies.

These above-mentioned trends in development are a reaction to the realisation that the linkages
between environment and development are so complex. It must be postulated, however, that neither way
alone will contribute enough to solve the major environment and development problems in Ethiopia. A
comprehensive approach, whereby the various initiatives are co-ordinated to both address the development
problems and the environmental problems will be necessary.

Although the present study, which was carried out within the framework of the Soil Conservation
Research Programme (SCRP) can be seen as a reductionist approach in simply evaluating SWC technologies
with regard to its economic performance, it is still believed that it contributes to the overall goal of
environment and development. The evaluated technologies can be excellent with regard to their ecological
performance, if they do not contribute enough to the farmer’s well-being, they must be considered as
insufficient.

62 Hurni, 1988, 37; Hurni, 1993, 38.
6 Wiesmann, 1998, 30.
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1.3 The Soil Conservation Research Programme (SCRP)*

“Since the establishment of the first research site in
1981, the SCRP has built a huge resource database.
Contrary to the size and quality of the database, the
number and distribution of research sites is still too
few for a large country with a rugged terrain like
Ethiopia.”

(Gete Zeleke, 2000, 29).

As a reaction to increasing resource degradation and alarmed by the devastating effects of the drought in
1972/73, the Ethiopian government launched with the support of international and bilateral agencies a
massive programme for afforestations and soil conservation. In the mid-1970s, the World Food Programme
(WFP), and later FAO, the European Community and others became involved in the conservation and
rehabilitation programme and contributed to the efforts undertaken by the government.*

Large campaigns were initiated and supported by the WFP, whereby few soil and water conservation
(SWCQ) technologies were promoted. But the SWC technologies were applied too rigidly in this campaign and
no consistent research activities existed with regard to soil erosion and soil conservation. The need to assess
the efficiency of SWC technologies and elaborate possible improvements of SWC technologies and
approaches was a major reason for the Ethiopian Government to invite the Swiss Agency for Development and
Cooperation (SDC) to help establish a national research network through the University of Bern, which was
founded in 1981. The main objective of the SCRP was

“to support soil conservation efforts in Ethiopia by monitoring soil erosion and relevant factors of influence,
by developing appropriate soil and water conservation measures, and by building local and international
capacity in this field of research.”*

1.3.1  Concept and methodology of the SCRP

One main aim of the SCRP from the beginning in 1981 was to respond to urgent needs, such as the
development of SWC technologies that are technically feasible, ecologically sound, economically viable and
socially acceptable. The research concept of the SCRP involved the selection of benchmark sites with various
socio-cultural settings in several different agro-climatic zones of the country. Accordingly, test catchments with
traditional land use systems and a size between one and 7 km?* were chosen. Soil erosion and other related
variables were monitored in these catchments. The sites were observed without SWC for a period of one or
more years, as well as for several years after SWC measures had been implemented by the WFP. The SCRP
benchmark sites (cf. Figure 3) were selected in Maybar / Wello (1981), Hunde Lafto / Harerge (1982), Andit Tid /
Shewa (1982), Anjeni / Gojam (1984), Afdeyu / Eritrea (1984), and Dizi / lllubabor (1988); another site was taken
over from the Wolayta Agricultural Development Unit (WADU) in Gununo / Wolayta (1982).

% If not otherwise noted, the following Section is an excerpt from SCRP, 2000a.

65 Hurni, 1989, 6.
66 SCRP, 20004, 3.
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Figure 3:

The research programme was implemented with as little disturbance of the catchments and the farmers’
fields as possible; all experiments were on-farm instead of on-station. The programme mainly monitored runoff /
river discharge and soil loss / sediment yield at different scales, on different slopes and soils, under various land
uses and crops, and under several SWC treatments. Parallelly, climatic data such as the amount, erosivity,
intensity, inclination and direction of rainfall, air and soil surface temperature, wind direction, evaporation and
duration of sunshine were recorded to interpret the erosion measurements. Land use was mapped for each
cropping season. Throughout the catchment, crop yield and biomass samples were collected to monitor
production of the major crops. The general status of soil degradation was determined through soil surveys.
Current soil erosion was measured on test plots and at the hydrometric station. This allowed to determine the
average patterns of soil erosion, for example by calculating mean annual and monthly results. Extreme patterns of
erosion were determined by analysing the impact of the most severe rainstorms (critical times), and by mapping
erosion rills at critical locations right after such extreme erosion periods.

In addition to the standard programme described above, the SCRP responded to site-specific research
needs with a supplementary programme. Population and livestock dynamics, household land management
strategies, attitudes towards and perceptions of SWC, as well as reactions to policy changes were documented
specifically. Specific studies covered other relevant topics, such as agronomic SWC measures, indigenous SWC
measures and strategies, soil fertility, erosion modelling, environmental education, and many more. The SCRP
used a programme hierarchy with different research levels (cf. Figure 4):
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Figure 4:  SCRP research levels.

[Source: SCRP, 2000a, 9,
quoting Herweg & Hurni,
1993]

Outputs at the national and regional / zonal levels are for example an agro-ecological belt map at a scale
of 1:1’000'000 and a study of rainfall erosivity. Climatic, land use/land cover, geomorphological, erosion,
and demographic information are provided in a digital form as part of a Geographical Information System
(GIS).

Outputs at the intermediate / community level are for example topographic maps, soil maps, and
demographic data. More detailed surveys were conducted to assess peasants’ perceptions of the
environment, to study their response to environmental problems, and to determine social, economic,
cultural and political limitations to SWC.

At the catchment level, the SCRP monitored river discharge and sediment yield as well as land use,
different parameters of vegetation, and production. Spatial patterns and immediate causes of soil erosion
were documented after erosive rainstorms (assessment of current erosion damage: ACED).

Climatic data are recorded at the plot / experiment / household level. The impact on soil erosion and
production of land use, vegetation, slope gradient, soils, SWC measures and various agronomic
parameters was measured on test plots, micro-plots and experimental plots. Socio-economic aspects such
as land users’” SWC strategies and the range of technical options available to them were investigated at the
household level.

At the lowest level of the plot or household, the research approach is based on the acknowledgement

that ultimately it is the household deciding about the land use and management system, and therefore about
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the level of resource degradation. Farmers take these decisions under consideration of various frame
conditions such as the physical environment and the socio-cultural and policy environment (cf. Figure 5).*

Physical factors Socio-cultural and political
Climate factors
Soils Cultural system
Topography Social system
—p .
Vegetation Local and national economy
Fauna Policies
Individual and collective
knowledge

A | A
v

Farm household

Soil
conservation

Land use system
Forest (energy)

Pastures (livestock production)

Soil Arable land (crop production)
<+—

erosion Water (irrigation, drinking water,
hydro power)

Settlement areas

Figure 5:  The SCRP research approach at the local level.
[Source: Herweg & Hurni, 1993, 45, adapted]

1.3.2 Development and improvement of SWC technologies

An important aspect of the SCRP was the testing of various conservation technologies with regard to their
effect on soil loss and runoff and on yield and biomass production. In the 1970s and early 1980s, the large-
scale conservation campaigns propagated a single technology for arable land all over the country irrespective
of socio-economic and agro-climatic characteristics — contour soil and stone bunds. A goal of the SCRP was
thus also to develop appropriate soil and water conservation measures.

Besides the development of guidelines with regard to the proper layout and construction of contour
bunds, as well as guidelines for selecting the most appropriate SWC technology for various agro-ecological
zones,*® a major innovation of the SCRP was the introduction of the Fanya Juu type of bund. Instead of the
typical design of bunds, whereby an embankment is made of soil and/or stones along the contour with a basin
at its upper side, the Fanya Juu, (“throw uphill” in Swahili language) was propagated, whereby the soil is

67 Herweg & Hurni, 1993, 42.
68 SCRP, 1982, 33ff; Hurni, 1986a.
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moved uphill so that the basin is below the embankment (cf. Figure 6). The major advantage of this SWC
technology over the bund is that the development of sloping bench terraces is enhanced. Eroded material
from upslope is deposited behind the embankment. Overflow is collected in the ditch below the
embankment. Runoff in the ditch is either retained in the case of level structures, which are recommended for
dry areas, or drained laterally in the case of graded structures, which are recommended for areas with higher
rainfall. Whenever sediments are deposited in the ditch below the embankment, the embankment must be
raised with the deposited material from the ditch. This new technology was first applied at a larger scale in
Andit Tid research area as graded structures with a gradient of 1 to 5% leading to a natural or artificial
waterway to safely drain the excess runoff.® Later, Fanya Juu bunds were also constructed in other high-rainfall
areas such as Anjeni.

Soil bund Fanya Juu
Accumulations fill Drainage ditch
and block drainage remains open

Moderate labour Structure is re-built with Structure is re-built
input fertile accumulations mainly with subsoil

Accumulation (mostly topsoil)
Topsoil
| Subsoil

Figure 6:  Comparison of soil bund and Fanya Juu bund and the major differences in terrace development.
[Source: Herweg & Ludi, 1999, 111, drawings by K. Herweg]

1.3.3 Methods of measurement and observation

A vide variety of data was collected in each research station (cf. Appendix 3.1), of which only those
which are relevant for this study will be briefly discussed (for further details refer to SCRP, 2000a).

Land use and crop production

The dynamics of land use and the approximate agricultural production within the research catchments
were derived from seasonal land use mapping and harvest yield measurements. Production data (crop yield
and biomass production, in t/ha) were collected after each cropping season for all major crops produced in the
research catchments. Samples were taken on all runoff plots (harvesting the whole plot area) and on farmers’
fields (harvesting a defined area of 4 to 9 m?). When the crop was ready for harvest, it was cut and collected in
the same way as the farmers in the respective catchment do it. All plants of each sample area were collected,
including weeds. The samples were exposed for about 20 days to the sun, and the grain (including the cover)
was separated from the rest by hand. The sundry weights of grain with cover on the one hand, and the straw
on the other hand, were recorded. Then, the grain was separated from the cover by hand, and separately
weighed and recorded. Finally, the grain and all of the biomass were returned to the respective farmers.

69 SCRP, 1984, 60; Hurni, 1986a, 44.
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Soil erosion and soil and water conservation

Research on soil erosion and soil and water conservation (SWC) required a multi-level monitoring
approach. Various devices (test plots, hydrometric stations, sediment troughs) or methods (assessment of
current erosion damage — ACED) make it possible to examine soil erosion and SWC from different angles.
Results gained with these methods eventually need to be interpreted together to get an overall idea of the
order of magnitude, as well as of the temporal and spatial dimensions of soil erosion. The order of magnitude
of this process is usually described by four main indicators. These are soil loss and runoff measured on plots, as
well as sediment yield and river discharge measured at the hydrometric station. With sediment troughs and
ACED only soil loss is determined.

By monitoring these indicators (variables) over a longer period of time in the SCRP sites, the impact on
soil erosion of certain types of land management (on test plots, micro plots) or of SWC measures (on
experimental plots) under specific situations (soil type, slope gradient, etc.) was evaluated. On the one hand,
plot results generally refer to on-site erosion damage,” i.e. where soil erosion took place, and to the
performance of protective measures.”” In addition, rill mapping produced information about critical locations
on-site.”2 On the other hand, hydrometric station data indicate the amount of water and sediment that left a
highland catchment. This hints at the quality of land management including SWC on-site, as well as at
potential off-site or downstream effects.”

Soil loss and surface runoff were recorded on plots representing different land uses, soil types, slope
lengths and gradients, and conservation measures. In their vicinity an automatic rainfall recorder (pluviometer)
was established to be able to link the rainfall and runoff measurements. The SCRP standard programme
involved 3 plot types:

e 4 Testplots (TP), 30 m* (2 x 15m)
e 2 Micro plots (MP), 3 m? (1 x 3m)
e 6 Experimental or soil conservation plots (EP): 180 m* (6 x 30 m)

The number of plots was different in Anjeni (4 TP, 2 x 4 EP). Corrugated iron borders defined the area
under consideration for the measurement. They were inserted into the ground and could be removed when
farmers performed fieldwork. Runoff and soil loss were collected in tanks at the lower end of the plot through
an inlet tube. Activities related to the monitoring of test and micro plots were operated by the research
assistants. Runoff and soil loss were measured (= tanks were emptied) when rainfall exceeded 12.5 mm, or
when there was more than 20 cm of runoff water height in the collection tanks. Thus, it was not possible to
collect runoff and soil loss for each storm. Instead, data was collected on storm periods that comprised one to
four single storms.

Soil conservation and water management

The impact of selected soil conservation measures on soil loss, runoff, crop yield and biomass production
was tested on experimental plots (EP) of 180 m? (6 x 30 m) each. In all stations, except Anjeni, the
performances of level bund, level Fanya Juu, graded bund, graded Fanya Juu and grass strips were monitored
against a control plot representing the prevailing farming practice. These measures represent those introduced
SWC structures that are most widely used in the Ethiopian highlands. In Anjeni, a high rainfall area, only
graded structures were tested. The EPs represent the standard SCRP conservation experiment. In addition,
several other conservation trials adapted to the situations in selected SCRP research sites were conducted.

7% Herweg & Stillhardt, 1999.
' Herweg & Ludi, 1999.

72 Herweg & Stillhardt, 1999.
73 Bosshart 1996.
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Social and economic characteristics

Under the SCRP standard programme, socio-econo