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Abstract
Wagayehu Bekele, 2003. Economics of Soil and Water Conservation: Theory and
Empirical Application to Subsistence Farming in the Eastern Ethiopian Highlands.
Doctoral Thesis.
ISSN 1401-6249, ISBN 91-576-6433-1
The Ethiopian highlands, inhabited by the vast majority of the Ethiopian human and
livestock populations, are under continuous threat from soil erosion. Land degradation
induced by soil erosion is considered to be among the major factors responsible for the
recurrent malnutrition and famine problems in Ethiopia. Conservation efforts during recent
decades have succeeded neither in triggering voluntary adoption of conservation practices
nor in mitigating soil erosion problems. The purpose of this thesis is, therefore, to
understand the socio-economic aspects underlying soil and water conservation decisions in
the context of subsistence farmers in the Eastern Highlands of Ethiopia.
In articles I, III, and IV, the farmers’ decision problem is modeled as a utility
maximization problem, and econometric models are used to link the statistical model of
observed data and the economic model. Stochastic dominance criteria are used, in article I,
to determine whether adoption of a conservation practice results in higher expected grain
yield and income and/or reduced variability. Limited dependent variable econometric
models are used in articles III and IV in order to determine factors that influence farmers’
decisions on soil and water conservation, and their preference for types of development
intervention. In article II, the decision problem is modeled as an intertemporal net benefit
maximization problem, and a dynamic programming optimization model is applied to
determine the optimal path of investment in soil and water conservation.
Findings in article I suggest that conservation results in higher expected grain yield and
income, but does not support the hypothesis that conservation unambiguously results in less
variability than no-conservation. In article II, it is shown that the optimal path of investment
in soil and water conservation depends on the discount rate and grain prices. The results
also suggest that erosive agricultural practices yield higher return in the short-term, whereas
conservation yields a higher and sustainable return in the long-term. The need to design
incentive mechanisms that encourage farmers to have a longer planning horizon are among
important suggestions proposed in articles I and II.
Results, in article III, suggest that specific physical conditions of plots and socioeconomic characteristics of farm households influence the soil and water conservation
decision behavior of farmers. Article IV suggests that the perceived priority of farmers with
regard to agricultural problems and socio-economic characteristics, determines their
preference for the type of development intervention. The results also suggest that there
exists a complementarity between different interventions and hence a need to address them
simultaneously to ensure a higher return from interventions. An important lesson to be
drawn from articles III and IV is that differences in farming conditions and
complementarities between policy programs need to be noted in any intervention program.
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1. Introduction
1.1. Background
Economic use of soil resources is a fundamental concern because land is an
essential input in agriculture, in the sense that no output will be produced without
its use. This is particularly true for Africa and many other developing countries
where non-labor inputs in agriculture are negligible and agricultural land is the
critical resource and the basis for survival of the vast majority of the population
(Barbier, 2003). Agriculture in these countries is not only an economic activity but
also a way of life. Thus, agricultural land is a cornerstone upon which the welfare
of society is built. In the process of using land, farmers expose the land to various
forms of degradation - physical, chemical, and biological. As a result, this crucial
resource is under continuous threat and its long-term productive potential is being
impaired. In economic terms, land degradation causes a decline in the attributes of
land in relation to specific functions of value. When considered from a global
perspective, decline in food production from a specific country or region due to
land degradation, or any other factor, may not have a significant effect on food
supply because of the potential substitution from other producing areas. However,
the effect could be quite significant and might pose a threat to food security of
large number of poor people and to local economic activity in regions or countries
where the problem is most serious (Scherr & Yadav, 1996).
Land degradation may occur at any time in any geographical region of the planet
(van der Leeuw et al., 2000). It is limited neither by space and time nor by a
particular natural circumstance. However, specific types of land degradation
problems and the level of severity exhibit considerable differences across various
parts of the world. For example, water quality problems appear to be the primary
environmental issues in developed countries, in Eastern and Western Europe and
North America, whereas soil erosion is the most crucial issue in Australia, Asia,
Africa, and South America (Napier et al., 1995). Owing to variations in the type
and severity of land degradation problems among different regions and countries,
the focus of abatement efforts and the strategies to overcome the problem should
be different. The consequence of the problem and the emphasis to be placed on the
problem depends, among others, upon the significance of the agricultural sector in
the national economy. The economy of many developing countries, including
Ethiopia, is heavily dependent on agriculture, and the livelihoods of the vast
majority of their populations depend directly or indirectly on this sector. This
dependence on agriculture increases the vulnerability of the economy of these
countries to problems related to land degradation.

1.2. Problem statement and purpose
Among the various forms of land degradation, soil erosion is the most important
and an ominous threat to the food security and development prospects of Ethiopia
and many other developing countries. It induces on-site costs to individual
farmers, and off-site costs to society. Due to the presence of externalities arising
from soil erosion, market prices do not reflect resource scarcity and individual
7

farmers will have insufficient incentives to practice soil conserving agricultural
practices. Accelerated soil erosion can be reduced by a combination of proper land
management systems and appropriate soil and water conservation efforts.
Incentives to promote soil and water conservation measures are, therefore, among
appropriate areas of intervention to mitigate the adverse effects of erosion.
Physical soil conservation structures technically have the potential to reduce soil
loss by decreasing overland flow of water and to mitigate yield variability by
reducing moisture stress on plant growth through retention of rainwater that would
otherwise be lost to runoff.
As a result of increasing awareness that soil erosion reduces yield and income
and poses a threat to household food security, substantial efforts have been
directed towards finding appropriate soil and water conservation measures for
low-income farmers (Shively, 1999). The economic argument to rationalize this
public investment in soil and water conservation is that it improves resource
allocative efficiency in the absence of market incentives for erosion control.
However, in spite of rapidly growing awareness about soil erosion, its physical
causes and effects, together with increased understanding of methods of protecting
and multiplying conservation efforts in the past few decades, erosion remains
widespread and adoption of conservation practices by farmers remain limited
(Kerr, 1998). This could be explained by the fact that underlying the immediate
biophysical causes of soil erosion are socio-economic factors that dictate whether
farmers practice soil conserving or erosive agricultural practices. In other words,
socio-economic forces could constrain the desirability and adoption of technical
solutions. The need for better understanding of these factors, for the purpose of
designing policy and programs that promote conservation behavior, necessitates
socio-economic studies of soil and water conservation.
The purpose of this thesis is, therefore, to analyze the socio-economic aspects of
soil and water conservation (SWC) as it applies to subsistence farm households in
the Eastern Ethiopian Highlands. The specific research questions for the thesis,
and how these questions are addressed in the thesis, are given below.
1) Does soil and water conservation improve crop yield and farm income
and/or reduce farmers’ exposure to risk due to variability in yield and
income?
2) What is the optimal path of investment in SWC in subsistence crop
production?
3) What are the socio-economic factors that influence farmers’ SWC decisions
behavior?
4) What are the farmers’ perceived priority agricultural problems, preferred
areas for development intervention, and which factors affect the preference
for alternative types of intervention?
In article I, determination whether investment in SWC results in a higher yield
and farm income and/or reduces farmers’ exposure to risk due to variability is
made by applying a stochastic dominance criterion. A dynamic programming
optimization model is employed in article II to determine the optimal path of
8

investment in SWC and the effect of specific factors on the optimal path. A
multiple-choice decision model, multinomial logit, is used in article III to
determine agro-ecological, socio-economic and institutional factors that influence
farmers’ SWC decisions. In article IV, the agricultural problems and preferences
for development intervention given priority by farmers are ranked, and factors
influencing the preferences are determined using a random utility model.

1.3. Scope and limitations of the study
This study is based on micro level economic analysis of soil erosion and
conservation in the Hunde-Lafto area, Western Hararghe Zone of Oromia National
Regional State, Ethiopia. The findings could be extended to other areas with
similar agro-ecological and socio-economic settings with a certain level of
adjustment. Generalization to wider areas and larger scales, however, requires
precaution and supplementation of results with further studies because of
differences in the farming environment. Soil erosion, and consequently soil and
water conservation, has both on-site and off-site effects. Only the on-site
economic aspects are dealt with in this study. Soil conservation principles imply
limiting both the detachment and transportation of soil particles from soil
aggregates by erosive agents. Types of conservation measures dealt with in this
study are only those that can help to limit the transportation of detached soil
particles by water.
The effect of soil erosion and hence of conservation is a slow process that
requires some lapse of time to be felt. This implies the need for an extended period
of time for research activities to monitor the impacts. The time requirement is far
beyond the scope granted for this Ph.D. study. Therefore, my search for
information, particularly for articles I and II, had to be satisfied with available
secondary data generated from experiments that were neither designed nor
organized in a way suitable for economic analysis. Furthermore, the time series
data from the Soil Conservation Research Project (SCRP) used in the analysis
showed some disruptions due to the security problems that prevailed in the area
during the period of the study. This resulted in the use of estimates and proxies
for some variables. The results, therefore, need to be understood in this context
and can only be taken as indicative, rather than being considered as definitive.

1.4. Structure of the thesis
The thesis is organized in six sections. In the following section (section two),
economic aspects of soil erosion are discussed. Section three provides a brief
account of soil erosion and conservation in Ethiopia. In section four, literature in
the area of economics of soil and water conservation is reviewed. Summaries of
the four articles annexed in this thesis are presented in section five. Finally, the
contributions of the thesis and suggestions for future research are discussed in the
conclusions provided in section six. The four articles are annexed to the thesis.
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2. Economics of soil erosion
Soil erosion is a two-phase process consisting of the detachment of individual
particles from the soil mass and their transport by erosive agents, such as water
and wind. When sufficient energy is no longer available to transport the particles a
third phase, deposition, occurs (Morgan, 1986). The principle of soil conservation
is, therefore, to limit the detachment and transportation of soil particles by erosive
agents. Soil erosion is a natural process that has taken and will always take place.
It even occurs on lands with grass or forest cover, and has been taking place long
before agricultural civilization started (Brown, 1981). The normal rate of erosion
under natural vegetation is, however, in approximate equilibrium with the rate of
soil formation (Troeh et al., 1999). Problems arise when the natural process of soil
erosion is accelerated due to human interventions that result in deviations from the
equilibrium. Among the different human activities that accelerate soil erosion
processes, agriculture is the most important and most soil erosion occurs on
cultivated lands (Hudson, 1986).

2.1. Historical perspective
Throughout the history of human civilization, soil erosion has had both positive
and negative effects. It has positively contributed to the early civilizations of
mankind that developed in the valleys of Tigris, Euphrates, Nile, Indus, and the
rivers of China (Hudson, 1986; Wild, 1993). These civilizations arose on irrigated
alluvial plains and were dependent upon flood deposits of silt for continued
fertility that provided plant nutrients. For example, the loss of soil and dissolved
nutrients from Ethiopia has for millennia enriched the soils of Egypt (Blaikie &
Brookfield, 1987). On the other hand, continual soil erosion from agricultural
lands has led some to poverty and has forced others to migrate. Under increasing
population pressure that resulted in expansion of cultivation, farmers were forced
to move from one place to other. The ensuing competition for land and water
rights often destabilized relations between tribes and countries and created
tensions and even war (Bentley, 1985). Studies on the effect of erosion on early
civilizations (cited in Hudson, 1986) argued that the major cause of the downfall
of many flourishing empires was soil degradation.
Although erosion has occurred throughout the history of agriculture, it
intensified during recent decades and has become a major social concern. It has
been recognized as a serious natural resource problem and has been a subject of
policy concern since the beginning of the 1930s, particularly after the
establishment of the Soil Conservation Service (SCS) by the United States (US)
Congress in response to alarm generated by the high erosion rates observed during
the famous Dust Bowl days (Walker & Young, 1986). It has gained momentum
since the 1950s, due to inputs from widespread mass poverty, famine, and
malnutrition in many developing countries caused by problems related to land
10

degradation. Concerns prompted by reports that increasing soil erosion is
intensifying air and water pollution problems and reducing the productivity
potential of croplands brought about the adoption of the Soil and Water
Conservation Act of 1977 in the US (Lee, 1980). Increasing concern with the
problem, global recognition that land degradation in many countries is nearing the
point of no return, and the urgent need to sensitize and secure commitments from
members of the international community, have led to adoption of the World Soil
Charter in 1982 by the Food and Agricultural Organization of the United Nations
(FAO). This charter set forth principles for wise, productive, and protective land
use to ensure the welfare of future generations. Nevertheless, increasing rates of
soil erosion persist and depletion of this natural resource continues.

2.2. Accelerated depletion of natural capital asset
Capital is a stock of real goods with the potential to produce a flow of benefits or
utilities in the future. Natural capital, then, is the stock of goods derived directly
from nature that have the potential to contribute to the long-term economic
production and welfare of societies (Barbier, 1998). Like other natural capital, soil
is a stock of goods derived directly from nature that has the potential to contribute
to the long-term economic productivity and welfare of societies (ibid). As with
financial capital, natural capital can be measured in stocks and flows, although in
physical rather than monetary units. These natural capital stock and flow values
may be converted into monetary units with application of resource prices to the
physical quantities, although this exercise is often problematic due to
imperfections in resource markets that lead to distorted prices.
Natural capital stocks are commonly divided into renewable and exhaustible
categories based on their capacity for reproduction and growth at a significant rate
when viewed from man's economic time scale. Renewable resources are capable
of regenerating themselves, as long as the environment in which they are nurtured
is favorable (Dasgupta & Heal, 1979). Upsets in this nurturing environment may
lead to a loss of regeneration capacity and thus to deterioration of the resource
quality. In order to ensure sustainable production, the use of renewable resources
should not exceed the natural rate of regeneration.
The issue of whether agricultural soil is a renewable or exhaustible natural
resource depends on the resource management system employed in its use.
Theoretically, topsoil could be considered as a renewable natural resource because
it regenerates through the natural process of soil formation. As discussed by
Dasgupta & Heal (1979), arable land is considered as a renewable resource so
long as it is utilized carefully, and regenerates itself over the annual cycle.
Concerns arise when the rate at which it is depleted or eroded through cultivation
is faster than the rate at which it regenerates. Renewable natural resources could
be transformed into the category of exhaustible resources through mismanagement
(Hartwick & Olewiler, 1986; Howe, 1987 cited in Anderson & Thampapillai,
1990). Under conditions where the annual natural soil formation is largely
exceeded by the annual soil loss to erosion, the soil stock could be turned into a
potentially exhaustible resource. In view of the often-slow soil formation rates and
high rate of soil erosion in arid and semi-arid regions, the soil resource is best
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characterized as an exhaustible resource (Anderson & Thampapillai, 1990; Barbier
& Bishop, 1995; Hu et al., 1997). In the case of Ethiopia, where the rate of soil
loss from cultivated land exceeds the soil formation rate by a factor of 4 to 10
(Hurni, 1988), soil can be characterized as an exhaustible resource without loss of
generality. Therefore, like other exhaustible natural resources, careful decisions on
soil use and management over time are of paramount importance in order to
maintain the productive capacity of the soil. When soil depletion occurs as a result
of loss of soil nutrients and organic materials, it may be replenished through the
application of organic or inorganic sources of nutrients or appropriate agricultural
practices. But erosion reduces the topsoil and results in a loss of soil depth, which
is an irreversible effect. This is because conservation efforts will only mitigate
further soil loss, and generally do not reverse the situation and will not restore the
soil depth (LaFrance, 1992). Also with regard to nutrient loss, however, when soil
is used continually without replenishment in arid and semi-arid regions it will
gradually lead to desertification and loss of the productive natural capital stock (de
Graff, 1993).
Human activities exposing the soil to erosion and inducing depletion of this
natural capital asset of society include deforestation and removal of the natural
vegetation, overgrazing and erosive agricultural activities. Among the human
induced soil degradations, loss of topsoil through water erosion is the most
important that occurs in almost every country under a great variety of climatic and
physical conditions, and land use systems. According to Oldeman et al. (1991),
water erosion contributed about 47% of human induced land degradation in South
America, whereas about 34%, 15%, 3%, and 1% are attributed to nutrient decline,
wind erosion, water logging and salinization, respectively.
According to Speth (1994 cited in Pimentel et al., 1995), about 80% of the
world’s agricultural land suffers moderate to severe erosion, and 10% suffers
slight to moderate erosion. Soil erosion occurs at varying rates and with varying
degrees of severity in different parts of the world, and even in different locations
within the same country. Rates are generally higher in Asia, Africa, and South
America, averaging 30 to 40 t/ha/yr, and lower in the United States and Europe,
averaging about 17 t/ha/yr (Barrow, 1991 cited in Pimentel et al., 1995).
Substantial differences also exist within regions. For example, de Graaff (1993)
showed that annual soil loss from cropland in selected developing countries ranges
from 1 – 800 t/ha/yr depending on the slope of land under cultivation, the type of
crop grown and other environmental factors. His estimates for some African
countries included in the study show soil loss due to erosion of 7 t/ha/yr for
Lesotho, 72 t/ha/yr for Kenya, 3–35 t/ha/yr for Burkina Faso, and 14-221 t/ha/yr
for Nigeria, depending on the location of the plot and the type of land use. Such
estimates, though not definitive, can give insight into the problem. They clearly
indicate that the natural stock of soil, which is the main productive asset of poor
farmers in developing countries, is under threat of rapid depletion due to soil
erosion and requires considerable attention. In addition to its natural capital asset
depleting effect, soil erosion also induces immediate on-site and off-site effects.
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2.3. On-site effects
In the process of physical removal of productive topsoil, soil erosion results in
immediate on-site effects. On-site effects are those that happen at the site where
erosion occurs. Soil erosion results in damage to the crop on the ground, imposing
costs on individual farmers. From the economic point of view of individual
farmers, the most important and immediate on-site effects of soil erosion are
decline in current and potential crop and livestock yields that are translated into
income losses. This threat of soil erosion may also be reflected in the need to use a
higher level of input to maintain soil productivity in order to achieve the same
level of yield. The decline in crop and livestock yield engendered by soil erosion
is due to the removal of fertile topsoil, and decline in fertility of the soil as a result
of loss of essential nutrients and organic matter.
Whether the on-site effect of soil erosion is a major social concern or not is
being debated. Burt (1981) and other sources (cited in Lal 1998), argue that the
economic consequence of on-site effect of erosion is of less economic
consequence because these are easily compensated by soil and crop management
options and additional input use. Further, it is argued that unlike other negative
externalities arising from agricultural activities, the on-site costs of soil erosion are
borne first and foremost by the farmer himself rather than by the public at large.
Hence, the farmer has vested interest in looking after his soil resource and
managing erosion. Provided that farmers have good information about the impact
of agricultural production decisions on land quality, and that agricultural input and
output markets, including markets for land and credit, are competitive, soil erosion
does not present any environmental externalities. Others argue that on-site cost of
soil erosion is an important social concern. This is because in most developing
countries, where the problem of soil erosion is more serious, there is a general lack
of competitive market. Land and credit markets are poorly developed and there is
a poor information system, hence resulting in failure of market system to protect
the land (Shortle & Abler, 1999). As a result, the full cost of soil erosion is borne
by society. In addition, Pimmentel et al. (1995) and Brown (1995 cited in Lal,
1998) argue that the on-site effects of soil erosion are extremely severe and a
major economic problem at all scales due to the global shortage of prime arable
land, use of marginal or fragile soil resources, harsh climate, and non-availability
or non-affordability of the essential inputs needed. As further pointed out by
Pimmentel et al. (1995), the use of large amounts of fertilizer, pesticides, and
irrigation to offset the on-site effect of erosion have the potential to create
pollution and health problems, destroy natural habitats, and contribute to high
energy consumption and an unsustainable agricultural system.
The economic importance of the on-site effect of soil erosion is context specific
that depends on the natural climate, level of economic development and,
importance of agriculture in the national economy. The impact may be more
dramatic in developing countries where agriculture is the dominant economic
sector, and where external inputs to compensate for loss of soil fertility cannot be
afforded by subsistence farmers. Geographically, the effect is more pronounced in
the tropics than under temperate conditions due to the relative fragility of tropical
soils, or more extreme climatic conditions (Barbier & Bishop, 1995, Enters,
13

1998a). According to Southgate et al. (1984), because the on-site impacts are often
more dramatic in developing countries than they are in North America, the cost of
soil erosion, and thus the benefits of conservation, may be substantial in
developing countries despite relatively low average returns to agriculture. Some
illustrative figures on the on-site cost of soil erosion help to give an insight into
the magnitude of the problem. Barbier & Bishop (1995) estimated the annual cost
of land degradation in developing countries to vary from less than 1% to more
than 15% of their respective GNP, with the estimate for Ethiopia being from 6% to
9% of the GNP. The estimate of the direct on-site cost of soil erosion for the
United States economy, given by Stalling (1957 cited in Dregne 1982), amounted
to about $ 750 million per year. According to sources cited in Pimentel et al.
(1995), on-site cost of erosion in India due to fertilizer carried away in sediments
is estimated at about $245 million, and on-farm loss of productivity due to erosion
in Java is estimated at about $315 million.

2.4. Off-site effects
Decline in on-site crop and livestock yields is not the only problem that stems
from soil erosion. When the soil leaves the boundary of the field due to erosion
and enters another field or watershed, it may have negative or positive effects.
These are off-site costs of soil erosion on society at large. These effects could be
negative or positive. The negative off-site effects of soil erosion caused due to
inundation and siltation involve damage to present and future crop productivity;
damage to civil structures and other industries, and adverse change in the
environment (Lal, 1998). The negative off-site effects of soil erosion inducing
damage to water reservoirs, and pollution of water bodies and air, attracted the
more attention than the on-site effects from researchers and policy-makers in the
developed world. In general, the off-site effects of soil erosion can be grouped in
to three classes. These include effects on productivity, effect on water reservoirs,
and environmental effects.
a) Effects on Productivity. Soil leaving the boundary of the field due to erosion
and entering other fields will have positive or negative effects on the present and
future crop productivity of plots downstream. The negative effects include crop
burial by sediment deposition, crop damage by increased frequency and depth of
floods and water lodging due to accumulation of overland flow in depressions.
The future productivity of crops will also be affected due to long-term changes in
soil quality as a result of water lodging and sediment deposition in depressions.
This is particularly true when the fertility of soil at the deposition site is better than
the sediments left by flood. Some indirect effects, such as supply of fertile soil by
deposition of silts in depressions, may have positive effects on crop growth at the
deposition site. When the fertility of the soil at the deposition site is lower than the
sediment deposited, sediment deposits will have a positive effect in providing
nutrients for better growth of plants. The overland flow water deposited in
depressions may also contribute to the recharge of the ground water in the
deposition sites. Although these off-site effects of soil erosion are important,
quantified information on their economic impact is scarce.
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b) Siltation Effects. Siltation of water reservoirs used for irrigation, hydroelectric
power, and other purposes, is among the negative off-site effects of soil erosion
that attracted more research and policy attention. Relatively, more quantified
research information has become available on the cost of damage to water
reservoirs caused due to siltation than other off-site effects of soil erosion. This
might be due to the relative ease of measurement and assignment of economic
value to the damage, or due to its immediate impact on the day-to-day life of
society. Reliability of data on estimates of soil losses by erosion is often
questioned due to differences in sampling methods and measurement techniques.
Inferences and extrapolation of results at different scales also pose a serious
methodological problem (Stocking, 1987). Such problems sometimes lead to
estimates of soil loss from the same location differing in several orders of
magnitude (Dregne, 1982; Stocking, 1987; Enters, 1998a; Hopkins et al., 2001).
As a result, estimates of the damage it causes may also differ. Nevertheless,
available estimations could provide some indications about the magnitude of the
economic problem involved.
Available estimates on the off-site costs of soil erosion are mostly for the United
States. Pimentel et al. (1995) estimated the overall annual erosion-caused damage
to the United State’s economy at $44 billion, and the annual cost of investment in
conservation to reduce erosion to a sustainable rate of 1 t/ha/yr to about $8.4
billion. This justifies that investment in conservation pays off. Clark (1985)
estimated the annual net damage cost of erosion, directly related to sediments, to
range from $3.0 to $3.5 billion in 1980, out of which the contribution of erosion
from croplands is estimated to be from $1.0 to 1.2 billion. The annual construction
cost of new sediment pools to protect reservoirs ranged from $300 to $800 million
during the period of 1963 – 1981 (Crowder, 1987). Out of this amount, the impact
of sediments from cropland on reservoir capacity was estimated at about $197
million.
c) Environmental Effects. Well-functioning soils provide much of the world’s food
and fiber production, highest quality freshwater and the biological diversity of
terrestrial and aquatic ecosystems that contribute to the wealth of human societies
(Richter & Markwitz, 2001). Many of these ecological services of soil that are
essential for society can be damaged due to soil erosion from agricultural lands.
Sediments and agrochemicals carried in overland flow along with the sediments
may be deposited in water bodies and cause water pollution. As a result, aquatic
ecosystems can be seriously affected, as pollutants can destroy spawning areas,
food sources, and habitats as well as directly damage fish and other aquatic
wildlife (Clark, 1985). As a result, both commercial and recreational fishing
activities will be affected. Furthermore, land degradation and gradual
desertification induced by soil erosion have impacts on terrestrial biodiversity as
well since these processes could threaten the survival of many plant and animal
species.
Soil erosion also causes air pollution and contributes to the problem of global
warming. World soils are important pools of active carbon and play a major role in
the global carbon cycle. Topsoil displaced from the terrestrial ecosystem due to
erosion contains carbon. Part of this carbon content will be easily decomposed,
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mineralized and released into the atmosphere (Lal, 1995; Lal et al., 1995;
Eswaran, 1995). Therefore, physical displacement of soil through erosion
processes from the terrestrial ecosystem results in a carbon flux into the
atmosphere, adding to the problem of global warming. Estimates of the cost of
environmental damage caused by soil erosion are hard to come by. However, the
scarcity of damage cost estimates of soil erosion on air, water bodies, biological
communities, recreational values, and other impacts does not imply that the
impacts are small. The presence of off-site costs arising from soil erosion and
other institutional problems apparent in developing countries result in market
failures and affect farmers’ incentives for investment in land protecting activities.

2.5. Market failure
The first fundamental welfare theorem establishes the perfectly competitive case
as benchmark for thinking about outcomes in market economy. An economic
outcome is said to be Pareto optimal if it is impossible to make some individuals
better off without making some other individuals worse off. This concept offers a
minimal test that any social optimal economic outcome should pass (Mas-Colell et
al. 1995). Under the assumption of a complete set of markets, with publicly
known prices, and a perfectly competitive market, where every agent acts as a
price taker, the competitive market outcome will be Pareto optimal. However, the
assumptions for Pareto optimality to hold are often violated in the real economic
world resulting in market failure, and this is particularly true under the conditions
of developing countries. In such conditions, market equilibrium cannot be relied
on to yield Pareto optimal resource allocation.
Market failure occurs when market prices encourage people to produce,
consume or invest in ways that are economically optimal for the individual but not
economically optimal for society as a whole, i.e, market prices do not reflect
scarcity of resources and hence lead to non-optimal resource use. The implication
of this on soil resource management in developing countries is that individual
farmers lack incentives to take into account the off-farm costs and/or benefits
generated due to their farm practices in land use decisions. The presence of market
failure results in insufficient incentives for individual farmers to practice soil
conserving agricultural practices and encourages further soil erosion and land
degradation. This leads to non-optimal resource allocation and utilization and
necessitates government intervention to ensure resource allocative efficiency.
Market failures in these countries occur due to the presence of off-site costs
arising from soil erosion, lack of information, risk and uncertainty, poor
specification of property rights, poorly developed or non-existent credit and
insurance markets, as well as other institutional factors (Kerr, 1998). The
economic rationale for public investment in soil and water conservation is that it
improves resource allocative efficiency in the absence of market incentives for
erosion control. The following paragraphs discuss these factors in further detail.
a) Erosion Externalities. An externality is present whenever the well-being of a
consumer or the production possibility of a firm is directly affected by the action
of another agent in the economy (Mas-Colell et al., 1995). The off-site costs or
benefits resulting from erosion represent externalities caused due to soil erosion.
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These are off-site costs and benefits borne due to erosion that are not reflected in
the market price because they affect other economic agents in the society, not the
ones whose actions have induced the cost. When externalities are present, farmers
employing erosive practices gain all the benefits but do not bear all the costs, and
farmers investing in soil and water conservation bear all the costs but do not gain
all the benefits. As a consequence, the resource use plan of privately rational
farmers may lead to non-optimal results from societal perspectives. Private costs
and benefits from soil use do not equal the social costs and returns because
individual farmers take into consideration only the direct costs and benefits
accruing to their farm, whereas from societal economic perspectives all direct and
indirect costs and benefits from any activity need to be taken into account.
Therefore, the presence of off-site costs that result in deviation between private
and social optimal rates of soil erosion results in market failure to protect the soil
resource. Investments in conservation, under this situation, are more likely to
benefit the community more than the individual farmers themselves. Hence, the
need to close the gap between the individual and social optimal rates of soil
erosion requires appropriate government policy intervention
b) Lack of Information. In order for a market system to operate competitively and
allocate resources efficiently, the role of information is crucial. Farmers evaluate
and use information to make production and management decisions. As this
applies to soil and water conservation, the long-term period over which the effect
of soil use and management decisions on productivity takes place implies the need
for information on the future. When there is a lack of information, the long-term
impact on productivity of soil erosion processes may not be known and this may
delay farmers from taking informed decisions about soil and water conservation.
In many developing countries access to such information to farmers is often
limited.
c) Property Rights. Soil conservation, from an economic perspective, implies
saving soils for future use, i.e., redistribution of soil use rate into the future. Soil
depletion by erosive agricultural practices, on the other hand, implies
redistribution of soil use rate to the present (Barbier, 2003). When there is poor
specification of property rights and tenure insecurity over important assets such as
land, farmers are more likely to have short planning horizons so that long-term
effects of erosion on productivity will have less influence on land use decisions.
Therefore, they may employ erosive agricultural practices that will deplete more
soil at the present at the expense of the future. In addition, the most reliable
indicator that a farming household can have of the effect of soil erosion on future
land productivity is through land price (ibid.). However, in countries like Ethiopia
where land is state-owned and not tradable, the market mechanism cannot help to
provide information about the user cost of soil erosion, and hence leads to market
failure.
d) Credit Market. Farmers may adopt profitable soil and water conservation
measures if they have sufficient funds of their own or if they have access to credit.
High initial investment and maintenance cost of structures is often more than
affordable by subsistence farmers and, therefore, require access to credit.
However, for farmers in developing countries lack of access to credit creates
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disincentive for investment in soil and water conservation. Credits from formal
institutions are inaccessible to subsistence farmers due to lack of collaterals,
particularly in cases like Ethiopia where land is state-owned and hence cannot be
used as a mortgage for loans. Credits from local moneylenders are often at a very
high rate and on a short-term basis that discourages investment in soil and water
conservation from which returns are expected over the long-term. Therefore, even
when appropriate technologies are available for soil conservation, farmers cannot
adopt them where there is such a lack of credit market.
e) Risks and Uncertainties. The fact that most farmers, whether they farm in the
developed or developing world, are averse to risk is generally accepted and well
documented (Anderson & Thaampapillai, 1990). It is particularly worrying for
subsistence farmers in developing countries operating at the margin of economic
survival. Risks and uncertainties in soil and water conservation arise from insecure
land tenure and lack of information on future markets and performances of
alternative land use systems. Even if farmers have complete information,
uncertainties about the appropriate type of conservation practice and the optimal
level of investment introduce elements of risk that curtail investment. The general
lack of rural credit and insurance markets in developing countries further
aggravates the effect of risks and uncertainties on soil and water conservation
decisions.
f) Time preferences. Farmers are expected to rationally analyze the effects of
conservation activities over time and compare the effects with expected income
without conservation. Within this framework, individuals facing similar erosion
problems may reach different conservation investment decisions depending on
their individual time preferences or discount rates and the length of their planning
horizon (Lee, 1980). A lower discount rate and a longer planning horizon will be
favorable for conservation decisions as these result in a higher net present value of
future benefits and allow sufficient time to recoup conservation investment. The
preferences of farmers are also affected by individual socio-economic
characteristics of the household as well as other institutional factors that affect
market operation. The above-discussed factors, such as access to credit,
information, land tenure, risks and uncertainties, as well as the poverty status of
households, will affect the individual farmer’s choice of discount rate and
planning horizon. Generally, subsistence farmers in developing countries will have
high rate of time preference and will employ a higher rates of discount than the
society even in the absence of market distortion. This is because asset basis for
society are wider than for individuals and will allow minimization of risks through
diversification. As discussed by Barbier (2003), a farmer’s discount rate may be
affected by the pure time preference rate, reflecting his attitude to risk and
uncertainty as well as the level of household poverty, and the marginal opportunity
cost of capital, which represent the scarcity value of savings and returns to
alternative investments. This divergence between private and social time
preference leads individuals to discount future benefits excessively and thus to
consume assets that society as a whole would prefer to have conserved (ibid.).
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3. Soil erosion and conservation in Ethiopia
The natural process of soil erosion has been accelerated in nearly all of Africa
during the 20th century due to a marked increase in human and livestock
population resulting from the relatively recent provision of veterinary and human
health services in rural areas (Dregne, 1982). The increase in livestock and human
population brought with it increased deforestation, overgrazing, shortening of
fallow periods between cropping, expansion of cultivated land into marginal and
steeply sloping terrains, and inevitably resulted in accelerated erosion. As a result,
soil erosion has become of serious environmental concern in the sub-humid
regions of Africa, including Kenya, Ethiopia, Tanzania, Nigeria and other
countries lying along the south side of the Sahara (Grove, 1974 cited in Dregne,
1982). As indicated earlier, much of soil erosion takes place from cultivated lands
and its effects are reflected in the agricultural sector.

3.1. Agricultural sector
Ethiopia, with a total land area of about 1.14 million square km and about 67
million inhabitants, is the second most populous country in Africa. The country
also has the largest livestock population in Africa (Gronvall, 1995). Ethiopia has
great geographical diversity with altitudes ranging from areas about 100 meters
below sea level in the Denakle depression to 4620 meters above sea level at the
Ras-Dashn mountain peak. This geographical diversity results in climatic
conditions that show extreme variability and significant microclimate variations
within a relatively small distance. Agriculture is the dominant economic sector in
Ethiopia that accounts for about 45% of the GDP, 85% of the employment and
90% of the foreign exchange earning. The vast majority of the population, about
85%, live in rural areas and derive their livelihoods directly or indirectly from
agriculture. The agricultural sector is predominantly subsistence in nature, in
which the major part of farm production is for household consumption. Smallscale subsistence farms, with an average land holding of less than one hectare,
occupy about 90% of the cropped land and produce around 95% of the total
agricultural output (Gronvall, 1995). A mixed farming system, involving both crop
production and livestock rearing activities, is the dominant type of production
system. Food crop production is predominantly raid-fed. Only about 3% of the
total food production in the country comes from irrigation agriculture, whereas
only about 5% of the potential irrigable land in the country is under irrigation
(FDRE-MoFED, 2002).
The highest concentration of human and livestock populations in Ethiopia is in
the highlands (over 1500 meters above sea level) where the climate is favorable
for rain fed crop cultivation and provides a wide range of environments suitable
for simultaneous crop and livestock production. The highlands in Ethiopia, that
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constitute about 43% of the total land area of the country and about 90% of the
land suitable for rain fed agriculture, are inhabited by about 88% of the human and
60% of the livestock population (Constable, 1985, cited in Hurni 1993). These
highlands, which are home to the vast majority of the human and livestock
populations, have been under continuous threat from various forms of land
degradation, compromising the livelihood of the population and challenging the
relevance of rural development policies pursued by successive governments.

3.2. Soil erosion
Among different forms of land degradation processes in Ethiopia, soil erosion by
water is the most important environmental problem that poses an ominous threat to
the food security of the population and future development prospects of the
country. Soil erosion is not a new phenomenon in Ethiopia; it is a process as old as
the history of agriculture in the country (Hurni, 1988, 1989). This process has
been accelerated by population growth that has brought with it more deforestation.
With the increase of population pressure, development of agricultural production
involves an increased risk of land degradation through deforestation and
expansion to new marginal lands that are often fragile and susceptible to erosion.
This is particularly true in Ethiopia where non-labor inputs in agriculture are
negligible and farmers often seek to increase food production through expansion
of cultivated land. The process of erosion is further aggravated by the intensity of
the tropical rainfall and the dissected nature of the terrain, with nearly 70% of the
highlands having slopes in excess of 30%, that favor severe soil erosion once the
vegetation is reduced (Gronvall, 1995).
Ethiopia has been described as one of the most serious soil erosion areas in the
world (Blaikie, 1985; Blaikie & Brookfield, 1987) with an estimated annual soil
loss of about 42 t/ha/yr from croplands, resulting in an annual crop production loss
of 1 to 2% (Hurni, 1993). Repeated problems of famine and starvation, currently
well-known images of the country, have been attributed at least partly to this
phenomenon of soil erosion (Eckholm, 1976; Blaikie, 1985; Hurni, 1989, 1993).
In many parts of the country, recurring starvation and famine are still parts of rural
life. According to the 1985 Ethiopian Land Reclamation it is estimated that only
20% of the total area of the Ethiopian highlands have relatively minor problems of
erosion; 76% are significantly or seriously eroded and 4% have outstripped their
capacity to be of any value for production. It was estimated that, if this trend
continues, about 18 % of the highland will be bare rock by the year 2010, which
corresponds to about 10 million people who will not be able to produce food from
the land (Dejene, 1990; Gamachu, 1990). The ever-increasing food deficiency and
severity of famine problems in the country seem to confirm this forecast. Almost
75% of the Ethiopian Highlands were estimated to need soil conservation
measures of one sort or another if they are to support sustained cultivation (FAO,
1986, cited in Wood 1990). The eastern Ethiopian highland, which is the subject
of this study, is among the severely degraded highlands of Ethiopia (Hurni, 1988).
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3.3. Conservation efforts
Crop failure due to land degradation and climatic variability is not a new
phenomenon in Ethiopia. As discussed above, soil erosion is a process as old as
the history of agriculture in the country. High rainfall variability characterized by
a quasi-periodic fluctuation, and consequently drought situations, has occurred
throughout human history in the country (Haile, 1988). However, the problem of
land degradation attracted the attention of policy-makers only after the
consequences became felt during recent decades. As a cumulative effect of
continuous land degradation, ever-increasing population pressure, and
inappropriate development policies, the country for the first time became a net
food importer by the late 1950s (Aredo, 1990). Since the devastating famine in
1973/74, Ethiopia became food aid dependent. After the 1973/74 famines, that
coincided with and/or triggered a change of regime in the country, the government
has initiated a massive program of afforestation and soil conservation with the
support of international organizations. Packages of soil and water conservation
programs were prepared for implementation through Food-For-Work (FFW)
schemes.
Between 1976 and 1988, conservation and afforestation undertaken by the
Ethiopian peasants, under the FFW program, amounted to some 800 000 km of
soil and stone bunds on croplands, about 600 000 km of hillside terraces for
afforestation of steep slopes, some 100 000 ha of closed areas for natural
regeneration, and many activities of land rehabilitation (Hurni, 1988, 1989).
World Food Program (WFP) support for soil conservation and afforestation
activities in Ethiopia reached about US$50 million per year in 1987 (ibid.). Aside
from the introduced soil and water conservation measures, reports indicate that
peasants have been aware of problems related to soil erosion and developed
different indigenous soil and water conservation practices that sustained
agriculture for centuries. These include different conservation practices in the
Northern Highlands (Dessalegn, 1987 cited in Hoben, 1996); well developed
terracing systems of Konso in southern Ethiopia (FAO, 1990); ditches in Northern
Shewa in the Central Highlands (Alemayhu, 1996); and different techniques in the
Eastern Highlands (Asrat et al., 1996). It appears that these traditional practices
were not given due consideration in the massive soil conservation and
afforestation campaign under the FFW schemes.
The massive campaign in soil conservation and afforestation, with a huge layout
of financial and manpower resources under the FFW, does not seem to have
succeeded either in triggering widespread voluntary adoption of the practices by
farmers in a sustainable manner or in solving problems related to soil erosion. In
the wake of the announcement of an economic policy change in March 1990, and
the subsequent change in government in May 1991, farmers removed most of the
conservation structures built on their plots and cut down the trees planted under
the project (Shiferaw & Holden, 1998; Admasse, 1995; Hoben, 1996; Asrat et al.,
1996; Alemayehu, 1996). The soil erosion problem persists and increased mass
poverty in rural areas prevailed. The often localized indigenous conservation
practices did not match the severity and intensity of the soil erosion problem in the
country. The development and widespread use of all sorts of conservation
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practices have been curtailed due to disincentives created by the political,
institutional, and economic environments in the country.

3.4. Policy environment
Agriculture and rural development policies pursued by succeeding governments in
Ethiopia have been among the major factors that created disincentives for the
adoption of land conserving agricultural practices by limiting farmers’ planning
horizons to the short-term. Policies related to the land resource, the most important
production asset for the vast majority of poor farmers and also the basis for the
exercise of power and control for governments played an important role in this
development. The feudal land rights system, prior to the 1974 revolution, that
subjected tenants to insecure land tenure and expropriation of an important
proportion of their produce and labor by the landlords, created disincentives for
soil and water conservation or any land improvement. Even in the northern part of
the country, where land grants were in principle hereditary, patterns of secession,
inheritance and naming worked against the formation of transgenerational interests
in improved land management (Hoben, 1996). In addition, development of the
agricultural sector in general and peasant agriculture in particular has not been
given important attention because industrial development agenda dominated the
country’s development plan. The first two Five-Year Plans (1957-62 and 1962-67)
heavily favored large-scale commercial farms and export crops while in the third
Five-Year Plan (1968-1973) the focus was on high input package programs for
few high potential geographical areas promising quick results (Aredo, 1990).
Consequently, small-scale farmers cultivating more than 90% of the agricultural
land, and the major part of the country’s agricultural area with symptoms of soil
degradation that were not promising quick returns, were neglected.
The 1975 land reform proclamation by the “Derg” regime, that abolished the
feudal land rights system, and eliminated large holdings, landlessness, and
absentee landlordism, was expected to provide incentives for investment in
improved natural resource management, including soil and water conservation.
However, the economic system then pursued by the government that focused on
collectivization and led to nationalization of natural resources including
agricultural land, coercive actions for the promotion of service and producers
cooperatives, the establishment of state farms, imposition of production quotas,
state intervention in pricing and marketing, frequent land redistribution, and
forced villagization, resulted in the opposite outcome. These policies brought
about market failures and further lessened farmers’ incentives for better natural
resource management by decreasing both the security of land tenure and the
profitability of agricultural investment.
Since the change in the economic policy of the “Derg” regime in 1990 and the
subsequent government change in 1991, the abandonment of policies of forced
collectivization and government interventions in fixing production quotas and
market prices, has been expected to restore incentives for improved land resource
management. Furthermore, the Agricultural Development Led Industrialization
(ADLI) policy adopted by the current government, that accorded the highest ever
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priority to peasant agriculture, has been a marked change that raised enthusiasm.
However, land and other natural resources remain under state ownership, with
farmers being granted only the right to usufruct, and the option of periodic land
redistribution remained open. This ADLI policy has so far succeeded neither in
improving agricultural production and productivity nor in overcoming the cyclical
famine and starvation engendered by land degradation and drought. As a result,
concerns whether this land tenure arrangement provides farmers with incentives or
disincentives for improved natural resource management in general and land use
in particular, are topics of heated debate among scholars and policy makers.

3.5. Soil erosion research
Scientific research undertakings in soil erosion and related problems have been
few in Ethiopia. The focus of soil research activities undertaken in research
institutions has been on the physical, chemical, biological and agronomic
properties of soil without much reference to the effect of erosion on these
properties and the threat posed on soil productivity from soil erosion. The first
systematic and institutionalized research effort has been by the Soil Conservation
Research Project (SCRP) initiated in 1981. The SCRP, supported by the
government of Switzerland, was initiated and carried out by the Institute of
Geography, University of Berne, Switzerland, in collaboration with the Ethiopian
Ministry of Agriculture.
The SCRP research program started after the massive campaign of soil
conservation, supported by the FFW program, was already underway. However, it
was expected to generate data on the extent of the problems, to identify potential
measures for improving the situation, to provide the conservation efforts with
necessary basic data for proper implementation, and to evaluate their efficiency
and the possibilities for improvement that help decision-makers at different levels.
However, economic considerations have not played an important role in the
analysis of soil erosion and conservation problems. This is because of the
difficulty of quantifying and valuing many of the costs and benefits associated
with soil conservation, coupled with a feeling that economic considerations are
less significant than other factors in understanding and solving erosion problems
(Keddeman, 1989). In the years following its establishment, the project established
research sites in different parts of the highlands across the country. These include
Wello (1981) in northern Ethiopia, Hararghe (1982) in eastern Ethioia, Shewa
(1982) in Central Ethiopia, Gojam (1984) in Western Ethiopia, and Illubabor
(1987) in Southern Ethiopia. The specific sites within the regions were selected
based on their representativity for the region with regard to parameters related to
soil erosion. On these SCRP sites field data on soil loss, runoff, land use,
production and related parameters have been collected over the years. Although
the project has been of little help for the conservation campaign already underway,
it produced a wealth of information that served as a starting point for many studies
in the area of soil erosion and conservation in Ethiopia, including this and other
thesis works.
The field research work for this thesis was undertaken in the vicinity of one of
the research sites of SCRP, Hunde-Lafto area in Hararghe, Eastern Ethiopian
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Highlands. Data from the SCRP database for the Hunde-Lafto research site, and
my own survey data in the immediate vicinity of the research site were used in the
analysis. Hunde-Lafto is located at about 350 km east of the capital city of
Ethiopia, Addis-Abeba, and 20 km north of the zonal (District) Town of Chiro,
along the main road to Harar and Dire-Dawa. The area has an altitude range of
1965 – 2321 meters above sea level. The area has a bimodal rainfall distribution,
with a light secondary rainy season from March–May and a heavy primary rainy
season from July–September. The most important soils in the area, in terms of
coverage of arable land, are vertisols, cambisols, and fluvisols, with vertisols
covering the largest part of the area (Bono & Seiler, 1983). Agriculture in the area
is characterized by a small-scale subsistence mixed farming-systems, with
livestock production as an integral part. Sorghum-Maize-Haricot beans (S-M-H)
intercropping, typical in the Eastern Ethiopian Highlands, dominates the cropping
system. The S-M-H intercropping represented more than 70% of the annually
cropped area and the three crops give a higher yield when intercropped than in
sole cropping under the existing practices (Schlafli, 1985).

4. Review of literature on economics of soil and
water conservation
4.1. Background
Economics of soil and water conservation received little attention in the earlier
literature in agricultural economics. The advancement in technological progress
and the development of cheap sources of inorganic sources of nutrients for plants
made soil resources of little consequence for agricultural production, at least in the
United States, where most of the studies were undertaken. In addition, the
influence of the ‘soil and water conservation fundamentalism’ philosophy, arguing
that soil is a basic resource, that all life, including human survival and
development, depends upon, and thus conserving soil is worth whatever it costs,
might have contributed to the serious neglect of estimating costs and benefits of
soil and water conservation (Seckler, 1987). However, concerns about further
expansion of agricultural output causing substantial increases in soil erosion,
rising energy costs, and externalities arising due to soil erosion, such as reservoir
sedimentation, water and air pollution, stimulated studies in the area of soil and
water conservation (Burt, 1981; McConnell, 1983).
The purpose of soil conservation is not merely to preserve the soil but to
maintain its productive capacity while using it (Troeh et al., 1999). Therefore,
decisions on conserving soil erosion and rehabilitating degraded land depend on
the costs relative to the value of output or environmental benefit expected. Since
the value of fertile soil is not infinite relative to other human needs, it is not worth
preventing soil erosion unless the benefits gained exceed the costs incurred in
conservation activities (Barbier & Bishop, 1995). Therefore, farmers will not be
interested in investing in conservation and bearing associated risks unless they
perceive a significant threat posed on productivity due to soil erosion and expect
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economic gains from conservation practices. Not only economic return or profit
considerations but also other socio-economic circumstances of individual farm
households, and risk considerations, may play a significant role in soil and water
conservation decisions.
The literature on economic analysis of soil and water conservation (SWC) can
be broadly divided into three main categories. The first category includes studies
aimed at establishing a relationship between soil erosion, crop productivity and
farm income, and estimation of benefits from soil and water conservation. The
second category includes those studies focused on behavioral issues, assessment of
empirical evidence on a range of agro-ecological and socio-economic factors
influencing farmers’ SWC decision behavior. The third category includes studies
dealing with the development and application of economic modeling tools to
identify the trade-offs in favor of, or against, SWC decisions.

4.2. Erosion effects on productivity and income
The basic concern with erosion, from an individual farmer’s economic point of
view, lies with its effect on actual and potential productivity of land and hence on
farm income. However, quantifying the effect of soil erosion on crop yield is a
complex task because it involves the assessment of a series of interactions among
soil properties, crop characteristics, the prevailing climate, as well as management
systems (Stocking, 1987; Lal, 1988; Lal & Okigob, 1990; Clark, 1996). The task
of establishing the relationship between soil erosion and productivity is further
complicated by the fact that technological advances, such as irrigation, fertilization
and improved crop varieties, have masked the cumulative effect of erosion on
production (Enters, 1998a). In addition, Stocking (1987) argued that productivity
and erosion are not independent, and do not change discretely in isolation of other
factors, and that erosion rates are poor indicators of loss in productivity. However,
the task of estimating the relationship is important in order to obtain an estimate of
the magnitude of the effect in terms of monetary units so that information can be
provided to planners and policymakers. It also provides the important link
between the physical, chemical, biophysical, and agronomic aspects of soil erosion
and the economic aspect.
Empirical models ranging from simple to complex have been used to estimate
the effects of erosion on crop yield (Clark, 1996). Lal (1988) argued that the most
relevant approach to determine erosion-caused reduction in soil productivity is the
direct agronomic approach that relies on the estimation of crop yields on land from
which the loss of surface soil has been recorded directly on field runoff plots.
Evaluation of yield records from long-term agronomic experiments over the same
soil under different management can provide an indirect measure of changes in
productivity due to changes in soil property under the different management
systems, such as conservation and no-conservation. Under African conditions, Lal
(1988) established a relationship between soil loss and crop yield based on longterm experiments on field run-off plots in Nigeria. He found that yields of maize
and cowpeas have an exponentially declining functional relationship with the
topsoil loss. Bishop & Allen (1989) and Bishop (1995) also adopted this
relationship for studies in Mali and Malawi. Ekbom (1995) also suggested non25

linear relationship between productivity loss in percent and soil depth loss in
Kenya.
The quantification of the effect of soil loss on crop yield has laid the grounds for
valuation of costs of erosion as well as estimation of benefits from soil and water
conservation efforts. However, most of the empirical studies in this category of
literature focused on the analysis of the on-site effect due to the farm level
perspective of the studies and also due to difficulties of getting reliable
information on off-farm effects. This focus is justified by the assumption that
there is no private economic incentive for farmers to pay attention to the off-farm
effects. Among the different techniques used to evaluate the on-site economic
costs and benefits of soil erosion and conservation are hedonic pricing, change in
productivity, and replacement cost (Bishop, 1995; Clark, 1996; Enters, 1998a).
Hedonic pricing has been used to value soil degradation due to erosion by
considering sale prices and/or rental charges of plots that differ only in the extent
of physical degradation. The application of this technique is limited in many
developing countries where land markets do not exist or are poorly developed, and
property rights are poorly defined. Furthermore, studies cited by Bishop (1995)
suggest that soil degradation is not automatically reflected in land prices even
where markets are relatively well developed, due to lack of information on the
extent of erosion and its effect on productivity, and to the masking effect of
exogenous technical improvements.
The replacement cost approach is based on the estimation of the cost of
additional inputs, usually fertilizer cost, required to compensate for reduced soil
fertility due to erosion. According to Bishop (1995), Clark (1996), and other
different sources cited by Enters (1998a) this approach is appealing and relatively
simple but misleading due to various reasons. The shortcomings summarized by
Enters (1998a) suggest that (a) there is absence of well established links between
loss of nutrients and loss of production, (b) soil erosion affects not only the
nutrient status but also its organic matter content and physical structures, (c) soil
nutrients may not be the most limiting factor in crop production, (d) fertilizer
application may not necessarily be the cost effective option, and (e) soil erosion
affects not only nutrients in plant available form that can be compensated by
artificial fertilizer application but also affects fixed elements.
The change in productivity approach relies on empirical estimates of the impact
of erosion on crop or livestock yields. It takes into account both the direct effects
of soil erosion on crop productivity due to soil being washed away or crops being
buried, as well as indirect effects due to changes in soil property. Erosion damage
is equated with the value of the lost crop or livestock production value in market
prices. This approach is the most frequently used (Enters, 1998a) and intuitively
the most appealing (Bishop, 1995) method for valuing on-site costs in terms of
foregone revenues due to loss of soil or reduced soil depth.
In addition to the valuation of the economic impact of soil erosion, studies were
also extended onto the analysis of the benefits of SWC. Benefits from
conservation are found in the difference in the value of production from plots with
and without SWC treatment, net of the cost of conservation. The most commonly
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used method to evaluate the on-site economic benefit of SWC is the cost-benefit
analysis (CBA), and the discounted net present value (NPV) of returns is the
commonly employed decision criterion. The application of CBA to valuation of
natural resources and environmental projects has got limitations that, under certain
circumstances, might be serious enough to mislead policy decisions (Chichilnsky,
1997). Bojö (1992) discussed the most frequent arguments against the use of CBA
as it applies to SWC projects. These opposing arguments suggest that (a) monetary
measures are unethical, (b) CBA overemphasizes the quantifiable, (c) aggregation
value over individuals serves to hide conflicts, (d) there is a problem of the price
to be used, (e) results can be manipulated to cover for vested interests and, (f) it
incorrectly assumes rational use of economic results for decision-making.
However, based on a review of 20 empirical studies from developing countries
with an explicit component of SWC, Bojö (1992) concluded that regardless of
some limits to the full application of CBA its careful application might still
improve decision-making in SWC. Many other authors in the field share this
opinion (Blaikie, 1987; Ekbom, 1995; Clark, 1996; Enters, 1998a, b). De Graaff
(1996) also argued that in developing countries, where capital and skills are scarce
and increasing current income has high priority, efficiency is still the major
criterion and CBA is the dominant evaluation method.

4.3. Decision behavior analysis
For decades it has been believed that technological innovations combined with
scientific methods were the answer to erosion problems. As discussed by Lovejoy
and Napier (1986), conservation problems, like other social concerns, have
frequently been approached from the perspective of a technological fix, based on
the position that technology will generate solutions for all and any problems.
However, regardless of advances in the development and promotion of
technologies, the soil erosion problem persisted, forcing changes in attitudes to the
way to tackle the problem (ibid.). This led to the realization that soil conservation
is not only a technical problem but also a socio-economic problem, which directed
attention to socio-economic and behavioral factors influencing soil conservation
decision-making. This shift in focus is evident from the ever-increasing literature
on factors affecting adoption of SWC technology in recent decades.
The literature on farmers’ SWC decision behavior succeeded in highlighting the
complexity of factors involved, and each study further adds to the body of
knowledge in the area by identifying new variables to be considered in the
behavioral function. The complexity arises from the location-specific nature of the
problem and the diversity of farmers’ circumstances that make it difficult to draw
some reasonable generalization. These differences spring from the variation in
agro-ecological, socio-economic and institutional factors among countries,
regions, villages, farms, and even plots. The most commonly used econometric
models in adoption studies are the limited dependent variable models such as logit
and probit. For this purpose, both probit and logit analyses are well-established
approaches in studies focusing on the adoption of technology (Burton etal., 1999).
The choice of whether to use a probit or logit model, both widely used in
economics, is a matter of computational convenience (Greene, 1997). The main
27

assumption underlying such discrete choice theory is that consumers rationally
choose from a number of alternatives and pick the one that yields the highest
utility level. Unlike consumer theory, where a demand function can be driven
from a utility maximization problem, discrete choice theory implies working
directly with the utility function.
It is generally agreed, in SWC adoption literature, that the natural physical
environment, together with social, economic and institutional factors is
responsible for the SWC decision behavior both in the developed and developing
world. However, the specific socio-economic and institutional variables affecting
decision behavior, and hence relevant to be included in the utility function, may
differ between developed and developing countries, different sites within the same
region and country, as well as between different farm households and plots.
Moreover, the magnitude and direction of influence of different variables vary
between different types of conservation practices.
The variables most often considered in SWC adoption decisions in developed
countries are erosion problem perception, age, educational status, cash crop
production, income level, off-farm income, farm size, land tenure, and debt status
of farmers. Studies from two different counties of the United States (Ervin &
Ervin, 1982; Norris & Batie, 1987) and from Canada (Smit & Smithers, 1992)
identified a range of factors affecting efforts in SWC. The significance and
direction of influence of the factors in these studies are in agreement only for the
positive effect of farmers’ perception of the erosion problem and the negative
effect of cash crop production. For the rest of the variables, the findings suggest
that the magnitude, significance and direction of influence vary between countries
and sites. Furthermore, Smit & Smithers (1992) showed that factors influencing
different conservation practices within the same area such as conservation tillage
and crop rotation also vary.
Studies undertaken in developing countries have examined the influence of
variables identified in the context of developed countries and further extended the
list of variables as they apply to the context of developing countries. Some of the
new explanatory variables added to the list are related to the resource-poor
subsistence farming nature of agriculture in these countries. These include family
size, plot area, access to credit, land/labor ratio, location of plot (distance from
dwellings), and cultivable land holding. These factors received consideration
because the high cost of establishment and maintenance of conservation structures
and the area of land lost to conservation structures often served as a disincentive
for adoption of SWC structures by resource-poor farmers in developing countries,
operating at the margin of survival.
Research findings that can give an overview of the factors influencing SWC
decision in developing countries include studies from Philippines (Pandey &
Lapar, 1998; Cramb & Nelson, 1998; Lapar & Pandey, 1999), India (Pender &
Kerr, 1998), and Ethiopia (Shiferaw & Holden, 1998). As reported in these
studies, the educational status of household head, slope of a plot, and plot area
generally influence conservation decisions positively, whereas age of household
head and distance of plot from dwelling affect conservation decision negatively.
Pender and Kerr (1998) and Pandey & Lapar (1998) have also shown that the
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importance and direction of influence of different variables vary among different
sites in the same country or region.
One of the most debated factors, whether it has significant influence on SWC
decision or not, is the land tenure system. Some studies specifically tried to look
into this issue. The results are, however, inconclusive owing to differences in land
tenure arrangements and variations in the reaction of farmers due to differences in
the agro-ecological and socio-economic conditions under which they operate.
Some suggested that land tenure has a significant influence on SWC decision
behavior, and others demonstrated that it has no significant influence. These
include studies from the United States (Lee, 1980), Thailand (Feder & Onchan,
1987), China (Li et al., 1998), Burkina Faso (Brasselle et al., 2002) and Ethiopia
(Benin & Pender, 2001). A summary account on different other preceding research
results in Africa provided in Brasselle et al. (2002) clearly demonstrates the
variations in findings, and hence the difficulties for generalization beyond the
specific settings under which the studies were conducted. Another, somewhat
different approach in the behavioral analysis is presented in ex-ante analysis of
farmers preferences (Napier and Napier, 1991; Schnitkey et al., 1992; Carter and
Batte, 1993; Pompelli et al., 1997; Tucker and Napier, 2002). These studies dealt
with the analysis of farmers’ preference for sources of information and
communication channel concerning SWC techniques. Findings in this area suggest
that farmer preferences for type and source of information regarding SWC
techniques and methods is also a function of farm and farmer characteristics.

4.4. Dynamic economic modeling
Soil management is a dynamic process that must be adjusted continuously to
changes in soil depth. Farm production and income may increase, within limits
imposed by technology, by the use of depletive and intensive agricultural practices
in the short-term. However, the resulting soil loss and, consequently, soil stock
depletion, results in diminishing soil productivity and, therefore, losses in farm
income and profitability in the long run. Effects of soil erosion on crop yield, and
consequently on farm household income, are dynamic in nature, in the sense that
the current year’s soil loss will affect not only the current year’s yield level but
also the yield level of succeeding years. Similarly, the effect of investment in soil
and water conservation (SWC) on crop yield and farmers’ income is also dynamic
in nature because soil conserved today will help to improve crop yield and farm
income in the future. This nature of the subject suggests the need to consider the
economic implication of soil and water conservation investment from the long–
term intertemporal perspective as well.
Dynamic economic modeling technique emerged in the literature of economic
analysis of SWC in the early 1980s with the work of Burt (1981). This progress in
the method of analysis is appealing because decisions on soil management affect
not only the income and well-being of the present but also that of the future
generation. The major contribution of this approach has been to single out the
impact of specific factors, such as price and discount factors, on SWC decisions
for a profit-maximizing farmer, and also demonstrates the rationale of farmer
decisions in tolerating a certain amount of erosion. Results in literature of this
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category are also often inconclusive about the direction of influence of the specific
factors considered, especially market prices.
Burt (1981) applied a dynamic optimization model in the economics of soil and
water conservation studies using data from the Palouse area of the Northwestern
United States. He used two state variables, topsoil depth and percentage of organic
matter in the topsoil. The percentage of land under wheat, that is expected to affect
soil depth and organic matter content, is used as decision variable. The evaluation
criterion was the maximum present value of net returns from the land resource
over an infinite planning horizon. He assumed that the market for land would
reflect the implicit value associated with various levels of the state variables, in
case the farmers’ planning horizon is finite. The results of his analysis suggested
that relatively high grain prices exacerbate soil erosion problems. However, loss of
topsoil and organic matter due to erosion was reported not to be serious threat on
future productivity of the soil because it is more than compensated by
technological progress. Regardless of its pioneering contribution, in the
application of a dynamic optimization model in decisions on soil and water
conservation, Brut’s analysis was criticized and its results were questioned on the
basis that he did not include promising conservation tillage or structural
alternatives for erosion control as a decision variable (Taylor et al., 1986).
The other more influential model in the area of SWC is the one developed by
McConnell (1983). That is a simple theoretical model of optimal control theory
that helps to determine the optimal intertemporal path of soil use. Soil depth is
considered as the state variable, and soil loss as a decision variable. He argued that
soil is an asset that must earn a rate of return equal to returns on other assets. The
return to a farmer obtained from soil is characterized by two elements. The first
comprises the value of soil as an input to agricultural production in both the
current and future periods, which thus contributes to profit. Secondly, the amount
and productivity of the soil at the end of the planning period will affect the
potential resale value of the farmers’ land, reflecting the capital element. The
optimality condition for a profit-maximizing farmer to tolerate soil erosion is to
use the soil up to the point at which the value of its marginal product equals its
marginal cost. The value of the marginal product is the additional current profit
while the cost is the foregone future profit from depleting the soil in the current
period plus the capital loss at the end of the planning period. This implies that any
change that would increase the cost of soil loss or decrease the benefit would lead
to reduction in soil loss, and vice-versa. Hence a decrease in the farmers’ discount
rate or an increase in future prices, for example, will reduce the optimal rate of soil
loss. Similarly, a temporary increase in current prices or increase in the discount
rate will result in a greater soil loss.
According to McConnell, if the capital market works efficiently and the private
and social discount rates are equal, then the private and social objective functions
in agriculture will be the same. Under this condition, the private intertemporal path
of soil use will converge to that of society, and hence on-site productivity losses
are unlikely to be excessive. As discussed earlier, there are causes for
imperfections in market and even nonexistence of some markets, and that the
social rates of discount will not equal private rates in most developing countries,
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making the conclusions inapplicable. Even if perfect markets exist, the private and
social rates of soil erosion are likely to diverge (Kiker & Lynne, 1986). The use of
land resale value in the model also makes it difficult for use in the context of
developing countries due to the prevailing land tenure arrangements and general
lack of presumed efficiency of a private market in agricultural land. Another
critique of McConnell’s work is based on his assumption that the exogenously
determined product prices, input costs, the land resale value function, as well as
the discount rate over an infinite time horizon are known to the farmer with
certainty (Kiker & Lynne, 1986).
Other authors (Barrett, 1991; Clarke, 1992; LaFrance, 1992; Hu et al., 1997)
used McConnell’s model as a starting point in efforts to model farmers’ SWC
decisions in developing countries. However, the issues of land resale value are
often typically removed from the maximization problem and replaced by the
planning horizon extended towards infinity. They applied the model to determine
whether a change in the output or the input price may affect soil and water
conservation decisions of farmers. The effect of prices on soil loss has been given
considerable attention because of the conventional wisdom among many
agricultural economists that when product prices rise, or farmers benefit from
subsidies directed towards inputs, agricultural land will tend to be used more
intensively, leading to lower equilibrium land quality or, equivalently, to more
degraded land (Clarke, 1992). It is an effort to advance environmental arguments
alongside standard economic efficiency arguments for the elimination of price
supports that are argued to have exacerbated soil erosion.
In the model by Barrett (1991), soil depth is considered as a state variable and
soil loss due to cultivation as a decision variable. LaFrance (1992) used two
decision variables, cultivation and soil conservation. Barrett’s results did not show
that changes in output or input prices have a direct effect on SWC decisions. He,
however, argued that indirect effects are possible. If soil conservation appears to
be more attractive than the use of more non-soil inputs, then the price change may
encourage soil conservation by inducing farmers to use more of the non-soil
inputs. LaFrance demonstrated that direct subsidies or taxes on conservation, such
as per unit tax on soil loss or a per unit subsidy on soil growth, and reduction in
real discount rate provide better incentives and are more effective to encourage
investment in SWC than input and product price subsidies or taxes. However, he
noted that subsidies on commodity prices might not always have a negative effect
on the soil stock because the soil may be improved or further degraded.
Clarke (1992) also obtained results contradicting the assumption that higher
output prices impose greater pressure on the use of farm soil and hence resulting
in increased equilibrium land degradation. He argued that land use decisions by
rational farmers would not be taken independently of soil conservation measures
and their associated costs. Farmers in this situation face an intertemporal choice
regarding the use of their farm. Therefore, supply decisions will not be related to
current output prices independently of land-investment decisions. The decision
depends both on current and future output prices. He showed that the effect of
price change on land degradation depends on the existence of viable soil
conservation technology as well as the complementarity/substitutability
31

relationship between inputs. When farmers have viable soil conservation
technology to offset the effects of land degradation, they respond to favorable
price movements by increasing their sustained investment in soil quality and
thereby reducing the extent of land degradation. However, when farmers do not
possess viable soil conservation technologies, and mine soils as non-renewable
resources, either type of favorable price movement leads to lower equilibrium
level of soil quality. Hu et al. (1997) extended McConnel’s model and applied to
the management of wind erosion on rangelands with two state variables, “grass
stock” and “soil stock”, and one control variable, “animal stocking rate”.

5. Summary of articles
5.1. Introduction
In this section summaries are given of the purpose, theoretical model, empirical
analyses and major findings of the four articles comprising this thesis. Private
economic returns from investment in soil and water conservation (SWC) to
subsistence farmers are analyzed in articles I and II from the temporal and
intertemporal perspectives, respectively. Financial returns might not be the only,
or even the major, consideration that provides incentive to subsistence farmers for
investment in soil and water conservation. Socio-economic and institutional
factors operating from the level of the national economy through the individual
farm household all play a strong role in shaping farmers’ incentives for SWC
investment. At the basis of the individual farm households that take the ultimate
decision on the way the agricultural land is to be used, in ways that lead to erosion
or conservation. Factors operating at the higher level in the hierarchy of decisionmaking play a role in influencing farm level actions by providing incentive or
disincentive for one or other type of land use. Therefore, the effect of agroecological, socio-economic and institutional factors on SWC decisions is analyzed
in article III. Generally farmers have different problems, resource endowments,
and socio-economic background. Based on these differences their strategies for
resource allocation could be different. Considering these differences may help to
design development policies and strategies best suited for different situations.
Article IV, therefore, considers the broader context of subsistence farmers’
agricultural production problems, including soil erosion, and elicits the priority
ranking of these problems in the determination of farmers’ preferences for
development intervention. The priority rank of agricultural problems together with
other socio-economic characteristics of the farm households are then analyzed for
their influence on farmers’ preferences for development intervention.
The underlying assumption in all of the articles is that individual farm
households act rationally and allocate resources in accordance with their farm
income and utility maximization objective, given their resource endowment and
constraints. Soil erosion, and hence soil and water conservation decisions, have
both on-site and off-site effects. This requires approaching the problem of soil
erosion both from the individual and social economic perspectives. From the
social economic perspective all costs and benefits, on-site and off-site, need to be
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accounted for with the objective of maximizing welfare from soil use while
maintaining its productive potential into the future. From the individual’s
perspective, however, only the direct on-site costs and benefits are of interest
because there is generally a lack of incentive to take into account the external costs
and benefits. Due to the orientation of this study on individual farm households,
only the on-site costs and benefits are considered in the analysis. On-site benefits
to farmers may not be the largest benefit of soil conservation. However, given the
farm level perspective of the study and the central role of farmers in soil
conservation decisions, on-site benefits are likely to be the most crucial, especially
in less developed countries (Pattanayak, 1998).

5.2. Article I - Stochastic dominance analysis
The aim of this article is to analyze whether investment in soil and water
conservation results in a higher yield and return, and/or mitigates variability in
yield and return to subsistence farm households in the study area. In order for
farmers to invest in SWC measures and retain the practice as an integral part of
their farming practices, they need to have incentives in terms of improved yield
and returns and/or reduced variability. When the conservation practice is
unprofitable in terms of improving expected yield and return and/or reducing
variability, the probability of investment and maintenance of the practice by
farmers will be low. As pointed out by Shively (1999), understanding the impact
of SWC on yield risk is important for two reasons. Firstly, SWC measures are
widely promoted for use by low-income farmers, many of whom have limited
opportunities to reduce their exposure to risk. Secondly, production risks influence
the incentive to adopt the practice, and an understanding of that may help to
explain the patterns of adoption.
Yields and net returns from a traditional crop production system without SWC
structure and a practice that involves the construction of soil/stone bund type of
physical SWC structures were compared based on stochastic dominance (SD)
criteria. A comparison based on returns net of conservation cost is used in the
analysis because comparisons based entirely on yield may be biased in favor of an
alternative that results in higher yield but also displays higher cost. Constant grain
price and wage rate are used in the analysis in order to determine only the
stochastic outcomes. SD criteria help to make pair-wise comparisons of a set of
alternatives based on cumulative probability distributions. In order to determine
whether investment in SWC unambiguously results in higher yield and return than
without conservation farming practice, a nonparametric first order SD analysis is
undertaken. For determination of whether agricultural practices that involve SWC
unambiguously reduce yield and income variability to subsistence farmers, as
compared with practices without conservation, a normalized second order SD
approach was used. The empirical analysis is based on the Soil Conservation
Research Program (SCRP) database for the Hunde-Lafto research unit (SCRP,
1996).
First order SD and second order SD analysis basically differ in their capacity to
rank alternative choices and the nature of assumptions required. The underlying
assumption in first order SD is that farmers maximize expected utility. That means
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that the first order stochastically dominant alternative will be chosen by farmers
who always prefer higher expected returns to lower. This assumption describes
large groups of subsistence farmers. Second order stochastically dominant strategy
will be chosen by those farmers who prefer higher returns to lower, and are also
risk averse (Oriade et al., 1999). The assumptions associated with this criterion are
monotonocity and concavity of the utility function (Post, 2002).
The results of first order stochastic dominance analysis showed that expected
yield and return from crop production with soil and water conservation
unambiguously dominates the yield and returns without conservation. Due to the
subsistence nature of agriculture in the study area, where production is mainly for
home consumption and sale of crops is often limited, quantity of food crop
production is of major concern to households. This result, therefore, suggests that
soil and water conservation is a dominant production strategy for farmers when
improving yields and increasing food crop availability is a major concern. The
results of the normalized second order stochastic dominance analysis do not
support the hypothesis that soil and water conservation strategy unambiguously
results in less yield and return variability than no-conservation strategy. However,
the conservation strategy still remains dominat under low yield and return levels
that often correspond to unfavorable rainfall conditions. As shortage of rainfall is
an important risk factor that results in frequent crop failures in the country, it can
generally be concluded that conservation is a dominant strategy for subsistence
farmers in the study area.

5.3. Article II - Optimal path of investment in soil and water
conservation
Soil management is a dynamic process that must be adjusted continuously to
changes in soil depth. The dynamic nature of the effect of soil loss, and
consequently of soil conservation, on productivity and income necessitates
intertemporal analysis of the subject. A mathematical method often used to
develop optimal strategies for soil resource use over time is a dynamic
optimization model. The major contribution of this method has been to single out
the impacts of specific factors, such as price and discount factors, on SWC
decision for a profit-maximizing farmer, and also demonstrates the rational of a
farmer’s decision to tolerate a certain amount of erosion (Eaton, 1996). This study
applied a dynamic programming model to determine the optimal time path for
investment in SWC by subsistence farmers in the study area. In a dynamic
programming model primary attention is focused on the optimal value of the
function rather than on the properties of the optimal control path as in the optimal
control theory (Chang, 1992). This makes dynamic programming more
appropriate and flexible for empirical application. It also has an advantage in that
it can be used to obtain numerical solutions to problems that are analytically
intractable (Kennedy, 1986).
In the dynamic programming model soil depth was used as a state variable, and
soil and water conservation decision (amount of soil depleted) is used as control
variable. Three levels of the decision variable, corresponding to recommended
type of SWC, modified type of SWC, and no SWC were considered in the
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analysis. Seven decision stages, each being a progression of five production years,
spanning a planning horizon of 35 years, were considered in the analysis. The
optimal decision rule for a given stage is the highest cumulative present value of
returns, net of conservation cost, from that stage to the last stage plus the terminal
value; the optimal policy being the optimal decision rule for the first stage. In
order to overcome the problem of absence of market for land to value the land at
the terminal period, an estimated value of the productive potential of the remaining
soil depth is used as a proxy for the terminal value.
Data from the Soil Conservation Research Program (SCRP) database for the
Hunde-Lafto research unit (SCRP, 1996) was used. The analysis was made using
the General Purpose Dynamic Programming (GPDP) software developed by
Kennedy (1986). Analysis was made for different price levels and discount rates to
single out the impacts their impacts on the optimal path, as part of a sensitivity
analysis. Results of the analysis show that an increase in the discount rate creates
disincentive for investment in soil and water conservation. This indicates that
farmers’ time preferences will affect their conservation decisions. Increase in the
market price of grains was found to provide incentive for investment in SWC,
whereas lower prices discourage investment. Lower market prices result in lower
return from production that would be offset by the higher cost of establishment
and maintenance of conservation structures and area of land lost to conservation
structures. Further analysis of the results suggest that agricultural practices without
SWC yield higher returns per period in the short-term, while practices with SWC
yield higher return per period in the long-term as well as a higher overall return.
The present value of returns from soil and water conservation increase with an
increase in targeted levels of effort in soil and water conservation. The
relationship, however, exhibits a diminishing marginal increase in returns as the
targeted level of effort in conservation increases. Development policies, aimed at
promoting SWC, therefore, need to provide incentives for farmers so that they will
forgo higher returns in the short-term and distribute soil use over longer periods to
ensure the higher long-term and over-all returns.

5.4. Article III – Soil and water conservation decision behavior
It is difficult to generalize about the factors affecting adoption of SWC
technologies in different parts of the world or even in different regions of a
country because of differences in agro-ecological and socio-economic settings
under which farmers operate. Whereas the principal economic rationality
assumption, the utility maximizing objective of individual farmers, might be the
same for farmers everywhere, the specific attributes influencing the utility of
farmers and adoption decisions are far from being uniform. Adoption of soil and
water conservation practices depends upon these differences in attributes, many of
which are specific to a particular region, village, farm, or plot. The purpose of this
study was to analyze plot-level determinants of soil and water conservation
decisions by subsistence farmers in the study area.
Subsistence farm households in Ethiopia in general and in the study area in
particular usually manage and use more than one plot located at different sites.
Plots are spatially distributed across different slope classes, soil types and distance
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from residences. They may also differ in soil type and suitability for a particular
crop. Owning plots distributed spatially is among the important strategies of
farmers to reduce exposure to risk. As a result, farm households may have
different soil and water conservation decisions for different plots depending on the
specific circumstances of a plot and the importance of the plot to the household
economy. This makes the analysis at plot level more appropriate and informative
than analysis at farm or household levels.
Limited dependent variable models, such as logit and probit, are well-established
models often used in adoption behavior studies. Because an adoption decision by
farmers is inherently a multivariate decision, attempting bivariate modelling
excludes useful economic information contained in the interdependent and
simultaneous adoption decisions (Dorfman, 1996). This makes the use of a
multiple-choice decision model more appropriate. Hence, the multinomial logit
model was chosen for this study. This model makes possible the determination of
factors influencing soil and water conservation decisions in the context of
individually specific data on multiple choices. In the multinomial logit analysis,
plots were classified according to their status at the time of the survey, and the
distribution of plots among groups was explained in terms of the characteristics of
the plot and the farm household.
Data were collected from 145 randomly selected farm households, managing
265 plots in the study area through individual interviews using semi-structured
questionnaires. Prior to the formal survey an informal survey was conducted using
individual interviews and group discussions with farmers and key informants. The
information collected in the informal survey helped to guide the development of
the formal questionnaire. The questionnaire was pre-tested in training enumerators
who were to help me conduct the interviews. Based on the formal survey result,
plots were grouped into five based on their status at the time of the survey: (1)
plots from which conservation structures built through project assistance were
removed; (2) plots that never have had a conservation structure built; (3) plots
with traditional soil conservation structures; (4) plots with farmers’ modified types
of conservation structures, and; (5) plots with recommended type of conservation
structure. A list of plots and farm-specific variables with potential to influence soil
and water conservation decisions was used in the analysis.
Results of the multinomial logit analysis suggest that the adoption of each class
of conservation structure is influenced by different factors and at different levels
of significance by the same factor. For instance, the adoption of traditional and
modified structures that may have been classified as one group together with nonadopters in a binary choice model are shown to be influenced by different factors
and at different levels of significance by the same factor. The same can be said of
the adoption of recommended and modified types of structures. In general, plot
area and slope, access to information, and project assistance have shown
significant positive correlation with SWC decisions. Family size and land holdings
per economically active household member are found to negatively influence the
decision. In promoting soil and water conservation technologies to farmers,
attention needs to be paid to the agro-ecological variations of the farming
environment, and socio-economic characteristics of the target groups.
36

5.5. Article IV: Farmer preferences for development
intervention
Most studies dealing with the impact of rural development programs and adoption
of agricultural technology by farmers in developing countries are often based on
ex-post analysis of intervention programs. Farmers are rarely consulted a priori
about their specific circumstances, priority problems, and their preference for
certain types of intervention. The adoption behavior study often comes after the
costs are incurred and the technologies have been diffused. Farmer’s preferences
for the type of intervention rarely appear in the long list of explanatory variables
suggested. Such technological interventions often resulted in low level of
acceptance by the target group and resulted in a lower level of success for
development programs (Feder et al., 1981). Prior identification of farmers’ priority
problems and predisposition with respect to the usefulness of a development
interventions program may help to gear development intervention programs to the
needs of different regions and group of farmers. This helps to design more
acceptable and cost effective development programs.
This paper provides insight into this aspect of rural development issues by
eliciting farmer-felt priority problems and preferences for development
intervention. Having identified farmers’ preferences for intervention, the
agricultural problems and socio-economic factors assumed to determine the
preferences were analyzed. The underlying assumption in this study was that
farmers, based on their extensive knowledge of the farming environment and the
outstanding agricultural problems, can state their preference for development
intervention (PDI) in line with their utility maximization objective, given their
constraints and resource endowments.
Data for this study were generated in parallel with the SWC decision behavior
study survey conducted in the summer of 2000 in the study area. A total of 145
farm households were randomly selected and individually interviewed using semistructured questionnaires. The econometric model used to determine factors
influencing farmers’ preferences for development intervention is the random
utility model (RUM) that provides the link between a statistical model of observed
data and an economic model of utility maximization. Under the assumption that
error terms in the RUM are logistically distributed, the multinomial logit model is
used for data analysis.
Results of the study revealed that among numerous agricultural production
problems faced by subsistence farmers, five are perceived to be the most
important. These were frequent drought, soil erosion, cultivable land shortage,
lack of grazing land, and crop diseases and pests. Low market prices for farm
products and high prices of purchased inputs also came out as major problems for
the majority of farmers. These problems identified by the sample farmers are not
considered as a reevaluation because most of these problems are well known and
documented agricultural problems of the country as a whole. The results of the
study, however, show that farmers are not unaware of the farming problems and
their priority rankings differ as a function of their resource endowments and socio37

economic circumstances. Areas of preferred development intervention identified
by farmers include input and output markets, soil and water conservation,
irrigation development, and resettlement in productive agricultural areas. The
preferences, however, are not considered to be mutually exclusive. These stated
preferences of farmers, for development intervention, corresponded to past and
current rural development programs pursued in the country by government and
international donor organizations. This indicates the awareness of farmers about
alternative public actions that would help in alleviating agricultural problems, and
state their preference for a particular intervention based on their specific
circumstances.
Multinomial logit analysis of factors influencing these preferences revealed that
farmer’s specific socio-economic circumstances and subjective ranking of
agricultural problems play a major role. The magnitude and direction of influence
of the explanatory variables show differences for different interventions.
Preference for resettlement is positively influenced by the priority ranking of the
farm land shortage problem, and the educational status of the farm household
head; and it is negatively influenced by the total land holding and dependency
burden on the economically active household member. Preference for intervention
in irrigation development is influenced positively by the farmer’s experience in
use of chemical fertilizers and negatively by market prices of inputs. Preference
for soil and water conservation is positively influenced by the priority ranking of
the soil erosion problem and the total land holding of the farm household. It is
negatively influenced by food production status of the household and market input
prices. Preference for market intervention is positively influenced by the food
production status of the household, priority ranking of disease and pest problems
and market prices. The results also suggest complimentarity of different
intervention programs that require to be addressed simultaneously in order to
ensure higher return from investments. Therefore, at grassroots level
implementation of development programs, factors influencing the acceptance of
each type of intervention have to be identified a priori and be properly addressed if
development efforts are to bring about the desired outcome.

6. Conclusions
Literature on the economics of SWC has expanded, particularly in the past few
decades, and the body of knowledge in the area is increasing. The improvement of
knowledge in the area further shads light on issues that require close attention and
further investigation under specific settings. This is brought about by the
complexity of the issues of soil erosion and conservation that are intricately linked
to different physical, social, economic, institutional, and management systems.
One specific nature of most studies in the area of economics of soil and water
conservation is that they are location specific and could not be accurately
extrapolated to different levels. This thesis contributes to the body of literature in
the field, and the specific results also help in assisting SWC policy decisions and
identifying potential future research areas in Ethiopia.
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6. 1. Contributions of the thesis
Article I contributes to the body of literature dealing with erosion, productivity
and income relationship by introducing in the analysis the effect of SWC in
reducing yield and income variability. From research and development policy
perspectives, the results suggest the need for considering, in the design and
implementation of conservation technologies, the effect of SWC structures in
reducing farmers’ exposure to risk due to yield and income variability. In the
literature of this category, utmost focus is placed on the yield and income reducing
impact of soil erosion and on the yield and income improving effect of SWC.
Studies on impact of SWC in reducing variability in yield and income, and hence
the farmer’s exposure to risk, particularly in developing countries, are scanty. This
is driven by the assumption of profit maximizing rational farmers behavior
underlying most of the analyses undertaken in industrialized countries. In the
context of subsistence farmers in developing countries, however, profit
maximization may not be the only, or even the most important, driving force that
determines a farmer’s land use decision behavior. Furthermore SWC is aimed not
only at improving yield and income, but also to mitigate yield and income
variability, due to its capacity to retain water that would otherwise be lost to runoff and to make it available for plant growth and development. For resource poor
farmers, whose agricultural production is limited to hand-to-mouth, reducing
exposure to risk due to yield and income variability is an equally important
incentive that influences investment decisions. Furthermore, uncertainties about
returns, the appropriate type of SWC practice, and the optimal level of investment
in SWC introduce elements of risk that result in market failure and curtail
investment.
In the category of literature dealing with economic modeling of soil erosion and
conservation, the noticeable gap is that there exists little or no empirical work in
the context of developing countries. Furthermore, the common assumptions about
the existence of a competitive market and resale value of land make its
applicability for subsistence agriculture in developing countries very limited,
particularly where land is not a tradable commodity and the capital market is
poorly developed. The attention of many studies applying optimal control theory
is focused on the properties of the optimal control path rather than on the optimal
value of the function. As a result, the findings were of little practical guide in
policy decision-making in developing countries as to the alternative type of
practice to promote and support. Article II, therefore, contributes to the body of
literature in this area through empirical application of a dynamic programming
model that places focus on the optimal value of the function and is more flexible
for empirical application. The specific results showing the effect of grain prices
and discount rate help to guide policy-makers to weigh different alternatives to
provide incentives for conservation investment. It was shown that soil erosive
agricultural practices generate higher return than soil conserving practices in the
short-term. As a result, private economic incentives to invest in long-term land
improving practices, such as soil and water conservation, will be weak,
particularly when there is market failure. This draws attention to a need for the
design of incentive mechanisms to extend a farmer’s planning horizon to the long39

term, whereby current benefit can be forgone in favor of realizing overall longterm income and environmental benefits.
An important lesson from articles III and IV concerns the importance of
accounting for differences in agro-ecological and socio-economic circumstances
of farmers in the design and implementation of rural development programs in
general and soil and water conservation projects in particular. These articles
contribute to the category of literature addressing farmers’ SWC decision behavior
in developing countries in two important ways. Firstly, unlike most previous
studies where SWC technology adoption decision is treated as a binary choice
process, whether a farmer adopted a recommended type of SWC technology or
not, a multiple choice decision model was applied in this study. In developing
countries, the problems farmers face are more complex and require face multiplechoice decisions. In the simple adopter and non-adopter binary categorization, the
adoption of other alternative measures, such as traditional and modified types of
conservation practices, is often undermined. Results of the analysis have shown
that adoption of traditional and modified structures that may have been classified
as one group together with non-adopters in a binary choice decision model are
influenced by different factors and at different levels of significance by the same
factor.
Another equally important issue, left out by literature on the adoption behavior
of farmers, is the influence of farmers’ preference for rural development
intervention in general and SWC in particular. Farmers’ preferences for
intervention in the area of SWC in general, and specific type of conservation
measures in particular, almost never appeared in the list of explanatory variables
that have been identified to explain adoption behavior. Farmer preference for
intervention is based on the subjective ranking of agricultural problems and utility
maximization objectives, given the constraint imposed by limited resources at
farmers’ disposal. These preferences, in turn, influence their investment decisions
in any particular technology, and hence need to be understood and be taken into
consideration. Article IV addressed this issue by eliciting farmers’ preferences for
development intervention and analyzing factors influencing these preferences.

6.2. Suggestions for future research and development
Due to the farmer perspective of this study and lack of information on the off-site
effects, analysis is limited only to the on-site effects of soil erosion and
conservation. This does not, however, imply that the off-site effects of soil erosion
in Ethiopia are insignificant. Therefore, it is necessary that the research work
presented in articles I and II on the on-site effects of soil erosion be extended to
off-site effects as well. Ethiopia, like many other developing countries, depends
heavily on in its water resource to foster economic growth and development. The
country counts on the development and efficient use of its irrigation potential to
improve food security, to alleviate rural poverty, as well as to promote
diversification of its agricultural exports. The current and future source of power
in the country is largely dependent on its capacity to develop and use its immense
hydroelectric power potential. Many of these potential benefits of water resource

40

development will be undermined and lost if soil erosion problems are not dealt
with adequately.
Due to severe food shortage, malnutrition, and famine problems in Ethiopia,
during the past three decades, research and development focus has been on the onsite effects of soil erosion. Although there are no quantitative studies to
demonstrate the impacts, there are noticeable off-site effects of soil erosion. Many
lakes that serve as potential sources of irrigation water for agriculture, drinking
water supply, fishery development, recreation, and also important landmarks are
under continuous threat from siltation caused by soil erosion from croplands.
Water reservoirs used as a source of Ethiopia’s supply of electricity power are at
the verge of being out of service. As a result, frequent disruption of power and
rationing of electricity have become a usual phenomenon even in the capital city,
let alone in other areas where the service is poorly developed. The impact
assessment and economics of the off-site effects of soil erosion remains an area
that requires the attention of researchers and policy-makers in the immediate
future.
The complexity imposed by the impact of agro-ecological, economic, sociocultural and institutional factors in soil and water conservation decisions, shown in
articles III and IV, necessitates further studies in specific settings. This will help to
develop policies that take into account both the technical and socio-economic
elements of land use systems in order to create incentives for people to participate
in conservation efforts. As soil erosion research in the country is in its infancy, the
extent of the effect of major factors contributing to soil erosion remains unknown.
In this regard, I feel that particular attention needs to be paid to the impact of
livestock on soil fertility management and land degradation in specific land use
systems and in the context of various socio-economic and institutional settings. In
the literature on soil erosion and conservation, reference is often made to the effect
of overgrazing on soil erosion, implying negative contribution of livestock to soil
fertility management. However, in the mixed farming systems in the Ethiopian
highlands, livestock husbandry may contribute positively to soil fertility
maintenance by transferring biomass from pasturelands to cultivated plots through
night parking. In addition, the contribution of livestock as a saving asset and
source of cash for immediate food shortage or other financial needs helps in
smoothening consumption over time, and allows family labor to be invested in
land improvement activities. Therefore, assessment of the economic impact of
livestock on soil fertility management and land degradation, and hence farm
productivity and income, is one potential area for research and development.
Another area for research and development in understanding specific farm
circumstances is incentive mechanisms to promote afforestation in order to combat
land degradation. It is generally accepted that deforestation, that exposes the soil
surface to various agents of erosion, is responsible for accelerated soil erosion and
land degradation problems in many developing countries, including Ethiopia.
Although deforestation unquestionably contributes to land degradation, there is a
general lack of quantified research information to show the magnitude of the effect
in order to trigger policy interventions that foster its contribution to soil
conservation and other ecological services. As a result, its contribution to the
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national economy is underestimated, and resource allocation for research and
development in the sector is limited. The success of previous efforts in
afforestation of communal lands and introduction of agro-forestry practices has
been limited due to lack of knowledge of appropriate incentive mechanisms to
trigger adoption by farmers. Therefore, research to evaluate the soil conserving
effect and other services of forests to the household and national economy, as well
as the incentive mechanisms for farmers to promote afforestation, is another area
for research and development in Ethiopia.
Research and development efforts need not be limited only to already degraded
agricultural lands. Protecting soil in less degraded areas from depletion due to
erosion, and monitoring the impact of new settlement schemes also need
consideration. As discussed in article IV, resettlement in potential agricultural
areas is among farmers’ preferred types of development intervention. The
sustainable development and poverty reduction program of the Ethiopian
government (FDRE-MoFED, 2002) also considers resettlement of people from
drought-prone areas as one possible alternative strategy. Limited resettlement
programs have already been started in different parts of the country. In this regard,
research activities in monitoring and impact assessments of new settlements on the
environment in general and on the soil resource in particular are required.
Furthermore, the environmental and productivity impacts of depopulating droughtprone areas need to be followed up and studied.
Last but not least, emphasis needs to be put on the complexity of the soil erosion
problem in Ethiopia and the need for multidisciplinary approaches to research and
development efforts required for addressing this problem. Today, more than ever,
it is understood that technical solutions alone are not a remedy for the problem of
soil erosion. Socio-economic and institutional factors operating from the level of
the farm through the national level also play an important role in determining the
success of technical solutions. Studies in social science also strongly depend on
knowledge and findings from the soil biophysical and agronomic fields.
Therefore, a comprehensive solution to the problem requires intra-disciplinary and
inter-disciplinary cooperation between institutions and also researchers and
development workers from all fields directly or indirectly related to agriculture
and soil use.

References
Alemayehu, M., 1996. Traditional ditches in northern Shewa, the Ethiopian Highlands. In:
Reij, C., Scoones, I., Toulmin, C., (Eds). Sustaining the soil: Indigenous soil and water
conservation in Africa. Earthscan Publications Ltd., London.
Admassie, Y., 1995. Twenty years to nowhere. Property rights, land management, and
conservation in Ethiopia, Ph.D. Thesis Uppsala University, Sweden.
Anderson, J. R. and Thampapillai, J., 1990. Soil Conservation in Developing Countries:
Project and Policy Intervention. Agriculture and Rural Development Department, The
World Bank, Washington, D.C.

42

Aredo, D., 1990. The evolution of rural development policies. In: Pausewang, S., Cheru, F.,
Brune, S. and Chole, E., (Eds). Ethiopia: Rural development options. Zed Books Ltd.,
London and New Jersey.
Asrat, K., Idris, K., & Semegn, M., 1996. The ‘flexibility’ of indigenous soil and water
conservation techniques. In: Reij, C., Scoones, I., Toulmin, C., 1996, (Eds). Sustaining
the soil: Indigenous soil and water conservation in Africa. Earthscan Publications Ltd.,
London.
Barbier, E.B., 2003. The economics of soil erosion: Theory, methodology, and examples.
http://www.eepsea.org/publications/specialp2/ACF2B4.html; pp. 1-23 (Accessed on
February 4, 2003).
Barbier, E.B., & Bishop, J. T., 1995. Economic values and incentives affecting soil and
water conservation in developing countries. Journal of Soil and Water Conservation
50(2), 133-137.
Barbier, E.B. 1998. The economics of environment and development. Edward Elgar,
Cheltenham, UK.
Barrett S. 1991. Optimal soil conservation and the reform of agricultural pricing policy.
Journal of Development Economics. 36, 167–187.
Benin, S., & Pender, J., 2001. Impacts of land redistribution on land management and
productivity in the Ethiopian highlands. Land Degradation & Development. 12, 555-568.
Bentley, O. C., 1985. Soil erosion and crop productivity. In: Follett, R.F., Stewart, B. A.,
(Eds). Soil erosion and crop productivity. American society of agronomy Inc., Crop
science society of America Inc., Soil Science Society of America Inc., Madison,
Wisconsis, USA.
Bishop, J., & Allen, J., 1989. The on-site costs of soil erosion in Mali. The World Bank,
Environment Working Paper No. 21.
Bishop, J., 1995. The economics of soil degradation: An illustration of the change in
productivity approach to valuation in Mali and Malawi. IIED, LEEC paper DP 95-02.
Blaike P. 1985. The political economy of soil erosion in developing countries. Longman
Development Studies, New York.
Blaike P, & Brookfield H. 1987. Land degradation and society. Methuen & Co. Ltd.,
London.
Bojö J. 1992. Cost-Benefit Analysis of soil and water conservation projects: A review of 20
empirical studies. In: Tato, K. & Hurni, H. (Eds.). Soil Conservation for Survival: A
reviewed selection of papers presented at the International Soil Conservation Conference
in Ethiopia/Kenya, 1989. Soil and Water Conservation Society (SWCS).
Bono, R. & Seiler, W., 1983. The soils of the Suke-Hararghe research unit (Ethiopia):
Classification, morphology and ecology. SCRP Research Report 2.
Brasselle, A., Gaspart, F., & Platteau, J., 2002. Land tenure security and investment
incentives: Puzzling evidence from Burkina Faso. Journal of Development Economics
67, 373-418.
Brown, L.R., 1981. Eroding the base of civilization. Journal of Soil and Water
Conservation 36(5), 255-261.
Burt, O. R., 1981. Farm level economics of soil conservation in the Palouse area of the
Northwest. American Journal of Agricultural Economics 63(1), 83-92..
Burton, M., Rigby, D. & Young, T., 1999. Analysis of the determinants of adoption of
organic horticultural technique in the UK. Journal of Agricultural Economics 50(1), 4763.
Carter, R. B., & Batte, T. M., 1993. Identifying needs and audiences in farm management
outreach education. Review of Agricultural Economics 15(3), 403-415.
Chiang, C. A., 1992. Dynamic optimisation. McGraw-Hill, Inc., New York.
Chichilnisky, G., 1997. The costs and benefits of benefit-cost analysis. Environmental and
development economics 2, 202 – 206.
Clark, H. E., 1985. The off-site costs of soil erosion. Journal of Soil and Water
Conservation 40(1), 19-22.
Clark, R., 1996. Methodologies for the economic analysis of soil erosion and conservation.
CSERGE working paper GEC 96-13, Overseas Development Group, University of
Anglia, Norwich,

43

Clarke, H. R., 1992. The supply of non-degraded agricultural land. Australian Journal of
Agricultural Economics 36(1), 31 – 56.
Cramb, R. A., & Nelson, R. A., 1998. Investigating constraints to the adoption of
recommended soil conservation technology in the Philippines. In: Penning de Vries, F.
W. T., Agus F., and Kerr, J., (Eds). Soil erosion at multiple scales, Principles and
methods for assessing causes and impacts. CABI Publishing in association with
IBSRAM, Bangkok, Thailand.
Crowder, B.M., 1987. Economic cost of reservoir sedimentation: A regional approach to
estimating cropland erosion damages. Journal of soil and water conservation 42(3), 194197.
Dasgupta, P. S., & Heal, G. M., 1979. Economic theory and exhaustible resources. James
Nisbet & Co. Ltd, Cambridge University press.
de Graaff, J., 1993. Soil conservation and sustainable land use: An economic approach.
Royal Tropical Institute, The Netherlands.
de Graaff, J. 1996. The price of soil erosion: an economic evaluation of soil conservation
and watershed development. Ph. D. thesis Wageningen Agricultural University, The
Netherlands.
Dejene, A., 1990. Peasants, Environment, Resettlement. In: Pausewang, S., Cheru, F.,
Brune, S. and Chole, E., (Eds). Ethiopia: Rural development options. Zed Books Ltd.,
London and New Jersey.
Dorfman, J. H., 1996. Modeling Multiple Adoption Decisions in Joint Framework.
American Journal of Agricultural Economics 78: 547–557.
Dregne, H. E., 1982. Historical perspective of accelerated erosion and effects on world
civilization. In Schmidt, B. L., (Ed). ASA Special publication number 45, Proceedings of
a symposium sponsored by Division S-6 of the Soil Science Society of America in Fort
Collins, Colorado, 5 – 10 August, 1979.
Eaton, D., 1996. The economics of soil erosion: A model of farm decision-making, IIED
Environmental economics program discussion paper DP 96-01, The Hague, The
Netherlands.
Eckholm, E. P., 1976. Losing Ground: Environmental stress and world food prospects.
United Nations Environmental Program and Worldwatch Institute, Norton and Cop., New
York.
Ekbom, A., 1995. The economics of soil conservation: A case study of the economic and
agro-ecological implications of soil conservation on maize cultivation in Muranga
District, Kenya. Environmental Economics Unit at Department of Economics, Working
paper No. 2, Gothenburg University, Sweden.
Enters, T., 1998a. Methods for the economic assessment of on-and off-site impacts of soil
erosion. International Board for Soil Research and Management, Bangkok.
Enters, T., 1998b. A framework for the economic assessment of soil erosion and soil
conservation. In: Penning de Vries, F. W. T., Agus F., and Kerr, J., (Eds). Soil erosion at
Multiple scales, Principles and methods for assessing causes and impacts. CABI
Publishing in association with IBSRAM, Bangkok, Thailand.
Ervin, C.A., & Ervin, E.D., 1982. Factors affecting the use of soil conservation practices:
Hypothesis, evidence, and policy implications. Land Economics 58(3), 277-292.
Eswaran, H., Van den Berg, E., Reich, P., & Kimble, J., 1995. Global soil carbon resources.
In: Lal, R., Kimble, J., Levine, E., Stewart, B. A., (Eds). Soil and Global changes.
Advances in soil science, Lewis Publishers, Boca Raton, London, Tokyo
FAO, 1990. The conservation and rehabilitation of African lands: an international scheme,
ARC/90/4, http://www.fao.org/docrep/Z5700E/z5700e04.htm; (Accessed on April 10,
2003).
Feder, G., & Onchan, T., 1987. Land ownership security and farm investment in Thailand.
Agricultural Economics 69(2), 310-320.
Federal Democratic Republic of Ethiopia - Ministry of Finance and Economic Development
(FDRE-MoFED), 2002. Ethiopia: sustainable development and poverty reduction
program, Addis-Abeba.

44

Gamachu, D., 1990. Environment and mass poverty. In: Pausewang, S., Cheru, F., Brune,
S., Chole, E., (Eds). Ethiopia: Rural development options. Zed Books Ltd., London and
New Jersey.
Greene, W.H., 1997. Econometric Analysis, 3rd edition. Prentice-Hall International Inc.,
USA.
Gronvall M., 1995. Environmental profile of Ethiopia. Swedish International Development
Authority (SIDA), Stockholm, Sweden.
Haile, T., 1988. Causes and characteristics of drought in Ethiopia. Ethiopian. Journal of
Agricultural Sciences. 10(1-2), 85-97.
Hartwick J.M. & N.D. Olewiler. 1986. The economics of natural resource use. Harper
Collins, New York.
Hoben, A., 1996. The cultural construction of environmental policy: paradigms & policies
in Ethiopia. In: Leach, M., and Mearns, B., (Eds). The lie of the land: Challenging
received wisdom on the African Environment. The International African Institute, Villiers
Publications, London.
Hopkins, J. W., Lal, R., Wiebe, K. D., & Tweeten, L. G., 2001. Dynamic economic
management of soil erosion, nutrient depletion, and productivity on north central USA.
Land Degradation & Development 12, 305-318.
Hu, D., Ready, R. & Pagoulatos, A., 1997. Dynamic optimal management of wind erosive
rangelands. American Journal of Agricultural Economics 79, 327–340.
Hudson, N., 1986. Soil conservation. B.T. Batsford Limited, London.
Hurni, H., 1988. Degradation and conservation of the resources in the Ethiopian highlands.
Mountain Research and Development 8(2/3), 123-130.
Hurni, H., 1989. Ecological issues in the creation of famines in Ethiopia. Paper presented
on the National Conference on Disaster Prevention and Preparedness for Ethiopia,
Addis Abeba.
Hurni, H., 1993. Land degradation, famine, and land resource scenarios in Ethiopia. In:
Pimentel, 1993, (Ed). World soil erosion and conservation. Cambridge University Press.
Keddeman, W., 1992. An economic analysis of soil conservation in Ethiopia. In: Tato, K. &
Hurni, H. (Eds.). Soil Conservation for Survival: A reviewed selection of papers
presented at the International Soil Conservation Conference in Ethiopia/Kenya, 1989.
Soil and Water Conservation Society (SWCS).
Kennedy, O.S. J., 1986. Dynamic programming application to agriculture and natural
resources. Elsevier Applied Science Publisher, London and New York.
Kerr, J., 1998. The economics of soil degradation: From National policy to farmers’ fields.
In: Penning de Vries, F. W. T., Agus F., and Kerr, J., (Eds). Soil erosion at Multiple
scales, Principles and methods for assessing causes and impacts. CABI Publishing in
association with IBSRAM, Bangkok, Thailand.
Kiker, C., & Lynne, G., 1986. An Economic model of soil conservation: Comment.
American Journal of Agricultural Economics 68(3), 739-742.
LaFrance, J. T., 1992. Do increased commodity prices lead to more or less soil
degradation? Australian Journal of Agricultural Economics 36(1), 57-82.
Lal, R. 1988. Monitoring soil erosion’s impact on crop productivity. In: Lal. R. (Ed). Soil
Erosion research methods. Soil and Water Conservation Society, Wageningen, The
Netherlands.
Lal, R., & Okigbo, B., 1990. Assessment of soil degradation in the southern state of
Nigeria. The World Bank, Environment Working Paper No. 39.
Lal, R., Kimble, J., Levine, E., Whitman, C., 1995. World soils and greenhouse effect: An
overview. In: Lal, R., Kimble, J., Levine, E., Stewart, B. A , (Eds). Soil and Global
changes. Advances in soil science, Lewis Publishers, Boca Raton, London, Tokyo.
Lal, R., 1995. Global soil erosion by water and carbon dynamics. In: Lal, R., Kimble, J.,
Levine, E., Stewart, B. A., (Eds). Soil and Global changes. Advances in soil science,
Lewis Publishers, Boca Raton, London, Tokyo.
Lal, R., 1998. Agronomic consequences of soil erosion. In: Penning de Vries, F. W. T.,
Agus F., Kerr, J., (Eds). Soil erosion at multiple scales, Principles and methods for
assessing causes and impacts. CABI Publishing in association with IBSRAM, Bangkok,
Thailand.

45

Lee, L. K., 1980, The impact of landownership factors on soil conservation. Land
Economics 62(5), 1070-1076.
Li, G., Rozelle, S., & Brandt, L., 1998. Tenure, land right, and farmer investment incentives
in China. Agricultural Economics 19(1-2), 63-71.
Lovejoy, S. B. & Napier, T.L., 1986. Conserving soil: sociological insights. Journal of Soil
and Water Conservation 41(5), 304-309.
Lapar, Ma. L. A., & Pandey, S., 1999. Adoption of soil conservation: the case of the
Philippine uplands. Agricultural Economics 21, 241-256.
Mas-Colell, A., Whinston, M. D., & Green, J. R., 1995. Microeconomic Theory. Oxford
University Press, New York.
McConnell, K.E., 1983. An economic model of soil conservation. American Journal of
Agricultural Economics 65(1), 83-89.
Morgan, R. P. C., 1986. Soil erosion and conservation. Longman Group (FE) Ltd., Hong
Kong.
Napier, T., L., & Napier, S., 1991. Perceptions of conservation compliance among farmers
in highly erodable areas of Ohio. Journal of Soil and Water Conservation 46(3), 220-224.
Napier, T.L., Camboni, S.M., & El-Swafy S.A., 1995. A synthesis of “Adopting
conservation on the farm: An international perspective on the socio-economics of soil
and water conservation”. In: Napier, T.L., Camboni, S.M., El-Swafy S.A., (Eds).
Adopting conservation on the farm: An international perspective on the socio-economics
of soil and water conservation, pp. 511-517. Soil and Water conservation Society.
Norris, E. P. & Batie, S. S., 1987. Virginia farmers’ soil conservation decisions: An
application of Tobit analysis. Southern Journal of Agricultural Economics 19 (1), 97-89.
Oldeman, L. R., Hakkeling, R. T. A., & Sombroek, W. G., 1991. World map of the status of
human-induced soil degradation: An explanatory note, GLASOD, International Soil
Reference and Information Center, and United Nations Environmental Program, Nairobi.
Oriade CA, Dillon CR, & Keisling TC. 1999. Economics of wheat reduced management in
double crop soybean. Journal of Production Agriculture 12(1), 42-48.
Pandey, S., & Lapar, M. A. L., 1998. A microeconomic analysis of adoption of contour
hedgerows in the Philippine Uplands: In: Penning de Vries, F. W. T., Agus F., and Kerr,
J., 1998 (Eds). Soil erosion at multiple scales, Principles and methods for assessing
causes and impacts. CABI Publishing in association with IBSRAM, Bangkok, Thailand.
Pattanayak, S., 1998. Valuing soil conservation benefits of agroforestry: Contour
hedgerows in the Eastern Visayas, Philippines. Agricultural Economics 18(1), 31-46.
Pender, J. P & Kerr, J. M., 1998. Determinants of farmers’ indigenous soil and water
conservation investments in semi-arid India. Agricultural Economics 19, 113-125.
Pimentel, D., Harvey, C., Resosudarmo, P., Sinclair, D., Kurz, D., McNair, M.,Crist, S.,
Shpritz, L., Fitton, L., Saffouri, R., & Blair, R., 1995. Environmental and economic cost
of soil erosion and conservation benefits. Science 267(24), 1117-1123.
Pompelli, G., Morfaw, C., English, C. B., Bowling, G. S. B., & Tegegne, F., 1997. Farm
operators’ preferences for soil conservation service information: Results from three
Tennessee watersheds. Journal of Production Agriculture 10(3), 472-476.
Post,
T.
2002.
Empirical
tests
for
stochastic
dominance
efficiency.
http://www.afajof.org/Pdf/forthcoming/post.pdf; pp. 1-54, (Accessed on December 4,
2002).
Richter, JR., D., & Markewitz, D., 2001. Understanding soil change: Soil sustainability
over millennia, centuries and decades. Cambridge University Press.
Scherr, J. and Yadav, S. 1996. Land degradation in the developing world: implication for
food, agriculture and the environment to 2020. Food, agriculture, and the environment
discussion paper, 14.
Schlafli, K., 1985. Land use, Production and Land distribution in the Agucho valley,
Ethiopia. SCRP Research Paper 11.
Schnitkey, G., Batte, M., Jones, E., & Botomogno, J., 1992. Information preferences of
Ohio commercial farmers: Implications for extension. American Journal of Agricultural
Economics 74(2), 486-497.

46

Seckler, D., 1987. Economic costs and benefits of degradation and its repair. In: Blaike P,
and Brookfield H., Land degradation and society, pp. 84-96. Methuen & Co. Ltd.,
London.
Shiferaw, B. & Holden, T.S., 1998. Resource degradation and adoption of land
conservation technologies in the highlands of Ethiopia: A case study of Andit Tid, North
Sheawa. Agricultural Economics 18, 233-247.
Shively GE. 1999. Risk and returns from soil conservation: Evidence from low-income
farms in the Philippines. Agricultural Economics 21, 53-67.
Shortle, J. S., & Abler, D. G., 1999. Agriculture and the environment. In: van den Bergh, J.
C. J. M., (Ed). Handbook of Environmental and Resource Economics, pp 167-168.
Edward Elgra, Cheltenham, UK, Northampton, MA, USA..
Smit, B., & Smithers, J. 1992. Adoption of soil conservation practices: An empirical
analysis in Ontario, Canada. Land Degradation & Rehabilitation 3, 1-14.
Soil Conservation Research Program (SCRP). 1996, Database report (1982-1993), Series
III: Hunde-Lafto Research Unit, University of Berne in Association with the Ministry of
Agriculture, Ethiopia.
Southgate, D., Hitzhusen, F., & Macgregor, R., 1984. Remedying third world soil erosion
problems. American Journal of Agricultural Economics 66(5), 879-883.
Stocking, M., 1987. Measuring land degradation. In Blaikie, P., and Brookfield, H., Land
degradation and society, pp. 49-63. Methuen, London and New York.
Taylor, D.B., Young, D.L., Walker, D. J., & Michalson, E. L., 1986. Farm-level economics
of soil conservation in the Palouse Area of the Northwest: Comment. American Journal
of Agricultural Economics 68(2), 364-366.
Troeh, F. R., Hobbs, J. A., & Donahue, R. L., 1999. Soil and water conservation:
Productivity and environmental protection, Third edition. Prentice Hall, New Jersey.
Tucker, M., & Napier, T. L., 2000. Preferred sources and channels of soil and water
conservation information among farmers in three US watersheds. Agricultural Economics
& Environment 92, 297–313.
van der Leeuw, S. E., & the ARCHAEOMEDES Research team, 2000. Land degradation as
a socionatural process. In: McIntosh, R. J., Tainter, J. A., McIntosh, S. K., (Eds). The
way the wind blows: Climate history and human action. Columbia University press, New
York.
Walker, D. J., & Young, D. L., 1986. The effect of technical progress on erosion damage
and economic incentives for soil conservation. Land Economics 62(1), 83-93.
Wild, A., 1993. Soil and the environment: An introduction. Cambridge University Press,
Cambridge.
Wood, P. A., 1990, Natural Resource management and rural development in Ethiopia. In:
Pausewang, S., Cheru, F., Brune, S., Chole, E., (Eds). Ethiopia: Rural development
options. Zed Books Ltd., London and New Jersey.

47

