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1. Introduction
1.1 Background

Ethiopia is one of the poorest countries in the world in spite of long-standing efforts to
improving the livelihood of the people and expanding their choices. The three essential
but restricted choices for human development in Ethiopia and elsewhere are to lead a
long and healthy life, to acquire knowledge, and to have access to the resources needed
for a decent standard of living (OECD, 2011). To be sustainable, human development
should satisfy the current needs without compromising the possibility of future
generations to satisfy their needs (WCED, 1987). To encourage sustainable development,
the United Nations member states and international organizations agreed to achieve the
Millenium Development Goals (MDG) by the year 2015 (UN, 2005). For Ethiopia, Jobarteh
et al. (2011) reported progress with respect to economic development and most MDGs
with the exception of environmental sustainability. Namely, Jobarteh et al. (2011) put the
country at extreme risk of food insecurity and vulnerable to climate change. Hence, it is
unclear whether it can escape the vicious cycle of natural resource degradation and food
insecurity driven by absolute poverty and population growth (Sisay Asefa & Tesfaye
Zegeye, 2003), also referred to as poverty trap (Eenhoorn & Becx, 2009) or as “poverty -
environmental degradation and food insecurity circle” (Shibru Tedla & Kifle Lemma,
1998).

Poverty is the lack of, or the inability to achieve, a socially acceptable standard of living
(Belltt & Liberati, 2005). Basically, the inability refers to a situation in that individuals lack
command over economic resources. In Ethiopia, extreme poverty defined by the World
Bank as living on less than USD 1.25 per day is common (Ayalneh Bogale et al. 2002;
Anonymous, 2011a). Environmental degradation becomes a result and a cause of
economic stagnation and decline, which is aggravated by absolute poverty and food
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insecurity. Soil degradation is the severest environmental problem and Ethiopia loses
about 400 tons/ha of topsoil every year (Shibru Tedla & Kifle Lemma, 1998; Sisay Asefa &
Tesfaye Zegeye, 2003).

Food insecurity can be defined as the lack of capability to produce food and to provide
access to all people at all times to enough food for an active and healthy life (World Bank,
1986). The average yield for food crops is low and has been growing only about 0.6
percent and lags behind the population growth of about 3 percent, resulting in an annual
per capital decline of 2.4% in domestic food production (Sisay Asefa & Tesfaye Zegeye,
2003). Livestock are extremely important to economic development and contribute to the
livelihoods of 60-70% of the population (Haldermann, 2005). Animal husbandry is a local,
multi-purpose activity, in that livestock produce food directly and provide key inputs to
crop agriculture including fertilizers. Livestock not only provide poor people with food,
income, traction and fertilizer but also act as catalysts that transform subsistence farming
into income-generating enterprises, allowing poor households to join the market economy
(ILRIL, 2011). However, livestock health and multi-purpose productivity are severely
constrained by inadequate feed and diseases transmitted by arthropods such as ticks and
tsetse (Torr et al., 2002).

New technologies are important elements in Ethiopia’s human development efforts (Aseffa
Abreha et al., 2003). If selected, a single technology, however, should not be used as a silver
bullet, i.e. a simple remedy for a difficult or intractable problem. In fact, silver bullets have
been qualified as the most dangerous innovation misperception and an unpromising
approach to development (Carpenter, 2009). Rather, technologies should be integrated into a
system or package. Waage (2010) and Sayer and Campbell (2004) emphasized the important
role that science plays in technology development and implementation. Rather than dealing
with technology development, however, this paper focuses on the selection of technologies
by rural communities, the integration of the selected technology systems into sustainable
development efforts, and the evaluation of the impact. This requires taking into account the
complexities of the ecological-social (ecosocial) systems, where the technologies are
introduced, and a framework for impact assessment.

1.2 Technology system selection and implementation

A wide range of technologies should be considered. The restriction to low input
technologies favoured by many specialists is inadequate because they suffer from poor
adoption records (Tripp, 2006). The restriction to local and traditional technologies as the
only legitimate, fair and appropriate technologies in a development context may be a
constraint facing new developmental challenges including climate change and emerging
diseases (Waage, 2010). Moreover, prejudices for technologies should be replaced with the
understanding that being "appropriate" is not about where innovation comes from but about
how useful it is (Waage, 2010). Chinsinga (2003) critizes technology transfer from the
outside and little attention given to what motivates farmers to improve their land and
husbandry systems. According to him, exogeneous forces to developing countries produce
an unsustainable reform, the will has to spring from within developing countries with
external stakeholders playing simply a facilitatory role. Samuel Gebreselassie (2006) shifts
the attention from technologies to carefully designed ‘innovation systems’ where the
promotion of new technologies is linked to processes of farmer innovation, social and
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cultural institutions governing uptake, and the economic and market conditions pertaining,
particularly for poorer farmers in more marginal areas (Mitiku Haile et al, 2001; Ejigu &
Waters Bayer, 2005). These concepts were the driving force behind the establishment of on-
site technology testing, demonstration and training units named BioVillages (Baumgéartner
et al., 2001).

The implementation of technologies provides new opportunities that often raise ethical
reflections on the basis of moral theories (Huppenbauer & De Bernardi, 2003; Newton, 2003;
Huppenbauer & Bleisch, 2011).

Human development needs to take into account the complexities and multi-dimensionality
of the problem (Sisay Asefa & Tesfaye Zegeye, 2003). Briefly, a complex system is composed
of many parts coupled in nonlinear fashion, has properties that cannot be fully explained by
studying component parts, and the relationship between cause and effect is not as consistent
as the regular, predictable simple systems we are familiar in dealing with (Gallagher &
Appenzeller, 1999; Holling, 2001; Jergensen, 2009). Leong (2010) emphasises that we cannot
proceed confidently on the basis of past knowledge to predict the consequences of our
actions, nor the evolution of events around us. Moreover, we need to be prepared for
surprises and select strategies based on creative thinking, experimenting with new ideas,
observing their effects and increasing the probability of outcomes favourable to us (Leong,
2010; Resilience Alliance, 2010).

According to the traditional view, sustainability is composed of ecological, economic and
social components. To deal with complexity and uncertainties in the outcome of
development activities that expose the user to risk, adaptive management (AM) is
recommended (Holling, 1978; Jiggins & Roling, 2000). AM is a strategy that can readily be
adapted during development to take into account of new knowledge during
implementation (FAO, 2011). AM may allow to rely on an approach that is neither too
reductionist to capture reality nor too comprehensive embracing “everything” instead of
focusing on the stakeholders and processes that matter (Sayer & Campbell, 2004). AM may
also allow a balance between expensive external expertise and neglected local knowledge
and may allow efficient use of models for understanding, actions and negotiations (Sayer &
Campbell, 2004). Finally, the widely used facilitation extension model can easily be
integrated into an AM process (Roling, 1995; Gilioli & Baumgdrtner, 2007).

1.3 Evaluation contexts

To deal with complexity, Pawlowski (2008) proposes the integration of different spheres of
human activity into a sustainable development program. Later-on, he defines a hierarchical
system composed of level I with an ethical plane, level II with ecological, economic and
social planes, and level III with a technology, a legal and a political plane (Pawtowski, 2011).
According to him, the ethical plane is of fundamental importance because moral convictions
determine human activities. Goodland (1995) proposed that ecological sustainability is the
basis for social sustainability, and that it is achieved by keeping the scale of the human
economic system within the biophysical limits of the ecosystem. Level III integrates
technologies, legislation and politics as management instruments and part of governance
that refers to the manner in which societies exercise power. Pawlowski (2011) emphasizes
that the integration of levels and planes is needed but acknowledges that this is difficult to
achieve.
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Adaptive governance becomes a form of social coordination with self-organizing and
enforcing capabilities and relies on networks that connect individuals, agencies and
institutions at multiple organizational levels (Folke et al., 2005). In Ethiopia and other
African countries traditional governance structures (TGS) have survived the challenges of
the forces of time. ECA (2007) asks for political commitment and courage to take bold
decisions on the role and involvement of traditional authorities in the service delivering and
good governance process.

The idea of sustainable community development confronts the typical community
development practitioner in several somewhat distinct, though over-lapping contexts
(Schmidt, 1997). Waltner-Toews et al. (2003) look at ecosocial systems from different
perspectives. To evaluate the consequences of technology implementation for human
development, reference is often made to the contexts of agroecological sustainability
(Gliessman, 2000, 2007), ecosystem service provision (Daily & Dasgupta, 2007) and ecosocial
sustainability (Holling, 2001). Agroecological sustainability refers to the production by an
ecosystem that maintains the resource base upon which it depends, relies on a minimum of
artificial inputs from outside the farm system, manages pest and diseases through internal
regulating mechanisms, and is able to recover from the disturbances caused by cultivation
and harvest (Gliessman, 2007). Ecosystem services are not restricted to agroecological
production but comprise ecological processes that sustain and fulfill human life. General
distinctions exist between provisioning, cultural, and regulating ecosystem services (Koshel
& Mcallister, 2008). Ecosocial sustainability refers to a complex system in that humans are
no longer external managers but become part of the system (Waltner-Toews et al, 2003).
Ecosocial sustainability has ecological, economic and social dimensions in that respective
ecological, economic and social capitals and their costs can be defined (Goodland, 1995). In
this context, sustainable development is the realization of potentialities for enhancing the
capitals with respect to costs (Costanza & Daily, 1992; Gilioli & Baumgartner, 2007).
Sustainability is also defined as the capacity to create, test, and maintain the adaptive
capability or resilience of the ecosocial system, and sustainable development can be
achieved by fostering adaptive capabilities (Holling, 2001).

Indicators are used to monitor changes in agroecological sustainability, ecosystem service
provision and ecosocial sustainability. For example, the European Union recommends
ecosocial sustainability assessment on the basis of complex set of indicators exemplified in
Germany’s report (ESDN, 2010). Often, the available information is summarized for
sustainability assessments and recommendations (Anonymous 2011b).

1.4 Scope of the chapter

The paper summarizes the implications of technology selection and implementation for
sustainable development in the Southwestern Ethiopian village of Luke. At project
beginning, the income resulting from the sale of agricultural products and provision of labor
to non-farming activities was less than one US $ per day, indicating that the villagers were
living in extreme poverty (cf. UNSTATS, 2006).The productivity and well-being of the
villagers were constrained by malaria to some extent, and increasingly, by food insecurity
and limited opportunities for alternative income generation (Getachew Tikubet et al., 2006).
Apparently, from ecological, economic and social standpoints, the Luke system operated at
project beginning below the national average.
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To overcome these constraints, the Luke villagers took the initiative, sought assistance from
international and national institutions, and prioritized activities.This analysis focuses on the
first decade of technology implementation (1995-2005) and evaluates the progress in animal
health improvement as a result of tsetse and disease control technology implementation.
The consequences of the implementation of this and other technology systems are analyzed
within Pawlowski’s (2008, 2011) hierarchical system of sustainable development and
evaluated in the contexts of i) animal health and ii) sustainable agriculture, iii) ecosystem
service provision and iv) ecosocial sustainability. The evaluation from these different
perspectives aims at the identification of opportunities for rendering the development more
sustainable.

2. Animal health improvement
2.1 Animal health constraints

Many factors are responsible for the poor health and productivity of Ethiopian cattle.
Several Trypanosoma spp. protozoans vectored mainly by tsetse Glossina spp. are responsible
for the Nagana disease seriously affecting the health of livestock (Torr et al. 2002). In Africa,
efforts to improve cattle health through vector control have a long history (Omamo &
d’Ieteren, 2003). In spite of decade old campaigns, both the disease and the tsetse vector are
still very present on the continent. Omamo and d’Ieteren (2003) found literature information
putting the number of cases of human trypanosomiasis in Africa at 300,000 and estimated
the annual direct and indirect economic losses on the continent from animal trypanosomosis
to be at least US $1.6 billion and as high as US$ 5 billion. For Ethiopia, Getachew Tikubet et
al. (2003) provide specific information.

Torr et al. (2002) described the components of integrated Trypanosomiasis control. In
summary, the application of trypanocidal drugs can keep cattle productive and is often the
only affordable control technique. A study carried out in Southern Ethiopia, however,
shows the costs are much higher because of cattle mortality and loss in draught power.
Drug resistance is another factor limiting the usefulness of chemotherapy. The tsetse vector
has frequent contacts with hosts, rapid movements, and viviparous and low reproduction
that should be considered in control strategy design. The tsetse control operations are only
promising if undertaken over a sufficiently large area. The two basic strategies are either
eradication through insecticides or the introduction of a small but sustained level of
mortality through baits including odor baited traps, insecticide treated target baits or
natural baits such as cattle treated with pesticides. The Organization of African Unity (now
African Union, AU) began a tsetse eradication initiative based on SIT (sterile insect
technique) (OAU, 2001; Reinhardt, 2006). Dransfield et al. (1990), Leak et al. 1995), Saini et al.
(1999) and Getachew Tikubet et al. (2003) provide examples for the efficiency of trap and
cattle targets use in Kenya and Ethiopia.

2.2 Methodology

The Luke villagers sought help from Ethiopian national institutions and the Nairobi based
International Centre of Insect Physiology and Ecology (ICIPE) to improve food security and
livelihood. At the beginning of the activities, a project planning meeting took place under a
big tree near Luke. Although the villagers lived in absolute poverty and suffered from
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multiple stresses including food shortage and diseases, they made clear that a project should
give priority to animal health improvement and opted for a technology system composed of
antitrypanosomal drugs and odour baited traps for tsetse monitoring and control. To make
the control system efficient, they accepted project execution in an adaptive management
framework, welcomed the assistance of ICIPE facilitators, participated in monitoring
activities and made manpower available for control operations. The facilitators collaborated
with ICIPE project managers and scientists from ICIPE and the Italian University of Molise
(Baumggértner et al., 2003).

Adaptive tsetse and trypanosomiasis management consisted of biweekly collection of data
from monitoring traps and subjecting them to geostatistical analyses (Sciarretta et al, 2005a,
2005b, 2010). The resulting maps on tsetse distributions were passed to facilitators who
presented them to communities for planning control operations. Adaptive management
enabled them to respond to changes in actual tsetse distributions and to make efficient use
of traps. They had knowledge on ICIPE’s urine baited trap technology for disease vector
control and opted for a disease control system based on traps and antitrypanosome drug
administration by the Ministry of Agriculture. Odour baited traps were also used for
monitoring purposes in other villages, but the technology of vector control with urine baited
traps was acceptable to Mamede villagers and Luke farmers only. In the villages of Asosa
and Keto, however, farmers preferred herd management to avoid tsetse infested areas and
insecticide impregnated cloths (targets) to control tsetse, respectively (Baumgdrtner et al.,
2008c).

2.3 Results

The integrated pest management system composed of the trapping technology for tsetse
monitoring and tsetse control, and drug administration to infected animals, was readily
accepted by the Luke community and successfully implemented in collaboration with
national and international partners (Getachew Tikubet et al., 2006). Geostatistical models
were a useful tool for studying tsetse spatio-temporal distributions and guiding tsetse
control operations (Sciarretta et al., 2005a, 2005b, 2010). From the organizational standpoint,
the applied facilitation extension model was effective.

Figure 1 shows the decline in tsetse catches through time towards negligible numbers in
2006. In the same period, the disease prevalence decreased from 29 to about 10% (Getachew
Tikubet et al., 2006). Therefore, on the basis of disease prevalence reduction, the project can
be qualified as successful. However, the information available is insufficient for a
comprehensive cost-benefit analysis. Nevertheless, the financial support of about USD
20000 per year for a 10 years period provided by donors favourably compares to the
estimated increase in income of about USD 300°000 per year for the entire Luke community
(Baumggértner et al., 2010).

2.4 Discussion

The decrease in trap catches and in the proportion of diseased animals is attributed to the
application of the integrated pest and disease management system. The reduction of disease
prevalence was substantial but remained at a low level. Presumably, trap catches do not
represent tsetse densities and hence, are poorly correlated with disease transmission.
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Fig. 1. The results of integrated tsetse and trypanosomiasis control at Luke, Southwestern
Ethiopia, represented by the trends in biweekly tsetse trap catches (log (catches per day+1),
dashed line, light coloured bars) in odour baited traps and disease prevalence (proportion of
infected cattle, dotted line, dark coloured bars).

Moreover, traps have been designed for the control of tsetse that is the biological vector of
trypanosomes. However, Spickler et al. (2010) state that trypanosomes are also transmitted
by mechanical vectors including biting flies such as horse flies (Tabanidae). The traps used
at Luke may not be suitable for monitoring these vectors and hence, underestimate the
vector potential.

The success in disease reduction through an apparently cost-efficient technology system is
related to many aspects. The initiatives taken by the villagers through their traditional
structures, the selection of the technology system, the motivation of the villagers, and their
interest in implementing a facilitation extension model and taking advantage of the
decision-support provided by external scientists were the key issues for meeting project
objectives and confirm the utility of the concepts. The facilitators were experienced
technicians able to efficiently communicate with villagers, national institutions and external
scientists who provided models for knowledge acquisition, decision support and
negotiations among stakeholders. In addition, most stakeholders recognized the advantages
of models in the facilitation process (Baumgértner et al., 2003, Schiarretta et al., 2005a, 2005b,
2010). The objective of animal health improvement was clear to all stakeholders who
collaborated efficiently in spite of a diversity of views and difficulties in finding agreements
on technology system implementation and method of interpretation.

Omamo and d’leteren (2003) identified inappropriate objectives, inadequate links
between research and policy making, and insufficient social science input as major
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shortcomings of tsetse and trypanosomiasis campaigns. The objective aiming at animal
health improvement defined in terms of disease prevalence was met. The strong links
between scientists and facilitators on one hand and between facilitators and communal
tsetse control committees on the other was a prerequisite for efficient project execution.
The co-operation of facilitators and farmers with national institutions was not only
indispensable for monitoring disease presence and for drug administration but also
opened the door for the project to be considered in the Ethiopian national poverty
alleviation agenda (Aseffa Abreha et al., 2003).

3. Animal health improvement and human development
3.1 Introduction

Rogers and Randolph (1988) and Barrett (1989) noted the possible negative consequences of
tsetse control operations, and the current Pan African Tsetse and Trypanosomiasis
Eradication campaign calls for thorough land use planning in tsetse control programs (OAU
2001; Reinhardt, 2006). Hence, the tsetse and disease control operations were accompanied
by a program aiming at integrating animal health improvement into sustainable human
development.

3.2 Methodology

To prevent the system from developing into an undesirable state, farmers were expected
to implement additional technologies. Technology package selection and implementation
by Luke villagers and their colleagues from neighboring areas were facilitated by an on-
site technology testing, demonstration and training facility named BioVillage. The
technologies for vegetable production and other activities included dipping irrigation,
double digging, raised beds and organic fertilization, energy production in biogas
digesters, and honey bee keeping (Aseffa Abreha et al.,, 2003; Herren et al, 2007).
Facilitators working for ICIPE and the Yeha project of the Addis Ababa based
BioEconomy Foundation (BEA) were expected to interact with the respective scientists
and collaborators of Italian, German and US universities and to assist interested villagers
in implementing the technologies of interest.

To improve the knowledge on the dynamics of the ecosocial system, to guide actions and to
facilitate negotiations among stakeholders, a bioeconomic model was developed
(Baumgértner et al., 2008b; Gutierrez et al., 2009). In general, bioeconomic models are
developed for better understanding pathways of development and for assessing the impact
of alternative policies on the natural resource base and human welfare. They integrate
important biophysical information and ecological processes with economic decision
behavior (Regev et al., 1998; ICRISAT, 2009).

The consequences of technology implementation are evaluated within the contexts of
agroecological sustainability (cf. Gliessman, 2000, 2007), ecosystem service provision (cf. Hein
et al., 2006) and ecosocial sustainabilty (cf. Goodland 1995). A voluminous literature proposes
indicators for assessing the sustainability in these three context. For example, Gliessman (2000,
2007), Meyerson et al. (2005) and UNSTATS (2008) provide important information on indicator
selection and aggregation for respective assessments. In this case, however, the available
financial and logistic means neither allowed the consideration of the literature nor the use of a
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comprehensive set of indicators. Instead, we made use of information readily available in
national and regional statistics collected by Ethiopian Authorities and combined it with data
published by Getachew Tikubet et al. (2006) and Baumgértner et al. (2008b, 2010).

Agricultural sustainability is qualitatively assessed on the basis of sustainability concepts
and parameters defined by Gliessman (2000, 2007). Hence, a conceptual model is used to
tentatively assess inputs and qualify internal processes.

Ecosystem service provision is classified into production services, regulation services and
cultural service, and assessed in biophysical terms (Hein et al., 2006). Undoubtedly, the
information available is neither complete nor sufficiently reliable for undertaking a
comprehensive evaluation of all services and go beyond a biophysical assessment towards a
valuation of ecosystem services (Hein et al., 2006). In fact, the available data permit the
quantification of milk, meat and tef (Eragostis tef) production at Luke, while the information on
stocking rates and on the proportion of arable land to agricultural land allows a tentative
qualification of some regulation services. Cultural services depend on the human
interpretation of the ecosystem. Among the characteristics, there is nature and biodiversity, i.e.
provision of habitat for wild plant and animal species, and provision of cultural, historical and
religious heritage. In general, species biodiversity reaches a maximum at intermediate levels of
management (Smith and Smith, 2000) and is quantified as follows. Hawando Tamirie’s (2006)
maximum stocking rate of 3.5 TLU hal may represent intensive pasture exploitation, so that
half of it (1.75 TLU ha) may be a plausible rate for intermedium pasture management. The
estimated stocking rate - dependent biodiversity values are 0.51 (1995), 0.04 (2005) and 0.14
(2006) for pastures, while constant values of 0.01 and 0.20 are tentatively assigned to
unmanaged land and arable land to take into account deforestation and low level of
management intensity for tef, respectively. The biodiversity values obtained under different
management intensities are multiplied by the surface of unmanaged land, tef and pastures.
The sum is entered as a biodiversity index into Figure 2. Heritage provision may reach 0.1, 0.8
and 0.1 of the desirable levels in forests, arable lands and pastures. The multiplication by the
respective surfaces and the summing up of the products yields an heritage provision index
entered also in Figure 2. Additional information used to quantify ecosystem services is
reported in Table 1. Figure 2 is a spider diagram, i.e. a graphical model often used for the
assessments of ecosystem service provision (Hassan et al., 2005).

Ecosocial sustainability assessment is inspired by the summary of France’s strategy that
reconciles the ecological, economic and social aspects of human activities, undertaken on
ecological, economic and social pillars of sustainability (Anonymous, 2011b). As previously
stated, the Luke system initally operated below the national average at a low level of
development. To faciliate the representation of changes, we make use of the initial
assessment and report the changes relative to the national average or other suitable
reference values. Specifically, the parameter values for Luke are related to the neighboring
area (draught power requirements), to the poverty threshold (income) or to mean values for
Ethiopia (population density, proportion of arable land; milk, meat and tef production,
cattle number per person). Importantly, many variables are per capita (Table 2) and, hence,
influenced by population growth. The variables and the source of the information is given in
Table 2, while the information from Luke has been obtained from Getachew Tikubet et al.
(2006) and Baumgdrtner et al. (2008a, 2010). To show the changes, the calculated values are
represented in a spider diagram (Figure 3).
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Fig. 2. Ecosystem service provision by the Luke ecosystemdivided into production,
regulation and cultural services with readily available data (MILK = milk production in 1 per
year, MEAT = meat production in kg per year, TEF = tef production in kg per year, TLU =
tropical livestock units, ARABLE LAND = proportion of arable land to agricultural land;
NATURE = biodiversity index; HERITAGE = conjectured index of culture; diamonds and
solid lines = data 1995; quadrats and dashed line = data 2005; triangles and dotted line =
data 2006).

3.3 Results

Many farmers participated in training courses at the Biovillage technology testing,
demonstration and training facility, but only few technologies including organic fertilizer
production and to some extent, vegetable production, were adopted by the villagers.
Interestingly, the villagers took the initiative to use the energy produced by the Biovillage
biogas digester to pump water to the village. This can be interpreted as a positive
response, although we expected the energy be used for cooking purposes to substitute
dung cakes.
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Ecosystem Parameter Information used for indicator Source of information
service computations
category
Production milk herd structure 30% cows Tesfaye Mengistidie Dore
lactation period 279 days (2007), Belete Anteneh
meat average weight 268 kg Tariku (2006),
off-take year-! 7.5% Nell (2006)
tef (Eragrostis tef) |average yield 1.1 tha' Heiniger (2009)
Regulation erosion control,  |Tropical livestock |3.5 ha' Hawando Tamirie (2006)
soil fertility and  |units (TLU),
water holding maximum
capacity
nutrient cycling  |proportion of Getachew Tikubet al. (2006),
arable land to Baumgértner et al. (2008b,
agricultural land 2010)
Cultural biodiversity and |relation to proportions for |Estimates and conjectures
service nature intermediate forests, arable by the authors
management? land, and
heritage perceptions by the |pastures (see
community text)

Table 1. Ecosystem services provided by the Luke ecosystem in Southwestern Ethiopia:
information used for constructing the spider diagram (Figure 1) (max. = maximum, 2 = for
the concept, see Montagna et al., 2011).

Dimension Parameter Reference Information source
(plane) quantity
Ecology Tropical livestock units 3.5 Hawando Tamirie (2006)
(TLU) ha, maximum
Population density? ha" 75 TradingEconomics (2011)
[http:/ /www.wikipedia.org/]
Economics Per capita income (poverty  |1.25 USD Anonymous (2011a)
line) per day
Draught power (number of |1.9 Gryssels et al. (1984)
oxen per ha)
Per capita milk consumption? |19 1 Belete Anteneh Tariku (2006)
year!
Per capita meat 139 kg
consumption? year-!
Sociology Tef (Eragrostis tef), yield hal |1.1t
Area under cultivationa Heiniger (2009)
2457000 ha
Livestock number? 143.33 mio Netherlands - African Business Council
[http:/ /www.nabc.nl/]
School attendance 1.0 Target defined by stakeholders

Table 2. Reference parameters and the source of the data for the evaluation of ecological,
economic and social sustainability in relation to reference parameters in the Luke
community, Southwestern Ethiopia, reported by Getachew Tikubet et al. (2006) and
Baumggértner et al. (2008b, 2010) (2 = area and numbers reported for Ethiopia).
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Fig. 3. The ecosocial sustainability of the Luke community, depicted on ecological, economic
and social planes in that readily available variables are represented relative to reference
values (TLU = tropical livestock units, ARABLE LAND = proportion of arable land to
agricultural land, PEOPLE = population density, SCHOOL = proportion of Luke children
attending the school, MILK / 3 = milk production, MEAT = meat production, TEF / 3 = tef
production), INCOME = income relative to one US $ per day, DRAUGHT POWER = need of
oxen relative to number of 1.9 in a neighboring area, LIVESTOCK = number of cattle per
person) (diamonds and solid lines = data 1995; quadrats and dashed line = data 2005;
triangles and dotted line = data 2006; the scales for the axes are 0.5, the arrows point to the
deviations from the reference values).

The bioeconomic model proved to be valuable tool for a comparative analysis of
transformability of ecosocial systems and for obtaining insight into the dynamics of the
ecosocial system after technology implementation (Baumgértner et al., 2008b). A high
degree of transformability was thought to facilitate adaptive governance. Nevertheless,
the stakeholders made little use of the model in the facilitation process. Information
exchange among stakeholders was less frequent than in the animal health project
component and project execution suffered from diverging views on methodologies and
objectives among stakeholders. Hence, in the 1995-2006 project period, the facility
extension model applied to human development or enhancing sustainability was not
effective. Figures 2 and 3 show that, irrespecitive of the context, substantial changes

occurred from 1995 to 2005, but only small differences were recorded between 2005 and
2006.
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From an agroecological standpoint (cf. Gliessman, 2000, 2007), livestock health has been
improved through the input of an external tsetse trapping and therapeutic disease control
technologies rather than through a hypothesized activation of internal regulating processes
Disease prevalence has decreased but the number of diseased animals has increased
(Getachew Tikubet et al., 2006). Consequently, a farmer keeps more livestock but has to
invest more into drugs that amount to one US $ for treating one animal. The increasing
amount of antitrypanosomal drugs further augment the external input into the system.
Importantly, as a result of animal health improvement, draught power became available
(Yigzaw Dessalegn & Yohannese Mehari, 2007). However, the 2.7 ha ploughed by one ox in
2005 is far above the 1.9 ha average reported by Gryssels et al. (1984) in a neighboring area.
Hence, the oxen may suffer from work stress unless additional oxen are imported which
would again increase the inputs. The substantial increase in arable land occurred at the costs
of a reduced pasture area. This reduction and the concomittant increase in cattle resulted in
overgrazing that may have exposed livestock at a nutritional stress even if crop residues are
used as feed. Since dung is preferentially used as a source of energy for cooking and for
fertilizing house gardens, only a small amount of nutrients may find the way as fertilizers to
arable crops. Increased reliance on external inputs, stressed draught power and inefficient
distribution of fertilizer indicate that technology implementation resulted in a decreasing
agroecological sustainability.

From the standpoint of ecosystem service provision (c¢f. Hein et al.,, 2004), the Luke
community benefitted from measurable increases in milk, meat and tef production but
suffered from a decrease in regulation services (Figure 2). In fact, overstocking may
negatively affect soil fertility, erosion and water holding capacity, while the ratio of arable
land to agricultural land indicates constrained nutrient cycling. In fact, the ratio of 0.6 is
much higher than ratio of 0.4 reported for Ethiopia in 2008 indicating that too much land is
being ploughed. The reduction in cultural services through a decrease in biodiversity and
nature is mainly due to either relatively low (arable land) or high levels of management
(forests, pastures). However, cultural services appear to be somewhat improved through
better heritage conservation achieved through the traditional integration of arable land into
the farming systems. As opposed to production and regulation services with a measurable
background, however, the proportions representing the level of cultural ecosystem service
provision are merely useful conjectures for tentatively showing the change.

From the ecosocial standpoint (cf. Goodland, 1995; Holling, 2001), significant changes
occured in selected variables on ecological, economic and social planes with respect to
reference values (Figure 3). For following the change, the innermost lines connecting the
values obtained in 1995 should be compared with the outer lines conecting the 2005 and
2006 values. The deviations from 1 indicated by the arrows represent the differences from
the reference values. On the ecological plane, the Tropical Livestock units (LTU), the
proportion of arable and the population density were below the reference value in 1995 and
far above in 2005 and 2006. This is seen as an indication that the carrying capacity of the
Luke system has been exceeded and that the ecological basis cannot sustain the
development on economical and social planes any more. On the economic plane, both the
livestock asset and the draught power have substantially increased albeit without reaching
the reference value, while the income has reached the poverty line (Anonymous, 2011a).
Apparently, the resources available for livestock became insuffient for cattle and oxen
numbers to reach the reference values. Nevertheless, given the interest in poverty alleviation
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and the importance of livestock as an asset to hedge against disasters (Haldermann, 2005),
the progess on the economic plane is remarkable. On the social plane, Figure 3 also shows
significant progress. Namely, school attendance is close to the the target of 100%, meat
production has reached the reference value, while tef and milk production have far
exceeded it. Presumably, the nutrition has greatly improved and the surplus has increased
the income. In summary, there is a risk that the progress on economic and social planes is no
longer sustained by the ecological basis. This is interpreted as unbalanced and hence,
unsustainable development.

3.4 Discussion

During the decade under study, few attempts were made to correct the level of
unsustainability of the agroecological system, to improve ecosystem service provision and
to balance the development in ecological, economic and social dimensions. Specifically,
technology adoption was limited, models were hardly used in the facilitation process and
the ratio of project costs to benefits seems to be unfavourable. Several factors may contribute
to these shortcomings.

Probably, there was simply no sufficient time for villagers to recognize the problems and to
react to apparently deteriorating agroecological and ecological conditions. Morover, the
facilitation extension model was not effective primarily because there was limited
interaction between stakeholders. Because of limited logistic and financial support as well as
a lack of interest by many stakeholders, the on-site demonstration and training facilty was
poorly managed. Apparently, the diverging views of and the operating on different moral
systems by stakeholders was a major obstacle to project execution (Baumgartner et al.,
2008a).

The models developed by Baumgértner et al. (2008b), Gilioli and Baumgértner (2007),
Herren et al. (2008) and Gutierrez et al., 2010) were hardly considered by the stakeholder
community. Among the reasons was the late availability of the models, unclear objectives,
few financial resources, and diverging views on methodologies. Moreover, the stakeholder
community was unaware of the need to engage the participants into a modelling process
and to develop and use a variety of models for different purposes (Peterson et al. (1997). The
lack of interest is surprising since the bioeconomic model proved useful for the assessment
of system transformability and for predicting the trajectory of the ecosocial system towards
a collapse unless the villagers engage in reproductive health programs and take into account
the limitations of the natural resource base (Baumgdrtner et al., 2008b; Gutierrez et al., 2009).
Conceptual models on ecosystem service provision and sustainability models proved to be
useful for comparing the Luke agropastoral system with an Alpine system which both
depend on managing common-pool natural resources. To avoid overgrazing, the Luke
community was advised, among others, to integrate stocking rules into governance
(Baumggértner et al., 2010).

The provision of ecosystem services depends largely on the intensity of pasture
management. Importantly, the Luke pasures are common pool resources that generally face
the problem of overuse. Namely, according to the “Tragedy of the Commons” (Hardin,
1968), a herdsman will try to keep as many cattle as possible on the commons because he
receives all the proceeds from the sale of the additional animal (positive utility) but shares
the effects of overgrazing with all other herdsmen (negative utility). However, the “Tragedy
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of the Commons” is possible but not inevitable (Ostrom et al., 1999) and in Luke, could be
avoided by improving adaptive governance (Baumgdrtner et al., 2010).

Pawloski’s ( 2011) hierarchically organized planes, the evaluations carried out in different
contexts (Goodland, 1995) and the here proposed conceptual and graphical models provide
important insight into the changes and can complement the bioeconomic model as
evaluation tools in the facilitation process. There is room for further improving impact
assessment: the current analysis is restricted to agricultural and unmanaged land and
disregards home gardens which are an important contributor of food. False Banana (Enset,
Ensete ventricosum) is a traditional staple crop in Luke and of particular interest in securing
food supply under difficult conditions for agricultural production. Moreover, a difference
should be made between unmanaged land and partially deforested areas.

4. Opportunities for sustainability enhancement

According to many Ethiopian researchers, human development requires poverty reduction
and the overcoming of both environmental degradation and food insecurity (Shibru Tedla &
Kifle Lemma, 1998; Sisay Asefa and Tesfaye Zegeye, 2003). Presumably, the Luke villagers
were aiming at similar objectives when they sought external help and initiated their efforts
with improving animal health. For them, livestock is an asset used as hedges against risk
and disaster (Haldermann, 2005). Most of the stakeholders, however, accepted the
prioritization of animal health with reservation and emphasized instead the need to enhance
sustainability in human development efforts. Apparently, unclear objectives were less of a
hindrance in animal health improvement efforts than in selecting and implementing
technology packages for sustainable development. In this case, project execution was
plagued by disagreements on methodologies and conflicting views on objectives. The use of
Pawlowski’s (2011) hierarchical system may be useful for structuring discussions and
provide a comprehensive framework for negotiation and reconciling stakeholder
disagreements. The evaluation of sustainable development from the perspective of
agroecological sustainability (cf. Gliessman, 2007), ecosystem service provision (cf. Daily &
Dasgupta, 2007) and ecosocial sustainability (c¢f. Goodland, 1995) may better respect
diverging views among stakeholders and contribute to reaching goals in a more efficient
manner. Coordinated efforts towards common objectives, without insisting on agreed
definitions (Owen, 2003), would pave the road to better cooperation among stakeholders
than done so far.

Ethicists differentiate between consequential (e.g. utilitarian), deontological (duty-based)
and virtue based moral systems (Huppenbauer & Bernardi, 2003; Newton, 2003;
Huppenbauer & Bleisch, 2011). The members of the stakeholder community appear to
operate on the basis of diverging moral systems (Baumgdartner et al., 2008a). According to
the ecological pragmatism of B. G. Norton (Georgia Institute of Technology, Atlanta, USA)
several divergent moral theories, which do not even agree on the determination of
environmental ethics issues, can nevertheless work together as part of a single moral
enterprise even though their respective commitment is in practice based on very different
theoretical considerations (Afeissa, 2008). However, the fundamental role of ethics in
Pawlowski’s (2011) system of sustainable development and our experiences indicate that
particular efforts are needed to setting up dialogues and to respecting pluralistic views for
strengthening the cooperation in working towards common objectives.
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The slow adoption of Adaptive Management (AM) and the reluctance in integrating a
modelling process useful in knowledge acquisition, decision support and negotiation was a
major hindrance for project execution. Towards the end of the project period, however, most
stakeholders recognized the utility of AM and the important role of models in connecting
research with management so that the research meets management needs and management
helps answer relevant research questions (Sayer and Campbell (2004). A more intensive
dialogue among stakeholders than done so far is considered indispensable for making
efficient use of mathematical, conceptual and the here presented graphical models.

Apparently, technology testing, demonstration and training at the Biovillage site were
difficult to build into the facilitation process and had only a limited impact. However, Sayer
and Campbell (2004) recognize that uncertainties and complexities require continuous
learning through trial and error, analyzing mistakes and successes should be equally
rewarding. The facilitation process employed in this project emphasizes the learning process
and, albeit not recognized by all stakeholders, did allow for trial and error. Moreover, the
demonstration and training site does not necessarily restrict technologies to preconceived
notions of stakeholders (Tripp, 2006) and allows improvements of already implemented
technologies (Newton, 2003). In the evaluation of the project, the criteria of technology
selection and implementation may be overemphasized. Sayer and Campbell (2004) argue
that indicators of natural resource system performance should reflect adaptability and a
capacity for learning, rather than, for example, increased yields or adoption of new
technology. An evaluation of the succeeding phase (2007-2011) may allow a revision of the
methodologies and a re-interpretation of the results.

During the project phase (1995-2006) the fundamental role of adaptive governance was
increasingly recognized by some but not all stakeholders. Accordingly, societies can
improve adaptive governance through the continuous improvement of structures and
processes by which they share power to shape individual and collective actions (Lebel et
al., 2006). In adaptive governance, efforts could be made to harmonise traditional and
modern governing structures (Getinet Assefa Gadena, 2009). In particular, the
stakeholders should agree on mechanisms to enhance traditional leaders’ interaction with
the various arms of the government (legislative, executive and judiciary) (ECA, 2007). In
Ethiopia, the strengthening of the interactions between existing formal and informal local
governance systems analyzed by Spielman et al. (2009) may be a particularly promising
strategy in development efforts.

5. Conclusions

Diverging views on methodologies are not necessarily a hindrance to technology system
implementation in sustainable development efforts. Nevertheless, to overcome the
difficulties experienced in dealing with complex technologies and impact studies,
stakeholders should seek basic agreements on cooperation and objectives without insisting
on generally agreed definitions. If stakeholders operate on the basis of different moral
systems, cooperation could be improved by intensive dialogues and respecting pluralistic
views. The use of a hierarchical system with ethical, ecological, economic, technological,
legal and policy planes is helpful for this purpose. The evaluation of sustainable
development from different perspectives or in different contexts further contributes to
overcoming difficulties.
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In a facilitation process dealing with simple technology systems, adaptive management can
easily integrate scientific contributions. In more complex systems, however, unprepared
stakeholders are unable to efficiently apply mathematical, conceptual and graphical models
to knowledge acquisition, decision support and negotiation. To make efficient use of these
tools, an intensive dialogue between stakeholders is indispensable. Albeit of limited impact
in the period under study, there are few alternatives to setting up on-site technology testing,
demonstration and training facilities for selecting and implementing complex technology
systems.

When evaluated in a narrow context, a simple technology system may readily produce
positive results. When evaluated in broader contexts, however, the implementation may
have consequences that threaten sustainable development if not complemented by the
integration of additional technology systems, adequate natural resource management
procedures and the revision of governance with respect to new rules and better integration
of traditional governance structures.

The different evaluation contexts yield different but complementary results: in an
agroecological context, the production may increase while the sustainability decreases; in
the context of ecosystem service provision, technology implementation may result in higher
production services, lower regulation services and more diverse cultural services; in the
context of ecosocial sustainability, the measures undertaken to balance sustainable
development on ecological, economic and social planes may prove to be insufficient for
sustainable development. Hence, the evaluation within different contexts or from different
perspectives is fruitful and recommended for sustainability assessments.
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